'North Queensland Naturalist 56 (2026)

Conservation of the Ghost Bat
Macroderma gigas in central Queensland

John ToopA, James DavieB, Lana Little€, John AugusteynP and David Gilliesont

“deceased 2003, lead Queensland Parks and Wildlife Service field program 1975-1988

BAdjunct Professor at University of the Sunshine Coast, Qld; PO Box 216, Ubud 80571, Gianyar, Bali, Indonesia
€121 Aerodrome Road, Chillagoe Qld 4871, Australia

PQueensland Parks and Wildlife Service, 61 Yeppoon Road, Parkhurst Qld 4702, Australia

*School of Geography, Earth and Atmospheric Sciences, University of Melbourne Vic 3010, Australia.
Email: david.gillieson@unimelb.edu.au

Abstract

This article details legacy fieldwork (1975-1988) by the late John Toop to document
the dynamics of the Mount Etha (central Queensland) Ghost Bat Macroderma gigas
colony. John Toop's work on the Mt Etna Ghost Bats provided empirical data for the
first time on the ecological requirements of this species and raised awareness of
what has been confimed to be the significant downward trend in the local
population. The findings from this original work included confirmation of the crucial
connection between cave architecture, retention of heat and humidity and the
survival of young Ghost Bats; description of the seasonal movements of this
population, largely as dictated by the above; description of the common suite of
prey; discovery that the average body mass of adults from the Mt Etna colony is
greater than the recognised weight range for the species; discovery that the
average gestation period in the Mt Etna colony was longer than recognised for the
species; indications that breeding pairs were barely achieving replacement levels;
and crucially, the first reliable indications that the local population of Ghost Bats was
declining. Thanks to the pioneering work done during this study, current conservation
management aims to minimise disturbance of the bat colony at critical stages of its
life cycle and to preserve foraging habitats adjacent to the limestone outcrops.
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Introduction

The Ghost Bat, Macroderma gigas (Dobson 1880)
(family Megadermatidae), is one of the largest
carnivorous bats in the world (Fig. 1), with a weight
of about 150 g and a wingspan of about 600 mm
(Nelson 1989). Only the False Vampire Bat,
Vampyrum spectrum, found in central America, at
190 g (Daniel & Wilson 1982), and the southeast
Asian molossid Cheiromeles torquatus at 170g
(Leong et al. 2009) have comparable average body
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masses. Throughout their range, Ghost Bats are
known to prey on invertebrates, frogs, reptiles,
birds and small mammals including small bats
(Schulz 1986). The genus with its single extant
species is endemic to Australia (Baker & Gynther
2023) and it is listed as Vulnerable under the
Federal EPBC Act (Threatened Species Scientific
Committee 2016), the IUCN Red List of Threatened
Species (Armstrong et al. 2021) and the Action Plan
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Figure 1. Ghost Bat in flight at Johannsen’s Cave, Limestone Ridge. Photo by John Toop.

for Australian Mammals (Woinarski et al. 2014).
The species is considered Endangered in
Queensland and South Australia, Vulnerable in
Western Australia and Near Threatened in the
Northern Territory. The reason for the listing
relates to the significant contraction in its
distribution over the past sixty years, along with a
decline in the size of some colonies. In this respect,
the historical documentation of the decline of the
Mt Etna colony and the reasons given for the
turning point are of great value.

Ghost Bats rely on a restricted number of cave
habitats (in limestone, sandstone and some
volcanic rocks) and historic mines in northern
Australia (Toop 1985), and their distribution is
genetically disjunct, with colonies typically
concentrated around a small number of suitable
maternity roosts (Worthington Wilmer et al. 1999).

The presence of megadermatids in Australia has
been dated from the middle Miocene,
approximately 10 to 20 million years ago, when it
included two genera and three species (Hand & York
1990). Fossil remains suggest that the Ghost Bat,
the only surviving representative of the family in
Australia, was once distributed throughout main-
land Australia (Molnar et al. 1984; Hocknull et al.
2007). It presumably reached its widest
distribution during the Last Interglacial some

125,000 years ago. Since that time, the species
range has declined (Fig. 2) and contracted largely
to the tropics (Molnar et al. 1984; Hocknull 2005).

The aim of this paper is to document an important
historic study on the dynamics of the Mount Etna
(central Queensland) Ghost Bat population, the
caves they utilised at different times of the year
and threats at the time. The study provides a
snapshot of the Ghost Bat population size at
Mount Etna Caves NP (MECNP), describes the bats’
seasonal movements, identifies cave use across
life-history stages, and examines the link between
cave microclimate and bat numbers.

The late John Toop collected most of the data
during a long-term study of the species while he
was employed by the Queensland Parks and
Wildlife Service (QPWS), with some funding by the
then Australian National Parks and Wildlife Service
(ANPWS). In addition to writing a complete series
of reports to ANPWS detailing the mounting sets of
data collected, John also collaborated with
colleague Jim Davie to draft a paper outlining his
findings (Toop & Davie unpubl. data). That paper
was never published, although John did get the
opportunity to present some of his work in a paper
to the Australian Speleological Federation’s
conference in 1999. John’s unpublished reports to
ANPWS and the Toop and Davie draft paper have
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Figure 2. Distribution of Ghost Bats in Australia. Vetted data from Atlas of Living Australia (2024) and
Armstrong and Anstee (2000). Fossil sites are from Molnar et al. (1984) and Scott Hocknull (Qld Museum,
personal communication). Blue dots represent older records (1800s), including the type specimen from

Mount Margaret, Qld in 1880.

provided sturdy springboards for modern
researchers with access to the data (e.g. Augusteyn
et al. 2018), but our focus is on providing a clearer
picture of the historical and groundbreaking work
that paved the way for the researchers and
managers of today.

The Mount Etna colony

The limestone area north of Rockhampton is one of
the more cavernous regions in Australia, with over
180 caves identified to date (Fig. 3). One of the
most prominent features is Mount Etna, which was
named after the volcano in Sicily by the Archer
brothers, who settled in the Rockhampton area in
the 1850s. Six echolocating bat species regularly
use these caves, including the Ghost Bat; Little
Bent-winged Bats and Eastern Bent-winged Bats,
Miniopterus australis and Miniopterus orianae
oceanensis; Eastern Horseshoe Bat, Rhinolophus
megaphyllus; Troughton’s Sheath-tailed Bat,
Taphozous troughtoni; and a species of long-eared

bat, Nyctophilus sp. (QPWS unpublished data).
Ghost Bats are known to use up to two caves off
park (Capricorn Caverns and Gigas Hall) and 21 caves
in the MECNP, including Johannsen’s Cave (J1)—
the area’s main maternity roost. One cave in the
area, Bat Cleft, provides suitable conditions for the
largest maternity colony of Little Bent-winged Bats
in Australia, with more than 80% of Australia’s
breeding population relying on this cave alone
(Dwyer 1969).

The vegetation communities within  and
surrounding MECNP range from open forest to
semi-evergreen vine thicket and include
threatened species such as the cave fern Tectaria
devexa var. devexa—listed as Endangered under
the Environmental Protection and Biodiversity
Conservation Act 1999—that is not found anywhere
else in mainland Australia; the Endangered
Marlborough Blue cycad, Cycas ophiolitica; the
Vulnerable plants Corchorus hygrophilus and
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Figure 3. Map of caves on Mount Etna, Limestone Ridge and Capricorn Caverns and boundary of Mount
Etna Caves National Park, overlain on LIDAR image. Protected area data © State of Queensland
(Department of Environment and Science) 2023. Queensland LiDAR Data - Sunwater 2008 Project and
Rockhampton-Livingstone 2015 Project. Cave locations from Sprent (1970).

Rhaphidospora  cavernarum; and the Near
Threatened Scarlet Fuchsia, Graptophyllum excelsum.

From the 1890s to 1939 many caves were mined
for guano (Jack 1892), a natural fertiliser, and from
1925 limestone was mined in the area, including a
quarry on Mount Etna which operated under
various companies from 1966 to 2004. Over a
period of 36 vyears (1964-2000) dedicated
professionals, caving enthusiasts and members of
the local community encouraged and facilitated
the conservation of the area as Protected Area
estate (Sprent 1970; Hamilton-Smith & Champion
1976; Berrill & Vavryn 2008). Fitzroy Caves
National Park was established in 1975 to protect
some of the caves on Limestone Ridge, to conserve
the area’s fauna and flora, and for scenic amenity.
Following the relinquishment of mining leases,
parts of Mount Etna were added to the park in
1990, and the name was changed to the Mount
Etna Caves National Park. The mine ceased to
operate in 2004 after what was one of Australia’s
longest-running conservation campaigns (1964-

2004). Between 1999 and 2000 the Cammoo
sector, previously a commercial show cave
operation, and a large portion of the Pilkington's
sector were added to the park with financial
assistance from the mining company. On 27 Sept.
2008, during the celebration of the centenary of
national parks in Queensland, Cement Australia
officially transferred the mine site to the
Queensland Government. This addition expanded
the size of MECNP to 583 hectares, encompassing
most of the karst landforms in the area.

Methods

Equipment

Consistent with the absence of modern equipment
and technology, Toop’s on-site data collection was
largely restricted to hands-on methods, and
utilised mist nets and hand nets for capture, calico
bags for temporary holding, stainless steel ear tags
for identification, spring balances for weighing and
vernier callipers for morphometric measurements.

Toop et al.: Ghost Bats in central Queensland
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There was no option for the employment of
microchipping, video analysis, radio telemetry or
data loggers. The most cutting-edge item in Toop’s
kit was the infrared thermometer, introduced in
1983-84, which enabled him to determine the
temperature in elevated areas of the roost sites.
This instrument was calibrated against a mercury-
in-glass thermometer and proved to be accurate to
within 0.2° C.

Capture and tagging of Ghost Bats

Ghost Bats were captured in mist nets either as
they flew out to feed in the evening, or as they
returned to the roost, and were processed on-site
and released. Basic morphometric measurements
were recorded during capture. Each month from
late 1975 to early 1980, Toop attempted to capture
10 male and 10 female bats to obtain information
about their breeding status and about other
aspects of their general biology. Generally, >10
individuals of one sex would be caught before
obtaining 10 of the other sex, and details of all
captures were recorded. Sometimes captures of 10
individuals of each sex were not achieved. Bats

S

were marked with ear tags and there was some tag
loss, as indicated by torn ears.

Tagging of Ghost Bats began in 1976 to determine
the reproductive status of the population in any
given month and the purpose for which each cave
was being used. Tagged bats were measured,
including forearm length, weight, teat size, false
teat size, sex, and reproductive condition (Fig. 4).
A female was assumed to be breeding for the first
time if her nipples were enlarged (>2 mm) when
captured between October and February and her
nipples had been measured at <1 mm previously.
Age at first breeding was estimated from only
those females whose age was known with
certainty, which was only possible for those caught
before fully grown (Hoyle et al. 2001).

By the end of 1977 the entire population of Ghost
Bats on Mount Etna had been tagged. In 1988,
further monitoring of the population occurred
during the peak aggregation season (January-
February) in Johannsen's Cave to determine the
success of the conservation management of the
area.

Figure 4. John Toop handling a tagged Ghost Bat in Johannsen’s Cave (J1). Tags were fitted to the
webbing between the ears. This photo was likely taken during the course of the study, and was
certainly prior to the discovery of Australian Bat Lyssavirus (ABVL) in January 1995. Post-ABVL bat

handling required the use of gloves.

Toop et al.: Ghost Bats in central Queensland
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Cave microclimate

In Johannsen’s Cave (J1, which refers to the cave
entrance tag number), roost temperatures were
measured at approximately three-day intervals
between 19 May 1983 and 31 May 1984. Bat
numbers at each site were recorded at the same
time.

Roost temperatures were also recorded for seven
other sites during August 1988.

Diet

Monthly analyses of 40 g samples of Ghost Bat
dung were carried out in addition to identification
of prey remains opportunistically found in roost
sites. It is not now known who conducted the
identifications, but identification of prey remains
from roosts was usually to a species level, while
remains from faecal pellets could only be identified
as of insect, mammal or bird origin because of the
small size of the fragments.

Ethics and permits

Ethics approvals were not required during the time
of this study; they were introduced with the
Nature Conservation Act 1992 and the Animal Care
and Protection Act 2001. As a scientist employed
by QPWS, John did not require a permit to conduct
his work.

Results

Population dynamics

The Mount Etna population was estimated to be
~450 bats in the mid-1960s (McKean & Price 1967)
and 150-180 bats in the mid-1970s to early 1990s
(Toop 1985). Based on the capture—-mark-
recapture data obtained between 1975 and 1980,
Hoyle et al. (2001) estimated that the population
fluctuated around 150-180 individuals. Continued
monitoring through the subsequent three years
revealed that the population was essentially static.
No further increase in numbers had been achieved
when active conservation management of
Johannsen’s Cave and the surrounding area began
in 1983.

The population age structure for the Mount Etna
colony at the end of the breeding season is
presented in Table 1. The average age for
individuals in the population was estimated to be
around five years, and Toop (1979) considered that
each breeding pair only just achieved population
replacement. Sexual maturity was reached during

Toop et al.: Ghost Bats in central Queensland

Table 1. Population age structure of the Mount
Etna Ghost Bat colony at the end of the 1978
breeding season. Data from Toop (1979).

Category Number (%)
Newborn young 42 (23.9)
Mature females that gave birth 44 (25.0)
Breeding males 44 (25.0)
Non-breeding one-year olds 36 (20.5)
Old non-breeding adults 10 (5.7)
Total population 176
Annual rnortality given constant 42 (23.9)
population

Lowest population size (pre- 134

breeding, September)

the second year, one young was born per female
per year, and the sex ratio of the colony was 1:1.
On average 40-45 young accrued to the population
each year during the study.

Cave temperatures

In June and July 1983 a winter decline in cave
temperature (Fig. 5) prompted winter dispersal to
other cave sites in the region. Small numbers of
pregnant females remained in Johannsen’s Cave
over the winter, and others used the -cave
opportunistically. As cave temperatures rose again
in September a larger number of pregnant females
and some males used the cave, with the first young
being recorded on 21 November 1983. From
October to March the young were being nursed,
and bat numbers reached a maximum of 100
(estimate). By April mating occurred in the entire
population, and then numbers declined as bats
dispersed to winter roosts and the sexes
segregated.

Comparative winter data for August are limited,
but roof temperatures recorded in August 1988
(Table 2) demonstrate the suitability of Speaking
Tube (E7) in relation to the other known
overwintering sites. Other warm sites, such as the
Johannsen’s 1st chamber roost, were relatively
difficult for Ghost Bats to access, while Old Timbers
(J31) was a small, shallow cave used once in 1976.

Diet
During the warmer months the predominant prey

items were insects, with large species such as
grasshoppers, Rhinoceros Beetles, Longicorn
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Figure 5. Cave roof dome temperatures and Ghost Bat numbers for Johannsen’s Cave (J1) from May 1983

to May 1984. Observations of young bats are not numbers of individuals but dates only.

Table 2. Cave roof temperatures in Ghost Bat overwintering sites,

August 1988.

Cave

Location

Mean temperature °C

Speaking Tube E7 Primary roost 22.4
Secondary roost 20.0
Huntsman E21 20.3
Joe’s Rocky Cavern J31 20.7
S roost 204
Johannsen’s J1 € chamber 211
Fault chamber 21.5
1st chamber 22.0
Lower Johannsen'’s J2 21.4
Ballroom J8 19.1
Larynx Labyrinth J10 21.0
Old Timbers J31 22.0
Capricorn Caverns Gigas Hall 21.2

Beetles and various species of cicadas

and

mammal bones increased. Remains of feathers,

Tettigoniid grasshoppers forming the bulk of the
remains found in roosts (Table 3). As the weather
cooled, the percentage of insect fragments in the
dung decreased, while the proportion of bird and

Toop et al.: Ghost Bats in central Queensland

rodent tails and bat wings fallen from feeding
roosts indicated 22 species of bird, 3 species of
rodent and 3 species of bat preyed upon by Ghost
Bats (Toop 1999).
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Morphometrics

John Toop trapped and measured 2,229 Ghost Bats
during the course of his study (Table 4). It is
notable that the average weight of Ghost Bats from
the Mt Etna colony exceeds the recognised weight
range for the species of 74-144 g. while the forearm
length remains within range, at 96-113 mm
(Hourigan 2012).

Seasonal movements

Two movement phases were identified: i) an
“assembly” for breeding (mating, birthing and
nursing) during the autumn, spring, and summer
months and ii) “dispersal” over an area of up to
150 km radius during the winter. The annual cycle

by month is summarised in Figure 6.

Table 3. Summary of analysis of Ghost Bat, Macroderma gigas, dietary remains from Mount Etna Caves

National Park.

Dietary Item

Notes

Insects

Large grasshoppers (Valanga sp.)

Rhinoceros Beetle (Xylotrupes gideon)
Longicorn Beetle (Agrionome spinicollis)
Cicadas

Tettigoniid grasshoppers

Carabid beetle

Other invertebrates

Scorpion

Birds

Australian Owlet-nightjar (Aegotheles cristatus)
Little Shrike-thrush (Colluricincla megarhyncha)
Lewin's Honeyeater (Meliphaga lewinii)
Mammals

House Mouse (Mus musculus)

Troughton's Sheath-tailed Bat (Taphozous
troughtoni)

Little Bent-winged Bat (Miniopterus australis)

Eastern Horseshoe Bat (Rhinolophus megaphyllus)
Amphibians

Green Tree Frog (Caerulia litoria)

Reptiles

Most common in warmer months

One occasion only

One occasion only

Most common bird species taken. Cooler months.

From roosts near open ground only
Largely in colder months

Mainly taken for only two weeks in mid January when
the young initially fly from the breeding cave Bat Cleft

Three occasions

Ten occasions
None collected

Table 4. Morphometrics of adult Ghost Bat captures made during the study.

Adults defined as having a weight >140 g.

Average Minimum Maximum  Average forearm  Minimum forearm  Max. forearm
Gender weight(g) weight(g) weight(g) length (mm) length (mm) length (mm)
Female 156.20 140 216 108.7 18.1 115.7
Male 150.30 140 187 107.5 17.2 153.0
Total 153.68 140 216 108.2 17.2 153.0
Toop et al.: Ghost Bats in central Queensland 42
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Seasonal movemnents of Ghost Bats in central Queensland

Assembly Dispersal

Range of 150 km from caves

Caves north of Rockhampton

April

Mating
Entire May Junetul December- October-
October to population dispersal June-Iuly January November
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Winter
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Figure 6. Seasonal movements of Ghost Bats in central Queensland.
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Figure 7. Numbers of female Ghost Bats Macroderma gigas nursing pups, by month and year.
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Assembly

At the beginning of spring pregnant females
congregated in the warmest caves in the area to
give birth over a period of one month,
commencing in mid-October. The last young were
usually born by the end of November to mid-
December (Fig. 7).

At the commencement of parturition in mid-
October Ghost Bats require roost sites where they
can elevate the temperature above ambient rock
temperature by their combined body heat (Toop
1985). The most important maternity cave in the
area, Johannsen’s Cave (J1), was used at this time,
as was Devils Mouth (J3), False Alarm (J33) and
Gigas Hall (03) at nearby Capricorn Caverns. On
Mount Etna Strong Word (E3), Windy Hollow (E4),
Carn Dum (E15), and possibly Winding Stairway
(E2), were also used at these early stages.

As the cave temperatures rose towards late
October, the young were shifted into other
suitable nursery caves, including Main Cave (E1) on
Mount Etna. Johannsen's Cave (J1) was the main
breeding cave used by the colony from late
October until some of the males and one year old
females dispersed to other caves with the onset of
winter in June.

From mid-summer the number of adults slowly
increased as the remainder of the males, and one
year old females, joined the bats already present in
the area. Weaning was completed during March,
and mating occurred throughout April. During a
‘normal’ wet season in late summer/early autumn
only a few caves, such as Main Cave (E1) and
Strong Word (E3), offered dry roost sites and
continued to provide suitable habitat.

During blasting disturbance at the active quarry
faces on Mount Etna Johannsen's Cave became the
most heavily used Ghost Bat site. This cave was
also most heavily used by human visitors and
casual cavers, whose presence during parturition
disturbed the colony and contributed to infant
mortality. Seasonal gating of Johannsen’s Cave (J1)
in 1983 reduced this source of disturbance.

After the wet season numerous caves that were
previously unsuitable were used as roosting sites
before the onset of winter. At this time mating
occurred, and caves such as Elephant Hole (ES8),
Helm's Deep (E9), Smelly Bat Cavern (E26) and The
Cave with the Thing that went Thump (E5) on

Toop et al.: Ghost Bats in central Queensland

Mount Etna and Colosseum Cave at Capricorn
Caves were used, as well as caves normally used
during the wet season. At the end of mating sexual
segregation during roosting was observed.

Dispersal

With the onset of winter, the entire population
again assembled briefly in the warmest caves
before finally dispersing during July, probably in
response to shortages of food in the cooler
months. The bats that remained in the immediate
area during the winter were predominantly
pregnant females. The bats that dispersed did so in
small groups and roosted in caves, mine shafts and
rock shelters away from the area. In contrast to the
30 - 50 animals which overwintered in a single
group at MECNP, the dispersed groups were small,
with single or paired animals most frequently
observed. The largest group, of 12 animals,
observed during the study used an abandoned
mine as a day roost site. Tagged animals from the
colony were recorded during winter up to 50 km
from the MECNP, and there are records of single
Ghost Bats farther afield at Gladstone (90 km),
Banana Range (130 km) and the foothills of the
Blackdown Tableland (150 km). No significant
interchange between tagged bats from MECNP and
the colony at Cape Hillsborough, 300 km to the
north, was detected.

Cave use across the year

Twenty-one caves in the karst north of
Rockhampton were used for Ghost Bat roosting
purposes at some stage of the annual cycle.

October birth caves

The earliest caves to warm were used for birth in
October, but were not necessarily the caves
preferred for nursing during the wet season. At the
onset of parturition in October only seven caves in
the area were confirmed as offering suitable
temperature conditions (Table 5). Winding Stairway
(E2) may also have been used at this stage,
although there were no direct data prior to the
cave being severely damaged by blasting and
subsequently gated by the mining company.
Speaking Tube (E7) offered these conditions, but
was destroyed by quarrying in 1988. As the
weather warmed other caves become available,
and the young were shifted. Invariably, the shift
was to Johannsen's Cave (J1) in MECNP, where
disturbance had been controlled by seasonal
gating.
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Table 5. Caves used for critical life history stages of Ghost Bats in Mount Etna Caves National Park.

Cave type Limestone Ridge Mount Etna Capricorn Caverns Comments
Birth cave Johannsen’s J1 Strong Word E3 Gigas Hall Winding Stairway
Devil’s Mouth J3 Windy Hollow E4 E2 and Speaking
False Alarm J33 Carn Dum E15 Tube E7 destroyed
(Winding Stairway E2) by quarrying in
(Speaking Tube E7) 1988
Wet season Johannsen’s J1 Main Cave E1 Winding Stairway
dry roost and Strong Word E2 and Speaking
nursery cave E3(Winding Stairway Tube E7 destroyed
E2) by quarrying in
(Speaking Tube E7) 1988
Overwintering Johannsen’s J1 (Speaking Tube E7) Gigas Hall Marginal sites in
sites in August  Lower Johannsen’sJ2 Huntsman E21* some years
Ballroom J8 Joe’s Rocky Cavern
Larynx Labyrinth J10  E23*
Old Timbers J31
Mating Johannsen’s J1 Elephant Hole (E8), Colosseum Cave After the wet

Helm's Deep (E9),
Smelly Bat Cavern
(E26) and The Cave
with the Thing that
went Thump (E5)

season, and before
the onset of winter.
Elephant Hole (E8)
destroyed by
quarrying in 1988

*Marginal for this population — only used once during this study

Wet season dry roosts and nursing sites

Wet season downpours due to cyclones and
extended coastal lows can cause significant
mortality. Dead bats were found, inferred to be
from this cause, at Windy Hollow (E4) and in
Shuffle Cave (J39). Immediately following such an
event the colony shifted to one of the few caves in
the area offering dry roost sites (Table 5). Winding
Stairway (E2) must have been used for this purpose
in the past, since breeding bats were reported
there during the summer wet season. Speaking
Tube (E7) offered similar conditions.

Over-wintering sites

Cave temperature generally lagged ambient
temperature in central Queensland by two months.
Depending on the cave, the lowest temperature
was obtained after a gradual cooling in August.
Except in some deep caves where temperatures
continue to be at low levels beyond August,
warming was underway in September in the upper
parts of large cave systems and in shallow well-

Toop et al.: Ghost Bats in central Queensland

ventilated caverns. These warmer caves were then
suitable for use by the bats. During the coldest
parts of the year the most important element of
the cave environment was the existence of warm
roosting sites. The colony was basically searching
for a roost site capable of being warmed above
ambient cave temperature. The existence of roof
domes capable of trapping the warm air was also
essential. The warmest sites achieved optimum
temperature more quickly once the colony had
taken up residence, and were thus preferred.
Other important factors that improved suitability
for overwintering were a northerly aspect to
maximise solar radiation or a relatively thin
overlying rock mass to aid thermal transfer.
Because the bats using these caves were
predominantly heavily pregnant females, large
unconstricted flyways were preferred, as were
multiple entrances (probably because they offered
alternative routes for escape). All evidence
collected on the bats since the study began in 1976
emphasised the importance of minimal
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disturbance. These factors are shown for Speaking
Tube (E7) in Figure 8. Pools of water are of
secondary importance in maintaining high humidity.

Overwintering in August was directly observed in
Speaking Tube (E7) in three years: 1976, 1979 and
1983. Repeated attempted use in 1977 and 1978
was inferred from large fresh dung deposits.
Capture of a proportion of the roosting colony in
1976 and in 1979 confirmed that bats were
predominantly pregnant females. Blasting on three
occasions resulted in the colony abandoning
Speaking Tube (E7). In 1976, 1977 and 1983
blasting disturbance from the limestone quarry
resulted in a move to Johannsen’s (J1); in 1978 to
Huntsman Cave (E16) where they spent one week
only and then moved to Johannsen’s Cave (J1); in
1979 to Lower Johannsen’s (J2) and then Joe's
Rocky Cavern (E23). Immediately after the
disturbance in 1976 three dead bats were found in
Speaking Tube (E7), and in 1983 a further two dead
bats were found.

Discussion

John Toop’s work on the Mount Etna Ghost Bats
provided for the first time empirical data on the
ecological requirements of this species and raised
awareness of what has been confirmed to be the
downward trend in the local population.

Mechanisms and constraints affecting
roost use and colony size

The Mount Etna Ghost Bat population experienced
a significant decline, decreasing from approximately
450 individuals in the 1960s to between 150 and
189 during the period from the 1970s to the 1990s,
and further diminishing to an estimated 40
individuals between 2011 and 2025 (J. Augusteyn
personal communication). The average lifespan for
individuals within this population was estimated by
Toop to be around five years, with each breeding
pair barely achieving replacement levels. The study
found that seasonal movements of the Mount Etna
Ghost Bat colony could be categorised into two
distinct phases: i) an “assembly” phase for breeding
which includes mating, birthing, and nursing during
the autumn, spring, and summer months and ii) a
"dispersal " phase, during which the bats spread
out over an area of up to 150 km radius during
winter. The major determinants of suitable cave
habitat for Ghost Bats included cave size and
architecture and the availability of warm, humid
caverns where temperatures were maintained
above ambient rock temperature for the survival of
infant bats and pregnant females during winter

Increasing continental aridity has been implicated
in the decline of Ghost Bats by some authors
(Jones 1925; Finlayson 1958). The species persists

Secondary
roost

Pools of water

Conceptual section of Speaking Tube cave

Large flyways for
pregnant females

Unobstructed exit

Figure 8. Section of Speaking Tube E7. This important cave for Ghost Bats in all seasons

was destroyed by quarrying in 1988.
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in the northern arid zone of the continent, as well
as in humid environments such as the open forests
and closed vine scrubs of the tropics, but has
disappeared from the southern arid zone (Fig. 2).
Fossil evidence from the Mount Etna region
indicates that Ghost Bats have inhabited the area
for at least 500,000 years (Hocknull 1999). During
this time the region has experienced considerable
faunal turnover, with rainforest species like the
Cassowary (Casuarius casuarius) being replaced by
xeric species such as the Greater Bilby (Macrotis
lagotis) (Laurikainen Gaete et al. 2025). This
suggests that Ghost Bats have the ability to adapt
to climatic variation providing sufficient food and
appropriate shelter are available. The most
significant factor in the historical decline of the
species has possibly been the gradual cooling of
the climate over the last 500,000 years (Hocknull et
al. 2007). Molnar et al. (1984) suggest that cave
microclimate may be an important factor in
limiting the range of the Ghost Bat, while habitat
loss and disturbance are also likely to be significant
factors  (Threatened  Species  Conservation
Committee 2016).

The data from this study indicate that the sex ratio
of the Mount Etna Ghost Bat colony was
approximately 1:1, aligning with the findings of
Pettigrew et al. (1986) for the population at Pine
Creek in the Northern Territory. Additionally, the
study revealed that the proportion of males and
females residing in the cave area fluctuated
throughout the year. Notably, pregnant females
were observed to remain in the area during the
winter months, utilising the limited number of
warm caves available. Tagged males from the
colony were captured during winter at distances of
up to 50 km from the MECNP. Furthermore, there
were reports of solitary Ghost Bats located at
greater distances, including Gladstone (90 km),
Banana Range (130 km), and the foothills of the
Blackdown Tableland (150 km). These observations
likely represent the outer limits of dispersal for the
colony, as suggested by Molnar et al. (1984).

John Toop’s original work recording roost
temperatures confirmed the crucial connection
between cave architecture, retention of heat and
humidity and the survival of young Ghost Bats. Two
primary environmental factors appear to significantly
influence cave habitat selection for Ghost Bats:
i) cave size and architecture, and ii) the availability
of warm, humid caverns during winter, where
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temperatures can be maintained within narrow
limits above the ambient winter conditions. Ghost
Bats are relatively large, with pregnant females
weighing up to 210 g and possessing a wingspan of
approximately 760 mm. For these animals, large
flyways are important for entering and leaving
roost sites. While some caves, such as Lower
Johannsen's (J2) and Joe's Rocky Cavern (E23),
feature vertical shafts for entry, the availability of
horizontal flyways for exit seems preferred. For
these reasons the colony persists in using specific
caves at critical stages of the life cycle, despite
continuing disturbance. This phenomenon has
been particularly noticeable at the maternity site
offered by Johannsen's Cave (J1) and the
overwintering site in Speaking Tube (E7) when
these sites were intact. A similar site attachment
has been observed in the Pine Creek colony in the
Northern Territory (Pettigrew et al. 1986).

In the MECNP, Ghost Bats roost in tight clusters in
roof domes where warmer temperatures can be
maintained (Toop 1985). Above this temperature
the colony will cease roosting in clusters in roof
domes and will roost singly or in small groups at
lower levels in the cave. At lower cave
temperatures, the colony will disperse to other
warmer sites, or to sites where the temperature is
similar, but where a higher relative humidity
offsets evaporative cooling. A roosting colony of
Miniopterus orianae has been measured to raise
the temperature of a roof dome by 8°C (Dwyer &
Harris 1972). A smaller colony of Ghost Bats has
been measured to raise the temperature of a roof
dome 3-4° C above ambient rock temperature
(Toop 1985).

The analysis of prey remains showed that in the
forested coastal environment of central
Queensland the prey chosen was predominantly
arboreal, in keeping with the wing and sonar
characteristics of a gleaning bat. In contrast to the
hunting habits of ghost bats in more arid open
country, ground dwelling prey was rarely taken,
with the exception of rodents, the remains of
which were only collected in feeding roosts
adjacent to cleared and preferably ploughed
agricultural land (Toop 1999). Seasonal predation
was noted, with less favoured prey species such as
Green Tree Frogs and Sheath-tailed Bats only taken
in cooler weather, despite Green Tree Frogs being
far more common in the vine thickets in warmer
months, and Sheath-tailed Bats being available
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year-round. These findings underline the dual
survival pressure on pregnant females and infants
during winter, when they require both suitable
cave habitat and sufficient food availability.

Other key findings

Toop’s study revealed that the Mt Etna Ghost Bats
have a larger body mass than their northern
counterparts. As they represent the southernmost
extant colony in Australia, this observation may be
illustrative of Bergmann’s Rule, which states that
within species, individuals tend to be larger in
cooler environments. Although the validity of the
rule when applied to mammals has been debated,
when tested it has been found that the
size-latitude and size-temperature trends were
consistent within all orders and most families for
which data was available (Ashton et al. 2000). It is
possible that the larger body mass of the Mt Etna
Ghost Bats may assist in the heating of roof domes
when the bats roost in tight clusters. Regardless,
the unusually high body mass further underlines
the distinct nature of this colony and the
importance of its conservation.

A further characteristic of the Mt Etna Ghost Bat
colony that came to light during Toop’s study was
the average gestation period of 5.5 months, which
is at variance with the commonly referenced
3-month period (e.g. Ride 1970; Nowak 1999;
Churchill 2008; Baker & Gynther 2023). However,
Keeley et al. (2023) suggest that there may be
some level of flexibility or control in the timing of
reproduction across the range of the species
distribution. If true, this may be related to a
reproductive strategy such as delayed embryonic
development or sperm storage, perhaps to favour
the best timing for abundant food resources for
the newly weaned young (Keeley et al. 2023).

Implications for management of central
Queensland populations of Ghost Bats

All the twenty-one caves in the karst north of
Rockhampton that are used for Ghost Bat roosting
purposes at some stage of the yearly cycle should
be considered essential for the preservation of the
Ghost Bat population, since any one can be vital,
depending on the prevailing seasonal conditions.

The population is particularly susceptible to
mortality at three phases in the life cycle:
parturition, weaning and during winter for
pregnant females and older males. Mortality has
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also been noted during wet periods. It is therefore
helpful to examine the habitat options for the
population during each of these critical periods.

In this most southerly colony, maternity caves have
been classified into birth caves and nursery caves.
The earliest caves to warm and be used for birth in
spring were not necessarily the caves preferred for
nursing during the wet season. At the onset of
parturition in October only nine caves in the area
were confirmed as offering suitable temperature
conditions (Table 5). Winding Stairway (E2) may
also have been used at this stage (and possibly as a
dry roost during summer), although there are no
direct data before the cave was severely damaged
by blasting and subsequently gated by the mining
company in 1973. These gates were removed in
July 1988, opening Winding Stairway as a possible
breeding site once again.

As the weather warmed other caves become
available, and the young were shifted. Invariably
the shift was to Johannsen's Cave (J1) on the
MECNP, where disturbance has been more
carefully controlled by seasonal gating. From
October to March the young were being nursed
and the colony size reached its maximum size.

Blasting disturbance to Speaking Tube (E7) in 1988
caused significant damage to the cave. This cave
was considered the area’s primary overwintering
site, particularly for pregnant females, and the loss
of this cave was expected to remain a source of
mortality due to temperature stresses. The loss of
Speaking Tube is believed to have caused the
subsequent use of Johannsen's Cave (J1) as the
primary birth and wet season nursing site.

Disturbance of the colony was not restricted to
such major events. During the course of trapping
for this study it became obvious that bats had
become aware of mist net positions and were
avoiding recapture. Bats would alight just before a
net and then fly around it. This forced frequent
movement of nets to new positions and was
particularly pronounced in the last six months of
the study (Hoyle et al. 2001).

Since 1983 Johannsen's Cave has been seasonally
closed to the public, with gates installed at two
entrances (Fig. 9). To compensate for the loss of
Speaking Tube and reduce disturbance mortality of
the colony, the closure of Johannsen's cave to
human visitation was extended from the beginning
of June to the end of January. However,
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Figure 9. Bat friendly gate installed at main entrance to Johannsen’s Cave (J1). An
interpretive sign has been removed (top in this photograph) by vandals. Photo by Noel

Sands.

maintaining community support for these closures
remains a persistent challenge, and despite a
robust campaign by QPWS, reports of non-
compliance occur each year. Additionally, access
from the main road has closed, with Vvisitor
facilities relocated to the Cammoo sector of the
Park.

The Johannsen’s Cave gates have been designed
with large horizontal spaces to allow the passage of
Ghost Bats in flight, while deterring human entry.
However, Toop observed that Ghost Bats avoided
using the gates and opted instead for the use of
alternate entrances (N. Sands, pers. comm.).

Ghost Bats in central Queensland remain highly
vulnerable because their low natural reproduction
rate limits their ability to recover despite the
cessation of quarrying and the protection of their
roosting and breeding caves in the MECNP. Most
aspects of the species' biology emphasise the need
for land management to maximise birth rates and
minimise adult mortality. Management options to
enhance the survivability of the colony are limited
to the caves and surrounding habitats north of

Rockhampton, where the largest proportion of the
population resides. Given the life cycle revealed by
Toop’s work, management has been directed at
decreasing the mortality at critical times in the
Ghost Bats’ annual cycle.

QPWS monitoring of the Ghost Bat population on
Mount Etna continues, primarily using non-
intrusive measures such as thermal imaging of the
emergence flight, recording individual calls and
analysis of scat DNA. There are also ongoing
programmes to target and reduce cat and fox
numbers and to control weeds that threaten the
integrity or quality of both the vine thickets and
the open foraging areas within the park. QPWS has
actively removed barbed-wire fencing from its
boundaries, and government funding was made
available in 2022 to remove barbed-wire fences on
neighbouring properties, but this was largely
declined.

Resculpting of old quarry benches was carried out
in 1996 as a remedial measure made possible by
CQ Cement, paving the way for a sustained
revegetation effort involving volunteers, the
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Capricorn Conservation Council and the Fitzroy
Basin Association. Grant funding continues to be
sought and gained, allowing activities such as the
short-term hire of machinery-driven augers to
facilitate the boring of larger and deeper planting
holes, reducing the time taken by small plants to
become established. Initially, the planting was on
the lower slopes of Mount Etna and later
progressed across the road to the large area in
front of Pilkington’s quarry. To date some
thousands of trees and other vine-thicket plants
have been established (Noel Sands, personal
communication).

Conservation recommendations

Sadly, the efforts to conserve the Mount Etna
colony have not resulted in any population
recovery, and it remains vulnerable to extinction.
Continued community extension work is required
to gain neighbour support to facilitate restorative
land practices that promote Ghost Bat foraging
habitat. Community support is also required to
reduce human disturbance of the area’s main
maternity and over-wintering cave, Johannsen’s
Cave (J1). Establishing a captive colony should also
be considered to ensure that the colony’s genetic
diversity is not lost should the population become
extinct in the wild.
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