














R. aurantia is endemic to Australia and its range stretches from the Pilbara region of Western Australia to
Camoweal in Queensland.

The Pilbara Leaf-nosed Bat, hawever, is restricted to the Pilbara region and field surveys suggest that it is divided
into three discrete subpopulations (eastern Pilbara mines and granite, Hamersley Range, Upper Gascoyne),
separated by relatively flat areas that impede gene flow such as the Fortescue and Ashburton valley (Armstrong
2001, 2003, in litt.a).

Colonies of the the Pilbara Leaf-nosed Bat are found in three distinct areas: in the mines of the eastern Pilbara;
scattered throughout the Hamersley Range in smaller colonies; and in sandstone formations south of the Hamersley
Range in a small number of significant colonies (Armstrong 2001). This includes the confirmed roosts of: Bamboo
Creek mine, Copper Hills mine, Klondyke Queen mine, Lalla Rookh mine and one cave in Barlee Range; and 16
other likely permanent occurrences.

Locations are defined as sites that support a colony, such as a cave or mine. Determining the number of locations
occupied by the Pilbara Leaf-nosed Bat is complicated by two factors: first, not all roosts may be used throughout
the year; and second, many records of the species in the region are of bats in flight or roadkills. Several
observations within an area may derive from a single nearby roost, such as is probably the case at Cattle Gorge
and Callawa Gorge {Ecologia 2005a, 2005b, 2006b). The Pilbara Leaf-nosed Bat has been observed in the vicinity of
workings such as the Trump, Bow Bells and Marble Bar copper mine but it is possible that all of these individuals
may have roosted in the Klondyke Queen mine (Armstrong 2001).

Four major roosts in mines are currently known from the eastern Pilbara district (i.e. excluding the currently
flooded Comet mine) and one from a cave in Barlee Range Nature Reserve (see Population Information section).

Bamboo Creek mine, Bamboo Creek Mining Centre. This area contains many old workings but the most
significant is the Bamboo Creek mine itself. This contains a main decline of at least 1 km and many workings
extending from this, It is interconnerited with entrances or other workings such as the Perseverance, Kitchener and
Bamboo Queen. The Pilbara Leaf-nosed Bat maintains a large colony throughout the year which is likely to be the
largest in the region. Bats exit predominantly from the main decline, A horizontal adit entrance used previously by
the Pilbara Leaf-nosed Bat that is oresent at base of the Bambog Queen open cut is now flaoded, but the coleny still
has access from the main entrance (K.N. Armstrong September 2006, unpubl. obs.}.

Copper Hills mine, near Nullagine. This old copper mine is in poor condition but maintains a colony of the
Pilbara Leaf-nosed Bat over a pool at the bottom of a farge pit that connects to underground workings.

Klondyke Queen mine, near Marble Bar. The areas between Klondyke King and Kopckes Reward {east of the
Klondyke Queen mine) have been surveyed and found not to contain roosts of the Pilbara Leaf-nosed Bat
{Armstreng 2001; Armstrong in litt. b; Biota 2001a). The western lease (M45/668) part of the project area contains
a colony of the Pilbara Leaf-nosed Bat in the old workings of the Klondyke Queen. The mine is in a poor state of
repair and there is evidence of several collapses, both near the entrance and underground {Armstrong 2001).

Lalla Rookh mine, Panorama Station. This mine was only recently found to contain the Pilbara Leaf-nosed Bat
{K.N. Armstrong April 2004, unpubl. obs.) and the existence of a significant colony of the Ghost Bat Macroderma
gigas is also known. The stoped {vertically excavated), angled entrance appears relatively stable but is dangerous
for human entry. Environmental impact assessments nearby at the proposed Sulphur Springs mine recorded
significant numbers of the Pilbara Leaf-nosed Bat in flight in a watercourse (Armstrong 2007a}. The origin of these
is unknown but might be the Lalla Rockh mine.

Yarrie - Nimingarra operations, near Goldsworthy.The public submission for the Goldsworthy Extension
Project cited recent observations of the Pilbara Leaf-nosed Bat by their environmental consultant in several areas
adjacent to planned activities (Ecologia 2005a, b, 2006b). Captures of the Pilbara Leaf-nosed Bat made for tissue
sampling did not confirm roosts at any of the caves where the Pilbara Leaf-nosed Bat were observed in the local
area (Cattle Gorge, Callawa Gorge), despite their continued presence (K.N. Armstrong September 2006, unpubl.
obs.).

Comet mine, Marble Bar. This mine appears to remain unsuitable for habitation in its current flooded and
unmanaged state. It is currently used as a tourist attraction and also contains a significant colony of the Ghost Bat
Macroderma gigas (Armstrong 2001; Hall et al. 1997). Until recently, the owner (Haoma Mining NL) conducted
underground tours but recently ceased following safety recommendations. This also reduces disturbance to bat



colonies. Haoma Mining undertakes no specific action for bat management. The mine is relatively stable, despite
being flocded in the lower levels.

A total of 16 observations of bats in flight might indicate additional roost sites, but these require confirmation.
There are five roadkill records and each of these may indicate a previously unknown roost. Other unknown roosts
may exist in underground mines or natural caves, however, the larger depths of the underground mines in
comparison with the shallow depth of the natural caves would mark them as preferred habitat (Armstrong 2001).

A series of targeted surveys was conducted in the Pilbara between 1996 and 1999 by Armstrong (2001, 2003)
which Identified five new roost sites and several other localities where bats were observed in flight. The largest
colonies were cbserved at Bamboo Creek mine and in a smal! cave in Barlee Range Nature Reserve.

With the exception of a colony known from the Klondyke Queen mine (Marble Bar, Western Australia; Churchill et
al. 1988), most records from the Pilbara prior to 1995 were from cpportunistic captures and observations of single
individuals {Armstrong 2001},

There is an unsubstantiated record of remains of a Pilbara Leaf-nosed Bat in owl pellets of unknown age at Kintyre
(Hart, Simpson & Associates 1994). This location is cutside the Pilbara, but is "in similar country of stony hills with
small caves". Tt is unlikely that the Pllbara Leaf-nosed Bat disperses through the desert or occupies habitat there
(Armstrong 2003, 2006b}.

The extent of occurrence of the Pilbara Leaf-nosed Bat is 122 447 km?, bounded by records from: Red Hill Station
and Barlee Range Nature Reserve in the west; Cattle Gorge and surrounding areas in the north; Copper Hills mine
near Nullagine in the east; and Mt Vernon Station and Paraburdoo {Geode Creek, and an unnamed gorge in the
Eastern Ranges) in the south (Armstrong 2001, 2003, in litt. a). The recent Pilbara Biological Survey conducted by
the Western Australian Department of Environment and Conservation produced several new records of the species
and the details are currently being prepared for publication (March 2007). None of the records were of colonies; all
were recordings of bats in flight, so colony size and location was not determined (N.L. McKenzie 2006, pers.
COMmIm.j.

There is no suggestion that there has been a decline in extent of occurrence in the past 10 years (or three
generations) but there has been no detaiied stugy of poputation size in this peried. No known major roosts have
been lost (K.N. Armstrong unpubl. data; Armstrong 2001). The colony at the Red Hill mine is now absent but the
species is assumed to be still present in the general area as suggested by a record from Fortescue Roadhouse in
1990 {(Armstrong 2001) and a more recent capture near Pannawonica ('Mesa K' in the Robe River valley,; Biota
2007).

There is currently no information that will suggest a future change in extent of occurrence. An unconfirmed record
from a horizontal mine shaft near Jimblebar (north of Newman) might suggest a larger extent of occurrence in the
south-eastern Piibara (Ecologia 2006a).

It is difficult to calculate accurately the area of occupancy for bats because colonies in a cave or mine are
essentially point sources and the nightly foraging range of the Pilbara Leaf-nosed Bat is unknown. However, the two
estimates provided below are based on extensive field surveys and an understanding of habitat requirements in the
region (Armstrong 2001).

The first was calculated using GIS by Armstrong (20303), and later revised (Armstrong in litt.a). The GIS model was
an estimate of the area of potential occupancy and so included both areas where bats have been recorded and
areas where bats might occur based on a suitable combination of rock type and topographical relief, It defined
areas that were predicted to have caves with suitable microclimate conditions for the Pilbara Leaf-nosed Bat - in
geological terrain that had an observed propensity to form caves and that had significant topographical relief. The
total area of potential occupancy was 5783 km2 {Armstrong in litt.a), significantly smaller than the area of extent,
highlighting how little of the region is available to the species in the Pilbara. Furthermore, much of this area is
unsurveyed, and natural roosts, especially in ironstone formations, are likely to be sparse within the predicted area
of occupancy model.

The second estimate is based on point locations and foraging range. Only five roosts with significant numbers are
currently confirmed and there are 16 chservations of occurrence that are considered likely to have a roost nearby
but which may support only small colonies (K.N. Armstrong unpublished data). If it is assumed that bats have a
normal maximum nightly foraging range of 10 km from their roost {not unreasonable considering other estimates of
microbat range), then a circular radius from each point occupies 314 km?2. In total, the area for 21 locations is 6594
kmz (K.N. Armstrong unpubl. data).



Further observations of the Pilbara Leaf-nosed Bat in other localities will obviously increase the known area of
occupancy. The foraging area used by each colony could be much less than 314 km2,

There is evidence for a small decline in area of occupancy. A large colony was observed in the Comet mine near
Marble Bar but has not been observed since the lower levels became flooded In 1997 (Armstrong 2001). This
effectively removed one major roost site. The Pilbara Leaf-nosed Bat was observed within 1 km of McKinnon's mine
in 2001 but rogsting was not confirmed; the structure is collapsing and it is unlikely to be able to support as many
individuals as the much larger Comet mine (K.N. Armstrong 2001, unpubl. obs.). In addition, while the Red Hill
mine colony is likely to have dispersed many years ago (Armstrong 2001}, bats are still present nearby in the Robe
River valley (Mesa K), though no roosts have been confirmed yet (Biota 2007).

All other new observations of the species since the surveys of Armstrong (2001} have added to the known area of
occupancy (Cattle Gorge, Callawa Gorge, Lalla Rookh mine, Robe River valley, Sulphur Springs) but it is unlikely
that these represent recent expansions. For example, the newly discovered colony at the Lalla Rookh mine was
colonised sometime in the last 100 years and it is feasible that bats seen approximately 10 km away at Sulphur
Springs derive from that roost. In addition, new records near Goldsworthy (Cattle Gorge, Callawa Gorge) and in the
Robe River valley are likely to indicate occupancy of natural caves for many hundreds or thousands of years. Not all
bats in the eastern Pilbara roost in mines - bats observed at Cattle Gorge, Callawa Gorge, Soansvitte and Hillside
Station are likely to roost in natural caves, suggesting that the Pilbara Leaf-nosed Bat was present in this part of
the region before underground mining began in the late 1890s (Armstrong 2001). Thus, while knowledge of their
presence has grown, there is no evidence for an increase in area of occupancy in the last ten years. Very few, if
any, underground structures have been excavated in the region in the last ten years, with most mining moving to
open cut. There has been limited excavation east of the town of Nultagine over the last 30 years or so but the
Pilbara Leaf-nosed Bat has not been recorded in this area (Armstrong 2001, 2006c).

Major roost sites in mines (i.e. all known colonies, with the exception of the group in Barlee Range Nature Reserve)
and some of those in caves coincide with current or likely future mining interests. Concurrent destruction of habitat
has the potential to cause declines within the next ten years. It is assumed from some observations near Marble
Bar {Armstrong 2001; in litt. b) that the species has the propensity to move several kilometres in response to
disturbances. If neighbouring roost sites are also the focus of disturbances, it must be assumed that the risk of
mortality will increase.

There are no captive or re-introduced populations of the Pilbara Leaf-nosed Bat. Mining developments in the future
may require consideration of translocation as an opticn (McKenzie et al. 1999).

There is evidence for both spatial and genetic fragmentation of the Pilbara Leaf-nosed Bat within the Pilbara region.
The subpopulation occupying natural cave roosts in the Barlee Range Nature Reserve is separated spatially by the
Ashburton valley from the subpopulation that occupies the Hamersley Range. However, this may not represent a
major impediment to dispersal and gene flow. The largest spatial discontinuity occurs at the Fortescue valley and
separates Barlee Range/Hamersley Range subpopulations from the colonies in the mines of the eastern Pilbara
(Armstrong 2003, in jitt. a). The genetic study of Armstrong (2006b) was limited somewhat by sample size, but
demonstrated that the Barlee Range/Hamersley Range and eastern Pilbara groups were distinct and divergent, with
a level of difference of 1.2%. The implication of spatial fragmentation is that losses in one area are unlikely to be
replaced from colonies in other subpopulations in the short term. The implication of genetic fragmentation is that
different parts of the Pilbara contain unique genetic diversity.

Top

Surveys Conducted

Numerous targeted surveys were undertaken between 1996 and 1999 by Armstrong (2001, 2003). Five new roost
sites were identified and bats were observed in flight in several other localities. An impertant colony was also
located in the Copper Hills mine, north of Nullagine. In addition, several other smali mines in the Marble Bar area
were thought to be used by a few individuals on at least a temporary basis, though roosting was not able to be
confirmed. Bats were observed in flight in a diverse range of other Pilbara landscapes, including irenstone hills
{Brockman Iron formations near Paraburdeo and Fortescue Iron formations at Soansville in the east Pilbara) and
amongst granite boulder terrain on Hillside Station. While roosts could not be located despite intensive searching,
they were assumed to be in relatively deep structures associated with groundwater seeps (Armstrong 2001, 2003},

Recent increases in mining activity have led to further observations of the Pilbara Leaf-nosed Bat by environmental
consultants. Significant numbers were observed in the Lalla Rookh mine {(K.N. Armstrong April 2004, unpubl. obs.),
in flight in several locations near Goldsworthy (Cattle Gorge and Callawa Gorge) (K.N. Armstrong September 2006,



unpubl. data), and most recently a capture was made in the Robe River valley near Mesa K (Biota 2007). The
currently unpublished observations from the Pilbara Biological Survey will add further localities, although roost sites
were apparently not located (N.L. McKenzie 2006, pers. comm.).

Knowledge of the species hahitat and distribution has improved considerably in the period since the survey of
Churchill and colleagues (1988), however some areas of the Pilbara have still not been surveyed adequately for the
species (Armstrong 2001). Furthermore, the difficulty of locating actual roost sites, particularly those in natural
caves, limits knowledge on colony size and number in the Hamersley Range.

Population Information

Top

Accurate estimates of numbers of Pilbara Leaf-nosed Bats are difficult to obtain as the species is rarely captured in
any numbers. Recent capture activity allowed some estimation, though exhaustive counts were not possible
because of the requirement to cease capture after 30-40 animals and the fact that the species repeatedly flies in
and out of the roost structure after dusk, which makes passive counts impossible {K.N. Armstrong September 2006,

unpubl. data}.

1t is currently not possible to estimate population size in the Hamersley Range. However, it is quite likely that
colonies will be scattered, of small size and the total abundance smaller than that in the eastern Pilbara.

Estimates of Pilbara Leaf-nosed Bat abundance based on captures and observations of bats in flight,
both past and present.

Location

Bamboo Creek
mine, Bamboo
Creek Mining
Centre

Cave BR1,
Barlee Range
Nature Reserve

Cave BR2,
Barlee Range
Nature Reserve

Comet mine,
Marble Bar

Copper Hills
mine, north of
Nullagine

Past observations

Many individuals
exiting main drive,
no counts attempted.

Capture of 57
individuals in flight,
1999,

Approx. 10 in May
1997

Large coleny
observed by ).N.
Duniocp

Up to 3 individuals
observed in flight.

Captures
(Sept.
2006)

43

11

Comment and likely
numbers

Large colony, feasibly 100-
200 individuals.

Night roost, individuals
roost elsewhere and forage
in this area regularly.
Feasibly 100 individuals in
Barlee Range Nature
Reserve based on previous
capture record.

Major roost site, numbers
observed likely an
underestimate, but cave
becomes unavailable in the
driest periods, other roost
is likely nearby.

Large colony absent since
1997, but small numbers
may actuaily rocost on
occasions,

At least 10-20 individuals
likely to be present based
on emergence
observations.

Sources

Armstrong 2001;
K.N. Armstrong
unpublished data.

Armstrong 2001;
K.N. Armstrong
unpublished data.

Armstrong 2001

Armstrong 2001

Armstrong 2001,
K.N. Armstrong
unpublished data.




Klondyke 72 capturesin 1981, All were captured in Sept. |Churchill et al.
Queen mine, estimated 350 2006. Typical colony size is |1988; Armstrong
Marble Bar individuals, all likely to be 20 individuals |2001; K.N.
subsequent counts or less. Armstrong
have estimated 20 or unpublished data.
less.
Lalla Rookh Not evaluated. 32 Colony size likely to be 50- [K.N. Armstrong
mine, 100 individuals. unpublished.
Panorama
Station
Red Hill mine, (Unknown, one - Mine collapsed, not Armstrong 2001
Red Hill Station |specimen in WA currently used.
Museum
Bow Bells 2 - Possible roosting habitat Armstrong &
mine, Marble but not confirmed. Coles 1997
Bar
Callawa Gorge, | Not previously 11 Roost likely nearby. K.N. Armstrong
Goldsworthy trapped. Number 20+7? unpublished data.
Cattle Gorge, |Not previously 7 Roost likely nearby. K.N. Armstrong
Goldsworthy trapped. Number 20+7? unpublished data.
Geode Creek, |2 captured. 1 Roost likely nearby. Armstrong 2006b
near observed |Number 10+7
Parabuirdoo -
Channar
Sulphur Several individuals |- Roost at Lalla Rookh or Armstrong 2007a
Springs, captured in harps set nearby?
Panorama in a watercourse,
Station 2006.

The Pilbara population should be considered as comprising two subpopulations based on available data from genetic
markers {Armstrong 2006b). The first includes colonies in the eastern Pilbara district. The second includes all
colonies in the Hamersley Range and the Upper Gasgoyne region. The mean genetic difference between these two
groups was 1.2% and no genetic types were present in both subpopulations,

Pilbara

There is no data to suggest a recent past population decline. The following population counts are based on data
from observations in the three largest mines in the area - Kiondyke Queen mine, Comet mine and Bamboo Creek

mine:

m The colony in the Klondyke Queen was estimated to be 350 individuals (72 actually being captured in 1981
[Churchill et al. 1988]). The most recent cbservations provided counts of less than 10 since 1996 (Armstrong
2001) and the most recent captures were of only 12 individuals (K.N. Armstrong September 2006, unpubl.
data), however, numbers may fluctuate within days (Armstrong in litt. b; Biota 2001a).

n The Comet mine was observed to contain a large colony prior to 1992 but is unlikely to currently support similar
numbears because of its flocded status (Armstreng 2001). Local prospectors reported a large colony of the
Pilbara Leaf-nosed Bat in the Cormet mine prior to 1981 but a later survey did not observe it because of flooding
(S.K. Churchill pers. comm. 2006).

m The Bamboo Creek mine ceased operations in 1996 and was only surveyed for the Pilbara Leaf-nosed Bat after
this time. It is most reasonable that declines at the Klondyke Queen and Comet may actually reflect dispersal to
the Bamboo Creek mine rather than mortality but there is no evidence to resolve this.

Perceived declines, therefore, may actually be fluctuations in occupancy and numbers as a result






water in deeper mines, or deep within the mine or cave structure in an area that maintains elevated temperature
and humidity. Thus, the roosting site is often at depth in mines; in small crevices within caves, usually those
ascending between sedimentary rock layers; and with associated groundwater seeps (e.9. at Bariee Range;
Armstrong 2001). In the Pilbara few actual roost clusters have been observed, perhaps the only one being that in
the Comet mine prior to 1992 (Armstrong 2001). Simple vertical shafts are not used and shallow caves beneath
mesa bluffs are also unlikely roost sites {Armstrong 2001).

As with all cave-roosting bats, the Pilbara Leaf-nosed Bat has separate diurnal and nocturnal habitats - the roost
and foraging sites.

In the eastern Pilbara, roosting habitat includes underground mines in the greenstone terrain. Most of these mines
are old gold or copper workings that have been abandoned, although improvement in mining techniques has
resulted in renewed mining interest at some sites. The Pilbara Leaf-nosed Bat prefers those with a horizontal adit
type entrance, especially the deepest and most complex structures that intersect the watertable (e.g. Klondyke
Queen, Comet, Bamboo Creek mines, possibly the Bow Bells mine). Simple shafts are not inhabited but structures
with wide vertical stopes (linear vertical excavations that usually follow a vein deposit) can be used if the lower
levels of the mine include cross cuts and access the watertable {e.g. Lalla Rookh, Copper Hills; possibly the Trump
mine). Simple adits without cross cuts (or with short cross cuts at the same level) might be used as night roosts
occasionally (Armstrong 2001}.

Observations of bats in flight in the eastern Pilbara also suggest the presence of roosts in relatively deep crevices
amongst granite boulder koppies (rockpiles) and caves in mesa formations of the Cleaverville Formation (part of the
Gorge Creek Group of ironstone remnants; e.g. at Soansville; Armstrong 2001). Caves use by the Pilbara Leaf-
nosed Bat in the Hamersley Range has not been determined, however, the species has been observed in flight in
the gorges formed in dip faces of relief (the face of a hill opposite to that where the inclined layered sedimentary
sequences are exposed - strike face) composed of Brockman Iron Formation. Side gorges with inclined layered
ironstone sequences have the greatest potential to support relatively warm humid microclimates, Caves in gorge
settings, rather than caves beneath bluffs on the strike faces of mesas, are most likely to be the only natural
subterranean formations preferred by the species in upland country in this type of ironstone unit. Deeper caves in
Mara Mamba Iron Formation might be used, but no such occurrences have yet been recorded, The species also
inhabits caves in the massive siliceous Kiangi Creek Formation of Barlee Range, Caves used by the Pilbara Leaf-
nosed Bat were formed in zenes of weakness between heavily folded sandstone bedding layers that extended up
inclined bedding layers. The species might alse be found in this formation further east (e.g. near Mt Vernon}
{Armstrong 2001, 2003, in litt. a).

The daytime occupation of trees expounded by Gould (1863) has never been corroborated (Calaby & Keith 1974;
Dixon 1978; Parker 1973}, despite a suggestion that bats become "forest dwellers" in the Northern Territory during
the wet season. There have been several accounts of roosting in man-made structures (review in Armstrong 2003,
p. 13; Churchill et al. 1988), but never in the Pilbara. The Pilbara is considered too dry to support the Pilbara Leaf-
nosed Bat in such temporary structures with suboptimal microclimates.

Foraging habitat is diverse owing to the wide distribution of the Pilbara Leaf-nosed Bat {Churchill et al.1988},
however in the Pilbara it has been observed in the following habitats: Triodia hummock grasslands covering low
rolling hills and shallow guliies, with scattered Eucalyptus camaldulensis along the creeks (e.g. near Marble Bar,
Bamboo Creek, Lalla Rookh and Copper Hills; Armstrong 2001; K.N. Armstrong unpubl. obs.; Churchill et al. 1988);
over small watercourses amongst granite boulder terrain and around nearby koppies; over pools and low shrubs in
ironstone gorges; and above low shrubs and around pools in gravelly watercourses with Melaleuca leucodendron,
such as in Barlee Range Nature Reserve {Armstrong 2001}.

Typically, the Pilbara Leaf-nosed Bat flies low in the open spaces in watercourses and gorges, and over Triodia
grasstand, sometimes within centimetres of the ground, but vp to 2-3 m in height (K.N. Armstrong unpubl. obs.).
Fliight behaviour was described by Churchill and colleagues {1988) as a "sinuous pattern of turns; zigzagging up
and down ...".

It often shares roosts with the Ghost Bat, Macroderma gigas, Finlayson's Cave Bat, Vespadelus finlaysoni, Common
Sheath-tailed Bat, Taphzous georgianus, and possibly Hill's Sheath-tailed Bat, Taphozous hilli, in some parts of its
range. Any management strategy that benefits the Pilbara Leaf-nosed Bat is also likely to benefit these species.
Daytime refuges are in natural caves or underground mines. Some are used on a permanent basis, such as the
Bamboo Creek mine, others rely on seasonal or sporadic inputs of groundwater to maintain groundwater seeps and
elevated roost humidity, such as in Barlee Range (Armstrong 2001}. The effects of fire and flooding are unknown.






that most individuals dispersed toe other roosts during the wet season.

Armstrong (2001) suggested that the species maintains gene flow within the Pilbara region by dispersing among
underground roosts. If nearby roosts are within the nightly flight range of individuals, which is still unknown, then
contact between particular areas can be maintained. If the supply of groundwater to underground structures was
reduced either seasonally or otherwise intermittently because of unpredictable rainfall, and roost humidity dropped,
it is thought that some roosts would become temporarily unavatlable, If some roosts become unavailable during
part of the year, the 'intervening areas' between suitable roosts become wider, If these are too wide to allow
movement between suitable roosts then gene flow would be reduced. Some preliminary information from genetic
markers suggests that seasonal movements do not occur (Armstrong 2006b) but the extent of gene flow in the
region is being tested using microsatellite DNA markers {K.N. Armstrong 2007, unpubl. data).

In the Pilbara, there does not appear to be a seasonal exodus during summer months, as is seen in the Orange Leaf
-nosed Bat during the wet season of the Northern Territory. Aggregations of the Pilbara Leaf-nosed Bat are thought
to form because of the seasonal availability of some roosts and alse for mating (Armstrong 2001). Rainfall in the
Pilbara is low and locally unpredictable, with most rain derived from localised thunderstorms and cyclones (Beard
1975; Gentilli 1972; Tinley 1991). Therefore, the availability of groundwater, that controls seepage for elevating
the humidity of roosts, is dependent on these unpredictable falls. Seasonal absences at some roosts may be
dependent on the amount of rainfall and corresponding groundwater seepage. Aggregations in the winter months
are likely to be for mating; those in the summer are most likely to be controlled by the availability of suitable roost
microctimates {Armstrong 2001).

It is assumed that bats can move distances of up to 60 km easily between mines {Armstreng 2001) though not
necessarily overnight. Nightly foraging range and area is unknown. Night roosts have been observed in Barlee
Range Nature Reserve {Armstrong 2001; K.N. Armstrong September 2006, unpubl. obs.), so bats do not stay in
flight continuously for the whole night. Whether this cccurs because of energy constraints is unknown but it would
limit the range of the species, especially during cooler periods, given their physiclogical constraints {(Baudinette et
al. 2000; Kulzer et al. 1970).

Within the roost, individuals maintain a small distance of 12-15 cm amongst themselves (Churchill et al. 1988;
Jolly 1988), suggesting territoriality as has been observed in other bats in the family Hipposideridae (e.q.
Schneider's Laaf-nosed Bat, Hipposideres specris,: Selvanayagam & Marimutha 1984; Commerson's Leaf-nosed
Bat, H. commersoni, Giant Leaf-nosed Bat, H. gigas,: Fenton 1985). In these species, territoriality is manifested as
antagonistic behaviour such as wing-flicking or 'nattering' towards neighbours, and marking of the roost surface
with urine. The species is difficuit to observe in the roost, especially in the Pilbara, because they are generally found
in narrow parts of caves or unsafe areas of mines. Whether roost territoriality has implications for upper limits on
colony size (assuming that limited numbers can share space in one of the few suitable roosts available) is also
unknown.

Survey Guidelines

The Pilbara Leaf-nosed Bat is relatively easy to detect if it is present in an area, in part because it flies low to the
ground. In additicn, it has a curiosity for light sources, which means that traversing areas at night wearing a
headtorch will likely attract nearby individuals (K.N. Armstrong unpubl. obs).

The Pilbara Leaf-nosed Bat is unmistakable in appearance when captured. Externally, individuals from the Pilbara
population are indistinguishable from their northern counterparts, except by call frequency. The Pilbara Leaf-nosed
Bat produces reference (when hand-held) frequencies over approximately 120 kHz (Armstrong & Coles 2007},
Photographs can be found in Jolly and Hand {1995), Churchill (1998) and Armstreng (2007).

Echolocation calls are distinctive, having a CF-FM (constant frequency - frequency modulated) structure. The
constant frequency component is of relatively short duration (approximately 8 ms}, and with a peak frequency of
117 kHz and above {but usually above 120 kHz). The CF component is followed by a brief frequency-modulated
sweep of approximately 20 kHz. No other bat emits CF-FM calls in the Pilbara, and none emit calls of such high
frequency. These calls are easily identified on heterodyne electronic detectors set to 120 kHz. Anabat detectors
have less detection range than some other detector modeis, but can still detect calls of sufficient amplitude. An
experienced observer can identify a heterodyned call in real time but confirmation should be made by recording the
call onto tape or by other digitat means for later analysis and presentation.

The Australian Museum Business Services {AMBS 2004a) has previously prepared guidelines for efficient and
effective survey of bats, summarised below.
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species is unlikely to be encountered or will be in an area unsafe for human entry, The entry of underground mines
is not recommended for safety reasons. If entry to mines is absolutely necessary, permission should be sought
firstly from the leaseholder and a mines inspector from the Western Australian Department of Resources and
Industry should be consulted and may be required on-site.

Roost occupancy and approximate numbers are best assessed without underground surveys by monitoring bat
emergence at the largest horizontal exits at dusk, The Pilbara Leaf-nosed Bat has a peculiar habit of 'appearing’
near the entrances of caves or adits after dusk. Individuals do not necessarily roost in some structures so an
assessment of occupancy in a particular structure must exclude the possibility of casual night visitation or 'fly
ins' {K.N. Armstrong, unpubl. obs.}.

Other Approaches

For environmental assessments, the spedes can be surveyed adequately without the need for capture. Bat (harp)
traps and mistnets should be avoided to lessen the possibility that leaf-nosed bats will be prompted to vacate the
roost (it must be assurmed that they would perish in the less suitable microclimate of an alternative roost). The use
of trapping equipment is also discouraged in order to avoid by-catch of other typically abundant species such as
Taphozous and Vespadelus species.

Top

Threats

Heat and water loss

Attributes that make this species particularly vulnerable to a threatening process include their poor ability ko limit
heat and water loss in unsuitable roost microclimates and the limited availability of suitable roosts in the region
(Armstrong 2001; Baudinette et al. 2000; Churchill et al. 1988; Churchill 1991b; Kulzer et al. 1970). Impact
assessments should take into account that proposed works might interrupt mating around July, females will be
heavily pregnant from November and with young until around March (Armstrong 2001).

The most important intrinsic factor that affects survival in the Pilbara Leaf-nosed Bat is their poor ability to maintain
heat and water balance {Baudinette et al, 2000; Kulzer et al. 1970). In all cases where disturbance to a roost
appears likely, it is assumed, based on the precautionary principle, that this will result in bats leaving the structure,
with the consequence that they are exposed to an increased risk or rate of mortality due to relocation to a
suboptimal roost, The species might move among roosts as part of their normal nightly foraging activity and it is
likely that this would only include roosts with suitable atmospheric and roost conditions. Two issues are relevant
when considering the outcomes of an artifictal departure of the Pilbara Leaf-nosed Bat:

» The timing of the departure might coincide with a perlod where there are relatively few roosts providing suitable
{and seasonally available) microclimates sufficient to maintain the same rate of survival .

» The distance of the next nearest suitable rcosts might be greater than that of nearer, less suitable roosts, and
thus risk of mortality is greater if bats choose nearer sites (K.N Armstrong 2007 pers. comm.).

Mine collapse

Some parts of the Klondyke Queen mine are unstable and there may have been collapses within, which might have
contributed to the decline since the survey of Churchill and colleagues {(1988). The stability of mines such as
McKinnons, Trump, Lalla Rookh and Copper Hills appears reasonable but not as good as the Comet and Bamboo
Creek mines (¥.N. Armstrong unpubl. obs.).

Apart from intentional destruction of an old mine adit, including as part of planned mining activities, collapse of a
mine structure is the most likely catastrophic threat. Many of the historical workings in the eastern Pilbara are
around 100 years old. Some are angled stopes (vertical excavations; e.g. Lalla Rookh, Trump}, and others are in
relatively soft fuchsite schist or other crumbly or powdery igneous greenstone rocks {Klondyke Queen, Comet,
McKinnons, Copper Hills). Following heavy rains, a large section of wall in the stope of the Klondyke Queen was
observed to have fallen, and some of the roof comprises loose cobbles held up by old timber (K.N. Armstrong 2001,
unpublished obs.}. The compounding effect of heavy rains, fluctuating underground waterlevels and aging of timber
supports is likely to gradually weaken most of the mines that are occupied by the Pilbara Leaf-nosed Bat, With
some careful management, and liaison among leaseholders, the largest and most stable workings, not subject to
renewed mining interest, could be preserved and strengthened for bats (Armstrong & Anstee 2000; McKenzie et al.



1999),

Flooding

Flooding has caused evacuation of the Pilbara Leaf-nosed Bat from the Comet mine (Armstrong 2001). The lower
levels of the Bamboo Creek mine are also flooded (K.N. Armstrong Sept., 1997, unpubl. obs.), but the underground
area of this mine is greater and contains numerous side workings. In other mines containing water (Copper Hills,
perhaps others near Marble Bar), flooding is not an issue because mines do not penetrate as deep as the Comet
and Bamboo and were not required to be dewatered.

Natural Predators

While little information is available regarding natural predators of the Pilbara Leaf-nosed Bat, the Orange Leaf-
nosed Bat has several natural predators in the Northern Territory. Predation occurs either inside roosts or at cave
entrances during the nightly emergence of bats. Predators include various species of snake such as the Olive
Python, Liasis olivaceus,, Brown Tree Snake, Boiga irregularis, and King Brown Snake, Pseudechis australis
(Churchill et al, 1988; Jolly 1988). Roosts are often cohabited by the carnivorous Ghost Bat, which is an efficient
predator with excellent eyesight (Pettigrew et al. 1988) and hearing (Guppy & Coles 1988). Wings of the Pilbara
Leaf-nosed Bat were recorded from the accumulation of food remains beneath a roost of the Ghost Bat in the
Klondyke Queen Mine {Churchill et al. 1988). In Northern Territory caves, the Orange Leaf-nosed Bat may avoid the
Ghost Bat by roosting in small, inaccessible parts of the cave (Jolly 1988).

Mine development

Both open cutting of underground works and exploration drilling present a potential threat to the Pilbara Leaf-nosed
Bat. Drilling occurred at the Comet in 1991-1993 and at the Klondyke Queen mine in 1994-1996 and also in 2004
{Armstrong 2001; Biota 2001a). Drilling up to 50 m of the Klondyke Queen adit entrance did not appear to have an
impact on bat occupancy (Armstrong in fitt.b; Biota 2001a). Exploration drilling in the Nullagine district has involved
extensive earthworks within 10 m of historical workings (Armstrong 2006c). Similar such operations at workings
occupied by the Pilbara Leaf-nosed Bat are likely to have an adverse effect.

There are, however, several roost sites of the Pilbara Leaf-nosed Bat in the eastern Pilbara that are the current or
likely future focus of open cut mining developments. Some projects introduce a greater level of disturbance than
others, and at least one is likely to result in the loss of a roost site (Klondyke Queen). The scarcity of roost sites
means that the loss of even one will result in a reducticn in area of occupancy. This might also result in a reduction
of actual numbers even if there is no direct cause of mortality. Concurrent impacts at nearby major roost sites may
limit the options of a disturbed colony for relocation, and any relocation te other nearby roosts with suboptimal
microclimates carries an elevated risk of mortality.

Blasting in adjacent workings

Blasting and excavation of a new adit was undertaken in the 1980s immediately adjacent the Klondyke Queen
mine, It is not known if this contributed to the decline in numbers since the survey of Churchill and colleagues
(1988). Blasting in any structure is likely to cause evacuation of the Pilbara Leaf-nosed Bat. Blasting in an iron ore
open cut mine occurs up to 400 m of the Cattle Gorge and Nimingarra open cut iron ore mines near Goldsworthy
{BHP Billiton 2005} but visitation of nearby foraging habitat by Pilbara Leaf-nosed Bats still occurs. The
maintenance of a buffer zone therefore appears to have had some level of success, and monitoring is ongoing
(Ecologia 2005a, b, 2006b).

Human entry of roosts

Human entry of roosts is unlikely to be a major disturbance unless bats are captured. Most underground mine
workings are in a poor state of repair and are dangerous to enter, Furthermore, the Pilbara Leaf-nosed Bat usually
roosts deep in underground structures and is likely to be in spaces inaccessible to people and might therefore be
difficult to observe in the roost. This is also true for caves (e.g. cave BR-2 at Barlee Range) (Armstrong 2001).
Entry and capture for scientific research or environmental monitering programs might cause a colony to vacate. The
spacies is known to relocate to cther rocsts fallowing trapping (K.N Armstrong 2007, pers. comm.; Hall 1983; Jolly
& Hand 1995).

Roadkills

Five records of the species in the Pilbara, and a similar number from the Kimberley region, are from roadkills, or
specimens found in carparks (Armstrong 2001). The species tends to fly relatively fow and displays a curiosity for
light sources. Such roadkill records have helped with information on distribution and contributed specimens for
taxonomic analyses (Armstrong 2002). Sporadic occurrences of roadkill are unlikely to have a significant impact on
the population size, However, if a busy haul or access road is to be located close to a known roost or foraging site,
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