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Executive Summary  

 
Orange leaf-nosed bats, Pilbara form (Rhinonicteris aurantia), herein referred as Pilbara leaf-

nosed bats (PLNb), have been detected at several sites nearby Atlas Iron Limited’s Corunna 

Downs Project, Western Australia. A permanent diurnal roost cave has been identified close to 

the proposed project in cave CO-CA-01, herein named Cave 1. A second non-permanent 

diurnal roost has been identified in cave CO-CA-03, herein named Cave 3, and has been 

classified as a satellite of Cave 1. A diurnal roost is one that the PLNb roost in during daylight 

hours for part or all of the year. Permanent diurnal roosts are all thought to be maternity sites.  

 

A census of the usage of PLNb at Cave 3 was undertaken on the 23
rd

 November 2017. The 

aims of the census were to: 

 Collect high quality video records of PLNb exiting and entering the rear chamber of the 

cave and count the number of PLNb movements using the video record, 

 Simultaneously collect ultrasonic call recording data at the roost entrance using an 

ultrasonic bat call detector to compare with the video record and other data previously 

collected, 

 Provide an understanding of the usage of cave 3 at the end of the dry season bottleneck 

with a view to confirming why this cave is a satellite to Cave 1 and not a permanent diurnal 

roost for PLNb. 

 Provide a correlation factor based on the video recording which can be applied to 

ultrasonic detector records at this cave in the future, to provide an estimate of the number of 

PLNb individuals using this cave.  

 

Previous surveys between March 2014 and August 2017 had found Cave 3 to have a rear 

chamber with still air conditions, a high temperature of approximately 32
O
C and relative 

humidity approaching 100%. At those times there were an indeterminate number of PLNb 

roosting non-permanently within the rear chamber, however nightly average PLNb activity 

ranged from 21.75 (±5.39) calls per night in March 2014 up to 2,252 (±437.9) calls per night in 

July 2017.  

 

Upon arrival at the cave it was observed that: 

1. The spring fed waterfall and pool outside the cave’s entrance were present , 
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2. the humidity throughout the cave’s interior was much dryer than expected, as 

encountered by previous visitors. 

3. there were no PLNb or Ghost bats roosting; there were a small number of common 

obligate cave dwelling Taphozous and Vespadelus bats present, (<20 of each species), 

4. there was almost no insect activity within the cave, either airborne or terrestrial. Only 

two cave spiders were observed, 

5. the cave was “breathing out” in that air was flowing out of the cave at a noticeable 

rate indicating the presence of a crack in the strata behind or above that is probably open to the 

outside or possibly open to a very large cavity within the ridge, and 

6. two water seeps on the western wall of the rear chamber were running, one more than 

the other. 

 

On the night of the 23
rd

 November 2017 video and ultrasonic bat detector records were 

made to record PLNb activity. The data collected has: 

a) Proven effective in counting the number of PLNb exiting and re-entering the caves 

rear chamber through the “constriction”. 378 movements were recorded, 

b) Provided an understanding of the motions of PLNb circling within the cave prior to 

exiting and to re-entering, and 

c) Provided an estimate of the head count of active PLNb using Cave 3 for foraging and 

as a refuge during the late dry season bottleneck months of October and November, 

approximately 200. 

 

A meaningful correlation between the video result and the echolocation data was not able to be 

made as the bats did not echolocate on the majority of the movements through the cave’s large 

constriction. This is believed to be due to the ease of navigation through the constriction when 

illuminated with IR light. 

 

No Ghost bats were recorded moving within the cave. 
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Introduction 

Project Background 

Atlas Iron Limited (Atlas) plans to develop the Corunna Downs Project as a part of its current 

Pilbara operations.  A colony of Orange Leaf-nosed Bats, Pilbara form (Rhinonicteris aurantia 

referred herein as Pilbara Leaf-nosed Bat (PLNb)) has been identified and located in Cave CO-

CA-01 (Cave 1 at 50K 777177 7629007), a permanent diurnal roost. A satellite PLNb non-

permanent roost has also been identified at Cave CO-CA-03 (Cave 3 at 50K 776808 7623717), 

figures 1 and 2. The PLNb is of National environmental significance and as such, is listed as 

Vulnerable under the Commonwealth’s Environment Protection and Biodiversity Conservation 

(EPBC) Act 1999. Within the state of Western Australia it is listed as a Schedule 3 (species 

that is rare or likely to become extinct as vulnerable fauna) under the Wildlife Conservation 

(WC) Act 1950.   

 

Atlas commissioned Bat Call WA (Bat Call) to undertake a focussed study of the PLNb 

activity at Cave 3 using video and ultrasonic recording equipment to characterise the PLNb 

(and Ghost bat if present) usage at the end of the dry season bottleneck.  

 

 

 

Figure 1: General Arrangement showing the location of the Corunna Downs Project in relation to the 

known permanent PLNb roosts in surrounding areas.  
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Figure 2: A general arrangement of the Corunna Downs Project ridge showing the locations of Cave 1 and 

Cave 3, 5 km to the south. 

 

The Pilbara leaf-nosed bat  

The PLNb (a small 10 g insectivore) is endemic to northern Australia.  The Pilbara population 

is geographically isolated from the main tropical population by the uninhabitable arid zone to 

the north and east (approximately 400 km of the Great Sandy Desert).  The Pilbara population 

is semi-desert adapted and has specific roosting requirements of temperature and humidity.  

 

This species’ Vulnerable listing is on the basis of the potential impacts to habitats that provide 

suitable roosts with the correct microclimate.  The PLNb is known solely from the Pilbara and 

Little Sandy Desert bioregions and Ashburton subregion of Western Australia.  Over 30 

identified diurnal roosts (Bullen 2013) are concentrated in caves in gorge systems and disused 

historical underground mines in the eastern Pilbara, in the Hamersley and northern Little 

Sandy Desert Ranges and in the Barlee Nature Reserve (DoE, 2016a; Bullen and Harewood 

2016). 

Sites where PLNb are detected can be classified as one of three types“ 
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1. Permanent diurnal roosts are those that are occupied all year and are assumed to 

be maternity sites and “source” roosts for the species in the surrounding district 

(Rosenzweig 1995).  

2. Non-permanent diurnal roosts are caves or manmade structures such as mine 

adits where the PLNb roost during daylight hours for part or all of the year. These 

are often “sink” roosts or “satellites” where small numbers of PLNb roost 

diurnally for months or years when conditions allow. 

3. Nocturnal foraging sites include caves and manmade structures that PLNb forage 

within and may rest in for short periods at night but do not remain during the day.  

 

The PLNb is an acrobatic, high-energy flyer that forages for its prey along gorges and 

ridgelines around its roost.  It is most often observed in flight over water holes or flying along 

road easements approximately 1 to 2 m from the ground (Churchill, 2008).  McKenzie and 

Bullen (2009) characterise its “mode” flight speed (i.e. the speed most often measured during 

free flight) as 6.1 ms
-1 

(22 kph). Bat Call’s data shows that speeds up to 20kph are commonly 

used while dispersing from the diurnal roosts. Bat Call’s unpublished data also shows the 

species to be capable of level flight speeds in excess of 8.1 ms
-1

 (29 kph) while commuting to 

and from distant sites (Bullen et al. 2016). 

 

In contrast to the tropical Orange leaf-nosed bat roosts located in a more mesic climate, 

documented PLNb roosts are described as containing relatively small numbers, ranging from a 

few individuals to a few hundred, with 30 appearing to be a typical Pilbara roost size based on 

published data (DoE, 2016a).  However, more recent census work at several roosts in natural 

caves suggests that several hundred to 1,500 is a more typical figure (Bat Call WA, 

unpublished data).  The Cane River Roost in the Western Hamersley ranges contains many 

thousands.  

 

Across northern Australia, the Orange and Pilbara leaf-nosed bats are reliant on roost sites in 

caves or mine adits with stable, very hot (28–32
º
C) and very humid (96–100%) microclimates 

(Churchill 2008).  This is a result of their limited ability to conserve heat and water (Churchill, 

1991; Armstrong, 2001).  Caves and abandoned mines deep enough to create this environment 

are relatively uncommon in the Pilbara (Van Dyck and Strahan, 2008; Bullen 2013), which 

limits the availability of diurnal roosts for this species.  The PLNb is subject to rapid 

dehydration and death within a day if removed from a roosting location with this type of 

microclimate (Churchill 2008).  There appears to be a close correlation between known PLNb 
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roosts and permanent water pools within a flying distance of approximately 5 km. (Bat Call 

WA, unpublished data). 

 

PLNb are now known to depart and return to diurnal roosts at specific times of the night 

following a seasonal pattern (e.g. Bat Call 2013). Long term monitoring data from several 

known PLNb colonies (e.g. Bat Call 2013) supported by data from other satellite roost caves 

(e.g. Bat Call 2017) shows that bats begin to depart their roost within a few minutes of civil 

twilight on the majority of nights (Bat Call 2013, Bullen 2013). This occurs unless there are 

overcast conditions lowering evening light levels when the bats begin to depart earlier, during 

summer electrical storms or during the very cold conditions of mid-winter when the bats begin 

to depart later. They then disperse over their foraging range typically using flight speeds up to 

their mode cruise speed of approximately 20 kph, returning before civil twilight in the 

morning.  

 

The species is known to have a typical dry season foraging range of 15-20 km from its primary 

roost caves (Bullen 2013).  It does forage at greater distances if suitable water sources are 

available (Bat Call WA, unpublished data).  It also appears to range nomadically from these 

roosts when wet season conditions allow it to use satellite roosts and to consolidate back to 

permanent roosts during the dry (Bullen and McKenzie 2011).  It is not known if these ranges 

apply to males and females equally. 

 

Previous surveys 

Annual monitoring of PLNb activity has been undertaken at Cave 1 since its discovery in 2014 

and at Cave 3 since its recognition as a significant non-permanent PLNb roost in 2016 (Bat 

Call 2017). In summary, the nightly average PLNb activity recorded at Cave 3 during these 

surveys ranged from 21.75 (±5.39) calls per night in March 2014, 806.2 (±242.57) in October 

2016 and 2,252 (±437.9) in July 2017, and on all occasions PLNb were found to be roosting 

non-permanently. 
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Methodology 

Survey Team 

The survey team consisted of Mr Robert Bullen of Bat Call and Mrs Natassja Bell of Atlas. Mr 

Bullen specified the equipment to be used for the census and completed all data reduction 

including the review of the video recording and the identification of bat calls from the 

ultrasonic detector data. 

 

Survey Timing and Weather 

The census was undertaken on 23
rd

 November 2017.  At the time of the survey, the weather 

was hot and dry typical of late dry season weather.  Daytime temperatures were around 45
 o

C, 

minimum night time temperatures were around 25
o
C and humidity was very low.  Sunset/rise 

times at Corunna were 18:25 and 05:10. Similarly civil twilight times were 18:49 and 04:46. 

The moon phase was between new and first quarter. No rainfall or electrical storms were 

encountered. 

 

Reference meteorological data were taken from the Bureau of Meteorological site at Marble 

Bar (BoM 2017). November 2017 followed the previous northern wet season with above 

average rainfall, figure 3 and a northern dry season with almost no rain prior to the visit, figure 

4. 

 

 

Figure 3:  Northern wet season rainfall in years preceding 2017 at Marble Bar and Bonney Downs to the 

north and south of the project respectively 
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Figure 4: Monthly rainfall at Marble Bar during 2016 and 2017 

 

. 

 

Bat data recording 

Two electronic systems were located in the entrance chamber of the roost cave to record the 

movement of PLNb and any Ghost bats present, figure 5. These were: 

1. A tripod mounted high-definition video camera (HandyCam model HDR-PJ790, 

Sony, Japan) equipped with nightshot and infra-red (IR) lighting was used as the primary 

census data collection method. The camera was aligned to give a full-frame view of the 

constricted entrance to the rear chamber. Bats passing into the chamber and re-exiting were 

counted manually from the video to confirm minimum colony size. Due to the time required to 

walk out from the cave and then return to Mt Webber Camp, it was begun in the early 

afternoon. Consequently it stopped recording at 00:03 hours on 24
th

 November when its 

battery was exhausted. 

 

2. A full spectrum ultrasonic bat detector (SM2BAT 384 kHz model; Wildlife 

Acoustics, USA) with SMX-US omnidirectional microphone was placed beside the camera to 

record movement of bats present. The SM2 was aligned to preferentially record the PLNb 

moving in and out of the rear chamber. PLNb presence was confirmed by recording of 

distinctive diagnostic ultrasonic calls around 120 kHz. A PLNb call (pass) is usually a 

sequence of multiple consecutive pulses of similar frequency and shape (figure 6). As the 

PLNb individual pulses are unique, calls with one or two pulses are easily identified. 
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The SM2BAT recordings, once reformatted as .wav files, were reviewed using COOL EDIT 

2000 (Now available as AUDITION from Adobe Systems Inc.).  This software displayed each 

call sequence providing information on the number and timing of calls.   

 

 

 

 

 

Figure 5:   A diagrammatic representation of the floor plan of Cave 3 showing the location of the detecting 

devices and the flight paths of the PLNb (red); entering and exiting through the constriction and circling 

within the front and rear chambers as seen on the video. Blue stars indicate running water seeps on the 

cave wall. 

 

 

PLNb movement estimation methods. 

Two methods were used to estimate the movement of PLNb. These were: 

1. Video Count Method. From the video record, each PLNb that exited or entered the 

roost cavity through the constriction was manually counted and a time history of 

5.0 m wide 

2.0 m wide 

11.3 m wide 

12.1 m long 

15.6 m long 

SM2 

detector 

Video and 

IR light 
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movements constructed. The counting was done using VLC MEDIA PLAYER vsn. 

2.1.5 that allowed full control of video playback speed to ensure an accurate count. 

PLNb were also seen circling within the cave interior without passing through the 

constriction into the rear chamber. These sightings were not counted. All bats counted 

were confirmed to be PLNb by comparison with the ultrasonic detector recordings 

covering the timeframe. The count was made for each 3 minute window from dusk 

(18:25) on the 23 November until the camera battery was exhausted just after midnight 

(00:03) on the 24 November. Plate 1 presents an example screen shot of a pair of PLNb 

circling in front of the camera at high speed after exiting the rear chamber. The SM2 

detector is visible in the lower left hand corner. 

 

 

Plate 1.  Example screen shot of a pair of PLNb emerging from the roost cavity at high speed and circling 

in front of the camera. The camera is orientated into the large rear chamber. 

 

2. Call sequences per file method. This method estimates the total number of PLNb calls 

detected by counting the number of files recorded over the night and then correcting 

for multiple exits and re-entries by individual bats. The ultrasonic detector files were 

reduced from the raw recordings using program KALEIDOSCOPE (Wildlife 

Acoustics, USA). This software provided a series of files containing PLNb call 

sequences. As this program is unable to separate calls recorded simultaneously, each 

file contained one or more calls. From each file recorded over the night, the number of 

calls was counted using program COOL EDIT 2000. This total was then compared to 

the video data time history to give a correlation between the two methods.  
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Figure 6: Example PLNb file detected at Cave 3. This example shows two clear call sequences or passes by 

PLNb flying in close formation. 

  

 

 

 

Cave temperature and humidity 

The temperature and relative humidity within the cave’s rear chamber was recorded at two 

locations using a hand held hygrometer (Lutron model LM-8102, calibrated to accuracies of 

+/- 1.2
O
C and +/- 4%RH).   

 

Survey Limitations 

The objective of the survey was to complete the census and assess usage of Cave 3 by PLNb, 

and any Ghost bats present.  All aspects of the survey, i.e. team make-up and experience 

levels, equipment used (including video and bat detectors and 4WD vehicles), logistics and 

safety support were suitable for the task.  Access to Cave 3 was by foot. No activities were 

undertaken that could cause harm to the bats present. 

 

The ultrasonic detector operated correctly over the night. The video recording was also of 

excellent quality for the period that the video operated. 

 

A meaningful correlation between the video result and the echolocation data was not able to be 

made as the bats did not echolocate on the majority of the movements through the cave’s large 

constriction. This is believed to be due to the ease of navigation through the constriction when 

illuminated with IR light.  
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Results 

Cave internal observations 

Upon arrival at the cave soon after midday, it was apparent that: 

1. the spring fed waterfall and pool (CO-WS-14) outside the cave’s entrance were 

present, 

2. the relative humidity throughout the cave’s interior was closer to ambient and much 

dryer than expected as encountered by previous visitors (see Cave internal 

microclimate below),  

3. there were no PLNb or Ghost bats roosting; there were a small number of common 

obligate cave dwelling Taphozous and Vespadelus bats present, (<20 of each 

species), 

4. there was almost no insect activity within the cave, either airborne or terrestrial. 

Only two cave spiders were observed, 

5. the cave was “breathing out” in that air was flowing out of the cave at a noticeable 

rate, and 

6. two water seeps on the western wall of the rear chamber were running, the inner 

most one more so than the seep closer to the constriction. 

 

Cave internal microclimate 

Measurements of temperature and relative humidity were made at two locations in the rear 

chamber. In the centre of the chamber near the rock where the cave’s long term monitoring 

ibutton was located, the measurements were 32.4
O
C and 52%RH. In the highest ceiling dome 

at the rear of the chamber the measurements were 32.4
O
C and 56%RH. The temperature and 

humidity in the front chamber were assessed as similar to the rear chamber due to the outflow. 

The relative humidity throughout the cave’s interior was closer to ambient and much dryer 

than expected as encountered by previous visitors: 

a. During the Stantec site visit, 21 July 2017, the daily average relative humidity and 

temperature within Cave 3 was 93.98% and 30.1°C (ibutton HC-007F), 

b. During Atlas site visit, 16 August 2017, the daily average relative humidity and 

temperature within Cave 3 was 97.98% and 29.59°C (ibutton HC-007F).  
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PLNb activity measurements. 

Video of bat movements were recorded between sunset (18:25) to 00:03 hours showing PLNb 

entering and exiting the roost cavity through the constriction. An overnight bat detector 

recording from sunset (18:25) to sunrise (05:10) was also made. Both systems recorded PLNb 

passing initially in and later back out of the roost chamber.  

 

Secondary observations from the video confirmed that: 

1. spider webs hanging from the ceiling of the constriction were continuously moving 

in the “breeze” as the cave breathed out, and 

2. only low numbers of moths and no midges were visible on the video during the 

night. 

 

Video count result 

The video record of bat movements through the constricted entrance, plate 1, shows that 

considerable numbers of bats were exiting and entering the cave during the recording. The first 

PLNb was seen to enter through the constriction at 19:41 or seventy six minutes after sunset, 

figure 7. Movements through the constriction then occurred at a rate of up to two per minute 

until midnight, figure 7A.  The cumulative total shows that 189 PLNb entered and then re-

exited during this period, figure 7B.  

 

 

 

Figure 7.  Time history of movements of PLNb entering and re-exiting the rear chamber through the 

constriction in three minute time slices, figure 5A. The cumulative totals are shown in figure 5B.  
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The video record showed that the majority of PLNb that entered the rear chamber stayed for 

under five seconds while a small number stayed for 1 to 2 minutes. 

The cumulative total of PLNb “in minus out” gives the number of PLNb that were inside the 

cave at the end of each three minute video sequence. There was usually one or no PLNb inside 

the cave at the end of each three minute video sequence, with a maximum of 4 bats recorded 

inside the cave at 22:30, figure 8. This figure shows that the PLNb were not using this cave to 

roost during the census, rather using it as a nocturnal foraging site, circling within it for a few 

seconds to a few minutes, probably assessing foraging opportunities or resting for short 

periods.  

 

Figure 8.  Cumulative totals of PLNb inside the cave at the end of each three minute sequence. 

 

Ultrasonic calls per file result 

This method was applied to the files recorded by the ultrasonic detector at the rear chamber 

entrance. Due to the low number of files recorded, the number of calls recorded for the three 

species detected (PLNb, Taphozous georgianus and Vespadelus finlaysoni) were individually 

counted. The temporal pattern and number detected is shown in figure 9. This pattern includes 

calls from bats entering, re-exiting and passing the constriction entrance. 
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Figure 9. Temporal pattern of calls in 30 minute blocks determined from the detector recordings on the 

23
rd

 November 2017. Note: No PLNb were detected roosting in the cave  

 

It can be seen from figure 9 that the Number of Taphozous and Vespadelus bats present in the 

cave was very low and that the majority of their movements occurred at dusk and dawn.  

Further there were no detections of these species between 20:00 and midnight, the period of 

the video record with the greatest PLNb movements. Therefore their presence did not generate 

a significant number of false positive PLNb identifications at the constriction from the video.  

From this construction it can be seen that the number of PLNb ultrasonic calls detected, 70 to 

midnight and 105 to dawn, was very much less than the number of PLNb movements recorded 

through the constriction via the video, 378 to midnight. It is apparent that the bats were able to 

see and navigate within the cave without using ultrasonic calls due to the presence of the IR 

light. As a result an accurate correlation factor for PLNb movements within the cave to the 

echolocation result was not able to be determined.  

 

Ghost bat population status. 

There were no Ghost bats detected exiting or entering the rear chamber of Cave 3 by either the 

video or the SM2 detector. 
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Discussion  

The video recordings made during the November 2017 visit have allowed an increased level of 

understanding of the Corunna PLNb colony and activity pattern. It has: 

a) Proven effective in counting the number of PLNb using Cave 3 and entering and 

re-exiting through its constriction during the end of dry season bottleneck when 

no PLNb were roosting within the cave, 

b) Provided an understanding of the amount of time spent by the PLNb within the 

cave during foraging bouts 

c) Provided an understanding of the motions of PLNb circling within the cave, and 

d)  Provided an understanding of the reasons why Cave 3 is not a permanent roost 

but a satellite to Corunna Cave CO-CA-01. 

 

A meaningful correlation between the video result and the echolocation data was not able to 

be made as the bats did not echolocate on the majority of the movements through the cave’s 

large constriction. This is believed to be due to the ease of navigation through the constriction 

when illuminated with IR light.  

 

The observations made and the data collected have shown that Cave 3 is a satellite diurnal 

roost of Cave 1 at Corunna and that it is used by PLNb diurnally only when internal 

microclimate conditions permit. The warm and relatively dry conditions internally were 

unexpected based on the observations of previous observers who visited midyear and reported 

hot and very humid still air within the rear chamber. The lower humidity encountered in 

November is undoubtedly the reason that the cave was not in use as a diurnal roost at this 

time. The presence of the outward flowing air was a significant observation that had not been 

observed previously. The reason for this airflow can only be explained by a crack in the rear 

chamber’s strata that is either open through to the top of the ridge above or open to a very 

large cavity within the hill behind the cave. However, the lack of humidity in the air suggests 

that the former is most likely, as a large cavity within the hill is likely to be very humid due to 

the presence of ground water. This crack may at times be closed by ground water within the 

strata or some other process that cuts the airflow and allows the high humidity to form within 

the chamber. 

  



  Corunna Cave 3 PLNb census Nov 2017 – Issue 2 

BAT CALL WA                                                  19 of 21                                            17/01/2018            

Significance of the roost. 

The listing of the species under the EPBC Act indicates that its conservation is considered of 

national significance. This listing and also that of the WA state legislation is on the basis of the 

species being limited to a small number of maternal diurnal roosts with suitable microclimate 

(DoE 2016a; Woinarski et al. 2014). The protection and monitoring of each of these roosts is 

identified as a primary national conservation objective in the Conservation Advice for the 

species (DoE 2016b). The population size of 400 to 600 PLNb at Corunna indicates that it is 

an average size permanent Pilbara colony (Bullen 2013). Cave 3 has been proven to be a 

significant satellite cave for foraging and for occasional use as a diurnal roost.  
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