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Feasibility of nocturnal thermal drone surveys for detecting 
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ABSTRACT 

Reliable detection methods are essential for monitoring threatened species. Yet detection 
remains challenging for low-density populations of nocturnal, canopy-dwelling mammals. The 
endangered mahogany glider (Petaurus gracilis), endemic to lowland woodlands in north 
Queensland (Qld), Australia, is difficult to survey using conventional survey methods, which 
can be labour-intensive and yield low detection rates. We tested the feasibility of using thermal 
drones for detecting mahogany gliders by conducting four consecutive nocturnal flights over a 
64-ha woodland fragment that supports a high-density population. Six individuals were detected 
within 2 h while flying the drone 10–30 m above the canopy and using oblique camera angles. We 
identified gliders in thermal imagery by their size, long tail and gliding behaviour, with no visible 
disturbance observed. These preliminary results indicate that thermal drones can detect mahog
any gliders under certain conditions. With further validation, this approach could complement 
existing techniques for presence–absence surveys, population assessments and behavioural 
observations.  

Keywords: arboreal mammal, fauna survey, Petauridae, population monitoring, presence–absence, 
remote sensing, RPAS, UAV. 

Introduction 

Understanding habitat occupancy and use is critical for informing conservation manage
ment of threatened species (Lindenmayer et al. 2012; Lindenmayer 2023; Numminen 
et al. 2023). Arboreal gliding mammals pose a significant challenge in this context due to 
their nocturnal behaviour, small size and rapid movements, frequently avoiding detec
tion by observers. Spotlighting, camera trapping and cage trapping are widely used to 
study glider species, providing information on occupancy, abundance and genetic con
nectivity, but they are often labour-intensive and can alter natural behaviour (Jackson 
and Johnson 2002; Berris et al. 2022; Lumsden et al. 2022; Smith et al. 2022). Thermal 
drone surveys offer a complementary approach that can provide valuable preliminary 
data on the presence and habitat use of arboreal mammals, helping to guide and refine 
more intensive monitoring programs (Zhang et al. 2023; Wearn et al. 2024). 

The mahogany glider (Petaurus gracilis) is endemic to a narrow band of coastal 
lowland woodland in tropical north Queensland (Qld), Australia (IUCN 2008; Jackson 
2023). Within its range, ~50% of suitable habitat has been cleared, leading to the 
species’ listing as Endangered (Jackson et al. 2011; Jackson and Diggins 2021). Recent 
distribution modelling indicates patchy occurrence and uncertainty regarding its distri
bution and population densities (Chang et al. 2023). The species’ population trajectory 
remains difficult to monitor due to its low population density and cryptic nature (Jackson 
2000a). Spotlighting and cage trapping can greatly underestimate gliding marsupial 
presence. For example, Goldingay and Taylor (2022) estimated that spotlighting and 
trapping yielded equally low detection probabilities of ~22% for single-night surveys of 
squirrel gliders (Petaurus norfolcensis). Similarly, Lindenmayer et al. (2001) found a 
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spotlighting detection rate of ~26% for collared greater 
gliders (Petauroides volans) occurring within a survey area 
in southern New South Wales (NSW). Arboreal camera traps 
require extensive deployment effort and typically return low 
detection rates (Chang et al. 2025b). Cage trapping can 
provide valuable demographic and genetic data but it is 
invasive and unsuitable for routine population monitoring 
(Jackson 2000a; Chang et al. 2025a). 

Limitations of conventional survey methods have 
prompted the need to trial alternative techniques that may 
improve detection rates while reducing effort and distur
bance to animals. Handheld thermal cameras and scopes can 
improve detection of some arboreal mammals compared to 
spotlighting, but dense forests limit their effectiveness by 
occluding heat signatures in the canopy (Vinson et al. 2020;  
Pocknee et al. 2021; Underwood et al. 2022). Conversely, 
thermal drones are advantageous for detecting canopy- 
dwelling species as their heat signatures are less likely to be 
obscured by vegetation when viewed from above. Thermal 
drones have already demonstrated strong potential for detecting 
arboreal mammals in Australia, including koalas (Phascolarctos 
cinereus) in temperate forests (Beranek et al. 2021), Bennett’s 
tree kangaroos (Dendrolagus bennettianus) in tropical rainfor
ests (Norris and Larson 2025) and spectacled flying-foxes 
(Pteropus conspicillatus) in various tropical forest types 
(Norris 2025a). Although concerns persist that warm tropical 
environments may preclude adequate thermal contrast, recent 
studies indicate that high detection rates are possible under 
favourable conditions, such as in overcast conditions or at 
night (Norris and Larson 2025; Rahman et al. 2025). 

The ecology of the mahogany glider makes it well-suited 
for thermal drone detection. As a strictly nocturnal species, 
its peak activity occurs at night when cooler air tempera
tures and the absence of solar radiation enhance thermal 
contrast. Mahogany gliders typically forage in moderately 
open mid- to upper-canopy strata (Jackson 2000b), facilitat
ing a clearer aerial line of sight. Despite its small body size 
(<500 g), its distinctive gliding behaviour, with glides of up 
to 60 m between trees, further aids detection in thermal 
imagery. Misidentification with the sympatric inland sugar 
glider (Petaurus notatus) is possible but unlikely because it is 
much smaller (60–115 g; 290–345 mm long) with a shorter, 
less bushy tail and typically occupies the mid- to lower 
canopy (Jackson 2000a; Cremona et al. 2023; Goldingay 
et al. 2024). Given these distinctions, high-resolution ther
mal imagery may support morphological assessments com
parable to spotlighting or camera trapping. Although 
mahogany gliders occur near squirrel glider populations in 
the southern Wet Tropics, these two species are not known 
to be sympatric (Chang et al. 2025a). 

Thermal drones have not previously been used to survey 
mahogany gliders. This study aimed to: (1) assess the feasi
bility of detecting mahogany gliders by using nocturnal 
thermal drone surveys, and (2) document flight conditions 
associated with detections to guide future research. 

Methods 

Thermal drone surveys were conducted on 30 May 2025 in 
an isolated woodland fragment at Bambaroo (–18.86704, 
146.184063), approximately 84 km north-west of Townsville 
in tropical north Qld (Fig. 1a). The region has a tropical 
savanna climate with a distinct wet season (November–April) 
and drier winter months. The 64-ha study site comprises pre
dominantly open eucalypt woodland on gently sloping alluvial 
plains, with a ~20–28 m high canopy and an open understory 
(Fig. 1b; Neldner et al. 2023). The fragment is bounded to the 
south by a highway and sugarcane railway, and elsewhere by 
cleared sugarcane farmland (Fig. 2). The site was chosen 
because recent cage- and camera-trapping studies reported a 
relatively high density of mahogany gliders in the region 
(Chang et al. 2023) and no other glider species are known to 
occur within the fragment (Chang et al. 2023), minimising the 
risk of false-positive detections. 

Four consecutive flights were conducted between 8:40 pm 
and 11:10 pm (Table 1) using a DJI Matrice 350 RTK drone 
equipped with a DJI Zenmuse H30T payload, which includes 
a high-resolution (1280 × 1024 pixel) thermal infrared sensor 
and Night Scene and near-infrared (NIR) Illumination modes 
for visual identification under low-light conditions (DJI 
Technology Co., Shenzhen, China; Supplementary Table S1). 
Weather conditions were recorded at 5-min intervals using a 
Kestrel 5200 weather meter (Nielsen-Kellerman Co., 
Boothwyn, PA, USA). Manual flights followed approximately 
parallel transects (Fig. 2). Flight parameters, including flight 
height above ground level (AGL), speed and gimbal pitch (i.e. 
vertical camera angle), were varied heuristically by the pilot 
(E. B. B. Norris) to gauge which settings might improve 
mahogany glider detection (Table 1). All flights complied 
with Civil Aviation Safety Authority (CASA) regulations. 

Thermal video was recorded continuously from take-off 
to landing. When a hotspot resembling a mammal was 
detected, the drone was brought to a hover, and the thermal 
zoom function was used to investigate its shape, size and 
behaviour. If the characteristics were consistent with a mam
mal, the drone was flown closer to improve image clarity. 
Mahogany gliders were identified based on their size, long 
tail, rapid slinking movements through the canopy and dis
tinctive rectangular shape with patagium outstretched while 
gliding between trees (Fig. 3). In some cases, Night Scene 
and NIR Illumination modes were activated to aid visual 
species identification by providing detailed views of key 
morphological traits such as pelage patterning and facial 
markings (Fig. 1c–d; Fig. 4). Coordinates of confirmed sight
ings were recorded in the DJI Pilot 2 app using the drone’s 
onboard laser rangefinder. 

Thermal and Night Scene footage were reviewed post- 
flight to confirm detections and identify any additional 
animals that may have been overlooked during surveys. 
Weather data were downloaded from the Kestrel weather 
meter, and flight logs with global positioning system (GPS) 
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metadata were retrieved via the AirData platform (https:// 
airdata.com/). Drone flight paths and confirmed sightings 
were mapped in ArcGIS Pro (Esri, Redlands, CA, USA) (Fig. 2). 

Results and discussion 

Nocturnal thermal drone surveys yielded six mahogany 
glider detections over a 2-h flight period (Table 1; Fig. 2). 
All confirmed detections were made when flying 10–30 m 
above the canopy, at slower flight speeds (~1–3 m s−1), and 
using a gimbal pitch angle between approximately −20° 
and −30° (Table 2). Given this was a single-night feasibility 
study, these settings are not necessarily optimal for max
imising detection. Detection probability in thermal drone 
surveys is shaped by interactions between flight altitude, 
speed, gimbal pitch and sensor performance, as well as 
vegetation structure, weather and animal behaviour (Pinel- 
Ramos et al. 2024; Reinegger et al. 2025). While similar 

flight parameters have proven effective for detecting some 
arboreal mammal species (Rahman et al. 2022; Gazagne 
et al. 2023; Norris and Larson 2025), other studies found 
greater success using different settings, such as higher alti
tudes or nadir gimbal pitch (Burke et al. 2019; Santos et al. 
2023; Pinel-Ramos et al. 2024; Seegobin et al. 2024). 
Formal, replicated surveys comparing detection rates across 
different times, weather conditions and flight parameters are 
required to quantify detection errors and evaluate trade-offs 
across parameter space (Baxter and Hamilton 2018; Brack 
et al. 2018). 

All mahogany glider detections were identified in ther
mal imagery by body size, a long tapering tail and distinctive 
gliding behaviour (Fig. 3; Supplementary Video S1; Norris 
2025b). In one case, Night Scene and NIR Illumination also 
revealed the dark dorsal stripe (Fig. 4; Supplementary 
Video S1, Norris 2025b); however, these imaging modes 
were seldom useful for species confirmation because the 
gliders’ rapid movements across swaying branches generally 

(a) (c)

(d)

0 12.5 25 50 km

Bambaroo study site

Mahogany glider geographic range

(b)

Fig. 1. Location and context of the mahogany glider (Petaurus gracilis) thermal drone surveys: (a) map of the southern Wet Tropics 
region in north Queensland, Australia, showing the geographic range of the mahogany glider (yellow boundary) (IUCN 2008) and the 
Bambaroo study site (red dot), with the inset showing the site location relative to Australia; (b) open eucalypt woodland habitat 
surveyed at Bambaroo; (c) close-up of a mahogany glider highlighting the dark facial stripe (not unique to mahogany gliders); and (d) 
full-body view of a mahogany glider, showing the long, furred tail and dorsal stripe, which is more prominent in mahogany gliders 
than other glider species. Images by (b) Y. Chang and (c, d) K. Palmer.   
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prevented the camera from focussing. Where morphologi
cally similar species co-occur, definitive identification may 
require supplementary verification, such as by using drone- 

mounted searchlights (Beranek et al. 2021; Ryan et al. 
2025). Compared to visual verification by ground-based 
observers with spotlights, which may cause delays and 

Home point

First flight, 8:40 pm

km

Second flight, 9:22 pm

Third flight, 9:57 pm

Fourth flight, 10:30 pm

One individual

Two individuals

Three individuals

H

Mahogany glider detections

Fig. 2. Thermal drone flight paths and 
mahogany glider (Petaurus gracilis) detections 
at Bambaroo, north Queensland, on 30 May 
2025. The four flight routes followed approxi
mately parallel transects over the 64-ha wood
land fragment and are shown in red (Flight 1, 
starting 8:40 pm), orange (Flight 2, starting 
9:22 pm), yellow (Flight 3, starting 9:57 pm) 
and grey (Flight 4, starting 10:30 pm). Points 
indicate locations where mahogany gliders 
were detected, with point size corresponding 
to the number of individuals observed and 
colour matching the flight in which the detec
tion occurred. The drone launch and landing 
site is marked with an ‘H’ at the southern 
boundary of the fragment.   

Table 1. Summary of thermal drone flights, environmental conditions and the number of mahogany gliders (Petaurus gracilis) detected during 
each of four nocturnal flights conducted over a patch of tropical lowland woodland at Bambaroo, north Queensland, on 30 May 2025.         

Flight no. Start time Flight 
duration (min) 

Distance 
flown (km) 

Mean air 
temperature (°C) 

Mean relative 
humidity (%) 

P. gracilis 
detections   

1 8:40 pm 30:44  2.4  21.0  84.3 0 

2 9:22 pm 28:32  1.5  20.5  81.3 2 

3 9:57 pm 30:17  2.7  20.4  84.0 1 

4 10:30 pm 30:50  1.2  20.4  78.5 3   
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Fig. 3. Thermal video stills showing all six mahogany gliders (Petaurus gracilis) detected during nocturnal 
drone surveys conducted at Bambaroo, north Queensland, on 30 May 2025: (a, b) first and second 
individuals detected during the second flight; (c) third individual observed during the third flight; (d) three 
gliders detected concurrently during the fourth flight; and (e, f) the fifth and sixth gliders captured while 
gliding during the same flight. Yellow circles in panels (c) and (d) indicate glider locations.   

www.publish.csiro.au/am                                                                                          Australian Mammalogy 47 (2025) AM25029 

5 

D
ow

nloaded from
 http://connectsci.au/am

/article-pdf/doi/10.1071/AM
25029/1637175/am

25029.pdf by Jam
es C

ook U
niversity user on 06 N

ovem
ber 2025

https://www.publish.csiro.au/am


missed opportunities for species confirmation, dual-gimbal 
systems that carry a thermal camera payload and a search
light allow near-simultaneous detection and visual confirma
tion from the drone (Ryan et al. 2025). Future research 
would benefit from comparing these visual identification 
methods for mahogany gliders and other petaurid species 
to assess how they impact survey efficiency, identification 
accuracy and the disturbance responses of target species. 

No mahogany gliders were detected during the first 
flight. Several factors could explain this lack of detections. 
The earlier time of night may have prevented adequate 
thermal contrast because ground surfaces, tree trunks and 
branches retained more heat compared to later surveys 
(Supplementary Video S1; Norris 2025b). Additionally, the 
higher altitudes (60–80 m AGL) at which this flight was 
conducted may have decreased glider detectability by 
increasing the ground sampling distance (GSD) and reducing 

the number of pixels representing animals’ thermal signa
tures (Burke et al. 2019). A large macropod, likely an agile 
wallaby (Notamacropus agilis), was detected near the forest 
edge during this survey, suggesting that the smaller size and 
potentially less exposed position of mahogany gliders’ ther
mal signatures may have limited detectability. Alternatively, 
gliders may have been absent from the eastern portion of the 
site during the first flight, reinforcing the need to resolve 
detection probabilities for mahogany gliders before thermal 
drones can be adopted as a systematic survey tool. 

False positive errors caused by double counting remain 
possible for detections separated in time and space across 
flights due to the highly mobile nature of mahogany gliders. 
Whereas individuals observed concurrently within the sec
ond and fourth flights can be treated as unique, the glider 
detected during the third flight may have been one of the 
two seen earlier, given the short distance (125 m) and time 

(a) (b)

Fig. 4. Identification of a mahogany glider (Petaurus gracilis) using dual imaging modes during nocturnal thermal 
drone surveys: (a) thermal video frame showing the glider as a bright heat signature in the canopy, and (b) 
concurrent video frame captured using the zoom camera with Night Scene mode and near-infrared (NIR) 
Illumination activated, revealing the species’ distinctive dorsal stripe while foraging on a branch.   

Table 2. Flight altitude (m), speed (m s−1) and gimbal pitch angle (°) of the DJI Matrice 350 RTK drone and DJI Zenmuse H30T thermal camera 
payload, recorded at the time of each mahogany glider (Petaurus gracilis) detection.        

Flight no. Detection no. Detection 
time 

Flight 
altitude (m) 

Flight 
speed (m s−1) 

Gimbal pitch 
angle (°)   

2 1 9:45 pm  57.2  2.2  –27.4 

2  52.8  2.7  –24.8 

3 3 10:10 pm  32.2  1.2  –21.3 

4 4 10:39 pm  38.7  2.4  –21.2 

5 

6 

Single parameter values attributed to multiple detections indicate that those individuals were detected concurrently. Altitude is above ground level (AGL). 
Negative gimbal pitch angle values represent the vertical camera angle directed below the horizontal plane (i.e. 0°), with nadir being at –90°.  
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interval (25 min) between detections (Table 1; Fig. 2). 
Mahogany gliders are capable of gliding up to 60 m and 
making several glides in quick succession (Jackson 2000c), 
rendering movement between detection points within this 
timeframe plausible. Although less likely, double counting 
cannot be excluded for the fourth flight, where the nearest 
prior detection was 230 m away (Fig. 2). Individuals may 
also have moved out of surveyed areas between flights, 
increasing false-negative errors. Such false-positive and 
-negative errors are a known limitation of thermal drone 
surveys using parallel transects, particularly for highly 
mobile species that can easily move between flight lines 
within the survey period (Brack et al. 2018; Schultz et al. 
2024). Addressing these biases will require further research. 
One potential approach is to incorporate animal movement 
data, such as GPS-tracking, in statistical models to account 
for the likelihood of individuals traversing flight lines dur
ing survey windows (Schultz et al. 2024). 

These preliminary results suggest that thermal drones are 
a feasible tool for detecting endangered mahogany gliders in 
tropical lowland woodlands, offering a minimally invasive 
way to collect preliminary data on species presence and 
habitat use. In this study, six individuals were detected in 
just 2 h of survey effort, highlighting the potential of this 
approach to provide rapid insights into glider activity in the 
surveyed area. While established methods such as cage 
trapping, camera trapping and spotlighting remain essential 
for estimating occupancy, abundance and genetic connectiv
ity, they are often labour-intensive, limited in the area they 
can cover, and yield low detection rates (Jackson 2000a;  
Chang et al. 2025a). Thermal drones therefore provide a 
useful complement to these approaches by rapidly identify
ing areas of activity and guiding the design of more tar
geted, intensive monitoring programs. Further studies are 
needed to evaluate the broader applicability of thermal 
drones across habitats and seasons to determine how best 
they can be integrated within existing survey frameworks. 

Importantly, thermal drones did not elicit visible distur
bance responses from mahogany gliders in this study. All 
individuals exhibited natural behaviours such as foraging, 
gliding and grooming while the drone hovered less than 
20 m above (Supplementary Video S1; Norris 2025b). This 
suggests that thermal drones may be suitable for beha
vioural studies, offering a distinct advantage over camera 
traps or spotlighting, which often fail to capture fine-scale 
behaviours in fast-moving or canopy-dwelling species. 
Additionally, the ability to observe gliders behaving natu
rally in situ presents opportunities to identify key denning 
and foraging sites, which can be geotagged using the drone’s 
onboard rangefinder for subsequent ground-truthing. 

Findings from this single-night feasibility study suggest 
that thermal drones are most immediately valuable for rapid 
presence-absence surveys of mahogany gliders at sites 
flagged as potential habitat (Chang et al. 2023). Efficient 
confirmation of occupancy could facilitate area prioritisation 

for detailed assessments of population density (Chang et al. 
2025b) and cage-trapping to obtain genetic samples needed 
to resolve taxonomy and guide conservation management 
(Chang et al. 2025a). With further methodological refinement 
and explicit estimation of detection probability, it may also be 
possible to use spatially and temporally replicated drone- 
derived count data in conjunction with N-mixture models 
for population estimation across the species’ range (see  
Trinh-Dinh et al. 2024; Ryan et al. 2025). In this complemen
tary role, thermal drones have the potential to expand survey 
coverage across areas that are difficult to access, and open 
new avenues for behavioural observations to strengthen the 
evidence base for conservation of this endangered species. 

Supplementary material 

Supplementary material is available online. 
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