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Introduction 
The purpose of this final report is to address all the research objectives listed below. Previous 

interim reports have only reported back on the Stage 1 objectives. 

 

Objectives of the research project 
Stage 1 Objectives: 

The objectives of the Stage 1 research are to: 

a) Field test the new thermal camera with AI recognition 

b) Field test the reliability of the cellular connection 

c) Assess the cost-effectiveness of the new camera monitoring system compared with 

current detection tools used by OSRPI 

Stage 2 Objectives: 

The objectives of the Stage 2 research are to: 

a) Assess the sensitivity of the new thermal camera and calibrate it with current detection 

tools at an OSPRI surveillance site 

b) Determine if monitoring devices at a grid spacing of 1/50 ha are sensitive enough to 

detect individual possums remaining after eradication 
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Background and Justification for the Research 
 
Brushtail possums (Trichosurus vulpecula) are 2-4 kg arboreal marsupials native to Australia 

(Cowan 1992). While mostly folivores, possums are also opportunistic feeders (Efford et al. 

2000). They were first introduced to New Zealand in 1858 to establish a fur trade (Nugent et 

al. 2015). Today, possums are classified as a pest species. Many studies find possums 

responsible for the competition and death of native bird species, such as adult kiwi and eggs 

(McLennan et al. 1996), nesting adult kāka, their eggs and nestlings (Powlesland et al. 1999; 

Moorhouse et al. 2003). 

 

Possums also threaten our important beef and dairy industries by being the primary host for 

bovine tuberculosis (TB; Efford et al. 2000). Ferrets may also be a secondary host of TB, as 

they can scavenge on infected possum carcasses. While most possums die of TB within six 

months of contracting it, killing the host seems to be the only way to reduce TB infection rates 

(Nugent et al. 2015). In areas where possums are heavily controlled, TB is generally not found 

(OSPRI nd-a). Over 120,000 possums have been necropsied in the last decade. Of these, only 

0.04% tested positive for TB (OSPRI nd-a). In 2016, 1,364 possums were recovered from Mt 

Cargill, and just six (0.43%) tested positive for the same strain of TB affecting the farm's cattle. 

With this low prevalence, ongoing and sustained control is required to eradicate any infected 

animals. 

 

Possum control methods and monitoring 
When possum control is carried out, signs of biodiversity benefits are usually seen in spring 

and summer, when birds breed and the flora recovers (OSPRI 2018). As of 1996, more than 1 

million hectares have received some form of possum control (Cowan et al. 1996); however, by 

2015, this had increased to 8 million hectares (Nugent et al. 2015). Possums are mainly 

controlled through ground-based trapping or poisoning; however, aerial poison drops are 

applied in rugged or inaccessible terrain (OSPRI 2018). Kills over 90% are not unusual (Ross et 

al. 2010); however, populations can quickly recover with enhanced recruitment and rapid 

immigration (Cowan et al. 1997; Warburton & Thomson 2002). Most adult possums remain 

loyal to their territories due to social pressure (Efford et al. 2000); however, 25% of radio-
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tagged juveniles can travel more than 2 km from their natal areas (Cowan et al. 1997). 

Therefore, monitoring in control areas and adjacent buffer zones are required for ongoing 

surveillance and management (Whyte et al. 2013). 

 

Monitoring – Leg-hold traps 
The National Trap Catch Protocol remains the standard for possum monitoring. Most 

operators use #1 double-coil spring, leg-hold traps to assess residual trap catch indices (RTCI) 

following control (OSPRI 2017; Powlesland et al. 1999; Veltman & Pinder 2001; Forsyth et al. 

2005; Sweetapple & Nugent 2009). The RTCI was adopted in 1996 to ensure the 

standardisation of possum control (Forsyth et al. 2005), and managers generally consider 

control successful when the RTCI is < 2% (i.e., < 2 possums caught per 100 trap/nights). The 

control area's size determines the number of trap lines with locations randomised except in 

farmland, where suitable habitat is often patchy (Forsyth et al. 2005). Knowing the ecology of 

possums in all habitat types is essential as it varies throughout the year (Glen et al. 2012). For 

example, the RTCI is often lower in winter than in summer or early autumn (Nugent et al. 

2010). Studies have also found that raising leg-hold traps up trees (to avoid non-target 

bycatch) lowers RTCI estimates (Thomas & Brown 2000; Nugent et al. 2010). In addition, the 

timing of post-control monitoring can also affect RTCI. For example, if it is carried out 

immediately, the RTCI may be underestimated, as there may be a link between possums who 

avoid initial control and monitoring trapping (Nugent et al. 2010). 

 

Chew cards and WaxTags 
As possum control has advanced, with >90% kills routinely achieved, it was thought that RTCI 

estimates were not sensitive enough to detect survivors when possum numbers were 

extremely low. This concern led to the development of non-invasive, food-based techniques, 

such as chew cards and WaxTags. Detection devices for small mammals need to be highly 

sensitive, accurate, have no significant biases and be easy to deploy (Sweetapple & Nugent 

2011). Given their ease of deployment, chew cards and WaxTags have become increasingly 

used for possum surveillance monitoring (Warburton & Livingstone 2015). Leg-hold traps are 

more expensive to use because of the daily servicing requirements, and they have extra 

weight and bulk during transportation (OSPRI nd-b). For example, it cost $40,000 to use chew 
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cards compared with $83,000 to use leg-hold traps to monitor the same-sized area 

(Sweetapple and Nugent 2009). While chew cards and WaxTags are considered an 

improvement for low-density monitoring, new monitoring tools need to be continuously 

investigated (Warburton & Livingstone 2015). For example, a recent study showed that 

camera traps detected significantly more hedgehogs and rats than food-based tracking 

tunnels at 40 monitoring sites in an urban city (ratio 1.84:1; Anton et al. 2017). Other studies 

have shown that camera traps also detect significantly more mammalian species when 

compared to live-capture traps (Meek & Fleming 2014). 

 

Camera traps 
While camera traps are considered a relatively new technique for surveying wildlife (Caravaggi 

et al. 2017), their use dates to the 1890s when George Shiras first developed a wildlife camera 

using a tripwire. He also created the first white flash (with magnesium powder) for night 

photography and, not surprisingly, showed that animals were deterred by the bright flash 

(Brower 2008). Change from film-based to digital technology only occurred from c. 2007 

onwards (Green et al. 2020), and passive sensor, infra-red (PIR) trail cameras now dominate 

the market due to companies claiming that animals cannot see the IR flash (Meek et al. 2014). 

However, some nocturnal animals are sensitive to IR light, with anecdotal reports suggesting 

brushtail possums tend to avoid areas with IR illumination (Meek et al. 2014). 

 

Most PIR trail cameras on the market have a passive detection zone that triggers when there 

is a difference between the target and background temperatures, with the optimum 

difference being >2.6°C (Rovero et al. 2013; Welbourne et al. 2016; Green et al. 2020). 

However, pockets of hot air can also set off PIR trail cameras causing false triggers (Rovero et 

al. 2013). Food-based lures may increase detections due to animals spending more time in 

front of cameras; however, it was noted that small-fast moving animals do not always set off 

PIR trail cameras (Glen et al. 2013). Some researchers have attempted to overcome the 

problems of PIR detection and use active infra-red, where a beam of IR must be broken to 

trigger a photo (Kelly & Holub 2008). However, they are harder to set up and have even more 

false triggers and, if set at the wrong height, they will miss the target species. A recent review 

of PIR trail cameras (Glover-Kapfer et al. 2019) detailed that they needed better sensor 
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detection performance for PIR trail cameras to become the mainstream monitoring tool. They 

also need to be more resistant to extreme environmental conditions, and a system is required 

for automated filtering of blank images (see below). 

 

Artificial intelligence (AI) 
Given the ongoing problems with false triggers using PIR trail cameras, researchers must often 

manually sort through hundreds to thousands of images. Several studies have tried to create 

artificial intelligence (AI) algorithms to classify these images (Villa et al. 2017; Norouzzadeh et 

al. 2018; Tabak et al. 2018; Willi et al. 2018; Green et al. 2020); however, such vast differences 

in the types of photos obtained from camera traps makes computer learning difficult (Villa et 

al. 2017). Generally, researchers use classified images from a dataset to train the AI; however, 

these deep neural AI networks can be overconfident in their predictions (Villa et al. 2017; 

Norouzzadeh et al. 2018; Willi et al. 2018). For example, in a series of trials using camera 

images obtained in the Serengeti region, researchers obtained species identification accuracy 

of between 89-94%;  AI still failed to remove all blank images (Willi et al. 2018). In a North 

American study, researchers had 98% accuracy in identifying target animals, but 75% of these 

images were empty, and they still had to be manually classified (Tabak et al. 2018).  Currently, 

AI for PIR trail cameras is unreliable (Green et al. 2020), and many are still in the beta testing 

phase (Falzon et al. 2019). 

 

Thermal cameras 
Researchers have recently used unmanned aerial vehicles (UAV) with thermal cameras to 

detect and identify free-ranging animals. For example, Gonzalez et al. (2016) used a UAV with 

thermal cameras to find koalas in Australia. It had 100% accuracy in identifying koalas at 20, 

30 and 60 m; however, the forest cover was low and the cameras used were very expensive. 

In New Zealand, Landcare Research demonstrated that larger species, such as deer, goats, 

pigs and thar could be detected with lower-cost, less-high-specification cameras, but the 

accurate detection of small species, such as possums and rabbits, requires higher resolution 

(Warburton 2017). 
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Conclusions 
In conclusion, the  research above, suggests that chew cards and WaxTags are likely more 

sensitive than leg-hold traps for detecting possums. It is also likely that PIR trail cameras are 

more sensitive than chew cards and Waxtags. However, PIR trail cameras do not always 

trigger with smaller animals, and you need to sort through considerable numbers of false 

triggers looking for the target species. Thermal cameras have shown some potential; 

however, the technology is currently expensive and needs AI identification technology to filter 

out the target species. 

 

In 2018, the Cacophony Project developed a new land-based thermal camera. These cameras 

have cloud-based AI technology, enabling them to identify species from video remotely. This 

information can be stored onboard For collection or transmitted using the cellular network. 

Essentially, this new tool could provide real-time surveillance of possum survivors on a 

"widely-spaced grid" in remote areas. This new tool could be a significant advancement over 

existing monitoring techniques (including PIR trail cameras) and was the justification for this 

research project. The widely-spaced grid concept comes from parallel research conducted by 

Zero Invasive Predators (ZIP). They developed a "lean" possum detection system at a 400 ha 

study site (Bottle Rock, Marlborough Sounds) using eight (automated-reporting) raised leg-

hold traps (i.e. one device per 50 ha see:  Goodbye possums). 

 

  

https://zip.org.nz/findings/2018/5/goodbye-possums
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Research Contributors 
Four postgraduate students supervised by Assoc Professor James Ross did the bulk of the 

fieldwork. All their research was written up as two research placement reports and two 

masters dissertations: 

 

Graham, B. (2021). Thermal Camera vs Trail Camera Detection and AI accuracy between thermal 

and trail cameras. Lincoln University Research Placement. 7 p. 

 

Nobauer, S. (2020). Evaluation of new monitoring methods for detecting possums (Trichosurus 

vulpecula) in New Zealand. Masters dissertation. Lincoln and BOKU Universities. 37 p. 

- Project compared thermal and PIR trail cameras 

 

Jansen, M. (2019). A comparison between a heat and a PIR camera to detect pest animals as 

part of the Predator Free 2050 programme in New Zealand. Masters dissertation. Lincoln and 

HAS Universities. 17 p. 

- Project compared thermal, PIR trail cameras and chew cards 

 

Blair, B. (2020). Investigation of the accuracy of thermal cameras: optimal; distance between 

lure and camera for identifying possums (Trichosurus vulpecula). Lincoln University Research 

Placement. 10 p. 

- Project compared different setup distances to optimise AI recognition.  
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Methods 
Stages 1a & 1b  
 

Pen trials - Lincoln University 
The first trial was set up in the 2 ha predator-fenced enclosure (run by ZIP) at Lincoln University 

(Fig. 1). Both the thermal (available from Project Cacaphony) and the PIR cameras (Bushnell 

Aggressor Model 119874) were placed adjacent to each other (Fig. 2) in three different places 

in the enclosure. 

 

  

Each thermal camera was mounted on a tripod at 1 m height, and the PIR trail cameras were 

set 30-50 cm above the ground. The PIR trail cameras were programmed to record a 10-

second video on activity detection with no delay between subsequent videos. One chew card 

(baited with peanut butter) was placed on a wooden stake (30 cm height) at 10 m distance, 

with another at 20 m, both directly in front of the cameras. From 16-11-2018 until 19-12-

2018, eight possums were individually released into the enclosure, each for three nights. 

 

 
 
 
 

Fig. 1 (above). Predator enclosure at Lincoln 
University. 

Fig. 2 (right). Thermal and PIR trail camera 
setup in predator enclosure. 

https://www.2040.co.nz/collections/thermal-camera-for-predators/products/thermal-predator-camera
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Field Trial – Living Springs, Canterbury 
Living Springs is a 420 ha area of native bush and rural farmland that spans from the crater rim 

to the foreshore of Lyttleton Harbour, Canterbury. Thermal and PIR trail cameras were set up 

at five locations from 15-04-2019 to 09-05-2019 (Fig 3). 

 

 
Fig. 3. Location of camera sites at Living Springs, Canterbury 

 

The thermal cameras were placed 2 m from a peanut-butter-baited chew card, and the PIR 

trail cameras were 1.5 m from the chew card (Fig. 4). Each thermal camera was mounted on 

a tripod at 1 m height, and the PIR trail cameras were set at 30-50 cm above the ground. A 

PIR trail camera distance of 1.5 m is considered the best practice for small moving animals 

(Morriss 2017; Gillies 2018). Again, the thermal cameras recorded videos; however, the PIR 

trail camera traps recorded three rapid images when activated to ensure the SD cards were 

not exhausted before servicing. 
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Fig 4. Experimental setup at Living Springs, Canterbury 

 

This trial ran for 25 nights with five rounds of camera checks. The first two rounds were four 

nights, round three was seven nights, four was six nights, and five was four nights. All devices 

were checked for battery life at each service check with SD memory cards and chew cards 

replaced (if needed). 

 

Field Trial - Mt Taranaki, New Plymouth 
During May and June 2019, DOC aerially applied a non-toxic prefeed followed by 1080 cereal 

baits at 2kg/ha over Mt Taranaki. The toxic cereal bait was 6 g with a 1080 concentration of 

0.015%. Thermal cameras were deployed to monitor survival and possible reinvasion over 

nine nights (25-06-19 until 02-07-19) at five sites (Fig. 5). 
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Fig. 5. Location of camera sites at Mt. Taranaki, New Plymouth 

 

This time the thermal cameras were placed 10 m away from a peanut butter-baited chew card 

with the PIR trail camera 1.5 m away (Fig. 6). Each thermal camera was mounted on a tripod 

at 1 m height and the PIR trail cameras were set at 30-50 cm above the ground. The thermal 

cameras were placed back at 10 m as earlier trials had shown that the cameras could detect 

possums at distances exceeding 20 m. At that time, we were still attempting to determine the 

optional camera distance for possum detection and AI species ID. 

 

 
Fig 6. Experimental setup at Mt Taranaki, New Plymouth 
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Stage 1c  
 

Field trial - Living Springs, Canterbury  
The cost-effectiveness of both monitoring tools was assessed on the time required to sort and 

classify images looking for possum detections. Given the Mt. Taranaki trial problems, we ran 

a further test at Living Springs over seven nights (20-01-2020 until 27-01-2020) to further 

assess the AI accuracy.  

 

This time the thermal cameras were placed at varying distances from a peanut-butter-lured 

chew card. Each thermal camera was mounted on a tripod at 1 m height (Fig. 7). A tape 

measure was used to obtain the desired distance from the chew card to the tripod. Camera 1 

was placed 1 m from the chew card; cameras 2 and 3 were placed 2 m from the chew cards; 

cameras 4 and 5 were placed 3.5 m from the chew cards. We ran this trial because of a lack 

of recordings obtained in the above Mt. Taranaki trial. We suggested that thermal cameras 

were struggling at 10 m, and a closer distance was likely more optimal for both possum 

detection and the AI. 

 

 
Fig 7. Experimental setup at Living Springs, Canterbury 
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Statistics 
The Living Springs dataset was analysed using a GLMM with camera type and monitoring 

round as fixed effects and site as a random effect. Analysis of the AI species recognition data 

was carried out using a chi-squared test of independence. All  used R version 3.5.3 with 

packages Lme4 version 1.1-23 and Emmeans version 1.4.6. 

 

Stages 2a & 2b  
 

Field trial – Pukeiti Forest 
As part of another research project run by an Auckland PhD student, 14 possums had been 

fitted with GPS transmitters. Possums were mixed weight and gender, and juvenile animals 

were excluded (Table 1). 

Table 1.  Possum with GPS collars at Pukeiti Forest 

Possum Location Sex Weight 

Bellzy Pukeiti F 2.2 

Champ Pukeiti M 3.8 

Choco Pukeiti M 2.1 

Daisy Pukeiti M 3.2 

Demetrius Pukeiti F 3 

Diesel Pukeiti M 3.6 

Doozy Pukeiti F 3.2 

Franky Pukeiti F 3.5 

Gallon Pukeiti F 3.6 

Mitus Pukeiti M 2.1 

Pepito Pukeiti M 3.5 

Pint Pukeiti M 2.1 

Rose Pukeiti M 4.2 

Sanchez Pukeiti M 3.4 
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Each animal also had a unique marking on its GPS collar aerial to enable individual ID from 

any trail camera footage (Fig. 8).  

 

 
 

Fig. 8. Possum' Mitus' at monitoring site O11 

 

The thermal and PIR trail cameras were set up at existing raised leg-hold trap sites in Pukeiti 

Forest. The PIR trail and thermal cameras were placed out on 4/11/2020 and collected back 

in on 25/11/2020 (Fig. 9). As such, the cameras were out in the field for 21 nights. 
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Fig. 9. Locations of 10 monitoring sites (with trail and thermal cameras) at Pukeiti Forest 

 

The PIR trail cameras (Bushnell Aggressors Model 119874) were programmed in camera mode 

to take three images with no time delay interval. The thermal cameras stored recordings 

onboard, and videos were uploaded using the sidekick app (version 2.2.3)  

 

Statistics 
Home range kernel density estimators (KDE) were estimated in R (version 4.1.1) using the 

adehabitatHR library (version 0.4.19) and then mapped in ArcGIS Pro. Home ranges were 

calculated for the 21 night period that both cameras were out in the field.  
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Results 
Stages 1a & 1b  
 

Pen trial - Lincoln University 
Over 24 nights of recordings, the thermal cameras recorded 108 videos, with 18 possum 

detections. The PIR trail cameras recorded 4,986 videos, but only five of these were possums. 

The chew cards had no detections at 10 m, and we collected three bitten chew cards at 20 m 

(Table 2). 

 

Table 2. The number of possum detections using thermal cameras, PIR cameras, and 

chew cards at two different distances from cameras. Number 1 indicates detection 

 

 

 

 

 

Date Thermal cameras PIR cameras Chew cards 10 m Chew cards 20 m 
16-11-2018 1 1 0 0 
16-11-2018 1 0 0 0 
16-11-2018 1 0 0 0 
19-11-2018 1 0 0 0 
21-11-2018 1 1 0 0 
24-11-2018 1 1 0 0 
24-11-2018 1 0 0 0 
24-11-2018 1 0 0 1 
25-11-2018 1 0 0 0 
25-11-2018 1 0 0 0 
27-11-2018 0 1 0 0 
30-11-2018 1 0 0 0 
1-12-2018 1 0 0 0 
2-12-2018 1 0 0 0 
3-12-2018 1 0 0 1 
3-12-2018 1 0 0 0 
7-12-2018 1 1 0 1 
12-12-2018 1 0 0 0 
12-12-2018 1 0 0 0 
Total 18 5 0 3 
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The PIR trail cameras missed 13 (72%) of the thermal camera possum detections; however, 

one recording of a possum on the trail camera was missed by the thermal camera on 27-11-

2018, most likely due to battery depletion. A summary of videos collected can be viewed in a 

You tube video. 

 

Field trial - Living Springs, Canterbury 
The thermal cameras recorded 1,376 videos, with 425 videos identified as possums. The PIR 

trail cameras recorded 12,153 images, with 351 images identified as possums. The PIR trail 

cameras missed 74 possums encounters that the thermal camera recorded (Table 3). 

 

Table 3. Numbers of possum detections 

Round Thermal PIR Nights 
1 18 3 4 
2 97 83 4 
3 82 70 7 
4 177 149 6 
5 51 46 4 
Total 425 351 25 

 

Further analysis of the data indicated that the numbers of detections significantly changed 

over time (X2=76.91, df=4, P<0.001), with the thermal camera having significantly more 

detections in round 1 (P=0.04; Fig. 10). 

https://www.youtube.com/watch?v=_54dNgKqHY8
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Fig. 10. A pairwise plot of the average number of detections (+ SE) for Living Springs over five 

rounds of monitoring 

 

Field trial - Mt Taranaki, New Plymouth 
The PIR trail cameras at Mt Taranaki recorded 4,654 images over the nine nights (Table 4). The 

actual number of possums photos varied by camera site, with a total of 205 possums photos 

collected (4.4% of total) 

 

Table 4. Numbers of photos recorded by five PIR cameras at Mt Taranaki 

PIR Camera 1 2 3 4 5 Total 
Photos 380 984 405 128 2,757 4,654 
Possums 34 0 141 6 24 205 
% Target 8.9% 0% 34.8% 4.7% 0.9% 4.4% 

 

The thermal cameras only recorded three videos, and there was concern that the colder 

temperature at Mt Taranaki, combined with the 10 m distance from the chew card, was the 

problem. This led to a further test of the thermal cameras at three closer distances at Living 

Springs – see next section. The time to sort through and categorise the photos was estimated 

at 3.5 hours, and the files required 5 GB of data storage. An example of a PIR trail camera 
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photo (with temperature) is shown in Fig. 11. 

 

 
Fig. 11. Brushtail possum detected by Bushnell PIR trail camera 1 at Mt. Taranaki on 29-06-

2019 

 

Stage 1c  
 

Field trial - Living Springs, Canterbury  
The thermal cameras recorded 787 videos over seven nights, with 51 possum detections. Of 

these, 20 (39%) were correctly identified by the software, with the AI performing worse at 1 m 

distance but improving at 2 m and 3.5 m distances (X2=9.38, df=2, P<0.01; Table 5). 
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Table 5. Numbers of possum detections correctly identified by the AI software 

Distance 1 m 2 m 3.5 m 
Detected 3 7 10 
Undetected 18 6 7 
% Correct 14.29% 53.85% 58.82% 

 

Results 
Stages 2a & 2b 
 

Field trials – Pukeiti Forest 
Varying numbers of GPS fixes were collected over this period for each animal (Table 6). 

Estimated KDE (50% & 95%) home ranges were estimated at between 7-30 ha and 23-72 ha, 

respectively. Most possums had one or more monitoring sites located in their 95% KDE home 

range.  
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Table 6. Numbers of fixes and estimated 50% and 95% KDE home range sizes 

Possum No. 

fixes 

50% 

HR 

95% 

HR 

Monitoring station within 95% KDE 

home range 

Bellzy 13 6.6 23.1 O18 

Demetrius 15 10.4 28.7 O11, O14, O15, O17, O19 

Doozy 11 15.1 71.7 O12, O16 

Franky 15 19 49.8 O11 

Gallon 16 12.3 42.5 O14, O19 

Champ 11 16.84 61.4 O13, O20 

Choco 15 22.4 63.6 - 

Daisy 14 16.4 44.9 O11, O14, O15, O17, O19 

Diesel 12 15.4 41.8 O11, O12, O14, O17, O18, O19 

Mitus 18 30.3 68.9 O14, O19 

Pepito 16 24.6 66.2 - 

Pint 16 18.3 99.7 O11, O14, O17, O18, O19 

Rose 17 21.5 57.9 O20 

Sanchez 11 15.1 71.7 O12, O16 

 

Two possums did not have any monitoring sites in their estimated home ranges. Before the 

trial commenced, Choco relocated to the adjacent Kaitake Ranges, and Pepito avoided the 

trail site over the study period (Fig. 12).  
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Fig. 12. Estimated 50% and 95% KDE home range for Pepito over the study period 

 

PIR Trail cameras 
The ten PIR trail cameras recorded 4,455 photos. From these, 16 photos were identified as 

being a possum. Analysis of the trail camera footage indicated that five of the 12 marked 

possums (residing in the area) were detected visiting one or more of the monitoring sites. 

Over this period, this is an encounter rate of 42% (Table 7). Three unmarked possums were 

also detected.  
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Table 7. Monitoring sites where possums detected by PIR trail cameras 

Possum Number of trail 

camera sites in 

home range 

Sites detected 

by trail camera 

Sites closest by 

GPS location  

Bellzy 1 O18 O18 

Champ 2 O13 O13 

Daisy 5 - O15,O19 

Demetrius 5 - O17,O19 

Diesel 6 O11, O13, O19 O11,O14 

Doozy 2 - O16 

Franky 1 - O11 

Gallon 2 O19 O14 

Mitus 2 O11, O19 O19 

Pint 5 
 

O14,O19 

Rose 2 
 

O20 

Sanchez 2 
 

O16 

 

Thermal Cameras 
There were 1378 recordings with 22 possum visits (Table 8). Some cameras were still 

recording up to 24/11/2020; however, it was likely that some batteries were depleted after 

21 nights in the field. Camera 19 had zero recordings, and then it was found that the battery 

had malfunctioned.  
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Table 8. Numbers of recordings and possum detections for thermal cameras 

Site First 

recording 

Last 

recording 

Days No 

Recordings 

No. Possums 

11 3/11/2020 13/11/2020 10 176 2 

12 4/11/2020 12/11/2020 8 37 5 

13 4/11/2020 22/11/2020 18 263 0 

14 3/11/2020 4/11/2020 1 5 0 

15 4/11/2020 23/11/2020 19 203 2 

16 4/11/2020 24/11/2020 20 174 2 

17 4/11/2020 19/11/2020 15 155 0 

18 4/11/2020 24/11/2020 20 222 6 

19 
   

0 0 

20 4/11/2020 24/11/2020 20 143 5 

Total 
   

1378 22 

 

Given that possums couldn't be uniquely IDed, we cannot calculate an encounter rate; 

however, the thermal cameras had more possum detections at every site except for site 19, 

which had a faulty battery (Table 9). 
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Table 9. Detections of possums at 10 monitoring sites by camera type 

Video 

Recordings 

No. 

Possums 

Monitoring 

Site 

PIR trail camera 

photos 

No. 

Possums 

176 2 11 745 3 

37 5 12 35 1 

263 0 13 332 2 

5 0 14 331 0 

203 2 15 567 1 

174 2 16 1021 0 

155 0 17 354 0 

222 6 18 148 2 

0 0 19 439 3 

143 5 20 483 4 

1378 22  4,455 16 

 

Use of elevated ramps 
When analysing the footage for possum detections, only two were observed climbing the 

ramp. This equates to an interaction rate of between 9-13%. The PIR trail cameras did not 

record a possum climbing the ramp at site 18 but did record one climbing up at site 19, where 

the thermal camera wasn't functioning. Hence, the observed interaction rates would be more 

similar if the thermal camera battery did not malfunction. 

 

Table 10. Number of interactions with the elevated ramp by camera type 
 

Thermal PIR Trail Camera 

No. of detections 22 16 

Ramp 2 (sites 15&18) 2 (sites 15&19) 

Interaction rate 9.09% 12.50% 
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Discussion 
Stages 1a & b   
 
Lincoln University 
Differences in device sensitivity were highlighted in this first trial, with the PIR trail cameras 

missing 72% and the chew cards 83% of thermal camera possum detections. At this stage, the 

batteries for the thermal cameras lasted 5-6 nights; however, the batteries for the PIR trail 

cameras also had to be swapped every seven days due to a large number of videos being 

recorded (mostly false triggers). The short battery life for the thermal cameras was highlighted 

as a concern, and a new larger capacity option was developed for the later field trials. 

 

The cellular connection was also tested in the captive studies and worked correctly with no 

data loss; however, this was also a significant drain on the smaller batteries. Accordingly, for 

the later field trials, the cameras were programmed to store video onboard, and these were 

then retrieved using the Sidekick App on a mobile phone. In addition, given the large numbers 

of videos recorded by the PIR trail cameras, the SD memory cards rapidly filled. In response 

to this problem, we changed the settings on the PIR cameras to take a rapid series of three 

photos to reduce storage requirements. 

 

Field trial - Living Springs, Canterbury 
In our first field trial at Living Springs, the trail cameras missed 73 possum detections over 25 

nights. The thermal cameras always had more detections; however, most PIR trail camera 

detections were missed in round 1. Following round 1, the number of possum detections by 

both camera types was similar. It was hypothesised that once the animals had located the 

chew cards their overall activity increased, possibly due to the formulation of scent trials (see 

You Tube video). The PIR cameras had nearly 10-times the number of recorded images 

compared to the thermal cameras, and 97% of these were false triggers or non-target species. 

 

The new larger batteries for the thermal cameras were an improvement and still running after 

4 -7 nights of use. At this time, we approached Project Cacophony, intending to develop a 

battery monitor to check the remaining capacity at each service, which is currently under 

development. Our current thoughts are that the batteries should last 9-10 days in the field, 

https://www.youtube.com/watch?v=4JOe0wibl8M
https://www.youtube.com/watch?v=4JOe0wibl8M
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and Project Cacophony is also testing a new solar panel, which should further extend battery 

life. 

 

Mt Taranaki, New Plymouth 
In our first trial in New Plymouth, we had a programming failure with the thermal cameras. 

The PIR trail cameras recorded 205 possum images, and the thermal cameras only recorded 

three videos. The thermal cameras were still running, and our initial hypothesis was that the 

problem was the much colder temperatures at Mt Taranaki combined with the 10 m distance. 

Eventually, it was discovered that a software camera update had reset the internal clock, and 

the cameras were not running at night. This has now been rectified, and the phone App now 

autocorrects the clock time on connection. 

 

Stage 1c  
The cost-effectiveness of both devices is heavily influenced by labour costs when sorting and 

catergorising images or videos. The PIR cameras had many false triggers, with only 4.4% of the 

captured images being possums. Our rough estimate was that it took 3.5 hours to categorise 

these images. In comparison, it took about 20 minutes to go through the thermal camera 

videos from the Living Springs field trial, given that the AI correctly identified more than half 

of the possum encounters and there were far fewer false triggers 

 

To improve thermal camera AI, we decided to run a quick trial looking at the distance from 

the chew card for both detection and AI species ID. The camera correctly identified 54-58% 

of possum encounters at 2-3.5 m from the chew card. As such, we currently recommend a  

2-4 m distance as optimal for possum detection; however, the AI algorithm still needs more 

video training. To help with this Project, Cacophony has developed the "Power Tagger" to 

increase the number of classified videos for machine learning, and significant improvements 

are expected. For the PIR trail cameras, new software is being developed to remove false 

triggers (Use of cameras and artificial intelligence to monitor wildlife » Manaaki Whenua), 

which could improve their cost-effectiveness. 

 

 

https://www.2040.co.nz/blogs/news/latest-updates-to-the-camera
https://www.landcareresearch.co.nz/publications/kararehe-kino-animal/kararehe-kino-articles/use-of-cameras-and-artificial-intelligence-to-monitor-wildlife/
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Stages 2a & 2b 
As highlighted, above, both cameras had significantly higher detections than for chew cards; hence, 

these field trials focused on a direct comparison between the thermal and PIR trail cameras at ten 

raised leg-site devices with a focus on possums. Again, the thermal cameras had more detections 

with 22 possums, compared to 16, from the PIR trail cameras. Given that individuals could be 

identified from the PIR trail camera images, we determined that five of 12 marked possums were 

detected at the monitoring sites. As such, over 21 nights, there was an encounter rate of 42%. This 

means that 42% of possums with at least one monitoring site located in their estimated home range 

were detected. 

 

Using the GPS data, we confirmed that 12 of 14 possums were located within the monitoring grid. 

Over 21 nights, only eight of the 14 had 95% KDE home range estimates greater than 50 ha. Hence, 

six possums may not have been detected had we deployed monitoring sites on a 1/50 ha grid. Given 

the low number of fixes for each possum, it is perhaps better to focus on their 50% KDA core home 

range size, as this is considered to be the 'core' home range. For this, no animals had a core home 

range estimate greater than 30.3 ha. This also suggests that a monitoring grid of 1/50 ha may be 

too large, and a monitoring grid of 1/25 ha might be more effective. Recent computer modelling 

backs this hypothesis where simulations determined that a control network using one multi-

capture trap per 25 ha (no immigration) or one multi-capture trap per 18 ha (some immigration), 

active all year, could maintain and further reduce possum population densities to a low level (<2% 

residual RTCI), within the Halo control area around Orokonui Ecosanctuary (Lustig & Wilson 2020). 

 

Of more concern was the low level of interaction with the elevated leg-hold traps. Only four of the 

38 encounters (combined thermal and PIR trail cameras) showed a possum interacting with the 

ramp. This suggests that the interaction rate of ~10% over 21 nights. In the above mentioned 

modelling, possum trappability values ranged from 8-18%. As such, a value of 10% is at the lower 

end. A key result from the modelling was that any trapping simulation attempting eradication using 

one multi capture trap per 25 ha was highly dependent on variations in trappability between 

possums. Any attempts at localised possum eradication will require higher interaction traps. 
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Conclusions 
The research, above, has three key conclusions. First, the thermal cameras consistently had higher 

detection rates than chew cards and PIR trail cameras. They provide increased monitoring 

sensitivity and the ability to record animal behaviour around monitoring or control devices. While 

more expensive than PIR trail cameras, their cost-effectiveness will ultimately be determined by 

comparing the ongoing costs of sorting and categorising the images. Future research for both is 

ongoing and should improve (Ross 2021).  

 

Second, the combination of GPS, PIR trail cameras and thermal cameras has provided crucial 

information on the encounter and interaction rates. While using only a 21-day window, the results 

suggest that a monitoring grid of 1 device per 25 ha should reliably detect most animals over this 

time period. Encounter rates may be higher at lower possum densities as home range size increases 

as animals are removed (Whyte et al. 2013). Additionally, encounter rates may be higher for 

monitoring and control devices left out longer; however, this will increase costs with additional 

service requirements.  

 

Third, this research has highlighted a concern around trap interaction rates. Increasing interaction 

rates for traps is a developing research topic. Project Cacophony is developing higher interaction 

traps using open architecture and hazing (Traps powered by Artificial Intelligence – 2040). Zero 

Invasive Predators have developed auto-feeding lures, which have a 12-month field life before 

servicing is required (ZIP MotoLure — Zero Invasive Predators). In addition, PFNZ2050 has funded 

a PhD student at Lincoln University to investigate the influence of social, visual, and audio sounds 

combined with auto-feeding food lures to improve possum interaction rates. This research will 

involve Predator Free Banks Peninsula, and we will be able to determine interaction rates for these 

new tools as they attempt to eradicate possums from Banks Peninsula's 'Wildside' area. 
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