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Background
Wildlife telemetry is a critical tool in animal research 
that is reshaping the fields of ecology and conservation 
[1, 2]. Wildlife telemetry relies on animal-borne devices 
(also known as ‘tags’ or ‘biologgers’) that record a diverse 
array of measurements, with geographical location being 
the most widely used (generally via VHF or satellite 
tracking), as well as movement behaviours, physiologi-
cal parameters, and environmental data [3–5]. Retrieving 
telemetry equipment post-deployment is essential when 
data is stored onboard. Failed retrieval can reduce sam-
ple sizes and jeopardise study objectives [6]. Even when 
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Abstract
Background  Wildlife tracking technologies are increasingly used to study animal behaviour, inform conservation 
management, and answer fundamental questions in ecology. However, a drawback to wildlife telemetry is that 
equipment is expensive and can be difficult to retrieve when lost in the field, leading to loss of data and inefficient 
use of project resources. As a potential solution, we began training dogs to search for and locate GPS tracking devices 
by scent. This approach targets the odour of the device itself, rather than the animal carrying the device. Here, we 
report on the training, deployment and evaluation of a wildlife telemetry detection dog.

Results  During field deployments, the detection dog successfully recovered $11,200 AUD worth of lost GPS devices 
over a 16-month period. In a controlled field evaluation, the detection dog located 100% of targets compared to 43% 
by the human-only search. The detection dog was significantly faster, with an average search time of 6.4 min (± 1.5 SE, 
n = 17) compared to 43.9 min (± 4.9 SE, n = 14) for human-only searches. Combining detection rate and search speed, 
the detection dog was 16 times more efficient.

Conclusions  This is the first reported use of a detection dog to recover wildlife telemetry devices. The detection dog 
significantly improved device recovery efficiency, with benefits including reduced project costs and improved data 
completeness. This approach has broad applicability across diverse species and contexts, particularly when visual 
searching is inadequate such as in dense vegetation or when equipment is buried underground. This novel method 
offers a practical solution to equipment recovery challenges facing wildlife tracking programs worldwide.
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data are remotely transmitted, retrieval can be necessary 
to maximise the knowledge gained. If the tracked animal 
has died, recovering its tracking device can enable deter-
mination of the cause of mortality, which is highly valu-
able information for ecological research and conservation 
strategies [7, 8]. Furthermore, it is important to monitor 
whether the device itself is implicated in the mortality 
event, to inform robust ethical use of the technology [9]. 
In addition, retrieval of the device allows interrogation 
of the mode of attachment (e.g., backpack, collar) to help 
evaluate whether it is working as intended and inform 
modifications to the design [10]. Lastly, these devices 
are expensive [e.g., a recent review of shorebird track-
ing options put the upper cost of a single GPS telemetry 
unit at AUD$6000; 11], and retrieved devices can often 
be redeployed, thereby using project resources efficiently 
[12].

While retrieval of wildlife telemetry equipment is 
important, locating devices in the field can be challeng-
ing. Devices are often small, typically less than 3–5% of 
the animal’s body weight [2, 13] with some now avail-
able as small as 1.3 g [14]. They are also intentionally 
inconspicuous, being neutrally coloured or matching 
the colouration of the study animal to reduce the risk of 
predation of the study animal as a result of the tag [8]. 
These features make it difficult for humans to locate lost 
equipment. Complex environments with dense vegeta-
tion and difficult terrain compound this problem. When 
predation or scavenging of the study animal occurs, the 
predator may cache the device and carcass in vegetation, 
logs, or underground (authors’ observations). Even when 
using precise GPS tracking that allows refinement of the 
search area, devices can remain difficult to find due to 
location error and device visibility. For example, the aver-
age location error of Telonics GEN3 GPS devices, tested 
under field conditions for Puma (Puma concolor) track-
ing in Arizona, was 40.81 m [15]. The search area for a 
missing device in this example would be 5,232 m2 (just 
over half a hectare). Consequently, searching for telem-
etry equipment can be time consuming and incur costs 
in terms of personnel time and transport [12], with high 
rates of failure.

Detection dogs (Canis lupus familiaris) locate targets 
by scent and frequently outperform alternative methods 
in their efficiency and precision [16, 17]. Detection dogs 
have been used to find a range of biological (e.g., humans, 
wildlife, and diseases) and non-biological (e.g., pollut-
ants, explosives, and narcotics) odours, and their use 
has expanded rapidly in the last two decades [18]. Dogs 
can detect odours at concentrations as low as one part 
per trillion [19] with sensitivity as high as 100% [17, 20]. 
Wildlife detection dogs have been used to locate rare and 
threatened plants and animals and their traces (e.g., scat, 
pellets), and to assist in control or eradication projects 

of threatening processes (e.g., invasive predators, patho-
gens, weeds), making them a valuable tool in conserva-
tion programs [21–25]. The terms ‘wildlife detection dog’ 
and ‘conservation detection dog’ have been used inter-
changeably [16]; however, detection dogs are increasingly 
used to locate non-biological targets for conservation 
purposes, such as poisoned baits and poaching equip-
ment, including snares, traps, weapons and ammunition 
[26, 27].

During bird tracking research in south-east Australia, 
we encountered the challenge of recovering lost wildlife 
telemetry equipment [10, 28–32]. As a potential solution, 
we explored the efficacy of using conservation detection 
dogs to locate tracking devices by scent. We predicted the 
detection dog would outperform the alternative method 
of human-only searching in both sensitivity and effi-
ciency. Here we report on the training, deployment and 
evaluation of a wildlife telemetry detection dog. Impor-
tantly, training targeted the odour of the tracking device 
itself, rather than the animal carrying the device.

Methods
Study context
We tracked birds in two research projects: waterbird 
movement ecology in the Murray Darling Basin and the 
reintroduction of the bush stone-curlew (Burhinus gral-
larius) in south-east Australia. The purpose of the water-
bird project was to address knowledge gaps in waterbird 
ecology to inform water allocation and wetland manage-
ment, and involved long-term satellite tracking of aggre-
gate-nesting waterbirds [10, 28–30, 32]. Tracked species 
included straw-necked ibis (Threskiornis spinicollis), 
Australian white ibis (T. molucca), royal spoonbill (Pla-
talea regia), great egret (Ardea alba), and plumed egret 
(A. plumifera). More than 200 waterbirds were tracked 
with GPS devices between 2016 and 2025. Waterbirds 
were caught and fitted with GPS tracking devices dur-
ing breeding events in wetlands across the Murray Dar-
ling Basin. Birds subsequently dispersed across eastern 
Australia and as far north as Papua New Guinea [28–30]. 
We used a range of solar-powered GPS models, manufac-
tured by Druid (Druid Technology Co., Ltd., Chengdu, 
China), GeoTrak (GeoTrak Inc. North Carolina, USA), 
and Ornitela (Ornitela, UAB Vilnius, Lithuania). Attach-
ment methods varied by species. We used wing-loop 
‘backpack’ harnesses with a weak-link at the keel for ibis 
and some spoonbills and leg-loop harnesses for egrets 
and spoonbills [10, 28–30].

Bush stone-curlews were translocated to three sites: 
Mulligans Flat Woodland Sanctuary in the Australian 
Capital Territory (ACT), Mt Rothwell Biodiversity Inter-
pretation Centre in Victoria, and Orana Park in Victo-
ria [33]. Satellite tracking was used to monitor the fates 
of released birds and develop an understanding of their 
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movement ecology in their reintroduced range [31, 33]. 
A total of 79 bush stone-curlews were tracked from 2019 
to 2025, including translocated individuals and their 
wild-born offspring. Bush stone-curlew movements 
were mostly local, with some travelling to nearby New 
South Wales (NSW), but one travelled 600 km north 
to the Hunter Valley (S. Rapley, unpublished data). All 
bush stone-curlews were fitted with solar-powered Orni-
track-20 3G GPRS devices (Ornitela) using wing-loop 
‘backpack’ harnesses with a weak-link at the keel [31].

Telemetry equipment went missing when devices 
detached from the birds (e.g., due to planned failure of 
the weak-link mechanism) or when birds died due to 
predation, disease, and other causes. Recovery of the 
devices was deemed desirable both for redeployment 
on new birds (thus avoiding the expense of purchasing 
new devices) and for gaining information about the cir-
cumstances around end of deployment (e.g., likely cause 
of bird death; performance of the weak-link mecha-
nism). This challenge inspired the use of detection dogs 
to improve GPS device recovery outcomes. The first dog 
trained in GPS detection was ‘Rohan’ (trained and owned 
by author HMG). Later, ‘Koda’ (trained and owned by 
author SR) was trained in GPS detection and is the sub-
ject of this study. Rohan passed away prior to this study 
and is not included in the evaluation. All results pre-
sented here refer only to Koda.

Training protocol
This section describes the training protocol used in this 
study. Its intent is to aid understanding of the approach 
used and evaluation of the results of this study, but is not 
intended as a comprehensive training guide for other 
projects. Training approaches will always vary based on 
individual dog aptitude and personality, the target odour, 
trainer experience, and preferred methodology. As such, 
the precise timing and parameters used here should not 
be seen as prescriptive for future studies.

Koda (Fig. 1), a female Australian Kelpie cross born in 
March 2021, was trained and handled by author SR. She 
possessed qualities suitable for detection work: highly 
play motivated, intelligent, physically fit, and demon-
strating a good balance between focussing on the handler 
and independence while working [see 34]. The dog was 
trained on solar-powered Ornitrack-20 3G GPRS devices 
in the colour grey. Initially, new devices from storage 
were used in training (n = 20). Later, we included devices 
that had been retrieved from deployments on bush 
stone-curlews (n = 14). The training approach followed 
established methods using shaping, which involves incre-
mental progression toward desired behaviours through 
positive reinforcement [35, 36]. The first step was to teach 
the dog to associate the target odour with a reward (e.g., 
food or play), for which we used a shaping exercise where 
the dog was rewarded for choosing to sniff and engage 
with the target. Next, we developed an alert behaviour 
at the source of the target odour. The dog in this study 
performed a ‘drop and point’ alert, characterised by 

Fig. 1  ‘Koda’ the detection dog. Photograph with permission from Nic Vevers, the Australian National University.
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lying down facing the odour with nose pointed toward 
or touching the target. This was the alert naturally given 
by the dog during shaping exercises. Finally, we built up 
a strong history of positive reinforcement through rep-
etition. Initially, training occurred in the low-distraction 
environment of the home, and we gradually increased 
the difficulty of the search by practising in a variety of 
environments with increasing levels of distraction (e.g., 
driveway → yard → bushland at home → bushland away 
from home). Progressive training through environments 
of increasing distraction (‘proofing’) is a standard work-
ing dog training principle, and what constitutes low ver-
sus high distraction varies between individual dogs. As 
is typical for many dogs, Koda found practice in famil-
iar environments less challenging than practice in novel 
environments with unfamiliar background odours. We 
also trained the dog to a high proficiency in the follow-
ing actions: recall, following handler-directed changes in 
direction (e.g., to direct the dog into the search area), and 
emergency stop [per recommendations made by 37].

Training commenced in July 2021 when Koda was four 
months old, with her first field retrieval occurring in 
October 2021. However, this four-month period should 
not be interpreted as a discrete ‘training window’, because 
training continued beyond this point with ongoing skill 
development for both dog and handler. Initial training 
sessions lasted 5–30  min and occurred 1–3 times per 
week, progressing to sporadic practice sessions once 
operational proficiency was achieved. Training sessions 
served dual purposes as both skill development and men-
tal enrichment, and were integrated into Koda’s routine 
care rather than conducted as isolated training events.

We recognise that cost estimates are critical for proj-
ect planning [38]. However, precise financial accounting 
is not possible in this case because Koda is a privately 
owned companion animal whose care was not sepa-
rately budgeted from household expenses, and train-
ing occurred during the owner/handler’s personal time. 
This scenario of researcher-owned detection dogs is not 
uncommon in academic settings [authors’ observation 
and e.g., 39].

Field retrievals
Between October 2021 and February 2023, we deployed 
the detection dog and handler (hereafter dog-handler 
team) to retrieve seven telemetry devices located in the 

ACT and NSW. All of the retrieved devices were solar-
powered Ornitrack-20 3G GPRS units in the colour grey 
that had been fitted to birds with Teflon-ribbon back-
pack-style harnesses [29, 31]. Six of the devices had been 
deployed on bush stone-curlews and one on a straw-
necked ibis.

Controlled performance evaluation
We conducted a controlled performance evaluation to 
assess the sensitivity, precision, and efficiency [Table 1; 
definitions from 40] of the dog-handler team and com-
pared this with human-only searches to quantify relative 
effectiveness. We conducted an a priori power analy-
sis to determine the required number of trials. We used 
the function pwr.2p.test() from the package ‘pwr’ [41] 
in R version 4.4.1 [42]. Based on prior field experience, 
we estimated the dog’s detection rate at 85% (range: 
70–100%) and human-only detection at 35% (range: 
20–50%). Using a one-sided test (α = 0.05, power = 0.8), 
these estimates indicated 3–73 trials (mean = 16) would 
be required, depending on the true difference in detec-
tion rates. We planned to conduct 20 trials per method, 
with interim assessment to refine the number of trials 
needed. After 15 dog-handler team trials with 100% suc-
cess, we determined six human-only trials would provide 
adequate power, but wanted to conduct more than six 
for repetition with multiple human searchers. We con-
ducted 20 dog-handler team searches and 14 human-only 
searches (seven people, two trials each) in April–June 
2025. The human-only search volunteers had either pre-
vious experience locating GPS devices in the field (n = 3 
volunteers) or experience searching for cryptic and dif-
ficult to detect targets (n = 4 volunteers) such as threat-
ened forbs, invertebrates, or reptiles.

	  
We selected a 625 m² search area (1/16 hectare) as rep-

resentative of realistic search extents for Ornitela GPS 
devices. These devices have reported location accuracy 
of 8.0 ± 24 m [mean ± SD, 43], producing theoretical 
search areas of 201–1810 m². Our chosen area was chal-
lenging enough to test dog performance while avoiding 
excessively long human searches (> 1 h).The evaluation 
took place in grassy woodland (overstory dominated by 
Eucalyptus rossii and ground cover dominated by Rytido-
sperma pallidum), with vegetation and terrain complex-
ity that was representative of challenging field conditions 

Table 1  Performance metrics for detection dog evaluation as defined by Bennett et al. [40]
Term Definition Calculation

Sensitivity Proportion of targets found relative to the total number of targets available T rue P ositive
T rue P ositive+F alse Negative

Precision Proportion of alerts that correctly identify a true target. That is, how well the dog distin-
guishes the target odour from other odours

T rue P ositive
T rue P ositive+F alse P ositive

Efficiency Performance per unit effort, where effort is the duration of a search Sensitivity
Effort
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(Fig. 2). We chose to emulate challenging realistic con-
ditions, rather than a simpler open-field test, because 
detection performance can vary with habitat complexity 
[44].

We used a blind search protocol where presence/
absence and location of the device was known by a field 
assistant but not known by the dog-handler team or the 
human-only searcher. The design was not considered 
to be double blind. However, the field assistant was not 
within the search area during the trial, thereby exclud-
ing the type of single-blind bias in the medical litera-
ture where tests take place in laboratory settings with 
an observer present that could inadvertently cue the dog 
[20]. For the dog-handler searches, the GPS was placed 
at least two hours prior to the search to allow an odour 
plume (evaporated odour compounds dispersing from 
the source material due to surrounding air currents [45, 
46]) to develop [47]. To set up the trial, the field assistant 
stood at the perimeter of the marked search area and 
threw the device into the marked search area in a random 
direction. The device placements varied from the centre 
to the boundary of the search area and were randomly 
distributed. Throwing from the perimeter avoided creat-
ing a trail of human odour that the dog could follow to 
the device location. We handled the device in its plastic 
storage packaging to reduce human odour on the device 
before placement. We used different devices for each 
search, and none were the devices used in training.

To assess the rate of true negatives and false positives, 
we did not place a device in 15% of the dog-handler trials 
(i.e., absence trials). All human-only searches included a 
placed device. We limited the search time to one hour. A 
trial was determined to have no target once the dog-han-
dler team had covered the entire search area without an 
alert and the handler called an end to the search. The dog 
was not trained to give a formal ‘no target’ alert behav-
iour, as used in laboratory studies with scent line-ups. 
However, she displayed different body language in trials 
with a target compared to those without, which informed 
the handler’s decision to call the end of a search. For 
example, when on target odour, the dog worked with a 
swift, taut gait and ranged out from the handler; com-
paratively, after clearing a search area and not identify-
ing odour, she moved with a slower, looser gait and often 
returned to the handler.

We only conducted evaluations during mild weather 
conditions between 10 and 25  °C and recorded the pre-
dicted temperature and wind speed for the evaluation 
location (Sutton, NSW) from AccuWeather. We collected 
weather data to ensure searches occurred under similar 
conditions, but did not include these as variables in our 
analysis. We used predicted weather data because the 
nearest weather station (Canberra Airport, ACT), while 
only 10 km away, is 110 m lower in elevation and on the 
other side of a hill range, so could vary considerably from 
real field conditions. The direction of search was always 
into the wind.

Fig. 2  Terrain and vegetation of the controlled performance evaluation search area
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We compared search times between dog-handler and 
human-only searches using a one-sided Student’s t-test in 
R version 4.4.1 [42], testing the hypothesis that dog-han-
dler searches would be faster. We excluded absence trials 
from this comparison because these were not conducted 
for human-only searches. We visualised results using the 
R package ggplot2 (Wickham 2014).

Results
Field retrievals
Between October 2021 and February 2023, the dog-han-
dler team successfully located seven GPS devices in field 

retrievals (Fig.  3; Table  2). In four cases, a human-only 
search had already failed to locate the device before the 
dog-handler team’s attempt. In two cases, the dog-han-
dler team searched in the wrong area on the first attempt 
(due to large GPS errors in the most recent fixes avail-
able) but succeeded on the second attempt with revised 
coordinates. In one case, the detection dog was able to 
locate a device that had been cached underground, likely 
by a fox, which would not have been recovered with 
human searching alone (Table  2; Supplementary Video 
1).

Fig. 3   Examples of GPS field retrievals made by the detection dog. Habitat context (left) and GPS device in situ (right). Top row corresponds with Table 2 
Retrieval 6. Bottom row corresponds with Table 2 Retrieval 4.
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Controlled performance evaluation
The dog-handler team located all targets in the pres-
ence trials (17/17), identified all true negatives during 

the absence trials (3/3), with no false positives or false 
negatives occurring (Table  3; Fig.  4A). The human-only 
searches (presence trials only) located 43% of targets 
(6/14) with no false positives (Table 3; Fig. 4A). The dog-
handler team had an average search time of 6.4 min (± 1.5 
SE, n = 17, 95% CI: 3.3–9.6 min). The human-only search 
time averaged 43.9  min (± 4.9 SE, n = 14, 95% CI: 33.3–
54.4 min). The dog-handler team was significantly faster 
(p < 0.001; Fig. 4B) and 16 times more efficient (Table 3) 
than human-only searches. The slowest dog-handler 
search times (15, 19, and 20 min; Fig. 4B) occurred while 
the dog had lip fold dermatitis; this was resolved with 
antibiotic treatment. Temperature averaged 16 °C (range: 

Table 2  Wildlife telemetry equipment retrieval attempts by a conservation detection dog and handler team
Retrieval Date Location Tracked 

species
Habitat description Outcome Note

1 26/10/2021 Sutton, NSW BSC Dense Phalaris pasture. Success Only GPS present.

2* 13/01/2023 Forde, ACT BSC Grassy woodland, Rytidosperma tussocks. Success Only GPS present. 
Under tussock.

3* 13/01/2023 Forde, ACT BSC Dense Phalaris pasture. Success GPS on carcass.

4a* 09/02/2023 Mulligans Flat, ACT BSC Tall, dense mixed native grassland. Fail Incorrect search area.

4b* 28/02/2023 Mulligans Flat, ACT BSC Tall, dense mixed native grassland. Success Only GPS present.

5 29/05/2023 Mulligans Flat, ACT BSC Grassy woodland, sparse ground cover. Success GPS on carcass 
cached underground.

6 12/10/2023 Myall Lakes, NSW SNI Short pasture grass and scattered 
eucalypts.

Success Only GPS present.

7a* 15/02/2024 Mulligans Flat, ACT BSC Short Themeda grassland. Fail Incorrect search area.

7b* 19/02/2024 Mulligans Flat, ACT BSC Short Themeda grassland. Success Only GPS present.
Alphanumeric code indicates individual GPS devices and attempts at retrieval (e.g., 4a and 4b are two attempts at one device). An asterisk indicates GPS devices 
where human-only searches were unsuccessful prior to the dog-handler team being deployed. Tracked species were bush stone-curlew (Burhinus grallarius; BSC) 
and straw-necked ibis (Threskiornis spinicollis; SNI)

Table 3  Controlled performance evaluation comparing 
detection dog to human-only searches (see Table 1 for 
definitions)
Type Sensitivity Precision Mean effort 

[95% CI] min
Effi-
cien-
cy

Dog-handler 
team

100% 100% 6.4 [3.3–9.6] 15.52

Human-only 43% 100% 43.9 
[33.3–54.4]

0.98

See Table 1 for definitions of sensitivity, precision and efficiency

Fig. 4  Outcomes of a controlled performance evaluation. Comparison of a GPS detection dog and handler team (dog-handler team) with human-only 
searches. A proportion of true/false positive/negative results. B box-and-whisker-plot of search time during presence trials with raw data shown as points.
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11–23  °C) and wind speed averaged 9  km/h (range: 
0–24 km/h) during dog-handler team trials.

Discussion
Our study demonstrates that detection dogs can locate 
wildlife telemetry devices in the field. To our knowl-
edge, this is the first reported use of detection dogs for 
this purpose. Under controlled performance evaluation 
conditions, the detection dog made no errors, and out-
performed human-only searches that had a high rate of 
false negatives. Moreover, the detection dog was 16 times 
more efficient than human-only searching. Under real 
field conditions, the dog had a perfect retrieval record 
and was even able to locate a device that had been buried 
underground. Detection dogs can significantly improve 
device retrieval rates, with the associated benefits of 
additional data collection and increased device redeploy-
ment capabilities. Here we discuss detection dog perfor-
mance, alternative approaches, and limitations to this 
study.

Performance
During field deployments, the dog-handler team suc-
cessfully recovered all seven missing devices. In two 
cases, the team initially searched incorrect locations due 
to large GPS errors in the most recent fixes. Subsequent 
searches with corrected coordinates were successful, 
demonstrating that initial failures reflected challenges in 
defining search areas with low GPS accuracy rather than 
limitations in dog performance. Notably, the dog located 
one device that had been cached underground (Supple-
mentary Video 1), which would not have been recov-
ered through human searching alone. This capability is 
particularly valuable for wildlife tracking programs, as 
devices may become buried through predator caching (as 
occurred here), inundation in wetland environments, or 
gradual soil surface change. This aligns with the broader 
use of detection dogs for subsurface targets, such as 
human remains, landmines, and water leaks [49, 50], 
highlighting their ability to detect odours below ground.

During controlled performance evaluation, the detec-
tion dog achieved 100% sensitivity and precision. This 
performance exceeds or matches the upper range 
reported for other conservation detection dogs targets 
[sensitivity: 24–100%, precision: 27–100%, 17]. The dog-
handler team outperformed human-only searches in the 
proportion of targets found (dog 100% vs. human 43%). 
Similar results have been documented for dog detection 
of Tasmanian masked owl (Tyto novaehollandiae cas-
tanops) pellets [dog 89% vs. human 40%; 22] and bilby 
(Macrotis lagotis) scats [dog 98.9% vs. human 6.7%; 51]. 
The 16-fold efficiency advantage we observed has signifi-
cant practical implications for field operations. Staff time 
and associated costs allocated to retrieval of telemetry 

devices is an often underestimated major project cost 
[12]. Detection dogs can reduce this cost by increasing 
the rate of success while also reducing the time needed to 
undertake the retrieval.

No false positives were recorded from either the dog-
handler or human-only searches. This was unsurprising, 
given GPS devices are easy for humans to visually con-
firm, compared to, for example, scats from similar-sized 
carnivores that are frequently misidentified [52, 53]. It 
is unlikely there were other objects with a similar odour 
profile in the landscape that could cause a discernment 
challenge for the dog. Moreover, detection dogs can have 
high rates of specificity even when discerning between 
similar targets, such as related species [39] or even scats 
from related species with identical diets [53]. Odour 
detection is somewhat a ‘black box’ process, where we 
often do not know precisely which odours or odour com-
ponents the detection dog is targeting [18, 45, 54]. In this 
case, we suspect the combination of electronic compo-
nents comprises the odour profile of the GPS device. We 
emphasise that the target odour in this study is the GPS 
device itself, and not the odour of the animal carrying the 
device. Training was initially conducted with GPS devices 
that had never been deployed and thus lacked animal 
odour. Furthermore, during the early stages of training, 
Koda gave an alert on a handheld gaming console, which 
comprises similar components to tracking devices (i.e., 
circuit board, electronics, plastic housing). While anec-
dotal, this provides further evidence that some combi-
nation of electronic components comprises the odour 
being targeted by the dog. Detection dogs have been used 
in law enforcement to detect other types of electronic 
devices, such as mass storage devices (e.g., hard drives, 
SIM cards), and these devices were demonstrated to have 
volatile odour components that could constitute a unique 
odour profile [55].

Considerations for implementation
While detection dogs offer substantial performance ben-
efits, their cost-effectiveness and optimal implementation 
strategy depend on project-specific factors. Staff time 
invested in searching for lost devices represents a sub-
stantial yet often underestimated project cost [12] that 
detection dogs can significantly reduce. However, train-
ing or hiring a detection dog can also come at signifi-
cant expense and therefore the relative benefit will vary 
on a project-by-project basis. Consequently, for projects 
with very few retrievals, human-only searches may be 
the most practical option despite reduced effectiveness, 
particularly if device costs are relatively low and some 
equipment loss is acceptable. However, device value is 
an important consideration: even a single retrieval of 
units costing thousands of dollars may justify the cost of 
investing in a detection dog.
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There are two primary options for projects that elect 
to use detection dogs: training a dog “in-house” or col-
laborating with a professional detection dog team. Key 
considerations include expertise (professional teams 
bring proven experience in dog training/handling, search 
strategy and odour movement), timeframe (training an 
in-house dog requires months of preparation, whereas 
professional teams can often add new target odours to 
experienced dogs comparatively quickly), and cost struc-
ture (professional daily rates can be substantial, but may 
be less than the cumulative costs of acquiring, housing, 
and caring for an in-house dog plus the time investment 
in training and ongoing welfare management). This is, of 
course, not a comprehensive list of considerations. Proj-
ects with long timeframes, relevant expertise or men-
torship, secure funding, and frequent deployment needs 
may benefit from in-house teams, whilst the majority of 
projects may find professional collaboration more effec-
tive and expedient. Alternative pathways include collabo-
ration with detection dog teams from other backgrounds 
[e.g., a police dog trained to find primate scats; 38] and 
the emerging use of volunteer dog teams [see 56].

Alternative approaches
There are several alternative approaches to retrieve miss-
ing GPS tracking devices. We discuss these alternatives 
but argue that detection dogs remain the most efficient 
method. One option is to fit a VHF device alongside the 
GPS, so that the equipment can be found with a manual 
radiotracking receiver. However, this is not always prac-
tical from a cost perspective, nor viable from an animal 
ethics perspective, because the additional technology 
would increase the total weight borne by the animal. 
Additionally, VHF transmitter battery life may be sub-
stantially shorter than that of GPS devices [13]. Metal 
detectors offer another alternative, albeit an untested 
one. While this would overcome the limitations of visual-
only searching, a detection dog would likely cover ground 
faster than a human-operated metal detector. Further-
more, metal detectors may produce high false positive 
rates in environments with metallic debris, particularly 
at the sensitivity settings required to detect small track-
ing devices. Future studies could compare metal detector 
performance with the detection dog metrics presented 
here. Finally, there are some emerging technologies that 
could be used to find lost devices, such as harmonic 
radar, which have ranges of approximately 125 m [57] 
and can detect electronics even when the battery is 
depleted [58]. However, these technologies are currently 
only able to detect the presence of devices and not pin-
point their location. In contrast, as put by DeGreeff et al. 
[55], detection dogs “are mobile detectors with integrated 
sampling systems that have the unique ability to use con-
centration gradient of the odor of interest to determine 

directionality, a feat no instrumental detector has been 
able to mimic” (p.1613). As such, we consider detection 
dogs to currently be the most efficient tool available to 
recover missing telemetry equipment.

An alternative detection dog approach is to target 
the animal’s biological odour rather than the telemetry 
equipment itself. For example, detection dogs trained 
to find eastern box turtles (Terrapene carolina carolina) 
were used to locate turtles to both fit and retrieve VHF 
tracking equipment (L. Speight, personal communica-
tion, 2025). This approach may be beneficial if detec-
tion dogs are already trained on the target species (e.g., 
for population surveys). However, the drawback to this 
approach is that telemetry equipment cannot be recov-
ered when separated from the target animal. Addition-
ally, targeting the telemetry equipment instead of the 
animal provides flexibility to work on multiple tracking 
projects regardless of the species being tracked. Both 
approaches—targeting device odour or animal odour—
demonstrate the versatility of detection dogs for wildlife 
telemetry applications and could be deployed strategi-
cally depending on project-specific needs.

Limitations
While controlled evaluations are considered best prac-
tice in assessing detection dog performance [40], there 
are several limitations that warrant discussion. First, 
this study evaluated only one dog-handler team. Perfor-
mance on the same target may vary between individual 
dogs [18, 56], and also depends on the skill of the handler 
and the relationship between the dog and handler [17, 
59–61]. Consequently, performance with a different dog 
or handler, or both, may differ from these results. Future 
projects could use the controlled performance evalua-
tion methodology to characterise individual dog-handler 
team performance.

Second, we used a relatively small search area, and per-
formance may not directly translate from one search area 
size to another [62, 63]. We selected the search area size 
because it was a reasonable proxy for field realistic condi-
tions, while small enough that a time limit of one hour 
was reasonable, making volunteer participation feasible. 
Even in this small area, the human search volunteers 
reported search fatigue, where it became more difficult to 
keep searching effectively with elapsed time. Therefore, 
we predict that in a larger search area, human perfor-
mance would likely decline further relative to detection 
dog performance.

Third, we tested under a narrow set of environmental 
conditions. During our study, temperature averaged 16 °C 
(range 11–23 °C) and wind speed averaged 9 km/h (range 
0–24 km/h). While temperature, humidity and wind 
speed impact detection performance—due to changes in 
the behaviour of odour volatiles and their propagation in 
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the landscape [64] and changes in dog physiology such as 
panting [65]—there is no consensus in the literature on 
the direction and magnitude of these effects [17]. There 
does not appear to be a review documenting the effect of 
environmental conditions on detection dog performance, 
which would be a useful contribution to the field.

Fourth, we only used one brand of GPS device in this 
study. It is not yet known whether different types of 
devices vary in their detectability. However, anecdotal 
observations suggest that a detection dog can generalise 
between brands of similar GPS devices. In this study, the 
detection dog was trained on Ornitrack-20 devices and 
when first exposed to a different device, a GeoTrak-14 (a 
GPS-Argos satellite device manufactured by GeoTrak), 
she considered the odour for several seconds before giv-
ing an alert (Supplementary Video 2). Further testing of 
the ability of detection dogs to generalise between brands 
and types of telemetry devices is warranted. A detection 
dog trained on GPS devices may also be able to find other 
types of telemetry equipment (e.g. accelerometers). How-
ever, if finding a range of brands and types of telemetry 
devices was required for a project, this could be specifi-
cally included in the training protocol, rather than relying 
on generalisation. Generalisation varies with the temper-
ament and training history of individual detection dogs, 
as well as the characteristics of the target odour [66–68].

Finally, we observed that a relatively mild veterinary 
issue had a notable adverse impact on detection perfor-
mance. We recorded three slow dog-handler search times 
(15–20 min compared with an average of 4 min across all 
other searches), which coincided with the dog experienc-
ing mild lip fold dermatitis. It was not initially apparent 
that these slower search times were unusual because they 
occurred towards the beginning of the study (the third to 
sixth trial), so we initially attributed this to a performance 
decline, which is known to occur during repetitive tasks 
[69]. Once we identified the dermatitis, we paused trials 
until it resolved with antibiotic treatment. Search times 
subsequently improved, suggesting even mild dermatitis 
may affect detection performance. The dermatitis may 
have altered air intake behaviour, potentially reducing 
odour intake or modifying air humidity and flow, all of 
which are important in olfaction [65]. While this report 
is anecdotal, veterinary issues are not usually included in 
reviews of factors affecting detection dog performance 
[e.g., 17, 18] and may warrant further examination. Nev-
ertheless, even with these slower searches included, the 
dog-handler team remained significantly faster than 
human-only searches.

Conclusions
Detection dogs are highly versatile, with near limitless 
scope for the detection tasks they can perform [17]. Our 
study joins a growing number of projects using detection 

dogs to find non-biological odours in support of con-
servation programs [27]. We found detection dogs can 
locate GPS tracking devices (based on the odour of the 
device) and outperform humans at this task. The addi-
tion of a detection dog to our research team improved 
our efficiency in device recovery, with flow-on benefits 
including reduced project costs and improved data com-
pleteness. This novel approach has broad applicability for 
projects across diverse species and ecological contexts, 
and we particularly recommend this approach when 
visual searching is inadequate, such as in dense vegeta-
tion or when equipment may be buried underground. 
While we focussed on GPS devices, detection dogs could 
be used to locate various types of telemetry equipment. 
This approach offers a practical, efficient solution to 
equipment recovery challenges facing wildlife tracking 
programs worldwide.

Abbreviations
ACT	� Australian Capital Territory
AUD	� Australian dollars
BSC	� Bush stone-curlew
CI	� Confidence interval
GPS	� Global positioning system
GPRS	� General packet radio service
NSW	� New South Wales
SE	� Standard error
SD	� Standard deviation
SIM	� Subscriber Identity/Identification Module
SNI	� Straw-necked ibis
VHF	� Very high frequency
3G	� Third generation (mobile technology)

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​3​1​7​-​0​2​6​-​0​0​4​4​8​-​2.

Supplementary Video 1

Supplementary Video 2

Acknowledgements
We acknowledge and pay respect to the Ngunnawal, Ngambri, and Awabakal 
people, the traditional custodians of the lands on which this work was 
undertaken. This work was conducted within and with support from the 
Coexistence Conservation Laboratory (CCL) and in collaboration with the 
Wildlife Conservation Research Unit (WildCRU) at the University of Oxford. 
We thank Brittany Brockett, Steve Holiday, Marc Layton, Jenny Newport, Sean 
Rapley, Rachael Robb, and Maisie Walker-Stelling for their assistance. Particular 
thanks to Jenny Newport for assistance with the ethics protocol. The original 
idea to train dogs to find wildlife telemetry devices was conceived by Dr 
Heather McGinness, and we acknowledge the lessons learned from Heather’s 
dog ‘Rohan’, the first dog trained to find wildlife telemetry devices in Australia. 
We are grateful for the valuable teaching in canine scent detection theory and 
practice that handler Heather McGinness and Rohan received from experts 
John Sam (Canberra Nosework Training) and Raelene Koerber (The Nose 
Knows). We also thank the Conservation Dog Alliance and the Australasian 
Conservation Dog Network, professional networks that provided support and 
guidance to Shoshana Rapley during the training and deployment of ‘Koda’. 
We thank Koda for all her hard work on this project. We thank Laura Speight 
for sharing insights from the detection dog project locating turtles in Texas 
USA, which informed our discussion of alternative search methodologies. 
Finally, we thank the anonymous reviewers for their valuable feedback.

https://doi.org/10.1186/s40317-026-00448-2
https://doi.org/10.1186/s40317-026-00448-2


Page 11 of 12Rapley et al. Animal Biotelemetry            (2026) 14:9 

Author contributions
All authors contributed to project conceptualisation. HMG conceived the 
original idea to use detection dogs to find wildlife telemetry equipment. SR 
trained and handled the detection dog. SR, CS, HMG and MJV designed the 
performance evaluation. SR conducted the performance evaluation with 
support from MJV. SR conducted the analyses and wrote the manuscript. 
ADM, IJG, MJE, HMG and RH gave project supervision. ADM provided 
project administration. All authors read, commented on, and approved the 
manuscript.

Funding
The research presented in this manuscript received no funding. The GPS 
devices used in this study were reused from previous research, for which we 
are grateful to the Fenner School of Environment and Society at the Australian 
National University, BirdLife Australia’s Stuart Leslie Grant and the 2019 
NSW Twitchathon, and The Holsworth Wildlife Research Endowment & The 
Ecological Society of Australia for their funding support.

Data availability
The dataset generated and analysed during this study, along with the R script 
for analysis and Supplementary Videos 1 & 2, are available at ​h​t​t​p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​
m​/​​c​o​e​x​​i​s​​t​e​n​​c​e​-​​c​o​n​s​​e​r​​v​a​t​​i​o​n​​-​l​a​b​​/​t​​e​l​e​​m​e​t​​r​y​-​d​​e​t​​e​c​t​i​o​n​-​d​o​g.

Declarations

Ethical approval
Detection dogs are animal research subjects to whom we have a duty of 
care, as well as research team and family members. These protocols were 
approved by The Australian National University Animal Experimentation Ethics 
Committee (protocol A2022/14). ‘Koda’ is a privately owned companion animal 
whose care aligns with the Australian Code of Practice for the Care and Use of 
Animals for Scientific Purposes [48].

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 September 2025 / Accepted: 23 January 2026

References
1.	 Lahoz-Monfort JJ, Magrath MJL. A comprehensive overview of technolo-

gies for species and habitat monitoring and conservation. Bioscience. 
2021;71(10):1038–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​b​​i​o​s​c​i​/​b​i​a​b​0​7​3.

2.	 Kays R, Crofoot MC, Jetz W, Wikelski M. Terrestrial animal tracking as an eye on 
life and planet. Science. 2015;348(6240):aaa2478. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​6​​/​s​​c​i​e​
n​c​e​.​a​a​a​2​4​7​8.

3.	 Brown DD, Kays R, Wikelski M, Wilson R, Klimley AP. Observing the unwatch-
able through acceleration logging of animal behavior. Anim Biotelem. 
2013;1(1):20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​2​​0​5​0​-​3​3​8​5​-​1​-​2​0.

4.	 Whitford M, Klimley AP. An overview of behavioral, physiological, and envi-
ronmental sensors used in animal biotelemetry and biologging studies. Anim 
Biotelem. 2019;7(1):26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​3​1​7​-​0​1​9​-​0​1​8​9​-​z.

5.	 Beltran RS, Kilpatrick AM, Picardi S, Abrahms B, Barrile GM, Oestreich WK, et al. 
Maximizing biological insights from instruments attached to animals. Trends 
Ecol Evol. 2025;40(1):37–46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​r​e​e​.​2​0​2​4​.​0​9​.​0​0​9.

6.	 Hebblewhite M, Haydon DT. Distinguishing technology from biology: a criti-
cal review of the use of GPS telemetry data in ecology. Philosophical Trans R 
Soc B Biol Sci. 2010;365(1550):2303–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​8​​/​r​​s​t​b​.​2​0​1​0​.​0​0​8​
7.

7.	 Winterstein SR, Pollock KH, Bunck CM. Chapter 14 - Analysis of survival data 
from radiotelemetry studies. In: Millspaugh JJ, Marzluff JM, editors. Radio 
tracking and animal populations. San Diego: Academic; 2001. pp. 351–80. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​B​​9​7​8​​-​0​1​​2​4​9​7​​7​8​​1​-​5​/​5​0​0​1​5​-​3.

8.	 Lennox RJ, Dahlmo LS, Ford AT, Sortland LK, Vogel EF, Vollset KW. Predation 
research with electronic tagging. Wildl Biol. 2023;2023(1):e01045. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​0​2​​/​w​​l​b​3​.​0​1​0​4​5.

9.	 Klinard NV, Matley JK. Living until proven dead: addressing mortality in acous-
tic telemetry research. Rev Fish Biol Fish. 2020;30(3):485–99. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​0​7​​/​s​​1​1​1​6​0​-​0​2​0​-​0​9​6​1​3​-​z.

10.	 McGinness HM, Jackson MV, Lloyd-Jones L, Robinson F, Langston A, O’Neill 
LG, et al. Extensive tracking of nomadic waterbird movements reveals an 
inland flyway. Ecol Evol. 2024;14(12):e70668. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​c​e​3​.​7​0​
6​6​8.

11.	 Gould LA, Manning AD, McGinness HM, Hansen BD. A review of electronic 
devices for tracking small and medium migratory shorebirds. Anim Biotelem. 
2024;12(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​3​1​7​-​0​2​4​-​0​0​3​6​8​-​z.

12.	 Latham ADM, Latham MC, Anderson DP, Cruz J, Herries D, Hebblewhite 
M. The GPS craze: six questions to address before deciding to deploy GPS 
technology on wildlife. New Z J Ecol. 2015;39(1):143–52.

13.	 Robertson B, Holland J, Minot E. Wildlife tracking technology options and 
cost considerations. Wildl Res. 2011;38:653–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​1​​/​W​​R​1​0​
2​1​1.

14.	 Wild TA, Koblitz JC, Dechmann DKN, Dietz C, Meboldt M, Wikelski M. 
Micro-sized open-source and low-cost GPS loggers below 1 g minimise 
the impact on animals while collecting thousands of fixes. PLoS ONE. 
2022;17(6):e0267730. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​6​7​7​3​0.

15.	 Ironside KE, Mattson DJ, Arundel TR, Hansen JR. Is GPS telemetry location 
error screening beneficial? Wildl Biology. 2017;2017(1):wlb00229. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​2​9​8​1​​/​w​​l​b​.​0​0​2​2​9.

16.	 Grimm-Seyfarth A, Harms W, Berger A. Detection dogs in nature conserva-
tion: a database on their world-wide deployment with a review on breeds 
used and their performance compared to other methods. Methods Ecol Evol. 
2021;12(4):568–79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​2​​0​4​1​-​2​1​0​X​.​1​3​5​6​0.

17.	 McKeague B, Finlay C, Rooney N. Conservation detection dogs: a critical 
review of efficacy and methodology. Ecol Evol. 2024;14(2):e10866. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​c​e​3​.​1​0​8​6​6.

18.	 Johnen D, Heuwieser W, Fischer-Tenhagen C. An approach to identify bias in 
scent detection dog testing. Appl Anim Behav Sci. 2017;189:1–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​​p​l​a​​n​i​m​.​​2​0​​1​7​.​0​1​.​0​0​1.

19.	 Walker DB, Walker JC, Cavnar PJ, Taylor JL, Pickel DH, Hall SB, et al. Natu-
ralistic quantification of canine olfactory sensitivity. Appl Anim Behav Sci. 
2006;97(2):241–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​​p​l​a​​n​i​m​.​​2​0​​0​5​.​0​7​.​0​0​9.

20.	 Juge AE, Foster MF, Daigle CL. Canine olfaction as a disease detection tech-
nology: a systematic review. Appl Anim Behav Sci. 2022;253:105664. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​​p​l​a​​n​i​m​.​​2​0​​2​2​.​1​0​5​6​6​4.

21.	 Amor MD, Barmos S, Cameron H, Hartnett C, Hodgens N, Jamieson LT, et 
al. On the trail of a critically endangered fungus: a world-first application of 
wildlife detection dogs to fungal conservation. iScience. 2024;27(5). ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​s​c​i​.​2​0​2​4​.​1​0​9​7​2​9.

22.	 Gill N, Cristescu R, Cisterne A, Stojanovic D. Detection dogs can help research-
ers with elusive forest Owl conservation. Austral Ecol. 2024;49(5):e13513. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​a​​e​c​.​1​3​5​1​3.

23.	 DeMatteo KE, Rinas MA, Sede MM, Davenport B, ArgÜElles CF, Lovett K, et al. 
Detection dogs: an effective technique for Bush dog surveys. J Wildl Manag. 
2009;73(8):1436–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​9​3​​/​2​​0​0​8​-​5​4​5.

24.	 Mallikarjun A, Ben S, KS A, Michelle G, Isabella W, Amanda C, et al. Canine 
detection of chronic wasting disease (CWD) in laboratory and field settings. 
Prion. 2023;17(1):16–28. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​9​3​3​​6​8​9​​6​.​2​0​​2​3​​.​2​1​6​9​5​1​9.

25.	 Springer K. Methodology and challenges of a complex multi-species eradica-
tion in the sub-Antarctic and immediate effects of invasive species removal. 
New Z J Ecol. 2016;40(2):273–8.

26.	 Deák G, Árvay M, Horváth M. Using detection dogs to reveal illegal pesticide 
poisoning of raptors in Hungary. J Vertebrate Biol. 2021;69(3):201101. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​2​5​2​2​​5​/​​j​v​b​.​2​0​1​1​0.

27.	 Richards NL, Hartman J, Parker M, Wendt L, Salisbury C. The role of conserva-
tion dog detection and ecological monitoring in supporting environmental 
forensics and enforcement initiatives. In: Underkoffler SC, Adams HR, editors. 
Wildlife biodiversity conservation: multidisciplinary and forensic approaches. 
Cham: Springer; 2021. pp. 287–322. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​9​​7​8​-​​3​-​0​​3​0​-​6​​4​6​​8​
2​-​0​_​1​1.

28.	 McGinness HM, Lloyd-Jones LR, Robinson F, Langston A, O’Neill LG, Rapley S, 
et al. Habitat use by nomadic ibis and spoonbills post-dispersal from breed-
ing sites. Landscape Ecol. 2024;39(11):189. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​9​8​0​-​0​2​
4​-​0​1​9​8​2​-​1.

29.	 McGinness HM, Lloyd-Jones LR, Robinson F, Langston A, O’Neill LG, Rapley S, 
et al. Satellite telemetry reveals complex mixed movement strategies in ibis 
and spoonbills of australia: implications for water and wetland management. 
Mov Ecol. 2024;12(1):74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​4​6​2​-​0​2​4​-​0​0​5​1​5​-​4.

https://github.com/coexistence-conservation-lab/telemetry-detection-dog
https://github.com/coexistence-conservation-lab/telemetry-detection-dog
https://doi.org/10.1093/biosci/biab073
https://doi.org/10.1126/science.aaa2478
https://doi.org/10.1126/science.aaa2478
https://doi.org/10.1186/2050-3385-1-20
https://doi.org/10.1186/s40317-019-0189-z
https://doi.org/10.1016/j.tree.2024.09.009
https://doi.org/10.1098/rstb.2010.0087
https://doi.org/10.1098/rstb.2010.0087
https://doi.org/10.1016/B978-012497781-5/50015-3
https://doi.org/10.1016/B978-012497781-5/50015-3
https://doi.org/10.1002/wlb3.01045
https://doi.org/10.1002/wlb3.01045
https://doi.org/10.1007/s11160-020-09613-z
https://doi.org/10.1007/s11160-020-09613-z
https://doi.org/10.1002/ece3.70668
https://doi.org/10.1002/ece3.70668
https://doi.org/10.1186/s40317-024-00368-z
https://doi.org/10.1071/WR10211
https://doi.org/10.1071/WR10211
https://doi.org/10.1371/journal.pone.0267730
https://doi.org/10.2981/wlb.00229
https://doi.org/10.2981/wlb.00229
https://doi.org/10.1111/2041-210X.13560
https://doi.org/10.1002/ece3.10866
https://doi.org/10.1002/ece3.10866
https://doi.org/10.1016/j.applanim.2017.01.001
https://doi.org/10.1016/j.applanim.2017.01.001
https://doi.org/10.1016/j.applanim.2005.07.009
https://doi.org/10.1016/j.applanim.2022.105664
https://doi.org/10.1016/j.applanim.2022.105664
https://doi.org/10.1016/j.isci.2024.109729
https://doi.org/10.1016/j.isci.2024.109729
https://doi.org/10.1111/aec.13513
https://doi.org/10.1111/aec.13513
https://doi.org/10.2193/2008-545
https://doi.org/10.1080/19336896.2023.2169519
https://doi.org/10.25225/jvb.20110
https://doi.org/10.25225/jvb.20110
https://doi.org/10.1007/978-3-030-64682-0_11
https://doi.org/10.1007/978-3-030-64682-0_11
https://doi.org/10.1007/s10980-024-01982-1
https://doi.org/10.1007/s10980-024-01982-1
https://doi.org/10.1186/s40462-024-00515-4


Page 12 of 12Rapley et al. Animal Biotelemetry            (2026) 14:9 

30.	 McGinness HM, Jackson MV, Lloyd-Jones LR, Hou X, O’Neill L, Rapley S, et al. 
Satellite-tracked movements of juvenile great Egrets (Ardea alba) and plumed 
Egrets (Ardea plumifera) from the Macquarie marshes in the Murray–Darling 
Basin, Australia. Pac Conserv Biology. 2025;31(4). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​1​​/​P​​C​2​
5​0​1​3.

31.	 Rapley S, Thesis. Spatial ecology informs reintroduction tactics for warabin 
(Burhinus grallarius; bush stone-curlew). Canberra: The Australian National 
University; 2020.

32.	 Galtbalt B, McGinness HM, Rapley S, Jackson MV, Lloyd-Jones LR, Robinson F, 
et al. Flight heights in ibis and spoonbills: implications for collision risk. Wildl 
Res. 2025;52(9). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​1​​/​W​​R​2​4​1​6​0.

33.	 Rapley S, Grarock K, Davey C, Wilson BA, McGinness H, Evans MJ, et al. Multi-
site reintroduction of the Bush stone-curlew in south-eastern Australia. In: 
Soorae PS, editor. Global conservation translocation perspectives: 2025. Case 
studies from around the Globe. 8 ed. Gland, Switzerland: IUCN SSC Conserva-
tion Translocation Specialist Group, Environment Agency - Abu Dhabi & 
Calgary Zoo, Canada.; 2025. pp. 42–6.

34.	 Jamieson LTJ, Baxter GS, Murray PJ. Identifying suitable detection dogs. Appl 
Anim Behav Sci. 2017;195:1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​​p​l​a​​n​i​m​.​​2​0​​1​7​.​0​6​.​0​1​
0.

35.	 Smith DA, Ralls K, Cypher BL, Maldonado JE. Assessment of scat-detection 
dog surveys to determine kit Fox distribution. Wildl Soc Bull. 2005;33(3):897–
904. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​9​3​​/​0​​0​9​1​-​7​6​4​8​(​2​0​0​5. )33[897:AOSDST]2.0.CO;2.

36.	 Cristescu RH, Foley E, Markula A, Jackson G, Jones D, Frère C. Accuracy and 
efficiency of detection dogs: a powerful new tool for Koala conservation and 
management. Sci Rep. 2015;5(1):8349. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​r​e​p​0​8​3​4​9.

37.	 Australasian Conservation Dog Network. Conservation Detection Dog Team 
Evaluation Guidelines. 2022.

38.	 Orkin JD, Yang Y, Yang C, Yu DW, Jiang X. Cost-effective scat-detection dogs: 
unleashing a powerful new tool for international mammalian conservation 
biology. Sci Rep. 2016;6(1):34758. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​r​e​p​3​4​7​5​8.

39.	 Arnesen CH, Rosell F. Pest detection dogs for wood boring Longhorn beetles. 
Sci Rep. 2021;11(1):16887. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​1​-​9​6​4​5​0​-​0.

40.	 Bennett EM, Hauser CE, Moore JL. Evaluating conservation dogs in the search 
for rare species. Conserv Biol. 2020;34(2):314–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​c​​o​b​i​
.​1​3​4​3​1.

41.	 Champely S. pwr: Basic Functions for Power Analysis. 2023.
42.	 R Core Team. R: A Language and environment for statistical computing (v 

4.4.1). 4.4.1 ed. Vienna, Austria: R Foundation for Statistical Computing; 2024.
43.	 Ferraz G, Pacheco C, Fernández-Tizón M, Marques AT, Alves PC, Silva JP, et al. 

Using GPS and accelerometer data to remotely detect breeding events in 
two elusive ground-nesting steppe birds. Anim Biotelem. 2024;12(1):30. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​3​1​7​-​0​2​4​-​0​0​3​8​5​-​y.

44.	 Leigh KA, Dominick M. An assessment of the effects of habitat structure on 
the scat finding performance of a wildlife detection dog. Methods Ecol Evol. 
2015;6(7):745–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​2​​0​4​1​-​2​1​0​X​.​1​2​3​7​4.

45.	 DeGreeff LE, Maughan M. Understanding the dynamics of odor to aid in odor 
Detection. Canines: the original biosensors. 1 ed. Jenny Stanford Publishing; 
2022. pp. 217–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​0​1​​/​9​​7​8​1​0​0​3​2​6​1​1​3​1​-​9.

46.	 Osterkamp T. Detector dogs and scent movement: how Weather, Terrain, and 
vegetation influence search strategies. 1 ed. United States: CRC; 2020. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​4​3​2​4​​/​9​​7​8​0​4​2​9​0​2​0​7​0​4.

47.	 Reed SE, Bidlack AL, Hurt A, Getz WM. Detection distance and environmental 
factors in conservation detection dog surveys. J Wildl Manag. 2011;75(1):243–
51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​j​​w​m​g​.​8.

48.	 National Health and Medical Research Council. Australian code of practice for 
the care and use of animals for scientific purposes. 8 ed. Canberra: National 
Health and Medical Research Council; 2013.

49.	 Browne C, Stafford K, Fordham R. The use of scent-detection dogs. Ir Veteri-
nary J. 2006;59(2):97.

50.	 Zhong J, Chen D. Sniffer dogs as an emerging approach for water leakage 
detection. Water Supply. 2023;23(11):4691–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​6​6​​/​w​​s​.​2​0​2​
3​.​2​8​4.

51.	 Thompson SA, Thompson GG, Withers PC, Bennett EM. Conservation detec-
tion dog is better than human searcher in finding Bilby (Macrotis lagotis) 
scats. Australian Zoologist. 2020;41(1):86–93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​8​8​2​​/​A​​Z​.​2​0​2​0​
.​0​1​2.

52.	 Monterroso P, Castro D, Silva TL, Ferreras P, Godinho R, Alves PC. Factors 
affecting the (in)accuracy of mammalian mesocarnivore scat identification in 

South-western Europe. J Zool. 2013;289(4):243–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​z​
o​.​1​2​0​0​0.

53.	 Grimm-Seyfarth A, Zarzycka A, Nitz T, Heynig L, Weissheimer N, Lampa S, et 
al. Performance of detection dogs and visual searches for scat detection and 
discrimination amongst related species with identical diets. Nat Conserv. 
2019;37:81–98. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​8​9​7​​/​n​​a​t​u​​r​e​c​​o​n​s​e​​r​v​​a​t​i​o​n​.​3​7​.​4​8​2​0​8.

54.	 Jendrny P, Twele F, Meller S, Osterhaus A, Schalke E, Volk HA. Canine olfac-
tory detection and its relevance to medical detection. BMC Infect Dis. 
2021;21(1):838. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​9​-​0​2​1​-​0​6​5​2​3​-​8.

55.	 DeGreeff LE, Cerreta M, Rispoli M. Feasibility of canine detection of mass 
storage devices: a study of volatile organic compounds emanating from 
electronic devices using solid phase Microextraction. J Forensic Sci. 
2017;62(6):1613–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​1​​5​5​6​-​4​0​2​9​.​1​3​4​7​2.

56.	 Rutter NJ, Howell TJ, Stukas AA, Pascoe JH, Bennett PC. Can volunteers train 
their pet dogs to detect a novel odor in a controlled environment in under 
12 weeks? J Veterinary Behav. 2021;43:54–65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​v​e​b​.​2​
0​2​0​.​0​9​.​0​0​4.

57.	 Milanesio D, Saccani M, Maggiora R, Laurino D, Porporato M. Design of an 
harmonic radar for the tracking of the Asian yellow-legged Hornet. Ecol Evol. 
2016;6(7):2170–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​c​e​3​.​2​0​1​1.

58.	 Perez B, Mazzaro G, Pierson TJ, Kotz D. Detecting the presence of electronic 
devices in smart homes using harmonic radar technology. Remote Sens. 
2022;14(2). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​r​​s​1​4​0​2​0​3​2​7.

59.	 DeMatteo KE, Davenport B, Wilson LE. Back to the basics with conservation 
detection dogs: fundamentals for success. Wildl Biology. 2019;2019(1):1–9. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​8​1​​/​w​​l​b​.​0​0​5​8​4.

60.	 Lit L, Schweitzer JB, Oberbauer AM. Handler beliefs affect scent detection 
dog outcomes. Anim Cogn. 2011;14(3):387–. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​0​7​
1​-​0​1​0​-​0​3​7​3​-​2.  94.

61.	 Jamieson TJ, Baxter GS, Murray PJ. You Are Not My Handler! Impact of Chang-
ing Handlers on Dogs’ Behaviours and Detection Performance. Anim (Basel). 
2018;8(10). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​i​8​1​0​0​1​7​6.

62.	 Rutter NJ, Howell TJ, Stukas AA, Pascoe JH, Bennett PC. Diving in nose first: 
the influence of unfamiliar search scale and environmental context on the 
search performance of volunteer conservation detection Dog–Handler 
teams. Animals. 2021;11(4). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​i​1​1​0​4​1​1​7​7.

63.	 Hoffmann BD, Faulkner C, Brewington L, Lawton F. Field quantifications of 
probability of detection and search patterns to form protocols for the use of 
detector dogs for eradication assessments. Ecol Evol. 2022;12(6):e8987. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​c​e​3​.​8​9​8​7.

64.	 Goss K-U. The physical chemistry of odors—consequences for the work with 
detection dogs. Forensic Sci Int. 2019;296:110–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​f​o​​r​
s​c​​i​i​n​t​​.​2​​0​1​9​.​0​1​.​0​2​3.

65.	 Kokocińska-Kusiak A, Woszczyło M, Zybala M, Maciocha J, Barłowska K, 
Dzięcioł M. Canine olfaction: Physiology, Behavior, and possibilities for practi-
cal applications. Anim (Basel). 2021;11(8). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​i​1​1​0​8​2​4​6​
3.

66.	 Moser AY, Bizo L, Brown WY. Olfactory generalization in detector dogs. Ani-
mals. 2019;9(9). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​i​9​0​9​0​7​0​2.

67.	 Rutter NJ, Mynott JH, Howell TJ, Stukas AA, Pascoe JH, Bennett PC, et al. Buzz-
ing with possibilities: training and olfactory generalization in conservation 
detection dogs for an endangered stonefly species. Aquat Conservation: Mar 
Freshw Ecosyst. 2021;31(4):984–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​q​c​.​3​5​3​1.

68.	 DeGreeff LE, Simon AG, Peranich K, Holness HK, Frank K, Furton KG. 
Generalization and Discrimination of Molecularly Similar Odorants in 
Detection Canines and the Influence of Training. Behavioural Processes. 
2020;177:104148. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​e​​p​r​o​​c​.​2​0​​2​0​​.​1​0​4​1​4​8

69.	 Porritt F, Shapiro M, Waggoner P, Mitchell E, Thomson T, Nicklin S, et al. Perfor-
mance decline by search dogs in repetitive tasks, and mitigation strategies. 
Appl Anim Behav Sci. 2015;166:112–22. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​1​​​6​/​j​​.​a​p​p​​l​a​​n​​i​m​​.​​2​0​
1​​5​.​0​2​.​0​1​3.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1071/PC25013
https://doi.org/10.1071/PC25013
https://doi.org/10.1071/WR24160
https://doi.org/10.1016/j.applanim.2017.06.010
https://doi.org/10.1016/j.applanim.2017.06.010
https://doi.org/10.2193/0091-7648(2005
https://doi.org/10.1038/srep08349
https://doi.org/10.1038/srep34758
https://doi.org/10.1038/s41598-021-96450-0
https://doi.org/10.1111/cobi.13431
https://doi.org/10.1111/cobi.13431
https://doi.org/10.1186/s40317-024-00385-y
https://doi.org/10.1186/s40317-024-00385-y
https://doi.org/10.1111/2041-210X.12374
https://doi.org/10.1201/9781003261131-9
https://doi.org/10.4324/9780429020704
https://doi.org/10.4324/9780429020704
https://doi.org/10.1002/jwmg.8
https://doi.org/10.2166/ws.2023.284
https://doi.org/10.2166/ws.2023.284
https://doi.org/10.7882/AZ.2020.012
https://doi.org/10.7882/AZ.2020.012
https://doi.org/10.1111/jzo.12000
https://doi.org/10.1111/jzo.12000
https://doi.org/10.3897/natureconservation.37.48208
https://doi.org/10.1186/s12879-021-06523-8
https://doi.org/10.1111/1556-4029.13472
https://doi.org/10.1016/j.jveb.2020.09.004
https://doi.org/10.1016/j.jveb.2020.09.004
https://doi.org/10.1002/ece3.2011
https://doi.org/10.3390/rs14020327
https://doi.org/10.2981/wlb.00584
https://doi.org/10.2981/wlb.00584
https://doi.org/10.1007/s10071-010-0373-2
https://doi.org/10.1007/s10071-010-0373-2
https://doi.org/10.3390/ani8100176
https://doi.org/10.3390/ani11041177
https://doi.org/10.1002/ece3.8987
https://doi.org/10.1002/ece3.8987
https://doi.org/10.1016/j.forsciint.2019.01.023
https://doi.org/10.1016/j.forsciint.2019.01.023
https://doi.org/10.3390/ani11082463
https://doi.org/10.3390/ani11082463
https://doi.org/10.3390/ani9090702
https://doi.org/10.1002/aqc.3531
https://doi.org/10.1016/j.beproc.2020.104148
https://doi.org/10.1016/j.applanim.2015.02.013
https://doi.org/10.1016/j.applanim.2015.02.013

	﻿Novel application of a conservation detection dog to recover wildlife telemetry equipment
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study context
	﻿Training protocol
	﻿Field retrievals
	﻿Controlled performance evaluation

	﻿Results


