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Camera traps and genetic identification of faecal samples for detection 
and monitoring of an endangered ungulate

Matthew Geary1*, Matt Hartley1,2**, Zoe Ball1, Sammie Wilkes1, Mao Khean3, Rachel J. Ball1, Catherine 
M. Peters1 & Anna P. Muir1

Abstract. Almost all Indochinese ungulates are classified as globally threatened but efforts to assess and monitor 
population status have been hampered by their rarity, cryptic nature, and uncertainty in accurate identification from 
sightings. An improved approach is urgently needed to gather information about threatened ungulate species in order 
to effectively conserve them as a lack of reliable monitoring methods means that basic information such as population 
sizes, distribution and habitat associations is currently unknown. Here, we used a combination of camera trapping 
and genetic detection of the endangered Eld’s deer, Rucervus eldii, to investigate the utility of these methods to 
infer intensity of site use within a protected Cambodian dry forest. We asked: 1) Are Eld’s deer present in our study 
area?; 2) How is site use influenced by local habitat?; and 3) Do camera traps or genetic detection perform better in 
terms of detection and monitoring? Camera traps were deployed and faecal samples collected from Chhaeb Wildlife 
Sanctuary in northern Cambodia during the 2017 dry season. Faecal samples were identified as Eld’s deer using 
newly developed species-specific mitochondrial DNA primers. Camera traps recorded 20 Eld’s deer observations 
across 3,905 trap-nights and 44 out of 71 collected faecal samples, identified by fieldworkers as likely to belong to 
Eld’s deer, were positively identified to be so. Camera trap surveys and genetic detection demonstrated that Eld’s 
deer were present in Chhaeb Wildlife Sanctuary, although the number of detections relative to sampling effort 
was low in both methods (detected at 29% and 1% of sample sites, respectively). Occupancy models showed that 
water level and tree diameter both had positive relationships, whilst human and domestic or feral pig activity had 
a negative relationship, with the relative intensity of Eld’s deer site use. Overall, our data suggest that both of our 
methods can prove effective for monitoring Eld’s deer but that repeated sampling is necessary to account for their 
low detectability in this area. We suggest that faecal samples are collected during future camera trap monitoring 
visits to maximise efficiency, increase detectability, and provide the most information to support conservation.
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INTRODUCTION

Tropical and subtropical dry forests comprise many of the 
top 200 ecoregions worldwide in need of conservation based 
on their irreplaceability, with the dry dipterocarp forests 
(DDF) of Indochina particularly recognised for their diverse 
large vertebrate faunas (Olson & Dinerstein, 1998). Central 
Indochina has one of the last remaining expanses of tropical 
dry forest worldwide, but deforestation has resulted in the 
loss of much of this forest in only two decades, with 2% of 
the global area of tropical dry forests lost from Southeast 

Asia alone (Miles et al., 2006). What remains of the DDF 
in Central Indochina is highly fragmented and forest loss 
is projected to continue (Trisurat & Bhumpakphan, 2018).

Ungulates are key members of Indochinese DDF systems as 
they disperse seeds, maintain habitat structure and support 
larger carnivores (Du Toit & Cumming, 1999). However, 
almost all Indochinese large ungulates are now classified 
as globally threatened (O’Kelly et al., 2012; IUCN, 2022). 
Eld’s deer (Rucervus eldii) is an endangered species of 
ungulate, consisting of three recognised subspecies (Gray et 
al., 2015a; Ghazi et al., 2021). The Siamese Eld’s deer sub 
species, R. e. siamensis, is highly restricted in range, and 
found only in fragments of DDF in Cambodia, Thailand, 
Laos, and Hainan Island, China (Angom & Hussain, 2013; 
Gray et al., 2018; Trisurat & Bhumpakphan, 2018). The 
majority of the remaining Siamese Eld’s deer are found in 
Cambodia. They are highly threatened by hunting and habitat 
destruction due to mining and agriculture, and this population 
is thought to have declined by 90% between 1998–2008 (Gray 
et al., 2015a; Ghazi et al., 2021). Despite the urgency of 
management actions needed to support the conservation of 
this endangered species, little is known about the presence 
of Eld’s deer, current geographical distribution, population 
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density, and population viability within Cambodia, which 
may have experienced rapid declines in a number of locations 
(Gray et al., 2012; Trisurat & Bhumpakphan, 2018). 

Efforts to assess and monitor the status of threatened ungulate 
species are often hampered by their rarity, cryptic nature, 
and complexity of species identification (Gray et al., 2012; 
Woodruff et al., 2015). A comprehensive line transect survey 
conducted in eastern Cambodia had such low encounter rates 
with Eld’s deer through sightings on line transects that they 
were unable to reliably estimate their density (Gray et al., 
2012). Furthermore, the logistical difficulties of working 
in tropical environments can lead to the use of sub-optimal 
sampling strategies, which can limit further analyses (O’Dea 
et al., 2004; Muir & Muir, 2011). Trisurat & Bhumpakphan 
(2018) were able to compile occurrence data for Eld’s deer 
in northern Cambodia from camera traps, visual sightings 
(including footprints), and interviews, highlighting the 
utility of combining data gathering approaches to assess 
species status. However, due to the inherent limitations of 
non-standardised sampling strategies, they were only able 
to estimate distribution and not population size.

Collection of occurrence and non-detection data and 
subsequent occupancy modelling can provide a reliable 
method of estimating population distribution (Rovero 
& Marshall, 2009; Sollmann et al., 2013). Occupancy 
modelling is particularly useful where difficulties in 
individual recognition limit capture–mark–recapture analysis 
(Rowcliffe et al., 2008); a common limitation in ungulate 
studies (Rovero & Marshall, 2009; Parsons et al., 2017). 
Data for occupancy modelling can be obtained through 
camera trapping, which provides a non-invasive method of 
monitoring cryptic species in difficult forest environments 
and determining habitat use (Tobler et al., 2009; Li et al., 
2014). However, detection rates from camera traps can be 
very low for some species and careful evaluation of the most 
effective camera placement is necessary (Matthews et al., 
2023). In the current Southeast Asian context (excepting a 
very few areas well secured against hunting), camera trap 
encounter rates of threatened ungulates are only high when 
placed close to seasonal pools, locally called trapeangs, which 
introduces potential bias into population estimates (Pin et 
al., 2020). Both faecal sampling and camera trapping offer 
the opportunity to maximise detectability of individuals in 
a landscape by avoiding the requirement to observe highly 
cautious animals, but faecal sampling additionally allows 
the use of genetic tools to confirm species identification 
(Woodruff et al., 2015). This method has proven effective 
in a range of species, including large ungulates (Hajji et al., 
2007; Ramón-Laca et al., 2015; Woodruff et al., 2015). By 
extracting and amplifying DNA from shed epithelial cells in 
faecal samples, conservation genetic techniques can be used 
to confirm species presence (at least at time of defecation) 
at specific geographic locations within a landscape (Waits 
& Paetkau, 2005).

Here, we used a combination of camera trapping and genetic 
detection of Eld’s deer, R. e. siamensis, to investigate the 

utility of both methods to infer species presence within a 
legally protected Cambodian dry forest. Specifically, we 
asked the following questions: 1) Are Eld’s deer present in 
Chhaeb Wildlife Sanctuary?; 2) Do camera traps or genetic 
identification of faecal samples perform better in terms of 
detection and monitoring and 3) How is intensity of site use 
influenced by local habitat? Information on detection, habitat 
preferences and the effectiveness of these two monitoring 
methods will help to optimise field methods in Northern 
Cambodia by informing practitioners about how and where 
to monitor this difficult to survey species.

MATERIAL AND METHODS

Study Area. Chhaeb Wildlife Sanctuary (also known as 
Chhep, formerly Preah Vihear Protected Forest) in Northern 
Cambodia is an IUCN Management Category IV wildlife 
sanctuary, managed by the Ministry of Environment. Chhaeb 
Wildlife Sanctuary has one of the largest continuous tracts 
of dry dipterocarp forest (DDF) in the region (Suzuki et 
al., 2017), and is home to Eld’s deer and other threatened 
ungulates (Trisurat & Bhumpakphan, 2018). The forest 
within this area is 67% DDF, with some small patches of 
semi-evergreen dense forest and open grassland (Suzuki et 
al., 2017). Trapeangs, forest pools are common throughout 
the forest (Pin et al., 2020).

Camera Traps. Bushnell Trophy Cam HD 119437 and 
Bushnell Trophy Cam HD MAX 119476 camera traps were 
deployed (Fig. 1) between January and June 2017 for a total 
of 3,905 trap-nights. A total of 22 cameras were set up in late 
January, with a further 20 in late February and early March. 
Cameras took three consecutive images when triggered and 
then could not be triggered again for ten seconds following 
this. Images of the same species were considered notionally 
independent when taken at least one hour apart (Bowkett et 
al., 2008). No baits or lures were used and cameras were 
set to operate for 24 hours each day.

Camera traps were deployed by Wildlife Conservation 
Society (WCS) staff with many years’ experience of camera 
trapping in Chhaeb Wildlife Sanctuary. In order to maximise 
the probability of recording Eld’s deer, all camera traps 
were located at trapeangs. WCS staff selected trapeang sites 
known to be frequented by Eld’s deer in previous years, 
using historical camera trapping records and local knowledge 
(Rovero & Zimmermann, 2016). Trapeangs were selected 
mostly within DDF, with some close to semi-evergreen forest 
or grasslands. Locations were selected by WCS staff based on 
local knowledge and cameras were orientated so that cameras 
were not directly facing the sun in areas where vegetation 
was unlikely to obscure the camera. Only one camera was 
placed at each selected trapeang and the minimum distance 
between cameras was 583 m. The median distance between 
each camera and its nearest neighbour was 1,243 m. Cameras 
were strapped to trees adjacent to animal trails at an average 
of 4.25 m (S.E. = 0.14) from the trail. Cameras were at an 
average of 45 cm (S.E. = 1) from the ground and 14.78 m 
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Fig. 1. Distribution of deployed camera traps showing presence (black circles) and non-detection (purple circles) and genetic sampling 
locations showing presence (black triangles) and non-detection (purple triangles) of Eld’s deer. Inset map shows the location of Chhaeb 
Wildlife Sanctuary in Cambodia (black rectangle). Background shows proportion of tree cover from WorldCover land cover map (© ESA 
WorldCover project 2020 / Contains modified Copernicus Sentinel data (2020) processed by ESA WorldCover consortium).

(S.E. = 2.1) from the edge of the trapeang, however, four 
were set up within the natural boundaries of the trapeang 
as these were fully dried up. 
 
Environmental data. Habitat surveys were conducted for 
each trapeang where a camera had been placed. Trapeang 
habitat surveys were completed in February 2017 at the 
peak of the dry season. Trapeang composition was estimated 
in percentages in a method similar to that of Wright et al. 
(2010). The percentage of open water, exposed vegetation 
cover (including grass, sedge and Sesbania), dry grass, 
submerged grass, sedge (dry and submerged), Sesbania 
(dry and submerged), and bare ground were all estimated 
visually by the same observer at each site. The relative area 
of each trapeang was estimated by multiplying the maximum 
length and breadth of the pool measured using a handheld 
GPS (Garmin GPSMAP® 64s). Pig activity, which can 
affect vegetation structure (Gray et al., 2020), was assessed 
categorically with a score from zero (no pig activity) to five 
(entire perimeter of the trapeang disturbed). The effect of 
Asian elephant (Elephas maximus) and cattle on trapeangs 

was not assessed as elephants were not present in the study 
area and it was not possible to consistently identify the 
impact of cattle on trapeangs. Percentage canopy cover was 
estimated visually, and the distance between the tree used 
for the camera trap and the next closest two trees was also 
measured to represent forest density. Larger-scale covariates 
such as distance to forest and human infrastructure are also 
likely to play a role in determining Eld’s deer distribution, 
however, as we did not have access to such data, we were 
unable to include it in our analyses. 

Eld’s deer site use. These distances between our camera 
traps fall well within home range estimations for Eld’s 
deer (Pan et al., 2014). Therefore, we have focused on 
intensity of use at each site rather than site occupancy in 
our analyses. Relative intensity of site use by Eld’s deer at 
each trapeang was modelled using a state occupancy model 
in the unmarked package (Fiske & Chandler, 2011) in R (R 
Core Team, 2021) based on the presence data recorded from 
camera traps. As our detections were expected to be low, 
we used a month as our trapping period, giving at least two 
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(maximum five) samples at each camera trap station which we 
treated as repeats in our statistical analyses. Habitat features 
were used as explanatory variables in order to investigate 
preferred trapeang habitat for Eld’s deer. Distance of the 
nearest tree to the camera, distance of the second closest 
tree to the camera, trapeang size, percentage of the trapeang 
affected by pig activity, percentage of submerged grass and 
percentage canopy cover were used as potential predictors 
of site use intensity. Models were compared and ranked 
using AIC scores with the ‘best’ model having the lowest 
score. Models with ΔAIC < 2 were considered to have equal 
support and the most parsimonious model was preferred 
(Burnham & Anderson, 1998). Model selection was first 
applied to detection covariates (distance to the trapeang, 
camera height, aspect and distance to the next closest tree) 
and, once selected, these were held constant in models where 
occupancy covariates were selected. 

Genetic sample collection. Faecal samples were collected 
from Chhaeb Wildlife Sanctuary during February and March 
2017 (Fig. 1), which are Cambodia’s driest and hottest 
months, when temperatures average between 24°C to 35°C 
(Thoeun, 2015). During the dry season, species are unable 
to obtain sufficient moisture from surface water sources that 
are frequently available during the wet season, and thus visit 
trapeangs, more persistent water sources, more frequently 
(Valeix, 2011). Therefore, active trapeangs (where water 
was present) were targeted for faecal sampling to maximise 
discovery. At each trapeang location, three observers walked, 
in turn, a loop around the trapeang scanning a transect width 
of approximately 2 metres. Putative Eld’s deer samples were 
identified by the shape (oblong) and size (1.5–3 cm) of the 
pellets, based on comparison with pellets from captive Eld’s 
deer in Cambodia. The only other species within the study 
area that produces a faecal pellet similar in shape and size to 
that of the Eld’s deer is the northern red muntjac (Muntiacus 
vaginalis) which, although smaller, has dung that is visually 
congruous and may have been collected as an assumed 
Eld’s deer pellet (Gray et al., 2012). All collected samples 
were assigned a confidence of Eld’s deer origin score: 3 = 
highly likely, 2 = likely, and 1 = possible Eld’s deer dung. 
Pellets were identified as being from a single individual by 
their close proximity to one another within the dung pile, 
and similar visual appearance. 

Faecal samples were swabbed using an easy-snap cotton 
swab (Fisherbrand, Loughborough) that had previously 
been dipped in ASL buffer (Qiagen Inc., Crawley), as per 
Ramón-Laca et al. (2015). The swab tip was then placed 
in 500 μl of ASL buffer and stored at −20°C upon arrival 
at base camp until shipment to the UK, under the DEFRA 
import permit ITIMP17.0352. No export permit was required 
for these samples. 

DNA extraction. DNA extractions were carried out using 
the QIAGEN DNeasy Blood and Tissue kit (Qiagen, 
Manchester, UK), as per the manufacturer’s protocol, with 
the following alterations to maximise yield (Peters et al., 
2020). The incubation step was increased to 48 hours in 
order to achieve complete sample lysis and swab tips were 

then placed into a QIAshredder spin column to remove all 
of the lysate retained within the cotton. Samples were eluted 
using 70 µl of elution buffer, which had been heated to 70°C, 
with a five-minute incubation. This was then repeated for a 
final elution volume of 140 µl.

Primerless PCR. Primerless PCR has been shown to 
increase DNA quality and improve amplification success 
in subsequent primered PCR reactions (Peters et al., 2020). 
DNA extracted from each sample was exposed to a primerless 
PCR cycle using illustra™ PuReTaq Ready-To-Go™ PCR 
Beads with a final volume of 25 µl including 5 µl of DNA 
template. Samples were subjected to a PCR cycle with the 
following cycling parameters: initial denaturation at 95°C 
for 5 minutes, 10 cycles of 95°C for 30 seconds, 55°C for 
30 seconds, 72°C for 60 seconds, 35 cycles of 95°C for 30 
seconds, 50°C for 30 seconds, 72°C for 60 seconds, and a 
final extension at 72°C for 5 minutes.

Species identification. Species-specific primers were 
designed, in MEGA7 (Kumar et al., 2016), within the 
cytochrome b region of the mitochondrial DNA (mtDNA) 
(GenBank accession no.: NC_014701) (unpublished 
data). The target length of the species-specific sequence 
was 69  bp using the following primers: SS5F: 5′–
CCATACATCGGCACAAATC–3′ and SS5R:  5′–
GTTGGGTTATTGGATCCT–3′. The species-specific 
primers were tested against the other most likely species to 
have been collected during the faecal sampling, the northern 
red muntjac. In the known species trials, Eld’s deer samples 
had positive amplification whereas the red muntjac had no 
positive amplification.
	
PCR was conducted using illustra™ PuReTaq Ready-To-
Go™ PCR Beads with a final volume of 25  µl including 
19.5 µl of sterile H2O, 0.5 µl of primers and 5 µl of primerless 
treated DNA sample. Samples were subjected to a PCR cycle 
with the following cycling parameters: initial denaturation 
at 95°C for 10 minutes, 35 cycles of 95°C for 45 seconds, 
53°C for 60 seconds and 72°C for 120 seconds, and a final 
extension at 72°C for 10 minutes. The presence of a band 
when PCR product was visualised using gel electrophoresis 
was recorded as a positive result for the presence of Eld’s 
deer DNA. All samples identified as belonging to Eld’s deer 
were used in further analyses.

RESULTS

Eld’s deer presence. Camera traps made 20 Eld’s deer 
records across 3,905 trap-nights giving a trapping rate of 
0.005 records per trap-night and a naive occupancy of 0.29. 
Swabs from 71 faecal samples were collected in the field and 
45 were positively identified as Eld’s deer following DNA 
extraction and amplification with species-specific primers. 
There were 26 remaining samples which did not positively 
amplify as Eld’s deer. Positive identification to species level 
of all faecal samples collected in the field was thus 62%. 
Confidence scoring of physical dung identification determined 
that 60 of the 71 samples were Highly Likely to be Eld’s 
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deer. Of these samples, genetic identification confirmed 72% 
(43 samples) of this category were in fact Eld’s deer (Table 
1). Within the 26 samples that did not positively amplify as 
Eld’s deer, nine had a confidence score of 1 or 2, meaning it 
was felt only Possible or Likely that the faecal pellets were 
deposited by an Eld’s deer. The remaining 17 samples did 
have a confidence rating of 3, Highly Likely to be Eld’s deer, 
however, notes made at the time of sampling recorded that 
14 samples were in a degraded state. In the areas which were 
both sampled for faeces and had camera traps deployed, we 
detected Eld’s deer at a considerably larger number of sites 
using cameras (29%) than faecal sampling (1%).

Eld’s deer site use intensity. The ‘best’ model for predicting 
site use intensity for Eld’s deer in Chhaeb Wildlife Sanctuary 
contained no covariates affecting either detectability or site 
use intensity. The model predicted Eld’s deer occupancy 
in the park to be 0.5 (S.E. = 0.171) and detectability to be 
0.21 (S.E. = 0.076). This model was the simplest from a 
candidate set in which six models had ΔAICc < 2. Model 
averaging of this subset of models suggests that the diameter 
of nearby trees (β = 6.3) and the percentage of water visible 
in the trapeang (β = 1.7) both positively influence Eld’s deer 
site use intensity (Ψ) whereas signs of human (β = −60.1) 
and pig activity (β = −31.3) both negatively influence Eld’s 
deer site use intensity. Medium (β = 37.3) and, particularly, 
small trapeangs (β = 106.7) were associated with a higher 
intensity of site use than large trapeangs. 

DISCUSSION

Both our camera trap surveys and genetic analyses 
demonstrate that Eld’s deer are present in Chhaeb Wildlife 
Sanctuary, although the number of detections relative to 
sampling effort was low in both cases. Eld’s deer are highly 
restricted in range in Cambodia and occur at very low 
densities within fragments of remaining habitat due to hunting 
and habitat loss (Gray et al., 2012). Previous surveys have 
had very low detection rates. McShea et al. (2005) recorded 
Eld’s deer in only 0.03% of the 1 km2 blocks surveyed using 
camera trapping and transect surveys, Suzuki et al., (2017) 
found a naive occupancy of only 0.02 using camera traps, and 
Gray et al. (2012) had only two Eld’s deer detections using 
line transect surveys across 143 transects. However, despite 
their low detectability, our camera trap and faecal records 
demonstrate widespread use of Chhaeb Wildlife Sanctuary 
over several months by Eld’s deer. Surveys for Eld’s deer 
in this area are likely to be costly and have low success and 
so, optimising methods for long-term monitoring of Eld’s 
deer that meet both economic and scientific objectives is an 

important step for this species. Therefore, survey methods 
need to assume detectability will be low and concentrate 
on longitudinal approaches (i.e., surveys repeated over 
time rather than ‘point’ surveys)—both of the methods we 
trialled do this to some extent but our faecal sampling could 
have been repeated during camera maintenance to increase 
this aspect.

Our models suggest that the trapeangs sampled have a 50% 
chance of being occupied by Eld’s deer during the time of 
survey and that the intensity of site use was not strongly 
related to habitat features. However, all of our cameras were 
in forest previously shown to contain Eld’s deer (Trisurat 
& Bhumpakphan, 2018) and trapeangs are important water 
sources, so all areas likely represent potentially good habitat 
for the species (Pin et al., 2020). Therefore, our models may 
have lacked the necessary power to detect small differences 
in habitat quality. We were also unable to investigate the 
impact of landscape scale drivers of Eld’s deer distribution 
such as anthropogenic infrastructure and habitat configuration 
due to a lack of data but these factors are likely to have an 
influence on resultant habitat use. Nevertheless, indications 
from model averaging suggest some aspects of trapeang 
structure may also be important. Water levels were positively 
related to Eld’s deer site use which may indicate permanence 
and provide a more stable water source for deer throughout 
the year. Trapeang depth and area have previously been 
shown to be related to use of trapeangs by Eld’s deer (Pin 
et al., 2020). Very few trapeangs retain water all year around 
(Koehncke, 2010). Gray et al. (2015b) demonstrated that 
deepening trapeangs can improve their water retention, 
with Eld’s deer recorded at these modified trapeangs. A 
positive relationship with tree diameter suggests more 
mature forest and tree cover as has previously been shown 
to be related to Eld’s deer presence (McShea et al., 2005). 
Further surveys across a wider range of habitats and with 
more specific measurements of trapeang structure and the 
surrounding habitat could offer further insight into potentially 
beneficial habitat management within the forest and Eld’s 
deer distribution throughout the annual cycle. 

Model averaging showed a negative relationship with both 
human and pig activity (wild or domestic/feral). Pigs can 
act as ecosystem engineers and pig activity could change 
water chemistry as well as the structure of both trapeangs and 
surrounding habitat (Mihailou & Massaro, 2021). Harvesting 
of Eld’s deer is a problem across their range, and hunting 
of both Eld’s deer and other species remains a problem in 
Cambodia (Loucks et al., 2009; Harrison et al., 2016; Gray 
et al., 2018). Previous work has demonstrated that Eld’s 
deer presence is negatively related to proximity to villages, 

Table 1. Confusion matrix for potential Eld’s deer faecal samples indicating the confidence category to which each sample was assigned 
and the number of samples for which identification was confirmed genetically.

‍
Confidence Category

Possible (1) Likely (2)  Highly Likely (3)

Genetic identification confirmed 2 (33%) 0 (0%) 43 (72%)
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which suggests, at the very least, a negative impact from 
some aspect(s) of human presence (Gray et al., 2018; Pin 
et al., 2020). 

Despite low estimated species detectability using faecal 
samples (1%), Eld’s deer DNA amplification was successful 
in 62% of samples. Given the unknown period of time that 
faecal samples were in the field in tropical conditions and 
the impact that heat and time has on DNA quality, this 
amplification success rate is comparable to other herbivore 
faecal DNA studies (Maudet et al., 2004; Woodruff et 
al., 2015). We cannot be 100% confident in the physical 
identification of dung to be that of Eld’s deer in this area 
due to the presence of red muntjac, whose dung has a 
similar physical appearance (Gray et al., 2012). However, 14 
samples classified as Highly Likely to belong to Eld’s deer 
based on their physical appearance were noted as degraded 
upon collection: old with white spots in appearance or 
collected after a heavy rainstorm. The condition of these 
faecal pellets prior to swabbing may have hindered DNA 
collection, resulting in a false negative for those samples. 
Failed DNA amplification could either be due to limited DNA 
extraction or the sample being from a non-target species. A 
DNA quantification step after extraction (Adams et al., 2019) 
could determine whether limited DNA extraction was the 
cause. Alternatively, faecal material could be searched for 
hair samples to provide samples with better chance of DNA 
amplification. Non-invasively collected genetic information 
has been widely applied for individual identification (Brook et 
al., 2012), to estimate population size (Hedges et al., 2013), 
and for creation of conservation management units (Hajji et 
al., 2007) among other analyses (for a review, see Waits & 
Paetkau, 2005). One advantage that remote methods such 
as camera trapping have over the faecal sampling protocol 
we used is that they allow the collection of data over long 
periods. We have evidence from camera trapping that in some 
locations, although no Eld’s deer faeces was found on our 
surveys, Eld’s deer later used the habitat in that location. 
One improvement to our faecal sampling protocol would 
be to repeat the sampling occasions over several months 
in the same way that the camera traps were deployed. In 
this way, we could account for imperfect detection in our 
genetic monitoring and increase the accuracy of any estimates 
of species distribution or abundance. This change would 
increase the costs of the fieldwork and laboratory analysis; 
however, it could still be argued that the cost of monitoring 
in this way would be comparable to the cost of purchasing 
and deploying a camera trap array.

One advantage of faecal sampling over camera traps is that 
faecal searches can be made over a wider area and are not 
subject to the same field of view restrictions of cameras (Apps 
& McNutt, 2018). Detection in the field of faecal samples 
could also be improved using trained dogs (Arandjelovic et 
al., 2015) or through increased search time and effort. Other 
than increasing the number of cameras and using differing grid 
designs, this increase in search efficiency is not possible with 
camera trapping. Additionally, genetic monitoring provides 
a range of information of value to population monitoring 
which cannot be collected through remote cameras such 

as subspecies assignment, population structure, genetic 
diversity, and presence of inbreeding (Balakrishnan et al., 
2003; Hajji et al., 2007; Edelhoff et al., 2020; Ghazi et al., 
2021). However, camera trapping itself can provide additional 
information that genetic methods applied to degraded faecal 
DNA are unlikely to be able to produce, such as productivity 
and population age-structure (Macauley et al., 2020). Genetic 
methods also incur substantial additional costs per sample, 
whereas the increase in costs for additional image processing 
from camera traps is much smaller and camera traps have 
the potential to capture information about other important 
species with limited additional costs.

The gathering of information on the genetic status of 
Eld’s deer would be highly beneficial for the conservation 
management of this species, as records indicate that 
populations in Cambodia are now mainly restricted to 
nine locations (Ladd et al., 2021); with no knowledge of 
population connectivity, gene flow, or inbreeding levels. The 
current captive populations of Eld’s deer are not managed 
to promote genetic diversity (Gray et al., 2019). Without 
genetic monitoring of both captive and wild populations, 
reintroductions or translocations may have the potential to 
inadvertently further reduce the genetic health of Eld’s deer 
(Ladd et al., 2021). Despite the additional costs associated 
with genetic monitoring, Eld’s deer populations, such as this 
one in northern Cambodia, are at severe risk of extinction, and 
detailed information about their demographics, distribution 
and genetic health is sorely needed. As such, it is important 
that monitoring efforts are maximised wherever possible.

Overall, our data demonstrate that Eld’s deer were still present 
in Chhaeb Wildlife Sanctuary in 2017 but our encounter rates 
were low. We suggest that camera traps are most suitable 
for maximising detectability in order to estimate occupancy 
or intensity of site use of Eld’s deer, but recommend that 
faecal samples are collected during camera trap monitoring 
visits in order to maximise efficiency, increase detectability, 
and provide the most information to support conservation. 
Camera trapping surveys for this species are likely to require 
long periods of monitoring and covering large areas to 
monitor the species effectively. There are additional costs 
associated with the collection, storage, and processing of 
genetic samples, but the additional information which can 
be revealed using genetic approaches, alongside information 
from camera trapping, could be vital in understanding and 
mitigating the threats that this small and potentially isolated 
population continues to face.
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