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ABSTRACT

Context. Camera traps are available with infrared or white flash, with the former being more
commonly used. However, white flash produces colour night-time photographs that can be
critically useful for both species and individual identification. White flash was thought to cause
more disturbance to wildlife than was infrared and this may lead to camera avoidance. Evaluating
the extent of this response, and differences between the flash types, is useful to develop
improved survey designs. Aims. This research aimed to quantify the behavioural responses of
Eld’s deer to white and infrared flash, to determine whether white-flash cameras were suitable
for use in population surveys of this species. Methods. A behavioural ethogram was used to
quantify the responses of the deer to the two flash types, as well as the responses of different
sex-age classes and group sizes when encountering a camera trap. Additionally, the detection
rate for white flash and infrared flash cameras was compared through time, to determine any
pattern of avoidance. Key results. While deer were more likely to observe and be startled by
white flash than infrared, this did not adversely affect the detection of the deer, with no
significant change in the detection rate between the two different flash types over time. Group
size was found not to influence behavioural response when encountering camera traps, whereas
different age–sex classes of deer showed very few differences in response to camera traps.
Conclusions. White flash cameras were found to be suitable for Eld’s deer population surveys
and were beneficial in providing colour night-time photos that allow for spotted female deer to
be individually identified. Implications. Practitioners should not be concerned about the
influence of white flash when using camera traps to monitor populations of Eld’s deer, and using
white flash is recommended when individual identification is required.

Keywords: animal behaviour, avoidance, camera trap, deer, detection, flash type, monitoring bias,
wildlife monitoring.
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Camera traps are a valuable tool for monitoring long-term trends in wildlife populations. 
There is a need to optimise and refine camera trap methods to ensure that the most reliable 
and informative results are achieved (Kelly 2008), particularly for populations that are 
challenging to monitor, such as Eld’s deer (Rucervus eldii), an endangered species with 
several small populations. Eld’s deer is a dry tropical forest specialist endemic to 
Southeast Asia, with three officially recognised, geographically distinct subspecies. The 
exact status of the species in Cambodia is less well understood owing to the difficulty in 
surveying the small, scattered populations remaining (Ladd et al. 2022). Optimising 
camera trapping surveys will improve the rigour of population estimates, resulting in 
better conservation outcomes through more informed planning and decision-making. 

Both spatial and non-spatial forms of capture–recapture, and its derivative mark– 
recapture, analyses are increasingly popular methods for estimating density and abundance 
from camera trap surveys (Borchers and Efford 2008; Royle et al. 2009; Chandler and Royle 
2013). However, these methods require either all, or a subset of individuals within the 
population, to be uniquely identifiable (Royle et al. 2009; Chandler and Royle 2013; 
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Efford and Hunter 2018). Although similar approaches have 
been developed for unmarked species, the estimates are 
typically much less precise (Rowcliffe et al. 2008; Chandler 
and Royle 2013; Ramsey et al. 2015). Many carnivores, 
and, in particular, felids often have distinct pelage patterns, 
allowing identification from naturally occurring marks, 
such as a tiger’s (Panthera tigris) stripes (Karanth 1995). 
The use of natural marks has also been used for species 
without such obvious markings, such as pumas (Puma 
concolor) and chimpanzees (Pan troglodytes), by utilising 
more subtle characteristics (Kelly et al. 2008; Després-
Einspenner et al. 2017). Artificial markings, such as ear tags 
or collars, can also be used to identify a proportion of the 
population. However, this can add significant logistical and 
resourcing challenges, as well as introducing a risk to the 
target species through handling. The use of natural markings 
for identification is highly preferable for Eld’s deer because of 
limited management resources (Ladd et al. 2022). Only adult 
males are routinely identifiable by their antlers. A subset of 
the adult female population retains pelage spot patterns, 
which can be used for identification during a survey period, 
and in both males and females, scars and ear nicks may 
provide additional markings. Unfortunately, the spot patterns 
are not visible in the black-and-white photos produced by 
infrared flash cameras at night, when the deer are most 
commonly detected (R. Ladd, unpubl. data). 

Earlier in the development of camera traps, the standard 
flash was a white light xenon flash. However, there were 
reports of avoidance of white flash camera traps by some 
target species such as kinkajous (Potos flavus) and tiger 
(Wegge et al. 2004; Schipper 2007). Technological advances 
led to the development of infrared flash cameras, and they 
have become the most widely used camera trap for 
ecological research and monitoring, with marketing claims 
that animals cannot see the infrared light (Meek and Pittet 
2012). However, the part of the infrared spectrum used by 
camera traps generally falls within the range visible to many 
species, particularly the nocturnal–crepuscular species often 
targeted by camera trap studies (Newbold and King 2009; 
Meek et al. 2014). Despite concerns of greater disturbance, 
the colour night-time photographs produced by white flash 
cameras (either xenon or newer LEDs) can be essential for the 
identification of some species that have similar morphology 
(Meek and Pittet 2012). They also ensure that the more 
subtle pelage patterns of some species are visible and clear, 
which is essential for individual identification. For Eld’s 
deer, colour night photos are needed to see individual spot 
patterns in a subset of the population, and this visibility 
will potentially lead to a higher number of identifications 
and less ambiguity in their identities. However, if Eld’s deer 
has a strongly negative response to white flash cameras and 
avoid them, the reduced detections will eliminate any 
benefits of increased identification. 

There have been a few investigations into the behavioural 
responses of animals to camera traps (e.g. Glen et al. 2013; 

Gregory et al. 2014; Meek et al. 2016). However, it was not 
possible to discern from these studies which stimuli the 
animals are responding to. Camera traps produce sounds and 
light, as well as being a novel object in the environment, and 
animals could respond to any one or a combination of these 
stimuli (Meek et al. 2014). Arboreal deployment of infrared 
camera traps in a tropical forest found no reduction in 
detections over time, suggesting that the cameras do not 
cause significant disturbance (Gregory et al. 2014). However, 
an investigation of responses of Australian predators found 
that the majority of cats (Felis catus), foxes (Vulpes vuples) 
and wild dogs (Canis familiaris) observed and responded to 
the camera traps, with similar response rates between day 
and night except for cats, which were more likely to detect 
the camera during the day (Meek et al. 2016). 

Explicit examination of the effects of different flash types is 
similarly limited, but differences have been found both within 
and among species. Stoats (Mustela erminea) were found to 
exhibit signs of wariness regardless of flash type, whereas 
domestic cats exhibited variable individual responses during 
a controlled study (Glen et al. 2013). In a field study, there was 
no reduced detection rate of cats by white flash camera traps, 
and no indication of more negative responses to white flash 
than to infrared (Taggart et al. 2020). No differences in 
detection rate were found in a comparison of white, standard 
infrared and high-wavelength infrared flash camera traps for 
red deer (Cervus elaphus) and roe deer (Capreolus capreolus; 
Henrich et al. 2020). However, behavioural response differ-
ences were found among species and among sites for the 
two different infrared flash camera types and day-time 
detections, although no comparison was made with white 
flash (Henrich et al. 2020). A comparison of differences in 
detection probability at infrared or white flash camera traps 
for five common metropolitan species in the United States 
found infrared flash cameras resulted in a higher detection 
probability for some species than did white flash cameras; 
however, this was significant only for one species, the brown 
rat (Rattus norvegicus; Herrera et al. 2021). These studies 
indicated the need for information specific to the targeted 
species population about their behavioural response to 
camera trap flash type and consideration of behaviour 
when choosing a flash type for objectives of a particular study. 

In this study, we quantify the behavioural responses of 
Eld’s deer to white and infrared flash cameras in a wildlife 
sanctuary in Cambodia during a camera trapping survey. 
We hypothesise that (1) behavioural reactions will occur 
most frequently when encountering white flash cameras, 
less often when encountering infrared flash cameras, and 
occur least often when no flash fires during the day; 
(2) responses to camera traps will differ depending on the 
age, sex and group size of the deer; and (3) over time, after 
negative reactions, avoidance of camera traps will lead to a 
decrease in the detection rate. The results will be used to 
develop improved survey methods for monitoring Eld’s deer. 
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Materials and methods

A camera trap survey was conducted in Siem Pang 
Wildlife Sanctuary (SPWS), Stung Treng Province, Cambodia, 
to estimate the population size of Eld’s deer (Ladd 2022). The 
sanctuary includes deciduous dipterocarp, semi-evergreen 
and riverine forest habitats at low elevations (<350 m asl). 
This survey was undertaken entirely within the deciduous 
dipterocarp forest (DDF) in the south of the sanctuary. The 
area has strongly seasonal rainfall, with the rainy season 
occurring May–October and the dry season occurring 
November–April. 

Data were collected from late December 2019 to early June 
2020 across two adjacent blocks, surveyed consecutively, to 
allow for a higher density of camera trap sites within the 
survey area. Logistical challenges meant that white flash 
camera traps were available in the second half of the survey 
only and these were added to the second survey block to 
increase the number of camera trap sites. The addition of 
white flash cameras to the original infrared flash cameras 
allowed for the investigation of differences in behavioural 
responses and detection rates between the two different 
flash types, discussed in the present paper. A comparison of 
the two camera trap types will inform future surveys of the 
utility of white flash and whether they provide an advantage 
for identifying individual Eld’s deer. 

A grid was used to demarcate the survey area, with cells of 
1 km2, and the area was divided into two adjacent blocks, 
surveyed consecutively; Block 1 consisted of 32 sites active 
from late December to mid-March, and Block 2 consisted 
of 51 sites active from mid-March to early June (Fig. 1). 
One camera trap was positioned within 200 m of the centre 
of each 1 km2 cell, resulting in an average trap spacing of 
862 m. The exact camera location was selected on the basis 
of advice of a local ranger, so as to maximise Eld’s deer 
photo captures. However, cameras were not aimed directly 
towards a water source or other attractive feature, so as to 
avoid creating a subset of naturally lured sites, as well as to 
reduce the likelihood of human interference. In Block 1, 
Reconyx Hyperfire HC600 infrared cameras were used. In 
Block 2, 31 Reconyx Hyperfire HC600 infrared flash and 
20 Reconyx HP2W white flash cameras were used. The 
two camera trap flash types were randomly allocated to 
sites in the block. No confounding factors across the two 
consecutively surveyed blocks were defined because the site 
is homogenous and population sampling by camera trap will 
always have covariates that may influence detection but are 
too difficult to identify and measure, as such they are not 
typically addressed in camera trapping studies. 

Cameras were mounted on trees, approximately 0.8 m 
above the ground and vegetation within 2 m of the cameras 
was slashed to minimise the risk of fire damage and to 
ensure an open field of view. Five photographs were taken 
per trigger, with no delay between triggers, and the cameras 

were set for high sensitivity. The HC600 cameras were set to 
fast-shutter night mode, whereas the HP2W cameras were set 
with a high flash output, 1/480th shutter speed and Max ISO 
of 3200. The HP2W were also put into the Hyperfire legacy 
PIR type to minimise detection differences between the 
two models. Memory cards were collected and batteries 
changed twice during each deployment block. 

Animal detections were assigned metadata tags identifying 
the species present by using the program ExifPro 2.1 
(Kowalski 2013). Eld’s deer detections were delineated into 
temporally independent events by using a 6-min interval, 
with researcher discretion used in some cases of obviously 
new individuals not part of a group (R. Ladd, P. Meek, 
L. Leung, unpubl. data). All detection events of Eld’s deer 
were also assigned secondary metadata tags with the sex, 
age class and group size of the individuals captured. Events 
in which the deer responses could not be observed, such as 
when the face of the animal was not photographed or the 
animal was too distant, were excluded from the analysis. 
For events containing multiple individuals, each animal had 
their behaviour scored separately. 

An ethogram enables the accurate and consistent recording 
of observed behaviours, with a typical ethogram consisting 
of a list of behaviours exhibited by the target species, which 
have descriptive definitions (Martin and Bateson 2007). To 
describe the behavioural responses of the deer to the camera 
traps, including their awareness of the traps, movements and 
actions exhibited, an ethogram was developed, adapted from 
Meek et al. (2016) (Table 1). Additionally, the direction in 
which the animal approached the camera was also noted 
when it could be determined. The use of an ethogram and a 
single observer (RL) to conduct the behavioural assessment 
ensured consistency and reduced the possibility of observer 
bias and misinterpretation of behaviour. Data from both 
survey blocks were analysed using the ethogram. 

Recognition of the camera trap was categorised as the 
animal detecting the camera, not detecting it, or giving no 
indication that they have detected it, despite being orientated 
to observe the camera trap. In the case of white flash cameras, 
it was assumed that when the flash triggers at night, all deer in 
the vicinity of the camera would notice the light, but the deer 
may not exhibit an observable response. Therefore, for white 
flash cameras activating at night, deer are assumed to have 
always detected the camera trap and were tagged as either 
detecting the camera or as exhibiting no response, whereas 
an individual encountering an infrared flash may alternately 
be tagged as not detecting the camera. Behavioural responses 
also included the individual’s reaction to the light, even when 
they did not explicitly recognise the device causing the flash. 
For example, the animal is not observed looking towards the 
camera trap, but may instead pause or look around in the 
opposite direction of the camera. All animals that either did 
not detect the camera trap or gave no response to it were 
assumed to continue past the camera without being 
influenced by it. 
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Fig. 1. Map of Siem PangWildlife Sanctuary in north-eastern Cambodia (shaded area of inset map) and the camera trapping array
in the south of the sanctuary. Camera sites of Block 1 are indicated by black circles, and camera sites of Block 2 are indicated by grey
circles.
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Table 1. Behavioural ethogram for scoring Eld’s deer responses to camera trap (CT) flash, adapted from Meek et al. (2016).

Direction of approach

Away CT Animal is moving away from CT

Towards CT Animal is moving towards the CT

Side Approaches from the side of the CT

Unknown Unclear direction of passage, function of CT detection failure/late triggering. Includes events even when approach direction is able to be
reasonably deduced.

Recognition of camera trap

CT detected CT recognised by animal, obvious by the visual detection and eye contact in image

CT undetected No obvious visual response from the animal, usually as moving away from the CT

No response Animal directly in front of CT and appears to ignore it/no indication the CT is actually observed

Behavioural response

Glance A brief glance at the CT, i.e. CT is seen but no continued recognition

Stare continue Sustained visual recognition of the CT, as it continues to move past the CT in original direction of travel without pause

Stare stop Animal stops and sustains observation of the CT for a series of images

Listen stop Animal stops, does not look towards CT, but ears flick indicating listening

Inspect CT is approached and inspected, visually and/or by sniffing/listening

Alert Animal pauses in movement/behaviour, does not look directly at CT, with head up and alert

Startle Obvious startled response e.g. sudden step back/tosses head, but stays within CT view and does not immediately flee

Movement past camera trap

Walk avoid A deliberate avoidance where the animal changes direction of travel to pass wide of the CT

Walk back Direction of travel changes after detection of the CT and the animal turns and walks back in the direction of origin

Walk past Original or similar direction of travel, or if original direction is unknown, a likely direction of travel, is continued and the animal passes
the CT, with no change in pace or direction

Retreat Fear response where the animal moves rapidly back in the direction of origin or away

Unobserved Passage of the animal out of CT field of view is not recorded

The quantitative behaviours were grouped into response 
categories for analysis, similar to those used by Meek et al. 
(2016), including the following: Observe, where the animal 
displayed a visual change in behaviour that indicated observa-
tion of the camera, including awareness of the camera trap 
without looking directly at it; Startle, a response in which a 
change in facial expression or behaviour occurred, e.g. 
changing posture, direction of travel or stopping, indicating 
awareness and increased alertness; Approach, where the 
animal detected the camera trap and changes behaviour to 
move towards or investigate the camera; Repulsion, where 
the camera is detected and the animal does not continue in 
the original direction of travel, walking back, away or a 
complete flight response; and lastly, Continue, in which the 
animal resumes passage in its original direction, or a close 
approximation to the original direction, after detection. A 
single event of a lone individual could therefore potentially 
be included in four out of five categories when describing 
their response, with only Repulsion and Continue responses 
not able to occur within the same event. 

Analysis was conducted in R ver. 4.0.4 (R Core Team 
2021). Behavioural responses were analysed as proportions 

of the population sample, with confidence intervals (95%), 
by using a likelihood-ratio test in the R program ‘binom’ 
(Dorai-Raj 2014) according to flash type to test Hypothesis 
1, and according to sex, age class, and group size to test 
Hypothesis 2. Results are presented as percentage values 
with 95% confidence intervals, with a significant difference 
occurring when the confidence intervals between a set of 
values do not overlap. 

To test whether the camera trapping rate declined within 
flash types (Hypothesis 3), we counted the number of events 
per 24 h interval at each location, beginning at midnight after 
camera trap placement. A possible influence of the flash type 
and days since deployment on the number of events per day 
was assessed using a negative binomial generalised linear 
mixed model (GLMM), with camera trap location as a 
random effect and no interaction term, using the R package 
‘glmmTMB’ (Brooks et al. 2017). Only data collected in 
Block 2, where white flash and infrared flash cameras were 
operating simultaneously, were used to fit the GLMM model 
to negate any possible temporal effects between the two 
consecutively surveyed blocks. The significance (α = 0.05) 
of the variables of the zero-inflated model were assessed by 
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analysis of deviance (Type III Wald chi-squared test) by using 
the R package ‘car’ (Fox and Weisberg 2019). 

Ethics statement

Research for this study was conducted with an animal ethics 
approval from the University of Queensland’s Native and 
Exotic Wildlife and Marine Animals Ethics Committee 
(SAFS/072/16 and ANRFA/086/19/Cambodia). 

Results

In total, 321 independent events of Eld’s deer were recorded 
(Table 2). Of these, 272 were of at least one individual suitable 
for scoring behaviour. This resulted in a total of 462 individ-
uals scored for behavioural response. There were more 
than three times as many individuals scored for behaviour 
captured by infrared flash than white flash, and more day-
time detections than white flash detections (Table 2). White 
flash camera traps lead to improved identification of adult 
females because their identification depends on the visibility 
of pelage spot patterns that are not perceptible by infrared 
flash. Including day-time detections, adult female detections 
by white flash cameras were individually identified 13% of 
the time, compared with only 3% of infrared flash camera 
detections of adult females. Adult females were also more 
than twice as likely to be detected than were adult males. 
Deer approached the camera from behind, so that they 
were recorded walking directly away from it 12% of the 
time. Deer approached directly towards the camera 7% of 
the time and came from the side 40% of the time. The 
direction of approach was unclear for 41% of individuals. 

For both infrared flash detections and day-time detections 
with no flash, the percentage of deer that did not detect the 
camera were high, at 76% and 79% respectively, and when 
combined with the deer that made no response, the percent-
age of deer that did not observably react on encountering an 
infrared or day-time camera trap increases to 89% and 88% 
respectively (Fig. 2). Although it was assumed that all individ-
uals would detect the white flash, 44% of individuals 
exhibited no response to the light. A higher percentage 
of individuals exhibited a behavioural response when 
encountering white flash cameras. However, there was no 

Table 2. Total number of independent Eld’s deer events, the total
number of events used in behavioural scoring and the total number
of individuals scored for their behaviour, according to flash type.

No flash Infrared White Total
(Day) flash flash

All events 69 200 52 321

Events scored for behaviour 56 166 50 272

Individuals with behaviour scored 106 271 85 462

significant difference in the percentage of individuals that 
approached the camera, or in the percentage of individuals 
exhibiting a repulsion response for white flash and infrared 
flash cameras. A repulsion response, which included back-
tracking, changing direction to pass the camera at a greater 
distance or a flight response, occurred only once during 
the day time when no flash was triggered. When no flash 
or infrared flash was used, nearly all deer, namely 99% 
and 97% respectively, continued past the camera with no 
repulsion response. The percentage of deer encountering 
white flash cameras that continued past was significantly 
lower than for infrared or no flash, but at 78% it was still a 
high percentage of deer. 

Few significant effects were found within Hypothesis 2, 
namely, fawns and juveniles were the least likely age class 
to exhibit a behavioural response to camera traps, and 
showed significant differences with adult females in both the 
Observe and Startle behaviour categories (see Supplementary 
material, Fig. 1). No other significant differences were 
detected between the age and sex classes. Similarly, no 
differences in behavioural responses to camera traps were 
found regardless of group size (see Supplementary material, 
Fig. 2). 

The GLMM was successfully fitted (Table 3) and the 
analysis of deviance indicated that there was no significant 
effect of flash type or days since deployment on the 
detection rate (Table 4). This indicates that there was no 
decline in trapping rate as a result of avoidance of cameras, 
regardless of flash type, as proposed by Hypothesis 3. 

Discussion

Our experiment has provided solid evidence that there 
is no difference between infrared and no flash day-time 
behavioural response rates of Eld’s deer. However, white 
flash camera traps do result in an increased response rate. 
The overall sample size of this study was constrained by the 
low abundance of this rare deer. Examining the types of 
responses the deer had would be further supported by a 
larger sample. The higher Observe and Startle responses to 
white flash cameras was expected, given deer are assumed 
to always detect the camera; however, 44% of deer exhibited 
no discernible response to the light. Very few individuals 
approached a camera trap, regardless of flash type, which 
suggests Eld’s deer exhibit little curiosity, and are likely 
to exhibit a certain degree of wariness, towards camera 
traps. A repulsion response was recorded more often for 
individuals encountering white flash cameras than for those 
encountering infrared flash cameras, but the difference was 
not significant. However, it should be noted that the overall 
proportion of deer that experienced a repulsion response 
was very low (~3% of all detections). Furthermore, only six 
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Fig. 2. Behavioural responses as proportions of the entire observed population of Eld’s deer with 95%
confidence intervals. Note that the scale differs among categories.

Table 3. Results of the negative binomial generalised linear mixed Table 4. Results of the analysis of deviance (Type III Wald
model for Eld’s deer detections. chi-squared tests) comparing the generalised linear mixed model for

infrared and white flash camera traps.
Overdispersion parameter 0.0824

Zero-inflation model Response: detections

Estimate s.e. P-value χ2 estimate d.f. P-value

(Intercept) 0.384 1.059 0.717 (Intercept) 75.3763 1 <2e–16 ***

Days since deployment −0.081 0.042 0.053 Days since deployment 0.0028 1 0.9580

Flash type (WF) −16.093 3907.116 0.997 Flash type 0.1612 1 0.6881

individuals (1.3%) took flight overall, occurring at least once and juveniles in relation to Observe and Startle responses. 
for each flash type. Males were more likely, but not significantly so, to react 

Our data provided little support for Hypothesis 2, with with a repulsion response. Eld’s deer were  most  often,  and  
differences found only between adult females and fawns with similar frequencies, detected alone or in pairs, with a 
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maximum group size of seven being recorded on two occasions. 
Eld’s deer are typically solitary, with females being associated 
mainly with their fawns. However, they do congregate during 
the rut in the dry season, approximately in April (Aung et al. 
2001), and this time period was sampled during the survey. 
A larger group size may reduce Startle and Repulsion 
behaviours because of a sense of safety in numbers (one 
responds, they all respond). Although a decreasing trend in 
Startle behaviours with an increasing group size was shown 
in the data, it was not significant. 

Behavioural responses are likely to vary according to 
individual traits, and there were some notable behaviours 
being recorded by individuals that were identifiable from 
natural markings. This included an adult male who encoun-
tered the same white flash camera at night approximately 
two weeks apart and, in both detections, a strong flight 
response was observed. With two negative responses and a 
lack of further detections, this may indicate that this particular 
individual was attempting to avoid the camera trap. In contrast, 
an identifiable adult female with a fawn encountered the same 
infrared camera twice, at night, within a couple of days. On the 
first detection she was observed being startled and changing 
direction to avoid passing in front of the camera. On the 
second encounter, two days later, the same adult female and 
fawn showed no response, despite facing the camera. This 
indicates that some individuals may initially exhibit a 
negative response to the camera, but then become habituated 
to the camera. Individual responses to camera traps have also 
been recorded by Meek et al. (2016), such as a particular wild 
dog always keeping distant from the camera trap, even when 
that meant diverging from its social group, and individually 
recognisable cats initially approaching the camera trap and 
then on later visits, ignoring it. Although generalisations 
about species responses to camera traps can be made, it is 
important to note that this is unlikely to be true for all 
individuals in the population. 

A possible short-coming of this study was that there was no 
independent verification of behavioural responses, with only 
the responses of individuals that are both detected by and 
recorded by the camera trap available. It is possible that 
more extreme negative reactions have been missed. Such 
strong repulsion responses may cause the individual to move 
out of the field of view before they can be recorded. Deer 
may also react to the sight and smell of the camera, as 
suggested in other wildlife studies (Séquin et al. 2003; 
Wegge et al. 2004; Larrucea et al. 2007; Muñoz et al. 2014). 
This reaction may take place before the flash fires, and they 
avoid the camera before they can trigger it and be recorded. 
Therefore, it is possible that an under-representation of 
negative responses exists in the data. For example, some 
encounters consisted only of parts of an individual being 
recorded as it withdraws from the camera, which cannot be 
behaviourally quantified, or if an individual avoids the 
camera earlier in the encounter and fails to trigger it at all. 
However, if this is an issue, it is affecting both flash types 

similarly as no significant difference in detection rate was 
found. This problem was overcome by Glen et al. (2013)  in 
their assessment of camera traps in a controlled environment 
where video cameras were operated continuously to record 
all animal encounters with a camera trap inside their pens. 
However, for a large, rare animal such as Eld’s deer, such a 
setup is unlikely to be feasible. 

The advantages of white flash cameras, namely that 
night photographs are both coloured and sharply focussed 
as opposed to pixelated monochrome images from infrared, 
can readily be considered without undue concern for negative 
reactions from Eld’s deer. The white flash cameras allowed 
for improved image quality and the increased identification 
of adult females with spot patterns. This is an important con-
sideration for capture–recapture and mark–recapture studies 
that rely on individual identification from natural markings. 
However, consideration must be given to the potentially 
greater risk of theft and interference when using white 
flash cameras (Meek and Pittet 2012), because they are 
more noticeable at night. We had no theft or interference 
incidents for either camera flash type in this survey; however, 
there have been a few camera trap thefts and vandalism 
in Seim Pang Wildlife Sanctuary in previous years. The 
relative risk of potential data and camera loss through such 
problems needs to be balanced with the advantages of 
colour night-time photos for identification. 

Conclusions

Camera traps are an important and widely used tool in 
conservation management and ecological study; hence, it is 
essential that we understand the influence this tool has on 
the behaviour and detections of the animals under study. 
There are pros and cons of the different flash types in terms 
of the quality of the photographs produced and their 
influence on animal behaviour, and this needs to be carefully 
considered when making a selection. This study provides field 
data on the influence of flash type on the behaviour and 
detection rate of Eld’s deer that helps guide optimised 
camera trap methodology for future studies of population 
trends. We assert that white flash cameras are suitable for 
studies of demography and monitoring Eld’s deer and are 
recommended over infrared camera traps when individual 
identification is a requirement of the study. 

Supplementary material

Supplementary material is available online. 
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