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Introduction

Antelopes and other artiodactyl species constitute a significant component of 
forest and woodland ecosystems both in terms of biomass (White, 1994) and 
ecological services (Feer, 1995). Many species are increasingly threatened by 
habitat loss and hunting for bushmeat (East, 1999). Forest antelopes are 
 primary targets for the trade in bushmeat (Wilkie & Carpenter, 1999; Fa et al., 
2005) and have undergone major local and regional declines as a result (e.g., 
van Vliet et al., 2007). Therefore, understanding the ecology of forest  antelopes 
and monitoring their populations are critical conservation needs. However, 
forest antelopes are difficult to monitor using traditional methods for forest 
mammals as many species are solitary and inactive during the day, while all 
species are shy and spend long periods concealed in dense vegetation. In 
addressing these challenges, biologists have started to employ modern popula-
tion sampling methods.

In this chapter, we provide a brief summary of conventional methods, and 
their limitations, for studying forest antelopes. We then discuss the use of 
remote photographic sampling techniques that are increasingly being 
employed in studies of forest antelopes. We conclude with two case studies 
involving camera‐traps. The first case study involves the critically endangered 
Aders’ duiker (Cephalophus adersi) where camera‐trapping has led directly to 
further research and advocacy for improved conservation of their habitats 
while also providing a tool for long‐term population monitoring. The second 
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case study is in a montane forest ear‐marked for mining development in West 
Africa. It uses camera‐traps to establish a baseline on medium-to-large 
 mammal diversity, of which antelopes form a significant component.

Sampling forest antelopes using conventional methods

Standard methods for monitoring antelope populations in savanna habitats, 
such as aerial or road counts, are clearly not applicable in dense forests. Much 
useful information on forest antelope taxonomy, physiology, and feeding 
 ecology has been obtained through examination of hunted or culled specimens 
(e.g., Hofman & Roth, 2003), and in cases where the number of animals removed 
by hunting is known, removal methods to monitor population size can be used, 
such as catch‐per‐unit‐effort (Lancia & Bishir, 1996). However, such informa-
tion requires close cooperation with hunters, which may not be feasible or legal, 
and such sampling is not suitable for threatened species. Behavioural sampling 
of forest antelope under natural conditions is also  difficult. Whereas captive 
studies have helped provide insights into behaviour (Bowman & Plowman, 
2002) and diet (Plowman, 2002), such studies are  limited by the constraints 
imposed by captivity and few forest antelope species are currently kept in viable 
numbers for long‐term management (Rohr & Pfefferkorn, 2003).

Accurate species identification is a critical requirement for surveys, and yet 
even this can be difficult when sightings are rare, or typically brief, as with 
 forest antelope. Field signs, such as spoor and faecal deposits, can provide an 
indirect measure of presence or relative abundance, but identification to 
 species still needs to be reliable. Dung counts are the most commonly employed 
indirect measure of forest antelope abundance (e.g., Koster & Hart, 1988; 
Plumptre & Harris, 1995; Nielsen, 2006), but identification of dung to species 
has proven to be inaccurate when tested genetically (van Vliet et  al., 2008; 
Bowkett et al., 2009; Faria et al., 2011), even when based on statistical analysis 
of pellet measurements (Bowkett et al., 2013).

Extrapolating absolute abundance estimates from records/counts of animals 
or field signs requires a statistical framework to incorporate the probability of 
detection (Mills, 2013). Such frameworks typically require animals to be iden-
tifiable as individuals, for instance, capture‐recapture methods (Nichols & 
Dickman, 1996), or be reliably detected when close to a sampling point, for 
instance, distance‐sampling (Buckland et al., 2001). As noted above, neither of 
these conditions is easily met for forest antelope. Documented approaches to 
estimating forest antelope abundance include line transect surveys (Struhsaker, 
1997; Rovero & Marshall, 2004; Viquerat et al., 2012), drive counts (Bowland, 
1990; Noss, 1999), territory mapping (Bowland & Perrin, 1994), and extrapo-
lation from dung counts (Schmidt, 1983; Plumptre & Harris, 1995).
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All these survey methods have limitations for long‐term monitoring. Line 
transect methods require sufficient sightings for accurate density estimates and 
are difficult to conduct at night when many forest antelope are most active 
(although see Waltert et al., 2006). Forest antelope are also likely to violate the 
distance‐sampling assumption that animals located at zero distance from the 
transect line are always detected before being disturbed (Buckland et al., 2001). 
Drive counts risk injury to the animals and may be expensive to conduct, as they 
require  multiple skilled people to mind the nets. Territory mapping  usually 
involves radio‐collaring and is therefore more applicable to research than moni-
toring. Extrapolation from dung counts requires accurate faecal deposition and 
decomposition rates amongst other assumptions (Lunt et al., 2007).

An innovative potential survey tool is the use of fake alarm calls to attract 
duikers, as used by traditional hunters in some areas (van Vliet et al., 2009). 
Validation of this method requires data on how far individuals travel to inves-
tigate such calls and how consistent is their response, as has been investigated 
in playback survey methods for birds (e.g., Ratcliffe et al., 1998).

The modern development of non‐invasive genetics, the analysis of DNA 
from materials such as saliva or dung (Taberlet et al., 1999), has numerous 
potential applications to forest antelope monitoring (see also Chapter  9). 
Amplification of species‐specific mitochondrial DNA fragments allows 
 species identification from dung or bushmeat samples (Eaton et al., 2010; Ntie 
et al., 2010a). Such an approach is analogous to DNA barcoding (Hebert et al., 
2003), although the standard universal barcoding gene (COX1) does not dif-
ferentiate some duikers from their sister species (Johnston et al., 2011), so an 
alternative genetic marker has to be used (e.g., Ntie et  al., 2010a). Genetic 
identification of dung allows accurate distribution mapping and validation of 
field identification used for abundance estimates (van Vliet et  al., 2008; 
Bowkett et al., 2013).

Identification of individual animals from faecal DNA is possible using 
nuclear microsatellite markers (Ntie et al., 2010b; Akomo‐Okoue et al., 2013). 
For forest antelope, this would allow abundance to be estimated by territory 
mapping or through a capture‐recapture framework wherein samples from the 
same individual collected in different sessions are treated as recaptures (e.g., 
Zhan et al., 2006). Variable genetic markers can also be used to monitor effec-
tive population size (Schwartz et al., 1998) as well as to study many aspects of 
forest antelope biology including genetic diversity, parentage, and pedigree 
(Beja‐Pereira et al., 2009).

Despite their many advantages, very few wildlife authorities or land 
 managers have the resources to employ non‐invasive genetics as part of rou-
tine monitoring programs. Even though the cost of genetic studies continues 
to fall  overall  (Hall, 2013) and there is increasing expertise in conservation 
 genetics  in Africa (Anthony et  al., 2012), conservation managers are often 
vastly under‐resourced (Bruner et  al., 2004). Therefore, while non‐invasive 
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genetic research on forest antelope will hopefully expand rapidly to provide 
new records and answer key questions, regular genetic monitoring does not 
appear feasible in the short term.

Sampling forest antelopes using camera‐traps

The use of camera‐trapping as a survey tool for medium‐to‐large terrestrial 
mammals has become increasingly common over recent years (Ahumada 
et al., 2011; O’Connell et al., 2011) and is a particularly suitable technique for 
longer‐term monitoring in forest habitats (Wacher & Amin, 2015; Gompper 
et al., 2006; Lyra‐Jorge et al., 2008; Roberts, 2011; Silveira et al., 2003). The 
survey method consists of remotely stationed heat‐and‐motion sensitive 
 cameras that take photographs or videos of passing animals. Digital cameras 
operating 24‐hours a day are the standard (O’Connell et al., 2011). At night, 
infrared flash photography that is not visible to animals can be used to  minimise 
disturbance to the animals. The strengths and also limitations of camera‐traps 
for sampling forest antelopes are summarised in Table 1.

Table 1 Strengths and limitations of camera‐traps for sampling forest antelopes.

Strengths Limitations

Cost‐effective in consideration of 
effort vs. data generation

Initial high cost of purchasing equipment 
(although this cost is offset over time)

Operates day and night in range of 
habitats for length of battery‐life

Possible theft from the field (although can 
come in camouflage packaging and be 
secured with a lock) or damage by animals

Detects species that are otherwise 
hard to monitor

Can be time consuming to identify some 
species and individuals, depending on 
quality of photograph, and to process images

Non‐invasive monitoring method 
with low bias

Vulnerable to false triggers, particularly in 
response to vegetation movement and 
plant growth in front of camera.

Digital photographs provide 
permanent record, date and time 
stamps for easy archiving and analysis

Vulnerable to equipment failure, though 
quality and reliability are improving.

Standardisation allows comparison 
across survey sites and over time

Photographs have value for 
educational and promotional purposes
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Survey designs

Standardized methodologies for systematic camera‐trap‐based monitoring 
are now available (Tobler et al., 2008; Ahumada et al., 2011; Amin & Wacher, 
2014). For monitoring forest antelopes, we focus on the following survey 
objectives discussing aspects relevant to camera survey design: namely,  camera 
placement, number of camera sites, and duration of survey. Camera features 
necessary for obtaining reliable data are also discussed.

Establishing forest antelope species presence. For assessing areas for the 
 presence of forest antelope species, one needs to maximise the chances of 
 capturing clear images of the target species. Camera‐traps can be placed 
opportunistically overlooking natural game trails or natural attractants cover-
ing all relevant habitats. Cameras are typically set at a height of 30–45 cm 
positioned at right angles to game trails at a distance of c. 4–8 m (i.e., within 
the sensor and flash operation range but not too close to miss part of the 
 animal) with the aim of obtaining full body lateral images for accurate identi-
fication. Cameras are programmed to take multiple pictures per trigger with 
fast  trigger speed and high sensitivity. Cameras with infrared flash activated 
in low light conditions result in monochrome images, which in some cases 
can be difficult to distinguish species (Figure 1). Behavioural features such as 
differences in tail movement (e.g., flicked laterally in suni Nesotragus 
 moschatus, vertically in blue duiker Philantomba monticola; Foley, 2008) can 
be useful in such cases. Cameras with white flash take colour images, with 
Xenon flash providing the clearest images for identification. However, white 
flash can disturb forest antelopes and other species and modify their  behaviour. 

Figure 1 Pictures of the white rump‐band and leg‐spots (left image), key distin-
guishing features, of Aders’ duiker were sometimes partially obscured in infra‐red 
illuminated black and white images (right image).
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Cameras can be deployed as long as needed to ensure survey effort is suffi-
cient for confirming presence/absence of target species.

Estimating population density and  indices of  abundance. The appropriate 
methods for density and abundance estimation differ, depending on whether 
or not animals can be individually identified. Where individual identification 
is possible, capture‐recapture or sight‐resight approaches developed for closed 
populations (see Foster & Harmsen, 2011, for a general discussion) provide a 
more robust approach to density estimation. However, this approach is seldom 
appropriate for forest antelope species because reliable individual recognition 
is difficult. If capture‐recapture methods are employed, then it is important to 
ensure that all individuals in the study population have an equal chance of 
‘capture’. Capture probabilities greater than or equal to 0.1 are needed for reli-
able population estimates (White et al., 1982). Thus, at least 2–3 cameras need 
to be placed per home range of target forest antelope species (Foster & Harmsen, 
2011). The area surveyed should be sufficiently large to sample a good propor-
tion of the population; sample size of >20 individuals is recommended (White 
et al., 1982). Because natural markings on animals are asymmetric, unambigu-
ous individual identifications necessitate photographs of both flanks requiring 
the deployment of two or more cameras at optimal sites to maximise rate of 
identification. High‐quality photos are necessary, especially for species which 
are not easily distinguishable. Sampling should be carried out over a suffi-
ciently short time frame during which population closure violations are not 
expected to occur. Spatially explicit capture‐recapture modelling is now the 
method of choice for density estimates (Gopalaswany et al., 2012).

Methods for obtaining population estimates for unmarked animals from 
camera‐trap data are being developed (Royle, 2004; Rowcliffe et al., 2008). In 
some situations, under standardised conditions, it may be reasonable to use 
the mean number of independent photographic events per trap day (event 
rate) as a relative abundance index for comparing species status at different 
time periods or locations. But such inferences should only be drawn if it is 
reasonable to assume that the detection probabilities are similar for the  surveys 
being compared.

Occupancy is defined as the proportion of area, patches, or sites occupied by 
a species (Mackenzie et al., 2006). It can be used as a surrogate for forest ante-
lope species abundance as they have relatively small, well‐defined home 
ranges. Documented forest antelope home range sizes vary between suni 
(0.5–4 ha; Kingdon & Hoffman, 2013) and white‐bellied duiker (Cephalophus 
leucogaster) (63 ha; Hart, 2013) and with camera‐traps sufficiently spaced one 
can assume that each individual can only appear in one camera‐trap.

Occupancy modelling is well suited to camera‐trap survey data because 
detection/non‐detection data can be collected more efficiently over a large 
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number of sampling occasions than through other methods such as sign or 
direct sighting surveys. Camera‐trap data are divided into equal time intervals 
(single or multiple‐day occasions) to construct a species detection/non‐detection 
history at each camera survey site. These data are then used to obtain species 
occupancy and detection probability estimates in Presence software (MacKenzie 
et al., 2006) or in R statistical software package ‘unmarked’ (Fiske & Chandler 
2011; R Development Core Team, 2015). Cameras should be set out systemati-
cally in a grid, and the  sampled area should cover a representative portion of the 
population across all relevant habitats. Stratified sampling design should be used 
to ensure sampling effort is proportional to habitat extent. Camera placement at 
each grid centroid should be random (i.e., it should not favour locations such as 
feeding sites where animal presence may be higher than average).

Estimation of occupancy requires that the survey area be closed to changes 
in occupancy over the sampling period (i.e., animals do not move into the area 
and become established or move permanently out), so the survey time period 
should be sufficiently short to reasonably meet this assumption.

The survey effort largely depends on the detection probability and occu-
pancy of the  species. Generally, for rare species with low detection probability 
effort should be devoted to both surveying more sites and more repeated sur-
veys, while for more common species with low detection probability more 
effort should be devoted to repeated surveys and for species with high detec-
tion probability and low occupancy more effort should be devoted to survey-
ing more sites (MacKenzie & Royle, 2005). Studies have shown that occupancy 
estimates are not accurate for species with estimated detection probability less 
than 0.1 or recorded in less than 15–20% of the cameras (Rovero et al., 2014).

Camera site and occasion level variables that influence occupancy and 
detectability can be incorporated into occupancy modelling. Camera site 
 variables such as habitat type can be helpful in investigating their influence on 
occupancy (e.g., studying habitat preference). Sample occasions can be used to 
account for variation in detection probability due to seasonal changes etc.

Significant differences in species occupancy over time or between areas 
 surveyed using standardized protocols can be statistically tested (Amin et al., 
2014). If the same area is surveyed over time, then multi‐season (robust 
design) occupancy models can also be used to estimate local extinction and 
colonization (MacKenzie et  al., 2006). Multi-species occupancy models can 
also be used to assess species co-occurrence or avoidance.

Studying forest antelope behaviour and activity patterns. Camera‐traps offer a 
number of advantages compared to more traditional techniques, such as radio 
telemetry and observation methods, which are not appropriate in many cases 
for studying forest antelope behaviour due to the nature of their habitat. 
Camera‐traps are particularly effective for studying circadian activity patterns, 
since they sample continuously over 24‐hour cycles at a population level, 
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 dealing with multiple species simultaneously in the same survey. Circadian 
activity patterns are constructed from species time-of-detection data. With 
multiple or repeated surveys, circadian activity patterns can be compared 
between different locations or times: for example, to detect environment and 
disturbance constraints on activity and behaviour. In  addition, evaluation of 
niche partitioning, overlap and competition within similar species pairs or 
guilds (as frequently occurs with small forest antelopes) can be undertaken 
(Amin et al., 2014). Information on specific behaviour such as scent marking 
frequency, reproductive biology, and health can also be obtained.

Traditional statistical methods such as chi‐square tests have been used to 
examine differences in behaviour and activity (Amin et al., 2014). Also, new 
analytical methods are being developed to quantify levels of activity patterns 
from camera‐trap data (Rowcliffe et al., 2014).

Information on forest antelope activity and behaviour is frequently gener-
ated as part of a population status study, and systematic sampling with 
 camera‐traps placed in grids is often a suitable design for multiple surveys 
objectives.

Environmental and social factors to consider

In addition to the ecology and behaviour of antelope species, several environ-
mental factors affect the deployment of camera‐traps in forest systems. Rain 
and humidity can affect functioning of cameras and restrict deployment and 
servicing of cameras in certain seasons. In some cases, cameras are at risk from 
animal damage. Insect intrusion can be a problem. Elephants can damage 
cameras. More often, human vandalism and theft can be an issue. Cameras 
need to be robust, and camera protective cases, use of dessicant sacs, security 
locking devices, cryptic positioning, and camouflaging of cameras are possible 
countermeasures against these problems. Agreement and support from local 
communities is often required to conduct surveys; in some circumstances, 
opportunities for direct involvement of local communities may arise.

Photographic sampling of forest antelopes is often required over difficult 
terrain and large areas. Deploying cameras can demand travel to remote 
 locations and often involve setting up, servicing, and retrieving cameras 
on foot in difficult conditions. Appropriately trained local staff are therefore 
essential.

Data management and image processing

Several software packages are available to extract image metadata (e.g., 
ExifTool by Phil Harvey). Key information is date and time of photo taken and 
image filename. Additional data such as camera serial number, trigger image 
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sequence, temperature and moon phase, and any image labelling information 
added by the user may also be available depending on the camera‐trap model 
in use. All photographs are then classified to species. Identification of certain 
antelope species can sometimes be difficult in some images, particularly in 
poor angles of view or where a small part of the animal has been captured, and 
sometimes due to the effects of infrared illumination. Where species  identity 
remains uncertain, genus or family information can be recorded where known, 
and care must be taken to exclude or include these images as appropriate in 
subsequent analysis.

Software packages for camera‐trap data analysis

A number of software packages are available for camera‐trap data management 
and analysis. For occupancy modelling, standard programs are Presence 
(Hines, 2006) and package “unmarked” in R (Fiske & Chandler, 2011). Both 
software packages require the species detection/non‐detection matrix as input 
along with any associated covariates. Outputs include modelled occupancy and 
detection probability estimates and their standard errors for each combination 
of covariates. For species with recognizable individuals, software programs that 
have commonly been used for population density and abundance estimation 
using capture‐recapture models include CAPTURE (White et al., 1982) and 
MARK (White & Burnham, 1999). Spatially Explicit Capture‐Recapture mod-
elling is becoming the method of choice and is available in two versions: “secr” 
R package implementing likelihood‐based inferences (Efford, 2015) and pro-
gram SPACECAP implementing Bayesian approach (Gopalaswany et  al., 
2012). Input data include the individual animal capture data, the camera-trap 
position/location data file, and the associated habitat mask. Outputs include 
density estimates with standard errors. Graphical presentation of circadian 
activity patterns can be undertaken in software programs such as excel or 
R. Several statistical packages are also available to analyse activity data (Kovach, 
2011; Rowcliffe et al., 2014). EstimateS (Colwell, 2013) and “BiodiversityR” 
package in R (Kindt & Coe, 2005) are relevant programs for species richness 
estimation. Both programs also provide diversity indices.

Integrated camera‐trap data management and analysis programs are being 
developed. The camera‐trap analysis package (CTAP) developed by the 
Zoological Society of London performs a range of data manipulation and 
analyses providing image display, filtering and editing, survey effort summa-
ries, species list and richness estimates, species event rates, species occupancy 
estimates, circadian activity patterns and species site distribution maps in 
Google Earth or in ArcGIS maps (Amin et al., in prep.). Version 2 of the tool 
will be extended to provide standard report  generation, occupancy modelling 
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and mapping with covariates, spatially explicit capture-recapture species 
 density estimation, and cross‐survey analysis. The tool will also have an image 
metadata module to read and update image metadata from jpeg images and 
allow the data processor to add species information into the image metadata. 
An image renamer tool for photo file management will also be part of this 
program.

Camera‐trap forest antelope sampling case studies
Case Study 1 Use of camera‐traps to study the status of the critically 
endangered Aders’ duiker

Introduction. The chance observation of an Aders’ duiker (Cephalophus 
adersi), classified as Critically Endangered by IUCN and recognised as one 
of the world’s rarest and least known antelopes (Wilson, 2001; Finnie, 
2008), in the Boni‐Dodori forest area in 2004 led to follow‐up camera‐trap 
studies as the method of choice to investigate the status of this elusive 
antelope in the coastal forests of Kenya. This case study shows how a pilot 
study (Andanje et al., 2011) was used to verify the original observations at 
Boni‐Dodori (Gwynne & Smith 1974; Andanje & Wacher, 2004) and 
provided justification for a larger‐scale survey using formal camera grids. 
The study highlights the new and detailed information that can accrue 
about rare forest species when using camera‐traps.

Field methods. Following a casual sighting of Aders’ duiker in the Boni‐
Dodori forest during wildlife surveys (2004), a pilot camera‐trap survey 
deployed 19 cameras of three different makes (film and digital) using an 
opportunistic layout across 27 different locations along convenient tracks 
and other relatively accessible locations in 2008. Aders’ duiker were 
photographed at 12 sites with an event rate more than 20 times that which 
had been obtained using a similar approach in Arabuko‐Sokoke National 
Reserve, traditionally believed to be the species’ mainland stronghold 
(Andanje et al., 2011). In the follow‐up, a formal camera‐trap survey was 
conducted in 2010–2011 using 21 cameras (all Reconyx RM45) in a 2 x 
2 km survey grid, intended to obtain a representative coverage of coastal 
forest habitat. Camera spacing was selected to achieve comparative 
independence between camera sites for the majority of forest‐adapted 
mammal species expected to be present with the objective of providing 
baseline estimates of event rate and occupancy for a full array of coastal 
forest species in addition to Aders’ duiker. Camera grids were set up 
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consecutively for a minimum of 50 days each in order to achieve at least 
1000 camera‐trap days of sampling effort with 20 fully functioning 
cameras. Three grids were located within forested sectors of the Boni‐
Dodori grassland/coastal forest mosaic. A fourth replicate grid was set up 
in the well‐known Cyanometra habitat of Aders’ duiker in Arabuko‐
Sokoke National Reserve. New events were scored after an interval of 
≥ 60 minutes since the previous photograph of a particular species at a 
camera.

Results. Aders’ duiker emerged as not only the most frequently recorded 
antelope species in the Boni‐Dodori forest system but also the most 
 frequently recorded mammal, with 3021 events recorded across the three 
northern grids (Table 2). By contrast only two events, at separate camera 
sites, were recorded at Arabuko‐Sokoke forest. Because camera‐trapping 
also revealed that nearly all forest antelope species detected showed a 
similar pattern of relative abundance and occupancy, it is possible to 
speculate that the reason for this large difference is more likely to be due 
to a common factor, such as the presence of a very large human population 
immediately adjacent to Arabuko‐Sokoke forest, which is not the case in 
the northern forests. All three Boni‐Dodori camera‐trap grids reported 
95–100% occupancy for Aders’ duiker (Table 3). The very high detection 
probabilities and occupancies obtained for Aders’ duikers in the northern 
forests also indicate that future monitoring focused on this species could 
involve fewer sampling occasions and camera spacing extended to cover a 
larger area. Naïve occupancy for Aders’ duiker in Arabuko‐Sokoke forest 
was 0.11% and there were too few data to derive meaningful detection 
probability and model occupancy estimates. The larger number of 
encounters of Aders’ duiker in the northern coastal forest allowed 

Table 2 Aders’ duiker event rates in the Boni‐Dodori and Arabuko‐Sokoke 
camera sampling grids. Event rate was calculated as the mean of the number 
of independent photographic events per trap day times 100.

Camera sampling grid Number 
of events

Number of 
camera‐trap days

Event rate (±SE)

Boni NR 1766 1670 106.16 (±3.91)
Dodori NR 643 1087 56.79 (±2.34)
Boni forest 612 1026 60.65 (±2.10)
Arabuko‐Sokoke NR 2 2049 0.11 (±0.08)
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population density estimate of 7.4 Aders’ duiker/km2 (95% CI 4.5–10.1 
duikers/km2) to be obtained using the N‐mixture Model (Hines, 2006) 
from spatially replicated counts (Amin et al., 2014).

With respect to studying small and elusive forest antelopes, new behav-
ioural observations for Aders’ duiker deduced from the camera imagery 
included the following. The majority of the 3021 events indicated solitary 
individuals, 8.5% comprised at least two individuals (mostly two adults but 
also mother and young, Figure 2) and 1%  comprised trios. At two cameras, 

Table  3 Modelled occupancy estimates and  detection probability estimates 
for the Aders’ duiker in the Boni‐Dodori and Arabuko‐Sokoke camera sampling 
grids. Naïve occupancy is presented where encounters were too few to model 
occupancy.

Camera sampling grid Naïve 
occupancy

Occupancy 
estimate
Ψ (±SE)

Probability 
of detection
P (±SE)

Boni NR - 1.00 (0.00) 0.97 (0.02)
Boni forest - 1.00 (0.00) 0.89 (0.03)
Dodori NR - 0.95 (0.05) 0.85 (0.03)
Arabuko‐Sokoke NR 0.11 N/A N/A

Figure 2 Aders’ duiker grooming a calf, Boni National Reserve, Kenya, May 2010.
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scent marking stations were located by chance in the field of view. An anal-
ysis of behaviour at a camera station where 123 events involving Aders’ 
duiker were recorded, as well as 34 events involving suni and 6 events 
involving Harvey’s duiker (Cephalophus harveyi), is summarised in Figure 3. 
Photographs showed confirmed or probable scenting and scent marking 
behaviour by Aders’ duiker, that is, sniffing a secretion on a thin plant stem 
(‘wand’) then rubbing the pre‐orbital gland onto the accretion afresh, in 
over 80% of appearances in the field of view. A suni was photographed 
scenting at the same point on one occasion out of the 34 visits, but in a 
small sample, Harvey’s duikers showed no evidence of interacting with the 
two scent marking sites used by Aders’ duiker (note that in the Pic de Fon 
case study referred to below, bay duiker Cephalophus dorsalis and Maxwell’s 
duiker Philantomba maxwelli were recorded scenting the same marking 
station).

Camera‐traps also allowed study of frequency of visits to scent‐marking 
stations and behaviour in relation to time elapsed since a previous visit. 
Photo sequences showed that scent‐marking stations were  frequently 
visited at intervals of less than 6 hours, with over 90% of  re‐visits occurring 

Scenting and marking
photographed

Scenting photographed

Circumstantial evidence of
scent-marking (position and

wand movement)

Passes but no evidence of
contact with scent mark wand

Indeterminate

Camera trap events

0 20 40 60

Suni

Ader’s duiker

Harvey’s duiker

Figure 3 Camera‐trap evidence of forest antelope behaviour at a pre‐orbital 
gland scent‐marking wand, Boni National Reserve, Kenya, May 2010.
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within 24 hours. The scent marking station was re‐anointed on most visits 
but with evidence of an increased probability of scent marking on occa-
sions occurring after longer time lapses since the previous visit (Figure 4). 
Details of nursing behaviour in Aders’ duiker were also recorded. In a 
sequence of 40 images over 10 minutes from 06:09 in May 2010 a female 
moved into the field of view and stood still on leaf litter below low canopy 
in an open clearing. A medium‐sized calf (shoulder just above level of 
female’s underside) was observed to initiate at least 4 separate bouts of 
suckling, which appeared to last between 3 minutes (initially) and 16 sec-
onds (final bout recorded). The female interrupted each of the first three 
bouts by walking forward a few steps, before the final and shortest bout, 
when she walked off out of camera view,  followed by the calf.

Potential inter‐specific competition with other forest antelopes can also 
be examined. Simple correlation analysis indicated no evidence of spatial 
avoidance between Aders’ duiker and suni, which is also present at high 
occupancy levels in the Boni‐Dodori forest system. However, a more 
detailed examination of local temporal patterns needs to be  completed to 
investigate interactions at a finer scale.

Discussion. Results from this case study have been used selectively here 
to emphasise the power of camera‐trapping to reveal new and detailed 
information about the behaviour, as well as distribution and abundance, 
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 outcome of n=122 visits to a scent‐marking station on a naturally growing 
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of scarce and elusive forest antelopes. We have not attempted to cover all 
the outputs that have arisen from the relatively large sample of new 
information about Aders’ duiker that has been obtained. For example, 
we have also developed a method to adapt camera‐trap data for use in a 
N-mixture model to analyse animal numbers at camera locations (Royle, 
2004). Coupled with an estimate of home range size and with camera 
spacing larger than the home range size, this allows a direct measure of 
population density for Aders’ duiker in the Boni‐Dodori forest that does 
not rely on individual identification (Amin et al., 2014). With respect to 
applied outcomes, the technology has provided the first strong evidence 
that the Boni‐Dodori forest is probably the main centre of global 
distribution for the critically endangered Aders’ duiker. This new 
information is coupled with the simultaneous capture of information on 
other rare and endangered species. It has confirmed that the Boni‐
Dodori forest hosts a diverse community of predators including 
endangered African wild dog (Lycaon pictus). The poorly known Sokoke 
bushy‐tailed mongoose (Bdeogale omnivora) was found to be the most 
abundant small predator. A new form of giant sengi was documented, 
and its occupancy and event rates were similar to those recorded for the 
golden‐rumped sengi (Rhynchocyon chrysopygus) in the survey grid at 
Arabuko‐Sokoke forest. The camera‐trap results are being used to 
underline the importance of the Boni‐Dodori system to forest antelope 
conservation and national conservation goals (Amin et al., 2014). Thus, 
besides providing firm evidence of a very significant population of 
Aders’ duiker that would have been difficult to obtain reliably using 
more traditional methods, the camera‐trap surveys have provided 
extensive data on the entire medium‐to‐large mammal community.

Case Study 2 Comparison of forest antelope relative abundance, 
distribution and activity in a West African montane forest

Introduction. At Pic de Fon in south‐western Guinea camera‐trapping was 
used to investigate the large mammal fauna of the forest habitats cloaking 
the flanks of a steep mountain ridge during 2008–2009. The mountain is 
under development for iron ore mining. A baseline measure of species 
richness and relative abundance against which to measure future 
 environmental impacts was required under the conditions of the 
development funding. Prior to camera‐trapping, the area had been subject 
to rapid assessment surveys, which had produced species lists, including 
possible presence of locally rare species based on dung and track evidence 
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only (e.g., royal antelope Neotragus pygmaeus and bongo Tragelaphus 
eurycerus), but without any further insights into relative abundance or 
habitat use. In this example, the added value of camera‐trapping is examined 
for the study of forest antelopes inhabiting a steep and physically demanding 
forest environment.

Field methods. The camera‐trap sample design at Pic de Fon followed a 
standard 2 km grid layout (Tobler et al., 2008; O’Brien, 2008) at 42 sites, 
using Reconyx RM45 and RC60 cameras. The grid was organised into 
northern and southern sectors covering a 1000 m difference in altitude, 
with the northern sector representing relatively undisturbed montane 
forest on the steepest relief and the southern sector representing lower 
relief and a relatively high proportion of secondary and disturbed forest. 
The spacing was intended to achieve a standard level of independence in 
results between cameras relative to the range of movements and home 
ranges that can be expected among the suite of major target species. The 
sampling regime was designed to achieve a total of at least 1000 camera trap 
days for each grid. This was achieved in the northern sector in the wet 
season grid (1035 camera‐trap days), but there was insufficient time to 
complete 1000 camera‐trap days in either the dry season repetition of the 
northern sector (434 camera‐trap days) or the southern grid (834 camera‐
trap days), owing to an externally imposed need to finish camera‐trapping 
operations by a fixed date. In this study, event rates were calculated by 
scoring new events after a 30‐minute interval between photographs of a 
given species.

Results. Summary statistics on camera event rate and modelled occupancy 
for forest antelopes were used to investigate relative abundance and establish 
baseline metrics for future comparisons (Table  4 and Figures  5 and 6). 
Maxwell’s duiker (Philantomba maxwellii) was the most commonly 
recorded species, followed by black duiker (C. niger) and red‐flanked duiker 
(C. rufilatus). The two largest duiker species, yellow-backed (C. sylvicultor) 
and bay (C. dorsalis), were the least frequently recorded duikers while 
bushbuck (Tragelaphus scriptus), not strictly a forest‐adapted species, was 
the least frequently recorded antelope.

Results also showed that although Maxwell’s duiker was photographed 
more than twice as often as red‐flanked duiker the two species report simi-
lar occupancy values after correcting for detectability (Table 4; Figure 6). 
Occupancy modelling provides a robust assessment of species abundance 
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over the longer term, given that forest antelope species have relatively small 
well defined home ranges, allowing camera‐traps spaced sufficiently such 
that each individual only appears in one camera‐trap.

Circadian activity patterns were estimated by using number of camera 
events per hour of the day as a proxy, plotted for six sympatric forest‐living 
antelope species in Figure 7. The results for the five duiker species show that 
the three more commonly recorded and smaller species exhibited a clearly 
diurnal (or diurnal/crepuscular in the case of Maxwell’s duiker) pattern. In 

Table 4 Event rate, naïve and modelled occupancy for six antelope  species 
photographed at 42 camera stations, Pic de Fon, Guinea, 2009.

Species Event rate
(events/100 
camera‐trap days)

Naïve
occupancy

Modelled
occupancy
(Ψ (±SE))

Yellow‐backed duiker 0.86 0.41 0.75 (±0.33)
Red‐flanked duiker 1.61 0.5 0.51 (±0.11)
Maxwell’s duiker 6.95 0.5 0.55 (±0.12)
Black duiker 2.73 0.27 0.35 (±0.14)
Bay duiker 1.03 0.14 0.25 (±0.20)
Bushbuck 0.53 0.23 0.37 (±0.21)
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contrast, the two less frequently recorded larger duiker species were pho-
tographed primarily at night.

Finally, the physical distribution of photographic events for these six 
antelopes indicates that while all six species were well distributed in the 
less disturbed central and northern part of the survey area, only Maxwell’s 
duiker was widely distributed in the southern sector, with other species 
showing much more restricted ranges in this region (Figure  8). This 
result is of interest in the light of the difference in habitats in the two 
sectors. In this case, the occupancy analysis could be remodelled 
 employing habitat factors, notably habitat sector and perhaps altitude as 
a continuous covariate, allowing development of occupancy mapping.

Discussion. The montane forest habitats at Pic de Fon are a steep and 
immensely challenging environment in which to conduct conventional 
field work. The data generated in this case study were obtained by 
deploying a team of three trained field workers spending 10–15 days 
deploying cameras and 10–15 days recovering them. The results have 
provided insights into the community ecology of these sympatric 
antelopes in a way that would not be possible using traditional field 
methods, and introduce analytical techniques to cater for the wide 
variations in detectability of forest antelopes, arising from differences in 
ecology and behaviour. Besides revealing patterns of relative abundance, 
distribution, and activity, photographs have recorded additional details 
such as foraging associations between duikers and other forest species 
(Ahanta francolin Francolinus ahantensis and Campbell’s monkey 
Cercopithecus campbelli), timing of breeding and social behaviour (e.g., 
intra‐and inter‐specific scent marking). It is also possible to relate results 
to a wider picture: for example, the congruence between observed day‐
time/night‐time activity patterns, body size, and phylogenetic relatedness 
(van Vuuren, 2003) seen between the two larger and three smaller duiker 
species. These insights from camera‐trapping come in addition to the 
fulfilment of the primary project goal, which was to establish a baseline 
reference of the conservation status of this forest mammal community 
prior to mining development. The forest antelopes are one of the most 
important components of this system, being significant agents of seed 
dispersal and economically important as major targets of the bushmeat 
trade. Despite the challenging physical conditions, the camera‐trap 
survey can be replicated in the future to  provide a systematic means to 
monitor the effectiveness of efforts to mitigate habitat damage while 
developing the mine site on the mountain.
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Conclusion

The widespread adoption of remotely operated, heat‐and‐motion triggered 
cameras in wildlife research and monitoring has led to great improvements in 
our knowledge of cryptic species such as forest antelopes. Although the most 
immediate application may be in simply documenting the presence of rare 
species, data from camera‐trapping is also being used, in an increasingly 
sophisticated statistical framework, to estimate abundance, behaviour pat-
terns, and interactions between species over time. Such information is of great 
value to conservation managers and decision makers as we have shown in the 
case studies presented in this chapter. In both these case studies, the areas 
surveyed are under threat from major development projects, and camera‐
traps have provided baseline population data for ecologically important 
medium‐ to large‐sized mammal species on which future impacts can be 
measured. In the Kenyan case study, regional infrastructure developments are 
likely to have widespread impacts on forests and other coastal habitats, but the 
importance of the area to globally threatened species (documented with cam-
era‐traps) has highlighted the previously unrecognised biodiversity of the area 
and given conservationists a voice in mitigation efforts. In Guinea, the effects 
of mining at Pic de Fon may also be severe, but knowledge of forest mammal 
communities could be used to restrict impacts to those core areas needed for 
mining access. Camera‐traps are therefore proving to be a valuable tool in 
antelope conservation, and we anticipate that with further advances in tech-
nology including remote data access, analytical methods, and reduced cost, 
camera‐trapping will become more widely used as a long‐term monitoring 
method for forest antelopes and other species.
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