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Abstract

The extension of distance sampling methods to accommodate observations from
camera traps has recently enhanced the potential to remotely monitor multiple
species without the need of additional data collection (sign production and decay
rates) or individual identification. However, the method requires that the proportion
of time is quantifiable when animals can be detected by the cameras. This can be
problematic, for instance, when animals spend time above the ground, which is the
case for most primates. In this study, we aimed to validate camera trap distance
sampling (CTDS) for the semiarboreal western chimpanzee (Pan troglodytes verus) in
Tai National Park, Céte d'lvoire by estimating abundance of a population of known
size and comparing estimates to those from other commonly applied methods. We
estimated chimpanzee abundance using CTDS and accounted for limited availability
for detection (semiarboreal). We evaluated bias and precision of estimates, as well as
costs and efforts required to obtain them, and compared them to those from spatially
explicit capture-recapture (SECR) and line transect nest surveys. Abundance
estimates obtained by CTDS and SECR produced a similar negligible bias, but CTDS
yielded a larger coefficient of variation (CV = 39.70% for CTDS vs. 1%/19% for SECR).
Line transects generated the most biased abundance estimates but yielded a better
coefficient of variation (27.40-27.85%) than CTDS. Camera trap surveys were twice
more costly than line transects because of the initial cost of cameras, while line
transects surveys required more than twice as much time in the field. This study
demonstrates the potential to obtain unbiased estimates of the abundance of

semiarboreal species like chimpanzees by CTDS.
HIGHLIGHTS

e Camera trap distance sampling produced accurate density estimates for semi-
arboreal chimpanzees.
e Availability for detection must be accounted for and can be derived from the

activity pattern.
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1 | INTRODUCTION

Wildlife is increasingly threatened due to human impact despite
significant conservation actions around the world (World Wide Fund
for Nature, 2018). For effective conservation and successful manage-
ment, there is a need for efficient monitoring tools that reliably and
precisely estimate wildlife population sizes and their trends over time
(Plumptre & Cox, 2006). Yet, a popular statistical method to estimate
the abundance and density of wild animal populations, distance
sampling, might fail to monitor elusive species because they tend to
avoid human observers during field surveys, which creates biases in
estimates (Buckland et al., 2001; Buckland, Plumptre, Thomas, &
Rexstad, 2010; Buckland, Rexstad, Marques, & Oedekoven, 2015;
Rovero & Marshall, 2004). To overcome this problem, indirect
observations such as dung and nest counts can be recorded.
However, estimates of sign production and decay rates are then
required to convert estimates of sign density into estimates of animal
density. These auxiliary variables are often difficult to obtain and
often imprecisely estimated (Buckland et al., 2001; Kuehl, Todd,
Boesch, & Walsh, 2007; Kiihl, Maisels, Ancrenaz, Williamson, &
Williamson, 2008; 1996; Walsh &
White, 2005).

Recent technological developments, including camera traps,

Plumptre & Reynolds,

provide new methods to monitor wildlife. Camera traps are very
efficient for detecting elusive and rare species in remote habitats
(Burton et al., 2015; Rovero & Zimmermann, 2016; Silveira, Jacomo,
& Diniz-Filho, 2003). Where individuals can be identified from images
or videos, capture-recapture methods can be used to estimate
abundance accurately and precisely (Després-Einspenner, Howe,
Drapeau, & Kiihl, 2017; Head et al., 2013; Karanth, 1995; Karanth,
Nichols, Kumar, & Hines, 2006; Silver et al., 2004; Soisalo &
Cavalcanti, 2006; Trolle & Kery, 2005).

However, species without individual markings have been under-
represented in past camera trapping research (Burton et al., 2015).
To address this gap, a method for estimating animal abundance by
distance sampling with camera traps (CTDS) has been recently
developed (Howe, Buckland, Després-Einspenner, & Kihl, 2017). This
technique uses camera traps in lieu of human observers at point
transects by treating observations as a series of snapshots. This
approach has the advantage of excluding human interference from
the observation process. In addition, the cameras continuously
record observations of animals 24 hr/day.

However, this method requires that the total amount of time that
animals are available for detection by the cameras during a survey is
known or quantifiable. This may be the case for terrestrial species
that can be assumed to be available for detection during the defined
daily survey period (Howe et al., 2017). In the case of chimpanzees,
the availability for detection can be defined as time spent on the
ground. Most primates are semiarboreal, so they are only available
for detection when they are both active and within the vertical range
of camera traps.

In this study, we aimed to (a) validate the CTDS approach by

applying it to a chimpanzee group of known size, (b) estimate

availability for detection to account for the semiterrestriality, (c)
compare the bias and precision of this method with estimates from
line transect nest count sampling and spatially explicit capture-
recapture (SECR), and (d) inform chimpanzee monitoring programs
by identifying the most cost-effective method for estimating
chimpanzee densities.

2 | METHODS

2.1 | Study site

Data were collected in Tai National Park, Cote d'Ivoire (5°08'N to 6°
407N, and 6°47'W to 7°25’'W), from June 2014 to March 2015. This
park is one of the largest remaining tracts of undisturbed lowland
rain forest in West Africa, spreading over 5,400 km?. Average annual
rainfall is approximately 1,800 mm and the annual average
temperature is between 24 and 30°C (Anderson, Nordheim,
Moermond, Bi, & Boesch, 2005). In the western area of the park,
four groups of chimpanzees (the “North,” “Middle,” “South,” and
“East” groups) have gradually been habituated to humans over
several years (Boesch et al., 2008; Boesch, Kohou, Néné, & Vigilant,
2006; Kouakou, Boesch, & Kuhl, 2009). These groups have been
followed on a daily basis with GPS devices and, therefore, abundance

and territory sizes were known.
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A total of 23 video cameras (Bushnell Trophy Cam™: Model
#119576C; http://bushnell.com) were installed across the territory
of the East group over a 10-month period (Figure 1). Motion
detectors were programmed to trigger as soon as movement was
detected, set to high sensitivity, and active 24 hr/day. When
triggered, cameras recorded only 60s of the video. The cameras
were placed systematically within 30 meters of the intersections of a
1x1km grid with random origin. Each camera was oriented
approximately toward the geographic north to avoid backlight, with
a variation of +40° to allow sufficient visibility (e.g., to avoid placing a
camera in front of a large trunk, but without targeting placement to
increase detection probability) and at a height of 0.75-1 meters from
the ground. Two cameras were moved (<3 meters) during the study
period, because of termites infesting the camera and a leopard
attacking one of the cameras, thus there were a total of 25 sampling
locations. At each location, reference videos were recorded by
holding distance labels at predefined distances (from 1 to 15 meters
at 1-meter intervals, in the center, and at each side of the camera's
field of view) so that we could subsequently estimate observation
distances to animals moving in front of the camera (see Howe et al.,
2017 for details).

All individuals of the East group were previously identified in
camera trap footage for the purposes of estimating abundance using
SECR (Després-Einspenner et al., 2017). Results from the set of

systematically-placed cameras (i.e., the same ones used for the SECR
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FIGURE 1 Location of cameras in the
East chimpanzee group territory in the Tai
National Park (TNP)

analysis in Després-Einspenner et al., 2017) are presented here for
comparison with CTDS results. Després-Einspenner et al. (2017)
estimated standard errors (SEs) and associated coefficients of
variation (CVs) around densities estimated from SECR models under
the assumption that the number of activity centers was binomially
distributed, which was appropriate because all traps were intention-
ally located within the territory of a single group. For the sake of
comparisons of precision with other methods, we re-estimated the SE
and CV under the assumption that the number of activity centers
was Poisson-distributed, as would be the case if unhabituated
populations were sampled over a larger area, because territory
boundaries would be unknown.

The size of the territory of the East group was used to convert
estimates of density to estimates of population size (Després-

Einspenner et al., 2017).

2.2.2 | Line transect surveys

We used results from an intensive line transect distance sampling
survey of nests conducted between June 2004 and May 2006 by
Kouakou, Boesch, and Kuehl (2009) for comparison with CTDS and
SECR results. Line transects were spread over three well known and
habituated groups (North, South, and East) in the Tai National Park

(for more details see Kouakou et al., 2009).
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Because knowing the nest decay rate is mandatory to obtain
reliable abundance estimates from line transects (Buckland 2001;
Kuhl et al., 2008), a nest decay survey was conducted in the first year
of the study, and the actual line transects survey in the second year.
Density and population size were estimated using two different
methods (marked nest count and standing-crop nest counts), which

resulted in two estimates of density and population size.

2.3 | DATA ANALYSIS
2.3.1 | Auvailability for detection

Chimpanzees spend their nights in tree nests, thus they are
unavailable for detection by camera traps during the nesting period.
In addition, they are unavailable for detection when active in the
trees during the daytime. To account for this nonavailability, we
estimated the proportion of time when chimpanzees are available for
detection by the cameras. We used the number of videos of
chimpanzees obtained per hour as a proxy for the proportion of
time chimpanzees was on the ground. We assumed that at the peak
of their activity (maximum number of videos per 1-hr interval; see
Figure 2), all chimpanzees would be available for detection on the
ground. If all chimpanzees or the populations surveyed are not
available for detection during their peak of activity, temporal

sampling effort would be overestimated, and consequently, density
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estimates would be negatively biased; bias would be proportional to
the fraction of the population not available for detection during peak
activity (if 90% were active, we expect underestimation of true
density by 10%).

We then calculated the proportion of time chimpanzees spend on

the ground using the following equation:

—_nr
Tixn,

(1)

where A is the proportion of time spent on the ground during the day
(hereafter “availability”), T; is the number of 1-hr intervals when
chimpanzees were actually active (not nesting), n, is the number of
videos obtained at peak of activity, and nt is the total number of
videos of chimpanzees. We used this proportion of time spent on the
ground as “availability” to correct the naive population size and
density estimates obtained under the assumption that chimpanzees
were always available for detection.

Furthermore, we compared our estimate of availability derived
from the camera trap data to data from a previous study using direct
observations of chimpanzees in the same area (Doran, 1989). In this
study, time spent on the ground was provided separately for males
and females. We adjusted these results to our study group by taking
the percentage of time spent on the ground by males and females
multiplied by the proportion of male and female individuals in the
group (all juveniles and infants were included with the females, as

they are in the constant presence of the mother).

23.2 |
surveys

True abundance of chimpanzees during the

At the time of the camera trap study, there were 36 individuals
(including 27 individual noninfants aged >4 years) in the East group
(long-term database Tai chimpanzee project). At the time of the line
transect survey (Kouakou et al., 2009), there were 40 weaned
individuals in the three habituated groups (North, Middle, and South).

The true density was calculated by dividing the true abundance

by the territory size.

T FIGURE 2 Number of videos of
18 chimpanzees (in black) and number of
individuals seen (in gray) each hour for the
entire survey period

2.3.3 | Distance sampling with camera traps

We recorded observation distances between cameras and the
midpoints of each filmed chimpanzee at 2-s intervals (i.e., at 0, 2, 4,
..., 58 after the start of the video), independent of whether single
individuals or groups were seen. The distances between cameras and
individual chimpanzees were derived by comparing their locations to
those of the distance labels in the reference videos. Animals were
assigned to 1-meter distance intervals from O to 8 meters. Because
precise distances are more difficult to assess for objects further away
from the camera, observations over 8 meters were assigned to one of
the following categories: 8-10m, 10-12m, 12-15 m, and beyond 15
m. Following exploratory analyses (Buckland et al., 2001, Marques
et al, 2007), we left-truncated the data at 2 meters and right-
truncated it at 15 meters before estimating abundance.
Chimpanzee density was estimated using Distance 7.0 (Thomas
et al., 2010) with the following equation for camera trap point
transects:
Ny

N 1
D= X — 2
r (2)

o B
w<ey Py

where e, = % is the sampling effort at point k, T is the total
sampling time at point k in seconds, t is the length of the time step
between snapshot moments (2s), 6 is the central angle of field of
view of the camera in radians so that % is the proportion of the full
circle covered by the field of view of the camera, w is the truncation
distance, beyond which any recorded distances are discarded, ny is
the number of observations of distances to chimpanzees at point k,
and Py is the estimated probability that a chimpanzee is detected by
the sensor and an image obtained when within the field of view of the
camera at a snapshot moment as estimated by the modeled detection
function (Howe et al., 2017), and % is the availability correction factor
(see Equation 1). We estimated population size by multiplying the
density estimate by the territory size.

Temporal effort at each point (T,) excluded the 11-hr nighttime
interval (19:00:00-5:59:59) when chimpanzees were expected to be
in their nests and during that time no videos of chimpanzees were

recorded. Therefore, T, was calculated as the number of seconds
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from 6:00:00 through 18:59:59 multiplied by the number of camera
days per point. Effort data from one camera was excluded from the
analysis because it was located on a steep slope and thus did not
provide an opportunity to detect animals. Likewise, effort data from
464 camera days from eight cameras were excluded because of
technical problems (SD cards or cameras not functioning, or camera
missing when revisited), or because of leaves stuck on the camera
lens, prohibiting a clear view of the field in front of the camera.
Finally, effort data and distance observations from days when
cameras were installed or visited by researchers were excluded to
avoid any potential bias created by the researchers' presence.

We considered CTDS models with half-normal and hazard rate key
functions with no adjustment terms, and a uniform key function with
one cosine adjustment term. Because observations were not indepen-
dent, we estimated variances from 999 nonparametric bootstrap
resamples of data from the different points (Buckland et al., 2001).
Furthermore, rather than selecting the AIC-minimizing model for
estimation, we calculated abundances and CVs as the AlC-weighted

average across all fitted models (Wagenmakers & Farrell, 2004).

2.34 | Comparison of methods

First, we calculated relative bias of estimates from all the methods
relative to the known true densities to determine the ability of

methods to give reliable estimates with the following equation:

A

(D -D)

) )

Relative bias =
where D is the estimated density and D is the known true density.
We compared CVs among the estimates to assess their relative

precision. They were calculated with the following equation:

se S\D) 4)
D

cv(d) =

where se(D) is the SE of the estimated density D.

Then, we determined equipment costs, manpower, and analysis
time for each method. Material costs for SECR and point transect
methods include cameras and all the material needed to maintain
function (e.g., batteries, SD cards) and to move through the forest
(e.g., GPS). Those for the line transect method include costs and
effort from the line transect survey as well as for the studies on nest
production and decay rate surveys.

AMIRLEN RN B 5 Of 9
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This study adhered to the American Society of Primatologists
principles for the ethical treatment of primates. Field protocols, data
collection, and data analysis were conducted in accordance with
wildlife research protocols and ethical standards of the Max Planck
Society in Germany, the Center Suisse de Recherches Scientifiques,
the Ministére de I'Enseignement Supérieur et de la Recherche
Scientifique, and the Ministére de I'Environnement et des Eaux et
Foréts in Cote d'lvoire.

3 | RESULTS

3.1 | Territory size and known group density

The size of the territory of the East group was 40.37 km?. Detections
of infants were excluded from the SECR data because infant-mother
pairs were always captured together and SECR models assume
independent detections (conditional on activity center). Therefore,
the known chimpanzee density for the group, which was used to
compare with SECR estimates, included only weaned individuals
(N=27), and was 0.67 individual/km?

For CTDS, infants were included in the analysis as there was no
need for individual recognition, and the assumption of independence
was already severely violated because we recorded distances to the
same animals multiple times during a single independent encounter
(Howe et al., 2017). The known chimpanzee density for the entire
group used for comparison with point transects estimates was thus
0.89 individual/km?.

3.2 | Availability for detection

We recorded a total of 81 videos of chimpanzees during the survey. All
videos were recorded between 6:00:00 and 18:59:59 hr (Figure 2).
The peak of activity inferred from the hourly numbers of videos
recorded and the number of individuals seen occurred between 14:00
and 15:00, when 13 videos were recorded (Figure 2). Following
Equation 1, chimpanzees spent 48% of their time on the ground during
the 13-hr daytime interval. Thus, the availability (A) was 0.48.

When using the time chimpanzees spent on the ground during
daytime established in by Doran (1989) (males and females spent
66.2% and 46.9% of time on the ground, respectively) and adjusting
to the demographic structure of our group, we estimated that

chimpanzees spent 49.6% of their time on the ground.

TABLE 1 Results for CTDS: Population size, confidence intervals of population size, density, confidence intervals of density, coefficient of
variation, Akaike information criterion, Ai (AIC) (=[AICi - min(AIC)]), and the rounded Akaike weights estimated for each different model (hazard
rate and half normal with no adjustment terms and uniform with 1 cosine adjustment term)

Model N NCI D

Hazard rate 34 12-72 0.838
Half normal 38 15-68 0.933
Uniform 40 15-70 0.996

DCI cv A; (AIC) W; (AIC)
0.308-1.792 0.430 0.00 0.58
0.382-1.676 0.360 1.78 0.24
0.382-1.743 0.343 227 0.19

Note. AIC: Akaike information criterion; CTDS: camera trap distance sampling; CV: coefficient of variation; D, density; DCI, confidence intervals of density;
N: population size; NCI: confidence intervals of population size; wi(AIC); rounded Akaike weights
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TABLE 2 Estimation of density (lj), population size (N), confidence intervals of population size NCI, percentage of coefficient of variation (%
CV) and relative bias (%) is given for each different technique. The real number of individuals in the group with the related density (N and D,

respectively) is also given for each technique

Techniques D and N D
Point transects Weighted AIC 0.89-36 0.89
Line transects Marked nest counts 0.89-40 0.84
Standing-crop nest counts 0.78
SECR Complete subset of data 0.67-27 0.66

N Ncl cV, % Relative bias, %
36.06 13.27-70.68 39.70 0.2
37 22-64 27.40 -75
35 20-60 27.85 -125
27.07 26.55-27.59 1.00 (19.00)a 0.3

Note. AIC: Akaike information criterion; Cl: confidence interval; CV: coefficient of variation.

2CV yielded under the assumption that the number of activity centers was Poisson-distributed.

3.3 | Emporal sampling effort (t,) and sample sizes

Survey effort represented a total of 4,731 camera trap days. Of the
81 videos of chimpanzees recorded, there were a total of 364
detections of individual chimpanzees (including weaned individuals
and infants), which resulted in 2,116 extracted distance observations.
Left-truncating the data at 2 meter and right-truncating at 15 meter
reduced the data to 2,001 observations. About 65% of these
observations came from three cameras (two were on trails and one
near a fruiting tree [Irvingia gabonensis]). No chimpanzees were
detected at six of the 22 cameras.

3.4 | Abundance estimation

All point transect models yielded reasonable density estimates after
correcting for temporally limited availability for detection (Table 1).
The AlC-weighted average estimate was 0.89 individuals/km?;
multiplying by the territory size yielded a population estimate of
36.06 individuals (Table 2).

Abundances estimated by SECR were accurate, and those
estimated from line transect surveys of nests were reasonably
accurate (Table 2).

3.5 | Comparison of effort-precision between
different methods

SECR and CTDS yielded the most accurate estimates, and CTDS
yielded the least precise estimate (Table 2). Methods using camera
traps were the most expensive because of the primary cost of
cameras. The duration of the SECR fieldwork was the same as for
the CTDS study, because both were conducted as part of the same
field survey and using the same cameras. Recording all the
distance observations for CTDS was relatively fast (about 2
weeks) because of the low number of videos but took longer than
identifying individual chimpanzees as they were all well known to
researchers.

The line transects method was the least expensive, and because
of the nest decay study, the most time consuming in the field
(Table 3).

4 | DISCUSSION

This is the first study evaluating the efficacy and applicability of
CTDS for the monitoring of a semiarboreal species. We have shown
that CTDS in combination with an estimate of availability can yield
accurate estimates. Point transect surveys require randomized
designs (including systematic designs with random origin), and the
precision of abundance estimates is largely a function of the variation
in encounter rate among sampling locations (Buckland et al., 2001).
The fact that most observations were obtained at only three cameras
explains the imprecision of these estimates and highlights the
importance of sampling at more locations to improve precision (also

see Cappelle et al. in prep).

4.1 | Availability for detection

As semiarboreal species spend some time outside the field of view of
cameras, it was critical to quantify availability for detection when
estimating chimpanzee abundance by CTDS (Howe et al., 2017). The
percentage of time chimpanzees spent on the ground during the day
estimated from our camera-trapping data was very similar to what
has been directly observed (Doran, 1989). This suggests, therefore,
that our estimate of availability was a good approximation and that
temporal distribution of videos reflect the time chimpanzees spend
on the ground. Availability for detection may vary from site to site, as

is the case for nest and dung production and decay rates (Kouakou

TABLE 3 Equipment costs (in Euro), salaries of local assistants
needed for fieldwork only, time (in days) spent in the field and time
(in days) to analyze data for each technique (time for processing all
the data and to obtain decay and production rates, density and
population size estimates). All the data for line transects are for the
two-year survey in the East chimpanzee group

Days in Time of

Equipment Assistant the analysis
Technique costs (€) salaries (€) field (days)
Point Transect 5380 322 94 100
SECR 5380 322 94 90
Line Transect 730 2089 238 60
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et al., 2009; Kuehl et al., 2007; Plumptre & Reynolds, 1996; Walsh &
White, 2005). For example, chimpanzees could spend more time on
the ground in more open habitats. Survey-specific estimates should,
therefore, be calculated from each CTDS survey conducted.
Furthermore, the concordance between estimates of time spent on
the ground from camera trapping and direct observations should be
tested and validated for other chimpanzee populations where
possible. Information about time spent on the ground and in trees
is available from other long-term study sites and would facilitate
comparisons with estimates of availability from camera trap data.

4.2 | Behavioral responses and data truncation

Howe et al. (2017) suggested left-truncation might be required
generally with CTDS data to avoid bias associated with missed
detections close to the camera (suggesting three possible mechan-
isms). Our data, however, included more observations than expected
between O and 1meter. We suspect this was because some
chimpanzees stayed near the cameras for extended periods of time
to touch or inspect them. This behavior is also common in other
chimpanzee populations, even when not habituated to human
presence (Kalan et al., in press). Attraction to or avoidance of the
cameras is expected to induce bias (Buckland et al., 2001). In our
case, left-truncating to ensure a reasonable fit to the detection
function may also have reduced effects of behavioral responses to
the cameras on the data collected and, therefore, any resulting bias

to the estimated abundance.

4.3 | Validating distance sampling using camera
traps for monitoring chimpanzees

CTDS vyielded an exceptionally accurate estimate of chimpanzee
density, demonstrating the potential of the method for efficient
monitoring of chimpanzee populations. Furthermore, because CTDS
simply extends distance sampling methods to camera traps, other
theoretical extensions (such as the potential to model variation in
abundance or detectability using covariates) could be included in
more complex analyses using freely-available software, and with
advice from experts (www.distancesampling.org). However, esti-
mates were imprecise, such that it would likely be difficult to
statistically demonstrate trends in abundance. This imprecision was
attributable to the small number of sampling locations and the
heterogeneous distribution and nonrandom movements of the
chimpanzees, leading to a large variance in the encounter rate
among locations (Herbinger, Boesch, & Rothe, 2001). This problem,
however, can be overcome by increasing the number of sampling
locations.

Furthermore, an extensive trail network is intentionally main-
tained within the territories of these habituated groups to facilitate
focal follows. Our study design was randomized (a systematic grid
with random origin). Even though two cameras fell on trails and
yielded a large proportion of our total observations, it is reasonable

to assume that trails were sampled proportionally to their availability

AMIRLEN RN B 7 Of 9
[ WiLE Y-

on the study area (Buckland et al., 2001). However, the trail network
may have increased the nonrandomness of chimpanzee movements,
further exacerbating the variation in the number of observations
between camera locations, with adverse effects on precision.
Distance sampling designs must be randomized, and movements will
usually be nonrandom, so we recommend future surveys include
more sampling locations to improve precision and consequently,
making it easier to detect population changes. This could be achieved
by increasing the number of cameras deployed, or, to avoid large
increases in equipment costs, by moving cameras between locations

during the survey.

4.4 | Comparison of techniques and implication in
conservation

SECR vyielded the most precise estimates, while CTDS provided
equally unbiased estimates, but with a higher coefficient of variation.
It is worthwhile to note that Després-Einspenner et al. (2017)
assumed that the number of individual activity centers was
binomially distributed when estimating the variance of the density
estimate, as was appropriate because all traps were intentionally
located within the territory of a single group (Borchers & Efford,
2008). In surveys of unhabituated groups where territory boundaries
are unknown, the binomial distribution would be replaced by a
Poisson distribution, and a spatially unconditional variance would be
estimated, which would reduce precision (Borchers & Efford, 2008).
For the sake of comparison, we estimated the unconditional variance
and associated CV from the same SECR model fit to the same data,
and obtained a CV of 0.19, much more similar to, but still lower than,
CVs from other methods.

The line transect survey of nest yielded a smaller coefficient of
variation, but estimates were less accurate than those obtained by
either of the methods that used data from camera traps.

Comparing the costs of materials and time required to complete
the validation surveys revealed that line transects sampling was the
least expensive but the most time-consuming method. SECR and
CTDS were more expensive but required less field time (Table 3).
Overall, camera trap approaches were more expensive because of
the need to acquire cameras, but involved fewer assistants for less
time than line transects and were, therefore, a cheaper alternative in
terms of staff cost. In addition, once cameras are bought, they can be
reused in future surveys (with no or minimal additional materials
costs), while money spent on staff would need to be spent again.
However, in this study, the cost of data analysis has not been taken
into account, so the salaries represent only the amount of money
needed to hire local assistants to help with the fieldwork. The cost of
analyzing videos, if in large number, could largely increase the
assistant salaries for both SECR and CTDS. Automated video analysis
methods for species recognition have mainly been developed with
still images (e.g., Yu et al., 2013). However, new approaches for
classification of species in videos are under development and will
expand the opportunities for automated processing of camera trap

field data. Eventually, these new approaches will save a lot of time
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and money in the near future. Line transects turned out to be very
time consuming in the field because of the additional need to conduct
the decay and production rate studies concurrently with the line
transect survey. Processing data for CTDS was slightly more time
consuming than for SECR because the survey was conducted in an
area where the chimpanzees were familiar to researchers and,
therefore, quickly identified. Field labor of CTDS was also more
intense compared to SECR, because the researchers needed to
measure distances and record reference videos at each camera to
facilitate estimation of distances to animals. Consequently, the SECR
validation survey provided the most precise and unbiased estimates
with the least time involved in the field and in data processing, while
the line transect survey of nests yielded the most biased estimates

for the largest amount of time spent.

5 | CONCLUSION AND FUTURE
RECOMMENDATION

This study showed that CTDS can provide unbiased abundance
estimates for a semiarboreal species. SECR yielded the most precise
estimates, yet each method considered in this study can be useful
depending on the survey duration (long-term or short-term study) and
the resources available. More generally, if only one species is targeted,
and individuals are easily identifiable, SECR modeling should be chosen,
whereas species whose individuals are more difficult to identify should
be monitored with CTDS. Alternatively, line transects should be used to
monitor arboreal primates that spend little time on the ground because
camera traps have not been proven effective for these species yet.
Monitoring programs using camera traps initially incur high costs; yet,
they require less effort and are less time consuming than line transects
in the field. Data processing will be expected to be less arduous in the
future, thanks to recent technological development in automation of
video selection and species identification (Brust et al., 2017; Crunchant
et al, 2017; Freytag, Rodner, Darrell, & Denzler, 2014; https://zamba.
drivendata.org/). Estimation of distances from paired cameras is
straightforward (Mrovlje & Vrancic, 2008; Tjandranegara, 2005) and
its application to observation distances from camera traps is under
development (Kuhl et al., 2008) All of these techniques could also be
implemented simultaneously as part of a large multi-species survey, as
the data provided by camera traps with a systematic design can be used
for both SECR and CTDS, and line transects can be added while
reaching the cameras.

ACKNOWLEDGMENTS

The authors thank the Max Planck Society in Germany, Robert Bosch
Foundation, Center Suisse de Recherches Scientifiques, Ministére de
I'Enseignement Supérieur et de la Recherche Scientifique and
Ministére de I'Environnement et des Eaux et Foréts in Cote d'lvoire,
as well as the Tai Chimpanzee Project for the possibility of
conducting field research in Coéte d'lvoire. This study was conducted

with the financial support of the Max Planck Institute and the Center

for Forest Research-Fonds de Recherche Québec (195734) Nature et
Technologies International internship program (M.Sc. scholarship to
DE). Field protocols, data collection, and data analysis complied with
animal care regulations and applicable national laws in Germany and
Cote d'lvoire. A special thanks to Célestin Kouakou for sharing his
data and providing information on his survey. At last, we thank two
anonymous reviewers for helping to improve the manuscript.

ORCID

Noémie Cappelle http://orcid.org/0000-0002-9176-4609

Marie-Lyne http://orcid.org/0000-0003-
1659-8177

Hjalmar S. Kiihl

Després-Einspenner

http://orcid.org/0000-0002-4440-9161

REFERENCES

Anderson, D. P., Nordheim, E. V., Moermond, T. C., Gone bi, Z. B., &
Boesch, C. (2005). Factors influencing tree phenology in Tai National
Park, Cote d'lvoire. Biotropica, 37(4), 631-640. https://doi.org/10.
1111/j.1744-7429.2005.00080.x

Boesch, C., Crockford, C., Herbinger, I., Wittig, R., Moebius, Y., & Normand, E.
(2008). Intergroup conflicts among chimpanzees in Tai National Park:
Lethal violence and the female perspective. American Journal of
Primatology, 70(6), 519-532. https://doi.org/10.1002/ajp.20524

Boesch, C., Kohou, G., Néné, H., & Vigilant, L. (2006). Male competition
and paternity in wild chimpanzees of the Tai forest. American Journal
of Physical Anthropology, 130(1), 103-115. https://doi.org/10.1002/
ajpa.20341

Borchers, D. L, & Efford, M. G. (2008). Spatially explicit maximum
likelihood methods for capture-recapture studies. Biometrics, 64(2),
377-385. https://doi.org/10.1111/j.1541-0420.2007.00927..x

Brust, C. A, Burghardt, T., Groenenberg, M., Kading, C., Kiihl, H. S,,
Manguette, M. L., & Denzler, J. (2017). Towards automated visual
monitoring of individual gorillas in the wild. Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition, 2820-2830.
https://doi.org/10.1109/ICCVW.2017.333

Buckland, S. T., Anderson, D. R., Burnham, K. P., Laake, J. L., Borchers, D. L.,
& Thomas, L. (2001). Introduction to Distance Sampling. Oxford: Oxford
University Press.

Buckland, S. T., Plumptre, A. J., Thomas, L., & Rexstad, E. A. (2010). Design
and analysis of line transect surveys for primates design and analysis
of line transect surveys for primates. International Journal of
Primatology, O, 1-28.

Buckland, S. T., Rexstad, E. A., Marques, T. A., & Oedekoven, C. S. (2015).
Methods in statistical ecology. Distance Sampling: Methods and
Applications, https://doi.org/10.1007/978-3-319-19219-2

Burton, A. C., Neilson, E., Moreira, D., Ladle, A, Steenweg, R, Fisher, J. T.,
. Boutin, S. (2015). Wildlife camera trapping: A review and
recommendations for linking surveys to ecological processes. Journal
of Applied Ecology, 52(3), 675-685. https://doi.org/10.1111/1365-
2664.12432

Crunchant, A. S, Egerer, M. Loos, A, Burghardt, T., Zuberbuhler, K,
Corogenes, K., ... Kuhl, H. S. (2017). Automated face detection for
occurrence and occupancy estimation in chimpanzees. American Journal
of Primatology, 79(3), €22627. https://doi.org/10.1002/ajp.22627

Després-Einspenner, M. L., Howe, E. J., Drapeau, P., & Kihl, H. S. (2017).
An empirical evaluation of camera trapping and spatially explicit
capture-recapture models for estimating chimpanzee density. Amer-
ican Journal of Primatology, 79(7), 1-12. https://doi.org/10.1002/ajp.
22647


https://zamba.drivendata.org/
https://zamba.drivendata.org/
http://orcid.org/0000-0002-9176-4609
http://orcid.org/0000-0003-1659-8177
http://orcid.org/0000-0003-1659-8177
http://orcid.org/0000-0002-4440-9161
https://doi.org/10.1111/j.1744-7429.2005.00080.x
https://doi.org/10.1111/j.1744-7429.2005.00080.x
https://doi.org/10.1002/ajp.20524
https://doi.org/10.1002/ajpa.20341
https://doi.org/10.1002/ajpa.20341
https://doi.org/10.1111/j.1541-0420.2007.00927.x
https://doi.org/10.1109/ICCVW.2017.333
https://doi.org/10.1007/978-3-319-19219-2
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.1002/ajp.22627
https://doi.org/10.1002/ajp.22647
https://doi.org/10.1002/ajp.22647

CAPPELLE ET AL

Doran, D. (1989). Chimpanzee and Pygmy chimpanzee positional behavior:
the influence of environment, body size, morphology, and ontogeny on
locomotion and posture. University of New York: Stony Brook.

Freytag, A, Rodner, E., Darrell, T., & Denzler, J. (2014). Exemplar-specific
patch features for fine-grained recognition. In German conference on
pattern recognition (pp. 144-156). Springer: Cham. https://doi.org/
10.1007/978-3-319-11752-2_12

Head, J. S., Boesch, C., Robbins, M. M., Rabanal, L. I., Makaga, L., & Kihl, H.
S. (2013). Effective sociodemographic population assessment of
elusive species in ecology and conservation management. Ecology
and Evolution, 3(9), 2903-2916. https://doi.org/10.1002/ece3.670

Herbinger, ., Boesch, C., & Rothe, H. (2001). Territory characteristics
among three neighboring chimpanzee communities in the Tai National
Park, Cote d'lvoire. International Journal of Primatology, 22(2),
143-167.

Howe, E. J., Buckland, S. T., Després-Einspenner, M. -L., & Kuhl, H. S.
(2017). Distance sampling with camera traps. Methods in Ecology and
Evolution, https://doi.org/10.1111/2041-210X.12790

Kalan, AK.,, Hohmann, G., Arandjelovic, M., Boesch, C., McCarthy, M.,
Agbor, A, ... Kihl, HS. (In Press). Novelty Response of Wild African
Apes to Camera-traps. Current Biolog.

Karanth, K. U. (1995). Estimating tiger Panthera tigris populations
from camera-trap data using capture-recapture models. Biological
Conservation, 71(3), 333-338. https://doi.org/10.1016/0006-3207(94)
00057-W

Karanth, K. U., Nichols, J. D., Kumar, N. S., & Hines, J. E. (2006). Assessing
tiger population dynamics using photographic capture-recapture
sampling. Ecology, 87(11), 2925-2937.

Kouakou, C. Y., Boesch, C., & Kuehl, H. (2009). Estimating chimpanzee
population size with nest counts: Validating methods in Tai National
Park. American Journal of Primatology, 71(6), 447-457. https://doi.org/
10.1002/ajp.20673

Kuehl, H. S., Todd, A., Boesch, C., & Walsh, P. D. (2007). Manipulating
decay time for efficient large-mammal density estimation: Gorillas and
dung height. Ecological Applications, 17(8), 2403-2414.

Kuhl, H., Maisels, F., Ancrenaz, M., Williamson, E. A, & Williamson, E. A.
(2008). Lignes directrices pour de meilleures pratiques en matiére
d'inventaire et de suivi des populations de grands singes.

Marques, T. A, Thomas, L., Fancy, S. G, & Buckland, S. T. (2007).
Improving estimates of birds density using multiple-covariate distance
sampling. The Auk, 124, 1229-1243.

Mrovlje, J., & Vrancic, D. (2008, October). Distance measuring based on
stereoscopic pictures. In 9th International PhD Workshop on Systems
and Control: Young Generation Viewpoint (Vol. 2, pp. 1-6).

Plumptre, A. J., & Cox, D. (2006). Counting primates for conservation:
Primate surveys in Uganda. Primates, 47(1), 65-73. https://doi.org/10.
1007/s10329-005-0146-8

Plumptre, a J., & Reynolds, V. (1996). Censusing chimpanzees in the
Budongo Forest, Uganda. International Journal of Primatology, 17(1),
85-99. https://doi.org/10.1007/BF02696160

9 of 9

PR Wi LE Y2

Rovero, F., & Marshall, A. R. (2004). Estimating the abundance of forest
antelopes by line transect techniques: A case from the udzungwa
mountains of tanzania. Tropical Zoology, 17(2), 267-277. https://doi.
org/10.1080/03946975.2004.10531208

Rovero, F., & Zimmermann, F.. (2016). Camera trapping for wildlife research.
Pelagic Publishing Ltd.

Silveira, L., Jacomo, A. T. A., & Diniz-Filho, J. A. F. (2003). Camera trap, line
transect census and track surveys: A comparative evaluation.
Biological Conservation, 114(3), 351-355. https://doi.org/10.1016/
S0006-3207(03)00063-6

Silver, S. C., Ostro, L. E. T., Marsh, L. K., Maffei, L., Noss, A. J., Kelly, M. J,, ...
Ayala, G. (2004). The use of camera traps for estimating
jaguar Panthera onca abundance and density using capture/
recapture analysis. Oryx, 38(2), 1-7. https://doi.org/10.1017/
S0030605303000000

Soisalo, M. K., & Cavalcanti, S. M. C. (2006). Estimating the density of a
jaguar population in the Brazilian Pantanal using camera-traps and
capture - recapture sampling in combination with GPS radio-
telemetry. Biological Conservation, 1-10. https://doi.org/10.1016/j.
biocon.2005.11.023

Thomas, L., Buckland, S. T., Rexstad, E. A, Laake, J. L., Strindberg, S.,
Hedley, S. L., ... Burnham, K. P. (2010). Distance software: Design and
analysis of distance sampling surveys for estimating population size.
Journal of Applied Ecology, 47(1), 5-14. https://doi.org/10.1111/j.1365-
2664.2009.01737.x

Tjandranegara, E. (2005). Distance estimation algorithm for stereo pair
images.

Trolle, M., & Kéry, M. (2005). Camera-trap study of ocelot and other
secretive mammals in the northern Pantanal. Mammalia, 69(3-4),
405-412. https://doi.org/10.1515/mamm.2005.032

Wagenmakers, E. -J., & Farrell, S. (2004). AIC model selection using Akaike
weights. Psychonomic Bulletin & Review, 11(1), 192-196. https://doi.
org/10.3758/BF03206482

Walsh, P. D., & White, L. J. T. (2005). Evaluating the steady state
assumption: Simulations of gorilla nest decay. Ecological Applications,
15(4), 1342-1350. https://doi.org/10.1890/03-5283

World Wide Fund for Nature (WWF). (2018). Living planet report - 2018:
Aiming higher. (M. Grooten & R. E. A. Almond, Eds.). Gland,
Switzerland.

Yu, X.,, Wang, J., Kays, R, Jansen, P. A, Wang, T., & Huang, T. (2013).
Automated identification of animal species in camera trap images.
EURASIP Journal on Image and Video Processing, 2013(1), 52.

How to cite this article: Cappelle N, Després-Einspenner ML,
Howe EJ, Boesch C, Kiihl HS. Validating camera trap distance
sampling for chimpanzees. Am J Primatol. 2019;81:€22962.
https://doi.org/10.1002/ajp.22962



https://doi.org/10.1002/ece3.670
https://doi.org/10.1111/2041-210X.12790
https://doi.org/10.1016/0006-3207(94)00057-W
https://doi.org/10.1016/0006-3207(94)00057-W
https://doi.org/10.1002/ajp.20673
https://doi.org/10.1002/ajp.20673
https://doi.org/10.1007/s10329-005-0146-8
https://doi.org/10.1007/s10329-005-0146-8
https://doi.org/10.1007/BF02696160
https://doi.org/10.1080/03946975.2004.10531208
https://doi.org/10.1080/03946975.2004.10531208
https://doi.org/10.1016/S0006-3207(03)00063-6
https://doi.org/10.1016/S0006-3207(03)00063-6
https://doi.org/10.1017/S0030605303000000
https://doi.org/10.1017/S0030605303000000
https://doi.org/10.1016/j.biocon.2005.11.023
https://doi.org/10.1016/j.biocon.2005.11.023
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1515/mamm.2005.032
https://doi.org/10.3758/BF03206482
https://doi.org/10.3758/BF03206482
https://doi.org/10.1890/03-5283
https://doi.org/10.1002/ajp.22962



