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Abstract
Increased human activities such as commodity-led deforestation, extension of agricul-
ture, urbanization, and wildfires are major drivers of forest loss worldwide. In Camer-
oon, these activities cause a loss of suitable primate habitat and could ultimately
threaten the survival of chimpanzees (Pan troglodytes). We derived independent
estimates of the population size of the Endangered Nigeria–Cameroon chimpanzee
(Pan troglodytes ellioti) in Kom-Wum Forest Reserve, Cameroon, and surrounding
unprotected forest areas through 1) direct observations, 2) camera trapping, 3) distance
sampling, 4) marked nest counts, and 5) standing crop nest counts. In addition, we
georeferenced signs of chimpanzee and human activity along line transects. We used a
generalized linear mixed model to predict the occurrence of chimpanzees in response to
edge length (measured as the perimeter of core forest patches), core area of forest
patches (measured as area of forest patches beyond an edge width of 100 m), habitat
perforation (measured as the perimeter of nonforested landscape within core forest
patches), patch size(measured as area of forest patches), and forest cover. Chimpanzee
density estimates ranged from 0.1 (direct observation) to 0.9 (distance sampling)
individuals km−2 depending on estimation method with a mean nest group size of 7
± 5.4 (SD). The mean encounter rate for signs of chimpanzee activity was significantly
higher in mature forests (2.3 signs km−1) than in secondary forests (0.3 signs km−1) and
above 1000 m elevation (4.0 signs km−1) than below 1000 m (1.0 signs km−1). The
mean encounter rate for signs of human activity was significantly higher in secondary
(8.0 signs km−1) than in mature forests (0.9 signs km−1). Secondary forests, habitat
perforation, and edge length had a significant negative effect on the occurrence of
chimpanzee signs. Overall, human activity and forest degradation affected the number
of observed chimpanzee signs negatively. Regular antipoaching patrols and
reforestation programs in degraded areas could potentially reduce threats to
populations of endangered species and may increase suitable habitat area.
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Introduction

Increasing human activities such as commodity-led deforestation, extension of agricul-
ture, urbanization, and wildfires are major drivers of forest loss worldwide (Curtis et al.
2018). These activities cause habitat loss, fragmentation, and destruction of natural
ecosystems (Estrada et al. 2017; Haddad et al. 2015). The effects of forest fragmenta-
tion include decreasing patch sizes (larger number of smaller patches), increased edge
effects (more fragmented landscapes contain more edge for a given amount of habitat),
and patch isolation (distance from a patch to its neighbouring habitats; Fahrig 2003).
The loss of forest area and isolation of forest fragments can lead to a decrease in the
abundance of animal and plant species (Arroyo-Rodríguez and Mandujano 2006;
Estrada et al. 1999). Forest mammals and primates in particular are vulnerable to the
effects of forest fragmentation (Arroyo-Rodríguez and Mandujano 2006; Chapman and
Peres 2001). While some studies have reported a negative effect of habitat fragmenta-
tion on primates (Arroyo-Rodríguez and Dias 2010; Estrada and Coates-Estrada 1996;
Estrada et al. 1999), others have reported higher densities of primates in small forest
fragments (González-Solís et al. 2001), and some have indicated no changes in primate
density between forest edge and interior (Bolt et al. 2018). Although some primates
show flexibility in human dominated landscapes (McLennan et al. 2017), habitat loss
and degradation have resulted in a decline of about 75% of the world’s primate species,
of which 60% are endangered (Estrada et al. 2017, 2019). This situation makes it
crucial to measure threats to primate populations by determining the population status
and trends in density and distribution (Kühl et al. 2008).

Like populations of many other primate species, populations of chimpanzees (Pan
troglodytes) throughout Africa have declined due to habitat loss, habitat degradation,
poaching, and disease (Humle et al. 2016; Walsh et al. 2003). These activities are
major threats to the rarest and least studied chimpanzee subspecies (Morgan et al.
2011), the Nigeria–Cameroon chimpanzee, of which ca. 3500 individuals remain in the
wild (Morgan et al. 2011). In southwestern Nigeria, agricultural activity, timber
extraction, and hunting are major threats to populations of chimpanzees (Ogunjemite
and Dansu 2014). In the Littoral and Southwest regions of Cameroon, the expansion of
oil palm plantation and human population density is associated with permanent de-
struction of chimpanzee habitat (Morgan et al. 2011). The loss of chimpanzee habitat in
central Cameroon is driven by uncontrolled burning by cattle grazing herdsmen
(Morgan et al. 2011). Illegal timber exploitation, farming, hunting, bush fires, and
advancing pastures are major threats to chimpanzee survival in northwest Cameroon
(Doumbé 2014; Morgan et al. 2011). Unlike in the Congo Basin south of the Sanaga
River, which is characterized by lowland rainforests, the range of chimpanzees in the
Gulf of Guinea is characterized by mountainous rainforest habitat (Abwe et al. 2019;
Sesink Clee et al. 2015). Forest type and anthropogenic disturbance influence nest site
location (Koops et al. 2012; Last and Muh 2013). Chimpanzees tend to build their nests
in mature forest vegetation (Kamgang et al. 2018), in areas with a low degree of human
pressure (Last and Muh 2013; Njukang et al. 2019) and at high elevations (Njukang
et al. 2019).

The current population estimates for the Nigeria–Cameroon chimpanzee are prob-
lematic (Hughes et al. 2011), but suggest 1500 chimpanzees survive in Nigeria
(Hughes et al. 2011), with the largest population of 900–1000 individuals found in
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Gashaka–Gumti National Park, Nigeria (Sommer et al. 2004). Ngel Nyaki Forest
Reserve is home to 12–16 chimpanzees (Beck and Chapman 2008; Dutton 2012)
and ca. 400 chimpanzees may survive in Okwango Division of Cross River National
Park (McManus 2005). From 3000 to 4000 individuals remain in Cameroon (Morgan
et al. 2011), split into two distinct genetic pools that occupy ecologically and environ-
mentally distinct habitats in mountainous rainforest in western Cameroon and forest–
woodland–savanna mosaic in central Cameroon (Abwe et al. 2019; Mitchell et al.
2015; Sesink Clee et al. 2015). Strongholds for chimpanzees in Cameroon include Ebo
forest, with 626–1480 individuals (Ndimbe et al. 2016), Mbam and Djerem National
Park with more than 500 individuals (Greengrass and Maisels 2007; Kamgang et al.
2018; Maisels et al. 2009), and Banyang-Mbo Wildlife Sanctuary with 800–1450
individuals (Greengrass and Maisels 2007). Tubah-Awing Forest and Kom-Wum
Forest Reserve in the Northwest Region also harbor chimpanzees and have been
proposed as a multisite protected area, affording appropriate legal status for the
remaining wildlife and forest resources (Morgan et al. 2011). As indicated by the
publication dates, several of these estimates may be outdated.

In the past two decades, research and conservation efforts for chimpanzees
have focused on populations in continuous forests such as Gashaka Gumti
National Park (Fowler and Sommer 2007; Sommer et al. 2004), Ebo forest
(Abwe et al. 2019, 2020; Abwe and Morgan 2008), Lebialem complex–
Banyang Mbo (Greengrass and Maisels 2007), Mbam & Djerem National Park
(Abwe et al. 2019, 2020; Kamgang et al. 2018), and forests northwest of the
Sanaga River and Takamanda–Mone–Mbulu (Funwi-Gabga et al. 2014). Only
recently have some populations in fragmented habitats received attention in Ngel
Nyaki Forest Reserve in Nigeria (Beck and Chapman 2008; Dutton 2012; Dutton
and Chapman 2015a, b; Dutton et al. 2016; Knight et al. 2016), Babanki–Finge
Forest (Doumbé 2014), Fungom Forest Reserve, and Kom-Wum Forest Reserve
in Cameroon (Chuo et al. 2017; Doumbé 2015; Fotang 2018).

The IUCN-endorsed regional conservation action plan for chimpanzees outlined
measures and strategies to prevent further population decline (Morgan et al. 2011).
Kom-Wum Forest Reserve is described as a priority conservation site in the plan with a
focus on surveys to confirm chimpanzee presence and estimate population size
(Morgan et al. 2011). An initial survey in Kom-Wum Forest Reserve used trails made
by local people to access the reserve and found 458 chimpanzee nests (Doumbé 2015).
A subsequent survey used the reconnaissance method to estimate chimpanzee abun-
dance and anthropogenic activities and found 11.3 chimpanzee signs per km and 1.19
anthropogenic signs per km (Chuo et al. 2017). The main objectives of our study were
to 1) determine the population size of chimpanzees in Kom-Wum Forest Reserve and
surrounding forests using five independent methods, 2) understand habitat preferences
in relation to forest type (mature vs. secondary forest) and elevation (above and below
1000 m, following Koops et al. 2012 and close to midpoint for the study area) in the
study area, and 3) investigate the effect of human activity on the relative density of
chimpanzees in the study area. We hypothesized that human activities and forest
degradation reduce chimpanzee abundance (Bryson-Morrison et al. 2017; Morgan
et al. 2018). Thus, we predicted that the encounter rate of chimpanzee signs is lower
in secondary than in mature forests, that the encounter rate for chimpanzee signs is
higher in the reserve than surrounding forest that are subject to more anthropogenic
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pressure, and that parts of the reserve with higher elevation would have more chim-
panzee signs compared to those with lower elevation.

Methods

Study Area

Kom-Wum Forest Reserve was created in 1951 and spans two administrative units:
Boyo and Menchum Divisions in the northwest of Cameroon (Fig. 1a; latitude 6° 9'
39.47"N and longitude 10° 13' 9.16"E to latitude 6° 19' 39.42"N and longitude 10° 13'
3.93"). Extending to 565–1640 m above sea level in elevation (Fig. 1c), the 80 km2

Kom-Wum Forest Reserve is covered by submontane tropical forest that spreads over
an undulating and picturesque landscape (Sunderland and Mannaseh 2003). The
temperature ranges from 15°C to 38°C with a mean yearly rainfall of ca. 2400 mm
and humidity of 82% (PNDP 2011). The area has two distinct seasons, a wet season
(mid-March to mid-October) and a dry season (mid-October to mid-March).

In addition to chimpanzees, Kom-Wum Forest Reserve harbours six diurnal and six
nocturnal primate species (Chuo et al. 2017; Doumbé 2015; Fotang 2018). Among
these species, two are endangered (EN) and 11 are least concern (LC). The diurnal
monkey species include putty-nosed monkey (Cercopithecus nictitans ludio, LC),
mona monkey (Cercopithecus mona, LC), olive baboon (Papio anubis, LC), tantalus
monkey (Chlorocebus tantalus, LC), patas monkey (Erythrocebus patas, LC), and
Preuss’s monkey (Allochrocebus preussi, EN). The nocturnal primate species are
Thomas's dwarf galago (Galagoides thomasi, LC), Demidoff’s dwarf galago
(Galagoides demidoff, LC), Northern needleclawed galago (Euoticus pallidus, LC)
and Allen’s galago (Sciurocheirus alleni, LC), Milne-Edward’s potto (Perodicticus
edwardsi, LC), and Calibar angwantibo (Arctocebus calabarensis, LC), which are
protected entirely in Cameroon and restricted to West Cameroon and East Nigeria
(Doumbé 2015). The presence of some mammals (red duiker [Cephalophus dorsalis,
LC], bushbuck [Tragelaphus scriptus, LC], red river hogs [Potamochoerus porcus,
LC], and white-bellied pangolin [Phataginus tricuspis, EN]) and birds (Bannerman’s
turaco [Tauraco bannermani, EN], blue turaco [Corythaeola cristata, LC], and
blackcasqued wattled hornbill [Ceratogymna atrata, LC)]) have been verified
(Fotang 2018).

Kom-Wum Forest Reserve encompasses the village communities of Mughom and
Bueni in the south and borders the village communities of Bu, Mbengkas, Baiso, and
Mbongkissu (Fig. 1b and c). These local communities rely on forest resources for their
livelihood (Kah 2015).

Sampling

Satellite Images and Digital Elevation Models We obtained a satellite image (Landsat
8, 30 m pixel) for February 9, 2017 from the United States Geological Survey to
produce a land cover map of the study area. We derived the elevation of the study zone
from a Shuttle Radar Topography Mission 30 m resolution Digital Elevation Model
and superimposed this on the land cover map (Fig. 1c). We classified land cover as
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mature forest, secondary forest, grassland, and water bodies using supervised classifi-
cation and the maximum likelihood algorithm in ArcGIS version 10.6 (Ganasri and
Dwarakish 2015) as recommended in Enoguanbhor et al. (2019). We imported the land
cover types to the Landscape Fragmentation Tool in ArcGis (Vogt et al. 2007). We
included mature and secondary forests in the forest class and grassland and water
bodies in the nonforest class (Vogt et al. 2007). We used an edge-width of 100 m to
further classify forest into edge, core, perforated, and patch (Vogt et al. 2007). We
generated georeferenced square plots 2 km × 2 km in ArcGIS 10.6.1 and superimposed
them on satellite images of the study zone (Fig. 1b). For each square we calculated
percentage forest cover, edge length, core area of forest patches, patch size, and forest
perforation using the geometric landscape tool in ArcGIS. We measured edge length as
the perimeter of core forest patches, core area of forest patches as forest area beyond the
edge width of 100 m, perforated as the perimeter of nonforested landscape within core
forest patches, and patch size as area of forest patches. We used data collected during

Fig. 1 Maps of (a) Cameroon and the study location Kom-Wum Forest Reserve in northwest Cameroon (red
point), (b) Kom-Wum Forest Reserve including major villages with line transects for surveys (1–23) and
location of camera traps, and (c) line transects and elevation (May 15 to September 23, 2018).
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the survey (May–September 2018) to confirm the Geographical Information System
Classification as recommended by Congalton (1991).

Survey Techniques and Design We conducted fieldwork between 15 May and 23
September 2018 using 1) direct observation, 2) camera trapping, 3) distance sampling,
4) marked nest count, and 5) standing crop nest count. We chose this integrated
approach to overcome the known limitations of single methods (Howe et al. 2017).
We selected the nest count method based on the fact that chimpanzees in Kom-Wum
Forest Reserve were not habituated and thus were extremely difficult to observe in the
wild (Plumptre and Reynolds 1996). We used camera trapping to increase the proba-
bility of detecting chimpanzees (Rovero and de Luca 2007; Rovero et al. 2010). We
established line transects following a recce-transect survey conducted in this area (Chuo
et al. 2017). We sampled the georeferenced square grids of 2 km × 2 km with transects.
In total, we superimposed 23 systematic, equally spaced (1000 m) line transects (each
2 km long with a random start) across 23 grids (92 km2) in the study zone (Buckland
et al. 2001). We generated the starting point of each transect using a random number
table. We oriented line transects in the northwest–southeast direction perpendicular to
three rivers that flow through the reserve. We considered transects in grids at the border
as inside the reserve if the surface area of the grid within the reserve boundaries was
>50% of the surface area of a full grid cell. We surveyed all transects assuming that we
detected chimpanzee nests on the transect line with certainty, and that we measured
distances from the center of the nest to the line transect correctly (Buckland et al. 2001).

In the field, we identified the starting point of each predetermined line transect from
the land cover map and the position of wildlife cameras using a GARMIN GPSMAP
64s device. We installed one LTL-5310A Acorn wildlife camera in each of 10 grids
that contained at least one chimpanzee nest group along frequently used chimpanzee
paths and feeding or tool use sites (Fig. 1b). We programmed cameras to operate 24 h a
day and to take one photograph and then continue taking a video for 60 s at a resolution
of 1080 pixels at a height 30–80 cm above the ground. The survey team checked
camera traps to replace SD cards and batteries during transect visits. We left camera
traps at their locations if a chimpanzee was photographed and moved them to a new
position if no images of a chimpanzee were obtained (Rovero et al. 2010). We replaced
defective cameras that contained pictures of chimpanzees in two grids with functional
cameras from two grids that did not photograph chimpanzees.

We recorded signs of chimpanzee presence during transect surveys, including nests,
sightings, vocalizations, feeding signs, footprints, feces, and tool use sites (Fig. 2a). We
recorded signs of human-related activity including hunting, farming, logging, livestock
grazing, and collection of nontimber forest products (Fig. 2b). In the survey, we defined
a nest as a structure with visible twigs that appear to be broken or bent inwards by
chimpanzees (Tutin and Fernandez 1984). We distinguished arboreal (night or day) and
ground (night or day) nests (Fig. 3). We considered a nest as “arboreal night” if it was
elaborately constructed, with a circular thick cushion-like support, and sometimes with
feces beneath and as “arboreal day” if it was poorly constructed, with weak-cushioning
support (Fruth and Hohmann 1996). We considered nests as “ground night” if they
were well constructed, contained chimpanzee hair, and were in the vicinity of other
arboreal nests (Furuichi and Hashimoto 2000; Koops et al. 2007). Ground day nests
were simple weak cushion-like constructions made up of an assemblage of leaves that
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contained chimpanzee hair (Boesch 1995). We assumed all nests we encountered
during the survey were constructed by chimpanzees because gorillas do not occur in
this forest (Chuo et al. 2017; Doumbé 2015).

We defined nest age following Tutin and Fernandez (1984). We considered nests of
the same age class within a radius of 50 m of each other as belonging to the same group
(White and Edwards 2000). We recorded the GPS location, nest group size, perpen-
dicular distance to the transect, and age class of nest for all nests. We classified
vegetation type as mature forest, old secondary forest, or grassland (White and
Edwards 2000). Mature forest consisted of mixed forest with many large trees, high
canopy cover, and sparse vegetation cover on the ground, consisting mostly of shrubs

Fig. 2 Encounter rate classes for signs of (a) chimpanzee and (b) human activity during a survey in Kom-
Wum Forest Reserve, Cameroon (May 15–September 23, 2018).
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and mixed forest, with understory dominated by lianas and Marantaceae. Old second-
ary forest included areas with large trees but showing evidence of disturbance by
humans, absence of food crops, with occasional oil palm or mango trees. Grassland
was grazing land characterized by short-grass mixed with arable fields and cattle paths.
We assessed the area covered by each vegetation type along line transects using a hip
chain distance measurer.

Monitoring Nests and Deterioration Rates Based on the results of the first survey, we
revisited 13 transects with at least one chimpanzee nest group. We revisited transects
approximately every 16 days to establish nest decay rate. We considered new nests
encountered during revisits as constructed between transect walks (Plumptre and
Reynolds 1996). We tagged and revisited all observed nests in the first survey of line
transects to evaluate their deterioration. We considered nests as fully decayed when the
nest frame had completely disappeared, the branches could no longer be recognized,
and branches did not appear to be broken or bent by chimpanzees (Kouakou et al.
2009; Tutin and Fernandez 1984). Overall, we surveyed 13 transects 5 times (130 km)
and 10 transects once (20 km), giving an effective effort of 150 km (Electronic
Supplementary Material [ESM] Tables SI, SII, and SIII).

Statistical Analysis

We used Distance 7.0 (Thomas et al. 2010) and R studio version 3.5.1 for statistical
analysis (Venables et al. 2008). We checked the normality of residuals with the
Shapiro–Wilk normality test and homogeneity of variances using the Levene test.

Fig. 3 Stages of deterioration in nests made by chimpanzees. a New arboreal nest (0–16 days). b Old arboreal
nest (83–91 days). c New ground nest (0–3 days). d Old ground nest (30–75 days) in Kom-Wum Forest
Reserve, Cameroon ( May 15–September 23, 2018).
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We compared encounter rates of chimpanzee and human activity signs between forest
type (mature versus secondary forest), elevation (above vs. below 1000 m), and
location of transects (inside vs. outside reserve boundaries) based on Cohen’s d as a
measure of effect size and the Wilcoxon rank-sum test (Ho et al. 2019). We used
multiple regression (Kim 2019) to test the effect of human activity (logging, farming,
grazing, and harvesting of nontimber forest products) on the encounter rate of chim-
panzee signs in the reserve. We used a generalized linear mixed-effect regression model
(Baayen et al. 2008), with binomial family to predict the effect of edge length, habitat
perforation, patch size, and forest covers (mature and secondary forests) on the
probability of chimpanzee occurrence. We used locations with signs of chimpanzee
presence (direct sightings, nests, dung, or tool use sites) to extract presence pixel
values. We produced chimpanzee absence points (background pixel values) using
100 randomly generated points from each grid containing a chimpanzee point. We
used Pearson correlation to test the correlation between predictors in regression
analyses.

Direct Observations and Camera Trapping

We based direct observation of chimpanzees on groups, not individuals (Kühl et al.
2008). We estimated the relative abundance index (RAI, Eq. 1) from camera trap data
as the number of photographs per 100 trap days (O'Brien et al. 2003). We considered
photographs of chimpanzees as independent if the time between two consecutive
photographs was longer than 30 min (O'Brien et al. 2003). We considered photographs
with one or more chimpanzee individuals as single independent photographs (Jenks
et al. 2011). We defined a trap day as a camera trap installed at a single location for
24 h and the total number of trap days as the sum of trap days for all camera traps minus
the days that cameras were defective or ran out of batteries. We noted the date, time,
and number of individuals for each camera event.

The equation for the Relative Abundance Index (RAI) is

RAI ¼ Sum of all independent photographs of chimpanzees for all cameras � 100

Total number of camera trap days Number of cameras� number of days cameras are operationalð Þ
� �

RAI ¼ 9 � 100

5� 126ð Þ
� �

¼ 1:4 per 100 days of camera trapping

ð1Þ

Density, Distance Sampling, Standing Crop Nest Count, and Marked Nest Count

We considered all nests (N = 271) in standing crop nest count (SCNC) analysis, as it
identifies nest decay rate (Plumptre and Reynolds 1996) but only nests encountered
during the first transect survey (N = 158) for distance sampling analysis. We
selected this approach to allow comparison of distance sampling results to previous
studies that used the same approach. We used only new nests encountered during
the intersurvey period (N = 113) for marked nest count (MNC) analysis (Plumptre
and Reynolds 1996). We tested several models in distance analyses and considered
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the model with the lowest Akaike information criterion (AIC) as the best model
(Buckland et al. 2001). We based the analysis on single nest observations because
we encountered fewer nest groups (N = 59) than required to provide a reliable
estimate in Distance (N = 60). We used the effective strip width of all transects (as
calculated in distance sampling) to estimate nest density in the SCNC and MNC
methods. We converted nest density estimates to density of chimpanzees by apply-
ing the formula: Dind = Nall nests /2Lw (prt), for SCNC, where Dind is the number of
individual, N is the number of nests observed along transect, w is effective strip
width of transect, L is the transect length (in km), p is the proportion of nest builders
in the population, r is the rate of nest production per individual per day, and t is the
nest decay time (Ghiglieri 1984). When using the marked nest count method, the
formula becomes Dind = Nnewnest/2Lw (pri), where Nnewnest is the number of new
nests (fresh and recent nests) constructed during the intersurvey period, i is the
intersurvey period, and the other parameters remain the same as in the SCNC
formula (Buckland et al. 2001; Hashimoto 1995; Plumptre and Reynolds 1996).
We obtained densities by correcting for factors such as nest decay rate (estimated in
this study) for distance sampling and SCNC, the proportion of nest builders in the
population (0.83) following Plumptre and Cox (2006) and the nest production rate
per individual per day (1.09) following Morgan et al. (2006) and Plumptre and
Reynolds (1996). We obtained population sizes by extrapolating chimpanzee den-
sity estimates to the total forest area of 92 km2.

Chimpanzee and Human Activity Signs

We calculated encounter rates (number of observations/km) as the total number of signs
encountered (N) divided by the total length of the transect (L) in km (Mathot and
Doucet 2005). We calculated encounter rates for signs of chimpanzee and human
activity. We defined encounter rate classes and assigned values for each transect. We
imported the encounter rate classes into ArcGIS software (ArcMap 10.6.1, ESRI) and
assigned different colour bands to different encounter rate classes (no observation =
0.0; few observations = 0.1–2.9; many observations >3). Finally, we created spatial
distribution maps with different colour bands representing the relative density of
chimpanzee and human activity.

Ethical Note

This research respected the principles for research on nonhuman primates outlined in
the American Society of Primatologists manual for the ethical handling of primates.
The research permits to conduct this research were obtained from the Ministry of
Scientific Research and Innovation in Cameroon. The authors declare that they have no
conflict of interest.

Data availability The datasets generated and/or analyzed during the current study
are not publicly available in an attempt to protect the species in the study area;
however, these can be made available from the corresponding author by
reasonable request.
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Results

Density, Direct Observations, and Camera Trapping

In total, we counted 271 nests along 23 transects that we surveyed repeatedly
over 131 days, for a total survey effort of 150 km. The mean nest group size was
7.0 ± 5.4 (SD, range 2–22). We found 22 fresh nests and fresh chimpanzee feces
at a single location, suggesting that the chimpanzee group left the site a few
minutes prior to the visit and slept in the nests overnight. We sighted chimpan-
zees five times (5 groups, 0.03 groups km−1) during the survey and the
maximum group size we observed directly was ≥10 individuals. We estimated
chimpanzee density at 0.1 individuals km−2 through direct observation, with a
maximum group size of 10 chimpanzees in 92 km2 of the forested area. Camera
traps obtained nine independent photographs of chimpanzees (Fig. 4). The
number of individuals in independent photographs or videos ranged from 2 to
9. The relative abundance index of chimpanzees was 1.4 individuals for 100 days
of camera trapping (Eq. 1). The largest photographed group of nine chimpanzees
was two adult females each carrying offspring, two weaned juveniles, one adult
male, and two adults whose sex we could not determine.

Nest Decay Rates

We obtained a mean decay time of 101.0 ± 25.5 (SD) days and an intersurvey
period of 64 days by monitoring 7 ground nests and 28 arboreal nests from the
beginning of the study until all nests decayed completely. All 7 ground nests had
decayed completely within 75 days while the 28 arboreal nests decayed
completely after 126 days (Fig. 3).

Density, Distance Sampling, SCNC, and MNC

The half-normal + cosine adjustment model gave the best fit in distance sam-
pling with the lowest AIC value. Chimpanzee densities were 0.9 individuals
km−2 using distance sampling (Table I). Mean nest densities were 21.1 km−2 for
MNC and 44.0 km-2 SCNC analysis. When corrected for an intersurvey period of
64 days and nest decay rate of 101 days, chimpanzee densities were 0.4 km−2 for
MNC and 0.5 individuals km−2 for SCNC methods (Eqs. 2 and 3). Distance
sampling produced the largest nest density per km−2 while MNC produced the
lowest, resulting in large variability in estimated population sizes in Kom-Wum
Forest Reserve (Table I).

The MNC equation for transects 1, 2, 3, 5, 6, 9, 10, 16, 18, and 19 is

N newnest ¼ 113ð Þ
2� w 0:02056ð Þ � L 130ð Þð �= p ¼ 0:83ð Þ � r ¼ 1:09ð Þ � i ¼ 64ð Þ½ �

� �
ð2Þ

Dind. = 113/309.5 = 0.37 weaned chimpanzee km−2

The equation for SCNC for all transects is
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Dind ¼ N ¼ 271ð Þ
2� w ¼ 0:02056ð Þ � L ¼ 150ð Þð � p ¼ 0:83ð Þ � r ¼ 1:09ð Þ � t ¼ 101ð Þ½ �

� �
ð3Þ

Dind. = 271/563.6 = 0.48 weaned chimpanzee km−2

Chimpanzee Activity Signs

In total, we encountered 405 signs of chimpanzee activity along the 23 transects
resulting in 2.7 signs km−1. Nests (N =271) were the most common signs
followed by food remains (N = 68), feces (N = 35), vocalizations (N = 26),
and tool use sites (N = 5). The mean encounter rate of chimpanzee signs was
significantly higher in mature (2.27 ± SD 3.38 sign km−1) than in secondary
forest (0.31 ± SD 0.8 sign km−1, Fig. 5a, N = 23, W = 364.5, d = 0.9 [95.0% CI
0.0, 1.86], P = 0.016) and significantly lower below 1000 m (0.98 ± SD 1.8 sign
km−1) than above 1000 m elevation (3.96 ± SD 2.9 sign km−1, Fig. 5b, Wilcoxon
rank-sum test: N = 23, W = 18.5, d = 1.4 [95.0% CI 0.14, 3.01], P = 0.025). The
mean encounter rate of chimpanzee signs did not differ significantly between

Fig. 4 Chimpanzee in Kom-Wum Forest Reserve, Cameroon, photographed by wildlife cameras with (a) a
juvenile leading a group and (b) a juvenile and a nursing adult female (May 15–September 23, 2018).
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areas outside (3.31 ± SD 3.0 sign km−1) and inside the reserve boundaries (1.08
± SD 1.8 sign km−1, Fig. 5c, Wilcoxon rank-sum test: N = 23, W = 28.5, d =
−0.97 [95.0% CI −2.37, 0.13], P = 0.060).

Table I Density estimates for chimpanzees in Kom-Wum Forest Reserve, Cameroon, using three methods
(May 15–September 23, 2018)

Parameters Distance sampling Marked nest count Standing crop nest count

Number of nests 158 113 271

Distance (km) 46 130 150

Strip width (km) 0.02 0.02 0.02

Decay time/intersurvey period (days)a 101 64 101

Proportion of nest buildersa NA 0.83 0.83

Nest density (km−2 ) 80.4 24.9 43.9

Chimpanzee density (km−2 ) 0.94 0.37 0.48

Chimpanzee 83 37 46

a Proportion of nest builders in the population from Plumptre and Cox (2006) and nest construction rate per
day from Plumptre and Reynolds (1996).

Fig. 5 Gardner–Altman estimation plots for mean encounter rates of chimpanzee signs in (a) secondary and
mature forest, (b) low and high elevation, and (c) outside and inside Kom-Wum Forest Reserve, Cameroon
(May 15–September 23, 2018). In each panel, empirical data for both groups are plotted on the left axis; mean
Cohen’s d is represented as a dot and horizontal line on the right axis; vertical error bars represent bootstrap
95% confidence interval together with the resampling distribution from 5000 resamples.
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Encounter Rates of Human Signs Overall, we encountered 271 human signs along the
23 transects. Hunting (N =142) was the most common sign, followed by farming (N =
52), logging (N = 41), grazing (N = 22), and collection of nontimber forest products (N
= 14). The encounter rate of human activities was 1.81 signs km−1. Common signs of
hunting included snares, cartridge cases, hunting camps, and traps. The mean encounter
rate of human signs was significantly lower in mature (0.94 ± SD 2.14 sign km−1) than
in secondary forest (8.02 ± SD 13.55 sign km−1, Fig. 6a, Wilcoxon rank-sum test: N =
23, W = 358, d = −7.09 [95.0% CI −15.3, −3.2], P = 0.029). The mean encounter rates
of human signs did not differ significantly between elevations (above 1000 m: 1.4 ± SD
1.61 signs km−1; below 1000 m: 5.58 ± SD 5.39 signs km−1, Fig. 6b, Wilcoxon rank-
sum test: N = 23, W = 27.5, d = −0.901 [95.0% CI −1.53, −0.364], P = 0.204) or
between areas outside (1.54 ± SD 2.5 sign km−1) and inside the reserve (5.28 ± SD 5.4
sign km−1, Fig. 6c, Wilcoxon rank-sum test: N = 23, W = 80, d = 0.79 [95.0% CI
0.0732, 1.38], P = 0.057).

Human activity significantly affected the encounter rate of chimpanzee signs (N =
23, R2 = 0.21, df = 20, d = −0.65 [95.0% CI −1.15, −0.07], P = 0.036). Hunting had a
significant negative effect on the encounter rate for signs of chimpanzees, while
harvesting of nontimber forest products had no significant effect (Table II). The
occurrence of chimpanzee signs was negatively related to secondary forest (P <
0.001), habitat perforation (P < 0.001), and the edge length (P < 0.001) and positively
related to core areas (P < 0.001).

Discussion

We estimated 10 (direct observation) to 83 (distance sampling) chimpanzees in the
study area using the different methods. Signs of chimpanzee activity were significantly
more common in mature forests than in secondary forest and at an elevation >1000 m
than at <1000 m. The frequency of chimpanzee signs decreased with increasing human
activity, particularly hunting. Secondary forest cover, habitat perforation, and edge
length negatively affected the occurrence of chimpanzee signs while core area had a
positive effect. Using several methods to estimate chimpanzee density facilitated the
assessment of the state of chimpanzee populations. The results are alarming, as most
density estimates from this study are the lowest in the published literature (Table III;
with the exception of distance sampling). This estimate of the population size of the
chimpanzees in Kom-Wum Forest Reserve, coupled with previous integrated assess-
ments in Ngel Nyaki Forest Reserve in Nigeria (Dutton 2012), highlight the urgent
need to take action to conserve this subspecies in fragmented habitats.

Chimpanzee Density

In contrast to the five chimpanzee groups seen during the present study, previous
surveys encountered one or two groups in Kom-Wum Forest Reserve (Chuo et al.
2017; Doumbé 2015). Our sampling effort (150 km) was higher than in previous
surveys (46 km), but our encounter rate of chimpanzee groups (0.03 groups km−1)
was similar to that in previous studies (0.02 groups km−1). This suggests that the group
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sizes of chimpanzees observed directly are similar across studies and that the
population may be stable since the first survey in 2015. Sampling effort could
therefore be reduced in future studies.

The number of independent photographs captured by camera traps (N = 9) was
higher than the number of direct observations of chimpanzees (N = 5). We could also
identify the sex of a few chimpanzee individuals from camera trap footage. The relative
abundance of chimpanzees estimated in our study was close to estimates for the central
chimpanzee (Pan troglodytes troglodytes) in the northern sector of Dja Faunal Reserve
in Cameroon (Bruce et al. 2018). A similarity in the habitat of both reserves (rainforest)
can explain the closeness of these results: lowland montane rainforest for Kom-Wum

Fig. 6 Gardner–Altman estimation plots of mean encounter rates of human signs in (a) secondary and mature
forest, (b) low and high elevation, and (c) outside and inside Kom-Wum Forest Reserve, Cameroon (May 15–
September 23, 2018). In each panel, empirical data for both groups are plotted on the left axis; mean Cohen’s d
is represented as a dot and horizontal line on the right axis; vertical error bars represent bootstrap 95%
confidence interval together with the resampling distribution from 5000 resamples.

Table II Estimated coefficients and standard errors for a model using human activity signs to predict
chimpanzee activity in Kom-Wum Forest Reserve, Cameroon (May 15– September 23, 2018)

Coefficients Estimate Standard error t P

(Intercept) 3.00 0.64 4.69 <0.001

Hunting −0.56 0.24 −2.29 0.033

Nontimber forest product collection −0.65 0.80 −0.81 0.425
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Forest Reserve (Sunderland and Mannaseh 2003) and lowland rainforest for Dja Faunal
Reserve (Abwe et al. 2019; Sesink Clee et al. 2015).

Estimates of nest decay time needed for additional density methods indicated 101
days for total decay, which is lower than estimates from Ngel Nyaki Forest Reserve in
Nigeria (Dutton 2012). Ground nests decayed considerably faster than arboreal nests.
Ground nests are often poorly constructed, since they are usually used temporarily
during the day for resting (Brownlow et al. 2001; Koops et al. 2007). Site-specific
differences are not surprising given that nest decay times vary over space and time and
with sample period, tree species, forest type, nest height and position, soil pH, and
average rainfall (Ancrenaz et al. 2004; Buij et al. 2003; Johnson et al. 2005; Kouakou
et al. 2009; Marshall et al. 2007; Mathewson et al. 2008; van Schaik et al. 1995; Walsh
and White 2005).

The density estimate for chimpanzees based on distance sampling was the only
estimate that was higher than previously derived densities for chimpanzees (Kamgang
et al. 2018). Density estimates based on the SCNC and MNC methods were lower than
all previously published results. The higher densities of chimpanzees in Ngel Nyaki
Forest Reserve could be a result of the reserve’s small size (7 km2) (Beck and Chapman
2008; Dutton 2012) compared to Kom-Wum Forest Reserve (80 km2). The higher
estimated densities for the Western chimpanzee (Pan troglodytes verus) in Taï National
Park is probably due to the presence of large undisturbed remnants of primary tropical
forest (Boesch and Boesch-Achermann 2000; Kouakou et al. 2009). Generally, density
estimates of 0.1–0.9 chimpanzee km−2 in this study fall within the ranges for sites of
central chimpanzees in Cameroon (0.1–1.2 km−2) (Ngalla et al. 2005) and of other
populations of chimpanzees across West Africa (0.2–2.0 km−2) (Kormos et al. 2003).

Table III Densities of chimpanzees across study sites (May 15 to September 23, 2018, for this study only)

Study site Country Decay Method Density Reference

rates (days) (km−2, RAI) ± 95% CI

KWFR Cameroon — CT 1.43 This study

DFR Cameroon — CT 1.61(0.77–2.9) Bruce et al. (2018)

KWFR Cameroon — DO 0.12 This study

GGNP Nigeria — DO 1.3 Sommer et al. (2004)

NNFR Nigeria — DO 1.5 Dutton (2012)

KWFR Cameroon 101 DS 0.94 (0.50–1.77) This study

NNFR Nigeria 168.48 DS 0.33 Dutton (2012)

KWFR Cameroon — MNC 0.37 This study

NNFR Nigeria — MNC 1.67 Beck and Chapman (2008)

NNFR Nigeria — MNC 0.69 Dutton (2012)

KWFR Cameroon 101 SCNC 0.48 This study

MDNP Cameroon 88 SCNC 0.88 (0.55–1.41) Kamgang et al. (2018)

NNFR Nigeria 168.48 SCNC 1.5 Dutton (2012)

Camera trapping, Direct observation, Distance sampling, Dja Faunal Reserve, Kom-Wum Forest Reserve,
Gashaka–Gumti National Park, Mbam Djerem National Park, Ngel Nyaki Forest Reserve
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Nest decay time and season may have influenced the results of the SCNC (0.5
chimpanzee km−2 , 43 individuals) and distance sampling approaches (0.9 chimpanzee
km−2, 83 individuals) as both rely on nest decay time to estimate chimpanzee density
(Mathewson et al. 2008; Tutin et al. 1995). The result of the MNC technique (0.4
chimpanzee km–2, 37 individuals) was comparable to the 10 chimpanzees directly
observed and the largest nest group size (22 nests) encountered during our survey.
Subsequent surveys in Kom-Wum Forest Reserve should consider using the MNC
technique, since it is not biased by estimated nest decay rates and is sensitive in
detecting changes in density, movement, and seasonal habitat use (Buij et al. 2003;
Devos et al. 2008). The survey period should include data from the dry season for
SCNC and distance sampling methods to accurately estimate average nest decay times
in the dry season. The SCNC method is cheaper, requires less labour, and will produce
accurate estimates if the nest decay time is properly calculated (Kouakou et al. 2009).
However, other parameters such as elevation, wood density, and soil pH should be
considered when employing the SCNC method (Buij et al. 2003; van Schaik et al.
1995). Each method has strengths and weaknesses and is applicable under certain
conditions (Vink et al. 2020). Overall, 10–83 chimpanzees live in the study area
depending on the estimation method.

Chimpanzee Activity

The observed encounter rate for chimpanzee signs (2.7 signs km−1) was
considerably lower than rates previously reported for this study area (Chuo
et al. 2017), but there were differences in activity signs between habitat types.
We found higher encounter rates in mature forest at higher elevation. At Tofala
Hill Wildlife Sanctuary, chimpanzees also nest more frequently in mature veg-
etation at higher elevations (800–1000 m; Njukang et al. 2019). At Babanki–
Finge forest in Cameroon, a majority of nests were recorded in dense vegetation
at 500–2300 m (Doumbé 2014). At Mbam and Djerem National Park in Cam-
eroon, chimpanzees preferred dense habitats at higher elevation (Kamgang et al.
2018). Similar results were recorded from Seringbara, Nimba Mountains in the
Republic of Guinea, where chimpanzee nests were more abundant in mature
forest and above 1000 m than in secondary forest and below 1000 m (Koops
et al. 2012). More recent research in the Nimba Mountains revealed that chim-
panzees preferred old-growth over secondary forest for nesting (Granier et al.
2014). Higher encounter rates of human activity in the secondary forests in Kom-
Wum Forest Reserve may be linked to the low encounter rates for chimpanzee
signs compared to those in mature forest areas. Higher encounter rates for
chimpanzee signs in mature forests in Tofala Hill Wildlife Sanctuary and
Babanki–Finge Forest in Cameroon were also associated with lower encounter
rates for hunting, logging, and farming. A review of 52 chimpanzee nest surveys
across West Africa showed that chimpanzees prefer rainforests with a low degree
of human impact (Heinicke et al. 2019). In the southeastern forest region of
Bossou, Guinea, chimpanzees preferred mature forest with abundant supply of
wild fruits over disturbed habitats for traveling and resting (Bryson-Morrison
et al. 2017). Similarly to other chimpanzee subspecies, the chimpanzees of Kom-
Wum prefer mature forest compared to secondary forest. Primary forest tend to
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provide suitable conditions (habitat with enough food and shelter) for the
Nigeria–Cameroon chimpanzee (Carvalho et al. 2020) and other great apes
species (Junker et al. 2012).

After controlling for the effect of forest cover, habitat perforation, edge length, and
secondary forest had a significant negative effect on chimpanzee occurrence in Kom-
Wum Forest Reserve. In contrast, core areas had a significant positive effect. The low
occurrence of chimpanzees in perforated forest, at forest edges, and in secondary forest
is probably best explained by higher human activity in these areas, as previously
reported (Morgan et al. 2011). This interpretation is supported by results from Guinea,
where chimpanzees were more likely to feed away from cultivated areas than away
frommature forest (Bryson-Morrison et al. 2017). Other primates respond negatively to
habitat degradation (Arroyo-Rodríguez and Dias 2010). For example, in Los Tuxtlas
and the lowlands of Tabasco, Mexico, the mantled howler (Alouatta palliata) prefered
interior forest with high-quality habitat (feeding trees with larger diameter at breast
height) to edge forest (Arroyo-Rodriguez and Mandujano 2006; Muñoz et al. 2006).
Although we did not assess food availability of chimpanzees in forest edges and
interior forest in this study, the positive relationship between chimpanzee occurrence
and core areas in Kom-Wum Forest Reserve could be explained by resource availabil-
ity (e.g., food and nest sites). At Goualougo Triangle in the Republic of Congo,
transects that traversed the core area of the community range had higher encounter
rates of chimpanzee nests and nests sites compared to more peripheral areas (Morgan
et al. 2006).

The results we obtained for Kom-Wum Forest Reserve contrast with those from
Nyungwe National Park, Rwanda, where chimpanzees used forest edges for feeding,
nesting, and traveling (Hasabwamariya 2018). This difference may be a consequence of
the behavioral flexibility of primates living in human-dominated landscape (McCarthy
et al. 2017). The persistence of primates in human disturbed landscapes can be related
to their flexibility in diet selection (Marsh et al. 2016). For example, in Magdalena
Valley, Colombia, white-fronted capuchins (Cebus albifrons) (a more diet generalist
species) were encountered in a majority of fragments irrespective of high human
disturbance. In contrast, the brown spider monkey (Ateles hybridus) (a species with a
more selective diet) was absent or less abundant in highly disturbed forest fragments.
At La Suerte Biological Research Station, Costa Rica, there was no difference in the
encounter rates of mantled howler (Alouatta palliata), white-faced capuchins (Cebus
capucinus), and Central American spider monkeys (Ateles geoffroyi) in forest edges
with high human disturbance and interior forest (Bolt et al. 2018).

Conclusion

This study shows that forest degradation resulting from human activity had a significant
negative impact on the encounter rate of chimpanzee signs in Kom-Wum Forest
Reserve, Cameroon. Chimpanzee signs were mostly found in mature forest compared
to secondary forest, at higher elevation than lower elevation, and were less frequently
observed with increasing human activities. This study supports previous work showing
that sampling effort and methodological approach can yield variable estimates of
population size (Vink et al. 2020). The MNC technique is sensitive in detecting
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changes in density (Buij et al. 2003; Devos et al. 2008) and is therefore recommended
in combination with camera trapping to monitor the population status of chimpanzees.
Our results reveal the importance of undisturbed mature forests as core habitats for
chimpanzee populations in Kom-Wum Forest Reserve and surrounding forests. Sec-
ondary forests may provide essential habitats for chimpanzees (Basabose 2005), but
chimpanzees in this study tended to avoid secondary forest, most likely due to high
human activity. Future effort focusing on the conservation of chimpanzees in Kom-
Wum Forest Reserve should be directed toward reducing human activities and
reforestating degraded areas. Local human communities need to be actively involved
in monitoring programs and law enforcement activities, such as regular antipoaching
patrols within and around the reserve, to prevent hunting. Providing incentives to local
community members to generate alternative livelihood activities such as piggeries and
poultry farms has the potential to reduce the pressure on forest resources (Van Vliet
2011). The promotion of conservation education is essential to discourage bushmeat
hunting and to maintain continuous forest through the reforestation of degraded areas.
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