
Conservation of chimpanzees Pan troglodytes verus
and other primates depends on forest patches in a
West African savannah landscape
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Abstract Habitat loss and fragmentation, hunting pressure,
and human–wildlife conflict threaten the survival of pri-
mates across Africa. Particularly dramatic forest losses
have occurred outside protected areas in the Guinean for-
est–savannah transition zone. Using the Boé region,
Guinea-Bissau, as a case study, we investigated whether
and how this rapidly humanized mosaic of wooded savan-
nah, gallery forests and cropland could sustain viable pri-
mate populations. We conducted line transect surveys and
reconnaissance (recce) walks to assess populations of one
Critically Endangered (chimpanzee Pan troglodytes verus),
one Endangered (Temminck’s red colobus Piliocolobus ba-
dius temminckii), one Vulnerable (king colobus Colobus
polykomos), and one Near Threatened (sooty mangabey
Cercocebus atys) arboreal primates across a  km section
of Boé in the dry season of . Using the standing crop
nest count method we estimated a relatively high chimpan-
zee density (. individuals per km, % CI .–.). An
assessment of habitat selection showed that chimpanzees
prefer semi-dense forest and fallow fields with remnant
old trees for nesting, and locations close to rivers. The
other primates studied occurred in extremely low densities
and were largely restricted to gallery forests. Our results
indicate a need for immediate action to ensure the long-
term survival of the primate community in the human-
dominated landscape of Boé. Our recommendations include
action to maintain hunting pressure at a low level, restoring
and protecting gallery forests, introducing incentives for
farmers for forest protection and primate-friendly practices,
and extending the conservation programme to all arboreal
primates in the region.
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Introduction

Habitat loss and fragmentation, hunting pressure and
human–wildlife conflict threaten the survival of

primates worldwide (Estrada et al., ). Deforestation is
occurring rapidly within primate distributional ranges,
with relatively intact habitats being converted to mosaics
dominated by agriculture and agroforestry (Chapman &
Peres, ; Laporte et al., ; Plumptre et al., ).
Deforestation can have a negative impact on some primate
species (e.g. Cowlishaw & Dunbar, ; Minhós et al.,
) but not all species respond in the same way to habitat
loss and the expansion of anthropogenic land uses (Johns &
Skorupa, ). Considering the increasing isolation of pro-
tected areas throughout the tropics, there is a need to inves-
tigate the ability of primate communities to persist in
human-dominated landscapes, to inform management
practices outside protected areas.

In West Africa wooded savannahs, one of the predomin-
ant vegetation types across Africa (White, ), are under-
going particularly rapid land-use changes (Brink & Eva,
). The most dramatic changes in forest loss have oc-
curred in the Guinean forest–savannah transition zone,
where forest cover decreased by % during –,
mainly as a result of agricultural development (Brink &
Eva, ). Despite the importance of this vegetation forma-
tion and the potential effect that its deforestation may have
on forest-dwelling species such as primates, the primate
communities of this habitat inWestern Africa have been lit-
tle studied (Fimbel, ; Galat Luong, ; Oates, ;
Gonedelé Bi et al., ; Lambert, ; Ginn & Nekaris,
).

We assessed the populations of four arboreal primates:
three threatened species (the Critically Endangered chim-
panzee Pan troglodytes verus, the Endangered Temminck’s
red colobus Piliocolobus badius temminckii, and the
Vulnerable king colobus Colobus polykomos) and one
Near Threatened species (sooty mangabey Cercocebus
atys), across a mixed wooded savannah–agricultural land-
scape, in the Boé region of Guinea-Bissau. Specifically, we
investigated population densities of these species and their
association with habitat and landscape features. Based on
our results, we discuss the capability of the primate commu-
nity to tolerate habitat conversion and persist in a human-
dominated landscape.
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To examine the extent to which arboreal primates can
tolerate agricultural development, effects of land use must
be separated from those of hunting (Blanco & Waltert,
). In this sense, the Boé offers a unique context because,
although sporadically reported, primate hunting is rare in
this region as a result of religious taboos (van Laar, ).
We can, therefore, assume that the composition and
structure of the primate community are determined mainly
by resource availability (i.e. food, habitat) and biotic
interactions.

We provide comprehensive recommendations regarding
conservation actions required to ensure the long-term per-
sistence of these primate species in the region. These include
a combination of adequate legislation, enforcement, habitat
restoration, and community-based management.

Study area

The study was carried out in an area of  km around Béli,
the largest and most populous village in Boé, in south-
eastern Guinea-Bissau, West Africa (Fig. ). The Boé region
covers , km (Wit & Reintjes, ). As part of the Fouta
Djallon massif, the landscape consists of flat plateaux and
steep-edged, narrow river valleys. Vegetation consists of a
complex mosaic of savannah woodland, gallery forests on
steep river slopes, and cultivated land. Cashew tree planta-
tions and cultivated fields of rice, peanuts, maize, sorghum,
and millet are expanding steadily. The climate is tropical,
with an annual mean temperature of °C and annual rain-
fall of c. ,–, mm (USGS, n.d.). The rainy season
spans May–October. The area is sparsely populated, with
c. , people living in  villages. However, the strong
population growth in Guinea-Bissau (annual rate .%)
is reflected in the establishment of new villages in the central
region of Boé (Chimbo Foundation, ), placing severe
pressure on the already limited areas of gallery forests and
intact tree populations, which remain almost exclusively
on steep slopes of river valleys, with difficult access. Some
parts of the gallery forest, mostly around headwaters, are
protected by traditional beliefs (K. Kühnert et al., unpubl.
data).

Methods

Data collection

Line transect sampling (Buckland et al., ) was con-
ducted in the dry season (March–April) in . We system-
atically placed a rectangular  ×  km sampling grid within
the study area and placed one line transect of . km length
within each of the  grid cells. Transect location was re-
corded using a global positioning system. All transects
were surveyed four times, at intervals of  weeks, resulting
in a total survey effort of  km.

Along transects we recorded both visual observations
and acoustic detection of all four primate species. For chim-
panzees we also counted sleeping nests during the first sur-
vey of each transect (i.e. total survey effort of  km),
following the standing crop nest count method for density
estimation (Tutin & Fernandez, ). For every observation
or detection we noted the species, time, surrounding habitat
type (Table ), the tree species in which sleeping nests were
found, and perpendicular distance to the transect. The latter
was measured horizontally from the transect line to a fixed
reference object near the estimated centre of a primate
group or nest cluster, usually a tree stem, using a laser range-
finder. Additionally, we recorded landscape changes along
transects, noting the start and end coordinates of the various
habitats (Table ) we crossed.

As no groups of colobus species were observed during the
line transect survey, we conducted additional reconnais-
sance (recce) walks at four sites in the study area (Fig. ),
based on recommendations of local guides. All four sites
were located in or close to rivers and gallery forests. We
also recorded opportunistic sightings of primates on our
way to those sites. The recce walks were conducted in
May , and each site was surveyed for at least  hours.
The total distance walked was  km (range .– km).

Data analysis

Distance sampling analysis requires a minimum number of
sightings to model detection probability and estimate dens-
ity reliably (Buckland et al., ). From our data we were
able to calculate density estimates only from chimpanzee
nest data. Using DISTANCE . (Thomas et al., ) we es-
timated the density of chimpanzee nest clusters (DNest),
using the equationDNest = n / (·w·L·Pa), where n = number
of nest clusters observed along the transect, w = strip width
(i.e. the maximum distance from the line at which clusters
were included in the analyses), L = transect length, and
Pa = probability that clusters were detected within w. An es-
timate of Pa was obtained from the detection function�w
o ĝ(x)dx, where g(x) = probability of detecting a nest, pro-
vided that it is at a perpendicular distance x from the tran-
sect. We used the conventional distance sampling analysis
engine to fit the detection function. A key assumption of
this method is that objects close to the line are detected
with certainty (e.g. Buckland et al., ; Thomas et al.,
). Truncation and grouping of data can be useful if detec-
tions occur in irregular clusters, and Distance analysis is ro-
bust to these modifications (Ekblom, ). Based on visual
examination and a χ goodness-of-fit test, a half-normal func-
tion with one cosine adjustment term fitted to data truncated
to w =  m and unequally grouped data with six intervals
provided the best fit to our data. We used a nest production
rate r of . nests per day (Plumptre & Reynolds, ), a nest
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decay rate t of  days (Fleury-Brugiere & Brugiere, ) and
our own empirical estimate of nest cluster size Ê (arithmetic
mean) to obtain an estimate of chimpanzee individual density
DInd (DInd =Dnests·Ê/t·r).

For the other primate species, and data collected during
additional recce surveys, we report only encounter rates.

To quantify habitat selection by chimpanzees we used
the selection index (i.e. forage ratio) proposed by Savage
() and by Williams & Marshall (): wi = oi/pi, where
wi = selection index for species i, oi = proportion of
chimpanzee nest clusters observed in the habitat type, and
pi = proportion of habitat type available in the study area.
This selection ratio was estimated using the data on chim-
panzee nest observations from all four line transect surveys.
Therefore, the selection index refers only to preferences for
nesting, rather than overall habitat preference. To estimate
the coverage of each habitat type we assumed that the habi-
tat composition of the line transects was representative of
the whole study area. Thus, we calculated the length covered
by each habitat type along each of the transects. We
summed the lengths for all  transects and calculated the
percentage of each habitat type along the entire distance sur-
veyed (i.e.  km, considering  transects of . km each).

Additionally, for sooty mangabeys and chimpanzees we
characterized the locations where these primates and their
nests were observed during line transect surveys in relation
to various anthropogenic and natural landscape features
and contrasted them with those of random points, using
ArcGIS .. (ESRI, Redlands, USA). A number of random
points equalling the total number of records for each species
(Table ) were generated along the transect lines, given that
the exact location of observations was not recorded. We cal-
culated distances between villages, roads and rivers and both
random and observation points. We used analysis of variance

(ANOVA) to analyse the differences in the mean distances
between observation points and the landscape features, and
those between random points and landscape features.

Results

Chimpanzees

During the first survey of the line transects ( km) we re-
corded  nests distributed over  clusters. After truncat-
ing to a strip width of  m,  nest clusters remained for
analysis, resulting in a nest cluster encounter rate of .
clusters per km (% CI .–. clusters per km).
Detection probability for this strip was estimated to be
Pa = . (% CI .–.), and nest cluster size to be
. nests per cluster (% CI .–.), resulting in a dens-
ity estimate of . individuals per km (% CI .–.),
and a total abundance estimate of  (% CI –)
weaned chimpanzees for the  km study area.

For the complete line transect survey ( km) the cumu-
lative number of nest clusters of all age classes amounted to
, with  nests. Most nests (.%) were found in semi-
dense forests, and a substantial proportion (.%) were
found in forested savannah (Fig. ). Only a small proportion
of nests were found in other habitats (Fig. ). Similarly, most
nests detected during additional recce walks were located in
semi-dense forest (Table ). When contrasted to habitat
availability, the selection index indicated a clear preference
for semi-dense forest, followed by fallow fields with remnant
old trees, gallery forests, and fallow fields older than  years
(Fig. ).

Chimpanzee nests were considerably closer to rivers than
randomly generated points (ANOVA, P, ., F = .),

FIG. 1 Location of transect surveys and
recce walks in the study area around the
village of Béli, in the Boé region of
Guinea-Bissau.
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with the former being at a mean minimum distance of
 ± SD m to the closest water course, and random loca-
tions being at a mean distance of  ± SD m. Conversely,
chimpanzee nest clusters were significantly further from
roads than random points (P, ., F = .), and signifi-
cantly further from villages (P = ., F = .). Nest clusters
were, on average, at least , ± SD , m from roads and
, ± SD , m from villages, compared to random
points, which were at a mean distance of , ± SD , m
from roads and , ± SD , m from villages.

Sooty mangabeys

During the transect survey  sooty mangabeys were ob-
served (a single individual and a group of ), and nine

additional records were made based on vocalizations
(Table ). Overall, two records could be assigned to young
secondary forests, two to semi-dense forests, and three to
gallery forests. During the recce surveys the species was
found at three of four additional sites surveyed (Table ).
One group, composed of c.  adults and five infants, was
sighted in the gallery forest of the Féfiné River on the border
with Guinea. In total, seven records of vocalizations were
made in three gallery forests.

Sooty mangabeys were recorded significantly further from
villages than random points (ANOVA, P = ., F = .).
Locations where sooty mangabeys were observed were at a
mean distance of , ± SD , m from the nearest village,
whereas random locations were at a meanminimum distance
of , ± SD , m. The species was not observed signifi-
cantly closer to roads than random points (, ± SD 

and , ± SD , m, respectively; P = ., F = .). All
observations were made on or close to rivers.

King colobus and Temminck’s red colobus

No king colobus or Temminck’s red colobus were observed
during the line transect survey (Table ). During the add-
itional recce surveys nine king colobus individuals (in
groups of two, three and four) were recorded at the Féfiné
River, and one group of five adults was observed in a
small patch of gallery forest at Bantenjam. In association
with king colobus,  Temminck’s red colobus, in three
groups of – individuals, were recorded at the Féfiné
River (Table ). Two groups were observed at the river
edge, and one foraging in fruit trees close to the river.

Discussion

Chimpanzees

We estimated the chimpanzee population in a comparative-
ly large section of the populated part of the Boé region, a
typical mosaic landscape composed of savannah, agricultur-
al land and remnant forest. Although our density estimate of
. individuals per km is close to that reported by studies
conducted in a non-protected area in southern coastal
Guinea-Bissau (. individuals per km, Sousa, ) and
the Haut Niger National Park in neighbouring Guinea
(. individuals per km, Fleury-Brugiere & Brugiere,
), it is significantly higher than densities reported by
most similar surveys in other West African countries (e.g.
. individuals per km in Niokolo Koba National Park in
Senegal, Pruetz et al., ; , . individuals per km in
Mali and the Ivory Coast, Granier & Martinez, ;
Campbell et al., ) and by another recent assessment in
coastal Guinea-Bissau (. individuals per km, Carvalho
et al., ).

TABLE 1 Descriptions of habitat types used in this study of primates
in the Boé region of Guinea-Bissau (Fig. ).

Habitat type Description

Forested savannah (FS) Savannah with patches of forest or
bushes

Open savannah (OS) Savannah without tree vegetation
(strip width c. 150 m); only grass
vegetation

Semi-dense forest (SDF) Forest with semi-dense vegetation,
with more trees than bushes; oldest
trees older than c. 15 years

Young secondary forests
(YSF)

Secondary forest older than c. 8
years, with young trees & dense
understorey vegetation, often with
thorny bushes

Gallery forest (GF) Forest located along the river banks,
with mature trees & without
understorey

Cashew plantations (CP) Fields where cashews were grown; all
cashew plantations were established
during 2000–2016, primarily by a
German developmental aid project

Recently cut areas (CUT) Areas cut during the study period or
some weeks before it; the chopped
trees were usually left lying, to be
burnt after several weeks (‘cleaning’
fields with fire)

Fields (FIELD) Areas that are currently under
cultivation

Fallow fields , 5 years
(FA, 5)

Former fields that were last culti-
vated , 5 years ago; no remnant old
trees

Fallow fields $ 5 years
(FA$ 5)

Former fields that have not been
cultivated for 5 years or longer; no
remnant trees

Fallow fields with remnant
old trees (FA, 5+)

Former fields that have not been
cultivated for some time & where
some trees were left when they were
cleared for cultivation; fallow fields
in this category had usually been
cultivated , 5 years ago
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Two previous estimates of chimpanzee density in Boé are
available: one from a small, forested locality c.  km south
of our study area (. individuals per km, Wenceslau,
), and one estimate (based on interview data) of c. 
chimpanzees in the whole of the Boé savannah (Schwarz
et al., ). Our findings suggest there may be ,–,
chimpanzees in Boé (i.e. more than double the estimates of
Schwarz et al., ). The use of nest decay rates obtained
from both wet and dry season data (Fleury-Brugiere &
Brugiere, ) may have caused a slightly high bias in
our estimates, given that nest decay is usually slower in
the dry season (when our study was conducted). Thus, the
estimatesmay have to be reassessed as decay rates for the dry
season become available. However, there are reasons to be-
lieve that the chimpanzee population in the Boé is even lar-
ger than our estimate, given that unsurveyed areas in the
region appear to be less affected by habitat conversion
than those included in this study (authors, pers. obs.).

Chimpanzees usually occur at high density only in areas
without logging and human disturbance (Tutin &
Fernandez, ; Hashimoto, ). However, our density
estimates and the presence of nests in remnant trees within
cultivations indicate that the species can tolerate human
presence to a considerable degree when unhunted.
Hunting of chimpanzees is rare in Boé because of religious
taboos (van Laar, ), and this is supported by the lack of
fear exhibited by the individuals encountered in this study.

In our study area chimpanzees nested mainly in semi-
dense forest, to an even greater extent than reported by
Fleury-Brugiere & Brugiere (). This preference for old-
growth and structurally diverse forest has been described
elsewhere (Fleury-Brugiere & Brugiere, ; Torres et al.,
; Carvalho et al., ). Unfortunately, given the limited
remnants of mature gallery forest in the study site it was not
possible to assess whether chimpanzees positively select this
habitat. However, given the importance of gallery forests in

terms of availability of food tree species (McGrew et al.,
; Bryson-Morrison et al., ) it is likely that gallery
forests are also a preferred habitat for nesting. We found
that chimpanzee nests were closer to rivers than random
points; however, the mean distance from nests to rivers
was  m, indicating that sites further from rivers may
also be suitable. Chimpanzees did not avoid young fallow
fields, provided that some trees remained. Chimpanzee
nests were found c.  m further from villages and roads
than random points, which could be attributed to active re-
source selection rather than human avoidance; for example,
the apparent avoidance of villages could be a result of the
lower suitability of areas close to villages for nesting (e.g. cul-
tivated fields with no trees). Similarly, although avoidance of
roads has been reported elsewhere (e.g. Vanthomme et al.,
), avoidance of roads in the study area may be a conse-
quence of these usually being constructed in areas of open
savannah with lower tree density.

Sooty mangabeys

For some time after the first record of sooty mangabeys in
Guinea-Bissau by Frade et al. (), the species was consid-
ered to be extinct (Limoges, ). Karibuhoye () men-
tioned sightings of sooty mangabeys reported by local
people in coastal Guinea-Bissau, although these were rare.
In , sooty mangabeys were recorded in the Boé, using
camera traps, for the first time in decades (Chimbo
Foundation, ). These records along with our own find-
ings confirm the presence of the species in Guinea-Bissau,
which also occurs in neighbouring Guinea.

King colobus and Temminck’s red colobus

In  an alarming decrease in colobine numbers at the na-
tional level was reported (Limoges, ), the major threat
being habitat fragmentation (Casanova & Sousa, ).

TABLE 2 Results from line transect surveys in the  km study area and recce walks in four additional sites to assess populations of four
primate species (chimpanzee Pan troglodytes verus, sooty mangabey Cercocebus atys, Temminck’s red colobus Piliocolobus badius, king
colobus Colobus polykomos) in the Boé region of Guinea-Bissau (Fig. ). For line transects, total numbers of detections (both visual and
acoustic) and encounter rates of clusters are given, based on the cumulative survey effort from four visits to each transect. For recce walks,
observations are separated according to the habitat type where they were made.

Line transect survey (156 km) Recce walk survey (24 km)

No. of
encounters

Encounter rate (95% CI),
clusters km−1

No. of encounters

Semi-dense
forest

Gallery
forest Total

Pan troglodytes verus nest
clusters

255 0.93 (0.61–1.43) 89 23 112

Pan troglodytes verus direct
observations

9 0.01 (0.01–0.02)

Cercocebus atys 7 0.01 (0.00–0.01) 8 0 8
Piliocolobus badius 0 1 2 3
Colobus polykomos 0 1 3 4
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Temminck’s red colobus and king colobus have been re-
ported to occur at very low densities after suffering a demo-
graphic collapse (Minhós et al., ). Temminck’s red
colobus appears to be particularly vulnerable to forest de-
struction because of its group size, dispersal behaviour
and limited ability to adapt to changing environments
(Minhós et al., ).

The low number of observations of both species in our
study underlines their critical status in Guinea-Bissau, as
elsewhere in West Africa (Casanova & Sousa, ;
Craigie et al., ; Minhós et al., ). In the study area
it seems colobus monkeys occur in a few sacred forests
(local guides, pers. comm.). During our surveys we recorded
both species in the largest gallery forest in the study area,
and a small group of king colobus in an isolated fragment
of gallery forest. The composition of this group appears to
have remained unchanged for the last year (local guides,
pers. comm.) and we observed no infants during this
study, which suggests the group is not reproducing. Given
the poor connectivity of such forests in the region, such iso-
lated groups are likely to be lost in the near future, even in
the absence of hunting.

Recommendations for conservation

Our results confirm that Boé is still home to threatened pri-
mate species. However, some of them occur at very low
densities and could disappear from the area unless immedi-
ate action is taken.

Although hunting may not be a major threat in the area
currently, it has recently increased near the country’s border
with Guinea and may increase in the future as a result of im-
migration from neighbouring countries (Schwarz et al.,
). As primates may be able to tolerate a mosaic of agri-
culture and natural forests provided that poaching pressure
is low (Torres et al., ), we strongly recommend enfor-
cing laws regarding primate hunting, and extending legal
protection to all the species studied.

Furthermore, we advise the implementation and enforce-
ment of clear land-use policies and regulations to avoid fur-
ther forest loss. Gallery forests and mature forests with old
trees in particular must be strictly protected as crucial habi-
tats and ecological corridors for forest vertebrates (McGrew
et al., ; Bryson-Morrison et al., ; K. Kühnert et al.,
unpubl. data). It is likely that gallery forests are also a pre-
ferred habitat for nesting. Protecting intact gallery forests is
also beneficial to people, as the forests prevent soil erosion,
mineral loss and a drop in water levels, and provide food
(e.g. faroba, wild yams), medicines and building materials.
Some farmers already blame others for cutting down trees
too close to rivers. This shows that there is potential for
garnering local support for establishing and enforcing
rules to improve protection of the remaining gallery forests,
and reforesting fallows at such sites.

At a regional level, habitat assessments to ascertain pri-
ority sites for restoration are advisable. Isolated habitats of
major conservation importance, such as the study site
Bantenjam, which holds one of the few colobus groups in
the area, should be connected with intact forest sites to pre-
vent local primate extinctions. Additionally, the possibility
for primates to move through the agricultural matrix
needs to be facilitated by maintaining trees in cultivated
fields (Dunham, ). This will also be beneficial for chim-
panzees, which have been shown to nest in cultivated fields
provided that some trees remain. In this regard, it is neces-
sary to implement initiatives to train farmers in primate-
friendly practices and to educate them about the importance
of trees within croplands. Improved knowledge and envir-
onmental awareness have often been linked to improved at-
titudes towards conservation (Lepp & Holland, ;
Waylen et al., ). However, further research on how to
incentivize such practices will be required.

Although overall there is a positive attitude towards pri-
mates among the local communities in Boé, there are indi-
cations that human–wildlife conflict linked to crop raiding
is likely to increase in the near future, and early action is ad-
visable (Hockings & Humle, ). There are already

FIG. 2 (a) Habitat availability and (b) habitat preferences of
chimpanzees Pan troglodytes verus for nesting in the Boé region
of Guinea-Bissau (Fig. ) for the  habitat types (see Table  for
description), based on data from all four line transect surveys.
Habitat availability is represented as the percentage of line
transects covered by each habitat. Preference index values . .
indicate preference, and ,  avoidance. n = number of nest
clusters.
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complaints about chimpanzees (local guide, pers. comm.)
and these are likely to intensify if natural feeding resources
continue to decrease. We recommend an ethnoprimatologi-
cal study to investigate people’s perceptions of chimpanzees
and record existing and potential conflicts.

Community-based conservation has the potential for
success when people have a sense of ownership, and per-
ceive direct and indirect benefits from conservation (e.g.
financial incentives, employment, infrastructure, education;
Mishra et al., ; Webber et al., ). In Boé initiatives to
raise awareness among communities regarding the potential
effects of further landscape conversion on their livelihoods
are already being implemented (Chimbo Foundation, pers.
comm.), and there are efforts to increase ownership among
the communities through, for example, the active involve-
ment of local people in wildlife monitoring (Chimbo
Foundation, pers. comm.). We recommend maintaining
these efforts in the region to continue fostering positive
attitudes within the communities of the Boé region.
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