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a b s t r a c t
With great ape populations in decline across much of their range, it is crucial to obtain a global picture of
their distribution and abundance, in order to guide conservation activities and to provide baseline data
against which to monitor their trends. Although great apes are popular, charismatic species, we still do
not possess a complete understanding of their distribution and abundance, which hinders their long-term
protection. We highlight this problem by providing information on the distribution and abundance of the
Eastern chimpanzee (Pan troglodytes schweinfurthii) in the northern Democratic Republic of the Congo
(DRC), a region which has until now received little attention. We conducted a standing crop nest survey
in the Bili area in 2005 and exploratory reconnaissance walks (recces) across the Bas-Uele region between
2004 and 2009. At Bili, the nest encounter rate in the remote forest was 4.84 nests per km (CI = 2.78–8.55)
and in the area closer to the road it was 1.92 nests per km (CI = 1.08–3.43). In 2012, we repeated a part of
the original transect survey and found that the nest encounter rate had remained stable over that period.
On our recce walks across the region, we encountered chimpanzee nests in all forests surveyed, and
within 13 km of the largest population centers. Our results suggest that the Central Uele landscape
and neighboring regions are home to one of the largest remaining continuous populations of Eastern
chimpanzees, that extends across at least 50,000 km2, likely representing thousands of individuals, but
which is falling under increasing pressure from habitat destruction, mining and the bushmeat trade. This
population has until now remained hidden from researchers and is not protected. Our results reﬂect gaps
in our current understanding of ape distribution and abundance, and highlight the importance of obtaining more sound and complete data before assessing species status and making recommendations to guide
conservation efforts.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction
A major conservation crisis faces our closest evolutionary cousins the African great apes. Over the course of the last century, their
populations have declined from millions to only a few hundreds of
thousands (Butynski, 2001; Walsh et al., 2003). Populations of even
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panzee (Pan troglodytes) are undergoing drastic declines in many
areas of their range (Hicks et al., 2010; Plumptre et al., 2010;
Hughes et al., 2011; Junker et al., 2012); in some areas, encounter
rates for chimpanzee nests have dropped by up to 90% over the
past 20 years (Campbell et al., 2008). Across Africa, chimpanzee
habitat is being destroyed by expanding shifting agriculture, logging and uncontrolled natural resource extraction (Campbell
et al., 2008; Plumptre et al., 2010). Chimpanzees are also being
killed for bushmeat (Hicks et al., 2010), and by diseases such as
the Ebola virus (Walsh et al., 2003) and respiratory diseases transmitted by humans (Leendertz et al., 2006; Goldberg et al., 2007).
An accurate assessment of chimpanzee population status has, however, been hampered by the absence of systematic and recent data
on the species; for large areas of Africa there simply is no data, or
what survey data exists is old and outdated (Oates, 2006).
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In order to monitor chimpanzee population trends and to decide where to best allocate scarce conservation resources, it is crucial that we develop the means to accurately map the species’
distribution and make precise estimates of abundance (Kuehl
et al., 2007). Nowhere is this more the case than in the Democratic
Republic of the Congo (DRC), where large tracts of potential habitat
for Eastern chimpanzees (Pan troglodytes schweinfurthii) have never
been surveyed (Varty, 2005). As this country is probably home to
about half of the world’s remaining chimpanzees (Butynski,
2001), and because much of the chimpanzee habitat remains intact, achieving a better understanding of the distribution and density of the apes in this region should be a top priority. Given the
current inﬁltration of the commercial bushmeat trade into formerly remote areas of DRC, accompanied by commercial logging
and unregulated artisanal mining operations (Hicks et al., 2010),
we must act quickly to identify priority populations and ensure
their immediate and long-term protection.
Attempts to map chimpanzee distribution in DRC using extrapolations from historical and current presence localities (Butynski,
2001; Varty, 2005), or models of potential occurrence based on
covariates associated with occupied range (Plumptre et al., 2010;
Junker et al., 2012) have been hampered by a lack of data from relevant regions. Given the rapid human population growth in DRC
(Alexandratos, 2005) and expansion of populations into previously
un-occupied landscapes in the north, as well as the dynamic
political and economic context, even high-quality survey results
become rapidly out of date. In West Africa, recent surveys (Brncic
et al., 2010; Tweh et al., in press) have revealed the presence of
large, viable chimpanzee populations (Pan troglodytes verus) in regions formerly thought to be poorly-suited for the species. Likewise, Rainey et al. (2009) revealed that a substantial population
of Western lowland gorillas (Gorilla gorilla gorilla) survived in
northern Republic of Congo, which increased the likely number
of individuals by thousands. Surveys can reveal the opposite –
steep population declines – as well (Campbell et al., 2008).
In this paper we present data on chimpanzee occurrence in
northern DRC between 2° and 5° north latitude and 23° and 26°
east longitude, a region where chimpanzee populations have never
previously been systematically assessed. Between 2004 and 2009,
we surveyed chimpanzee occurrence and their population threats
at 22 localities in DRC’s Central Uele Basin (Figs. 1 and 2), in a range
of habitats across the area, from primary forest to savanna woodland, and including disturbed forest and agricultural land that are
in close proximity to major cities. In 2012, we returned to Bili
and repeated segments of our 2005 transects to assess the stability
of the chimpanzee population in this sub-region.

2. Methodology
2.1. The study region
Our surveys took place within DRC’s Bas-Uele district and are
geographically separated by the Uele River into northern and
southern sectors. The area extends from the Central African Republic (CAR)–DRC border to the north and the Rubi-Tele Domaine de
Chasse to the south; from Monga in the west to Bambesa in the
east (Figs. 1 and 2). The minimum area that includes all survey
locations totals 55,163 km2, but the majority of our surveys was
carried out within a core area of 32,912 km2. The northern sector
of the survey area included portions of the Bili-Uéré Protected Area
Complex (BUPAC). The primary eco-type north of the Uele River
was forest-savanna mosaic, and to the south primary moist tropical forest [Fig. 2; see Supplementary Materials 1 and Hicks (2010)
for more details].

2.2. Surveys
2.2.1. Exploratory reconnaissance walks (recces)
We conducted exploratory reconnaissance walks (recces) looking for chimpanzees and their artifacts along hunting, ﬁshing and
elephant trails or, in the Camp Louis and Gangu areas, along paths
we had opened. Upon hearing chimpanzee vocalizations, we would
leave these trails and move in the direction of the apes. We took
GPS points as frequently as possible along our routes, and whenever we encountered evidence of human or wildlife presence. We
walked a total of 2276.7 km of recces: 1781.3 km to the north of
the Uele River and 495.4 km to its south (Table S1). Because the
methodology of our recces differed from that used in other studies
(Supplementary Materials 2) and because we were biased in actively looking for chimpanzees as opposed to following ‘the path
of least resistance’, these results should be treated with caution
when being compared to other surveys.
2.2.2. Line transect sampling: baseline data
Between March and July 2005, the ﬁrst author (TH) conducted
line transect surveys (Buckland et al., 2001) of chimpanzee nests
in the forest and savanna ecotone northwest of the town of Bili
(4°090 0900 N, 25°100 1600 E, Fig. 3). This period corresponded with
the end of the dry season and the beginning of the rainy season.
We conducted three parallel line transects of approximately
55 km each and separated by 4 km (Fig. 3). The total distance
walked summed to 160 km, comprised of 99 km in the Camp Louis
region and 61 km in the remote Gangu Forest. To assure the independence of sampling units, we ran two separate analyses, one
using every other segment of the 160 km of transects (i.e. skipping
one km segment in between) (dataset A) and one using all other
skipped segments (dataset B) (80 km for each analysis) (see Supplementary Materials 3 for details of the analysis).
2.2.3. Trend estimate 2005–2012
In order to assess the stability of the Bili-Gangu chimpanzee
population over time, we revisited Bili in 2012 during the rainy
season (logistical constraints prevented us from returning during the same period as in 2005; see Discussion). Between 22
August and 18 September we repeated 26 km of our northernmost 2005 transect, resurveying every other 2 km segment
(10.5 km in the Gangu Forest and 15.5 km in the Camp Louis
region) (see Supplementary Materials 4 for methodological details and caveats).
For this analysis, we considered only nest encounter rate, due to
the smaller sample size that prevented us from estimating trend in
population size. In order to statistically compare tree nest encounter rates between our 2005 and 2012 transect surveys, we ran a
generalized linear model in R (version 2.15.0; R Development Core
Team, 2012), with year as the factor and an auto-correlation term
incorporated to control for non-independence of transect lines
(Fürtbauer et al., 2011). The response variable was the total number of tree nests encountered on the transects, including those
found when, after we spotted a nest group, we fanned out and controlled alongside the transects.
3. Results
3.1. Chimpanzee distribution across the northern DRC Uele region
3.1.1. Chimpanzee presence at northern DRC Uele sites
Fig. 1 shows localities where chimpanzee presence has been
conﬁrmed by our study and also by other observers over the past
10 years. On our recce walks, we found chimpanzee nests in all
of the forest sites we surveyed across the region (Fig. 2; Hicks
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Fig. 1. (A) Northern DRC Central Uele study area inset into a map of Africa. (B) Map showing areas in northern DRC where chimpanzee presence has been conﬁrmed (by
sleeping nests or contacts with the apes themselves) within the past 10 years, indicated by green circles. Red stars indicate studies other than the current one: Wapinda: J.
Erikkson, pers. comm., cited in Hicks (2010); Nabolongo: D. Greer, pers. comm., cited in Hicks (2010); Rubi-Tele: Hart (2007). (For interpretation of the references to color in
this ﬁgure legend, the reader is referred to the web version of this article.)

et al., 2010). We found chimpanzee nests within 4 km of Bili, within 13 km of Bambesa and Buta and within 20 km of Aketi (see
Table S2 for the population sizes of these settlements).

3.1.2. Chimpanzee nest encounter rates on recces
We present recce nest encounter rates in Table S1. Recces conducted in the South Uele forests following the same methodology
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Fig. 2. Map showing all nest sites recorded in the context of our recce and transect routes, along with protected areas, human settlements, major roads, rivers and habitattypes. Dark green = forests, purple = savannas, light green = human-disturbed regions (including plantations, roads, villages and towns). Data for the boundaries of Rubi-Tele
are from Hart (2007). (The Landsat ETM + image ﬁles date are from 2000 and were downloaded from GLCF (Global Land Cover Facility, http://glcf.umiacs.umd.edu.) (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

as to the north resulted in tree nest encounter rates 3.4 times higher than to the north, a non-signiﬁcant difference (South:
1.65 nests/km; North: 0.48 nests/km; Mann–Whitney U test, 2
tails: W = 39, p = 0.49; North Uele n = 7 sites, South Uele n = 14
sites). South Uele encounter rates were 5.7 times higher than those
in the Camp Louis forest and 3.1 times higher than at Gangu. This
suggests that chimpanzees are probably at least as abundant in the
South Uele forests as they are in the forest-savanna mosaic to the
north. In Table S3 we present our results together with recce
encounter rates from other sites in DRC, but due to the different recce methodologies used, comparisons should be treated with
caution.

3.2. Chimpanzee density estimation at Bili-Gangu from line-transect
survey
3.2.1. Baseline population estimation
Nest density of both datasets (A and B) gave similar results
(Table 1; detection curves shown in Fig. S1), and are here presented
as an average. The overall nest encounter rate was 3.03 nests per
km (CI = 2.01–4.58). The encounter rate in the remote Gangu Forest
was 4.84 nests per km (CI = 2.78–8.55) and in the Camp Louis area
closer to the road it was 1.92 nests per km (CI = 1.08–3.43). In order to allow us to estimate a range of densities and numbers of
weaned chimpanzees, we selected from the literature the lowest
available nest decay rates (Budongo: Plumptre and Reynolds,
1996) and the highest [Kibale: Skorupa, J.P. (unpublished) in
Plumptre and Reynolds (1996)], and used the nest production rate
of 1.1 nests per day from Budongo, Uganda (Plumptre and Reynold,

1997). For Gangu this would give us a density of 1.01–2.95 per km2
(between 190 and 556 weaned individuals), for Camp Louis, 0.46–
1.43 per km2 (131–408 individuals), and overall 0.66–2.08 per km2
(313–984 individuals).
3.2.2. Trend estimation
On our transect resurveys, we found no signiﬁcant difference
between tree nest encounter rates in 2005 and 2012 (GLM:
N = 13 transects; z = 0.85, p = 0.40; Fig. S2; Tables S4 and S5). As
only 26 km were re-walked in 2012, the sample size gathered
was not large enough to estimate the size of the chimpanzee population at that time.
3.2.3. Comparisons with transect surveys of other East African sites
We compared the results of our transect data with those recorded for the other available transect surveys of Pan troglodytes
schweinfurthii across their range. The nest encounter rate and the
estimated density of weaned chimpanzees for Bili-Gangu were
comparable to the averages for other East African populations
(Fig. S3, Table S6).
4. Discussion
The results of our study suggest that a large and widespread
population of chimpanzees inhabits the forests and savannas of
northern DRC. This population has remained unnoticed to
researchers until now and may represent the largest continuous
viable population of this subspecies, but it currently lacks any protection. Chimpanzee densities determined from our transect work
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Fig. 3. Map showing the routes of the three transects through the Camp Louis and Gangu regions in relation to roads and settlements, along with nest sites. Dark
green = forests, purple = savannas, light green = human-disturbed regions (including plantations, roads, villages and towns). The northernmost transect was the one we resurveyed in 2012. (The Landsat ETM + image ﬁles date are from 2000 and were downloaded from GLCF (Global Land Cover Facility, http://glcf.umiacs.umd.edu). Data for
rivers, roads, borders and other geographical features were acquired from Le Référential Géographique Commun (2009) at http://www.rgc.cd.) (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

at Bili-Gangu compared favorably to those at other East African
sites. Chimpanzee nests were found in close proximity to even
the largest human settlements throughout the survey region. Because we omitted ground nests from the transect analysis, which
made up 9.4% of nests in the Camp Louis/Gangu region and accounted for up to 28% of nests in some forest regions (Hicks,
2010), our estimates of chimpanzee densities are conservative.
It is important to point out that when comparing the nest
encounter rates on our recce walks to the north and south of the
Uele River, which were conducted using the same methodology,
those in the more continuously-forested South Uele region were
much higher than those to the north, although the difference was
not statistically signiﬁcant. Differences in methodologies between
studies prevent a direct comparison of the nest encounter rates
on our recces to those in other regions in DRC.
Encouragingly, our 2012 re-walk of 26 km of the previous transects from 2005 showed no decline in nest encounter rate, making
it unlikely that there has been any decline in the chimpanzee population over that period. Our conclusions, however, are limited to
our core study area, and this may be unrepresentative of the region
due to Bili’s relative isolation.
Considering that chimpanzees were found in all of the forests
we surveyed, even in close proximity to major human population
centers, it is likely that the apes form a continuous population
extending across the forests of northern DRC to the border with
CAR, contradicting the distribution maps of Butynski (2001) and
Varty (2005). Given that the recce nest encounter rates in nontransect-surveyed forests were on average much higher than on
the recce surveys of Gangu and Camp Louis, we have reason to

think that chimpanzee densities there should be at least comparable to and not lower than those in the latter regions. If we make the
reasonable assumption that chimpanzee density across the
55,000 km2 area lies somewhere in the range between the densities of Camp Louis and Gangu (conservatively between 0.41 and
1.1 individuals/km2 respectively), then the region would be home
to thousands of chimpanzees and should be considered a priority
site for conservation of the eastern subspecies. Evidence of behavioral continuity both to the north and south of the Uele River and in
eastern DRC may be another indication that these chimpanzee
populations are interconnected across a large area (Hicks, 2010).
We used data from our surveys and from other sources [Nabolongo Island: D. Greer, pers. comm., 2009; Wapinda: J. Eriksson,
pers. comm., 2009; Rubi-Tele: Hart (2007); for further details see
Hicks (2010)] to highlight the areas in northern DRC where chimpanzee presence has been conﬁrmed in the past 10 years (Fig. 1).
Evidence for a more widespread chimpanzee presence across
northern DRC is presented in Supplementary Materials 5.
Considering that in the past this area was shown on distribution
maps as probably not harboring chimpanzees, our results underline the danger of making assumptions about the distribution of
species based on a lack of evidence. Interestingly, these results also
contradict the predictions made by the distribution model used in
Junker et al. (2012) which was estimated using our dataset along
with those from a number of other sites. The question remains as
to why the model classiﬁed the Bili-Uéré region as poorly-suited
for great apes. Bias may have been introduced into the model by
the fact that (1) Junker et al. used presence-only datasets, (2) the
majority of presence localities were recorded in forested habitats,
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Table 1
Relative abundance and population size estimates of chimpanzees based on arboreal sleeping nests observed during line transect surveys (datasets A and B) through the BiliGangu forests, 2005. (1) Truncation at 25 m, ESW (effective strip width) = 17.47 m, CV (coefﬁcient of variation) = 0.18; (2) truncation at 30 m, ESW = 15.18, CV = 0.28; (3)
truncation at 35 m, ESW = 17.83, CV = 0.23; (4) truncation at 30 m, ESW = 17.36, CV = 0.25; (5) truncation at 30 m, ESW = 16.95, CV = 0.33; (6) truncation at 35 m, ESW = 19.62,
CV = 0.35.
Region

Area Survey No. nest Avg. no. No.
tree
(km2) effort groups tree
(km) [( ) incl. nests per nests
groups site [( )
incl.
with
ground
only
ground nests)
nests)]

Data set A
Overall1 473.1 80
284.7 49.5
Camp
Louis2
188.4 30.5
Gangu3
Data set B
Overall4 473.1 80
284.7 49.5
Camp
Louis5
188.4 30.5
Gangu6

Raw
No.
ground encounter
nests rate
(tree
nests/km)

Tree nest
encounter
rate/km
walked,
with
truncation
– (CI)

Tree nest
density
(nests/km2)
– (CI)

Estimated
density of
weaned
individuals/
km2
– ((lower)c

Estimated
density
of weaned
individuals/
km2
– (upper)c

No.
No.
weaned
weaned
individuals individuals
– (lower)c – (upper)c

3.13a (2.21–
4.43)
1.95a (1.15–
3.31)
4.90b (3.14–
7.66)

89.63a (62.47–
128.59)
64.12a (36.91–
111.38)
137.51b (86.65–
218.20)

0.68

2.14

322

1012

0.49

1.52

140

433

1.1

3.0

207

565

2.93a (1.82–
4.73)
1.90a (1.01–
3.55)
4.77b (2.41–
9.43)

84.48a (51.79–
137.82)
55.95a (29.22–
107.13)
121.47b (60.34–
244.51)

0.64

2.02

303

956

0.43

1.34

122

382

0.92

2.90

173

546

116
2.20
(126)
(2.27)
56 (62) 1.80
(1.95)
60 (64) 2.57
(2.58)

255

31

3.19

101

20

2.04

154

11

5.05

105
2.51
(115)
(2.65)
51 (55) 2.29
(2.35)
54 (60) 2.72
(2.93)

264

41

3.30

117

12

2.36

147

29

4.82

a

(Key function plus series expansion): Half-normal + Cosine.
(Key function plus series expansion): Half-normal + Simple polynomial.
c
We used the formula Nest density/proportion of nest builders in population  nest decay rate  nest production rate. We used the proportion of nest builders of 0.83 from
Kuehl et al. (2008) and the nest production rate of 1.09 per day used by Plumptre and Reynolds (1997). We used the extreme shortest and longest nest decay rates in the
literature: Budongo, Uganda at 45.9 days (Plumptre and Reynolds, 1996) and Kibale, Uganda at 144 days [Skorupa, J. P. (unpublished) in Plumptre and Reynolds (1996)].
b

therefore biasing suitability predictions towards these and away
from savannas, and (3) the coarse spatial resolution of 25 km2,
neglecting ﬁne-scale dynamics (Junker et al., 2012).
Reliance on patchy, incomplete and sometimes randomly-acquired datasets risks conservation priority being assigned to areas
of low potential value, whereas areas of high potential value may
be ignored for decades. Likewise, modeling, though an important
tool in understanding ape distribution, cannot replace ﬁeld surveys. In the recent past, important ﬁeld surveys have ‘changed
the game’ in our understanding of great ape distribution and numbers (Western lowland gorillas: Rainey et al., 2009; Western chimpanzees: Brncic et al., 2010; Tweh et al., in press; Campbell et al.,
2008). It is our hope that the current study will do the same for
Eastern chimpanzees, and at the same time encourage funding
for more ‘terra incognita’ survey projects in the near future (i.e.
northern DRC to the west of Bili and the massive forested zone between Bili and Ituri Forest).

the Uele. The absence of enforcement of conservation laws, the
spread of artisanal mining, the inﬂux into the region of large numbers of immigrants, and the lack of alternative livelihoods to hunting since the collapse of the region’s infrastructure are placing
heavy pressure on the chimpanzees south of the Uele. Although
our results indicate that the chimpanzee population of Bili has remained stable over the past decade, increasing numbers of bushmeat carcasses and orphans seen in Bili and nearby areas
(Table S7) may be a worrying sign that things are beginning to
change. Without proper management and protection, the chimpanzees of BUPAC may succumb to the same factors that are eliminating populations of the species elsewhere (Hart, 2007; Hicks
et al., 2010; Tranquilli et al., 2012) (see Supplementary Materials
6 for details of our conservation and research efforts in the region
between 2012 and 2013).
See Supplementary Materials 7 for Glossary of Terms.
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