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Reductions in Primate Abundance and Diversity in a Multiuse Protected Area:
Synergistic Impacts of Hunting and Logging in a Congo Basin Forest

MELISSA J. REMIS∗ AND CAROLYN A. JOST ROBINSON
Department of Anthropology, Purdue University, West Lafayette, Indiana

This article explores spatial and temporal changes in diurnal primate abundance and behavior in
response to hunting, logging, and conservation at the Dzanga Sangha Dense Forest Reserve (RDS),
Central African Republic over time. We use a combination of line-transect surveys in 2002 and 2009
(N = 540 km) and ethnographic interviews (N = 210) to investigate changes in the status of cerco-
pithecines and colobines at RDS, with additional comparisons to earlier work. This protected area
was lightly logged in the 1970s and the park was gazetted in 1990, with multiple-use reserve sectors
allocated. Since the park’s inception, hunting and the trade of primates have increased, along with
human migration, greater accessibility of arms, and reduction of preferred ungulate prey. Primates
have declined in both the park and reserve sectors. Our data further suggest that at RDS hunting has
had a greater impact on primate diversity and abundance than logging. We have identified changes
in species-specific vulnerability to hunting over time, with Cercopithecus nictitans and Lophocebus
albigena initially having appeared to be relatively resistant to hunting pressure in 2002. However,
subsequently as gun hunting has increased at RDS, these species have become vulnerable. Although
monkeys at RDS have been responding behaviorally to increased gun hunting, they are not able to
keep pace with changing hunting practices. This study allows us to begin to understand synergistic
impacts of hunting and logging, necessary if we are to recommend strategies to better secure the future
of primates in multiuse protected areas. Am. J. Primatol. 74:602–612, 2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION
Long-term studies on the effects of logging and

other habitat disturbances on African monkeys re-
veal a high degree of variability between sites and
species [Chapman et al., 2010; Mammides et al.,
2008; Plumptre & Johns, 2001]. While primates are
often negatively affected by heavy logging, some
species can tolerate or even thrive in lightly logged
forests [Chapman et al., 2010] or in regenerating
fields [Baya & Storch, 2010; Tutin et al., 1997]. These
studies have articulated the effects of logging on pri-
mate populations, but they have been conducted in
sites where primates are not also subject to human
hunting pressure [but see Wilkie et al., 2001].

The most significant effects of logging on for-
est mammals in the Congo Basin are likely the
indirect effects of road development and hunting
[Laurance et al., 2006; Wilkie et al., 2000]. Most hu-
man populations in the Congo Basin rely on wild
game meat for protein needs [Bennett et al., 2007;
Bowen-Jones & Pendry, 1999; Eves & Bakaar, 2001].
Levels of wild game consumption vary with local
ecology and subsistence practices, economics, and
existing cultural preferences [Daspit, 2011; Wilkie
et al., 2005]. Greater accessibility of arms, ammu-

nition, and remote forest areas have all increased
commercial hunting and wildlife trade in the Congo
Basin [Allebone-Webb et al., 2011; Linder & Oates,
2011; Oglethorpe et al., 2007].

Primate harvest rates are influenced by rela-
tive abundance, ease of capture, and access to hunt-
ing technology [Fa & Brown, 2009; Fa et al., 2005;
Kumpel, 2006; Refisch & Kone, 2005]. Primates have
low intrinsic rates of population increase, and thus
are likely to decline wherever they become targets
of gun hunters [Linder & Oates, 2011], and they
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are vulnerable to extirpation [Cowlishaw & Dunbar,
2000]. In addition, primates may show behavioral
responses to human hunters, becoming more cryptic
by reducing calling rates and hiding from observers
[Croes et al., 2006; Kumpel et al., 2008]. At Tai For-
est, Cote d’Ivoire, monkeys modified their antipreda-
tor behaviors and used lower substrates to avoid de-
tection by human hunters [Kone & Refisch, 2007].

This article explores temporal and spatial
changes in primate abundance and behavior at the
Dzanga-Sangha Dense Forest Reserve (RDS), Cen-
tral African Republic 2002–2009 with additional
comparisons from 1986 to 2009. We use long-term
census data to address how logging and hunt-
ing differentially impact primate communities in a
multiple-use forest. RDS was selectively logged at
low intensity in the 1970s and again between 2002
and 2005; however, the potential long-term impacts
have not been addressed for monkeys in this region.
Human in-migration to RDS [Blom et al., 2004],
greater access to arms, and reduction of preferred
ungulate prey have led to increased hunting and
trade of primates [Daspit, 2011; Fa et al., 2005;
Jost Robinson et al., 2011]. The sustainability of
hunting practices at RDS will be critical to secur-
ing the future of monkey populations, small- and
medium-sized ungulates, as well as the more vul-
nerable apes and elephants [Eves, 2001; Robinson &
Bennett 2000]. This article focuses on Cercopithecus
pogonias, C. nictitans, C. cephus, Lophocebus albi-
gena, and Cercocebus agilis.

Monkey communities in the Dzanga Park and
adjacent reserve have been subject to long-term
hunting pressure and are difficult to study. Our re-
peated line-transect surveys over a 7-year period and
hunter interviews allow us to document temporal
and spatial changes in primate abundance and com-
munity structure. We also explore behavioral plastic-
ity among monkeys in response to varied human dis-
turbances, particularly an increase in gun hunting.
We must tease apart impacts of hunting and logging
[Wilkie et al., 2001] if we are to understand the like-
lihood of a possible future for Central African forests
without primates or to formulate management plans
that include certified logging practices or the pos-
sibility for more sustainable hunting [Chapman &
Onderdonk, 1998; Elkan et al., 2006].

METHODS
Study Site

Conservation and development activities in the
southwestern Central African Republic began in the
mid-1980s [Carroll, 1986] with the Dzanga-Sangha
Dense Forest Reserve (RDS) officially designated as
a park (1,200 km2) and multiple-use reserve (3,360
km2) in 1990 (Fig. 1). Only research and tourism are
officially permitted within the RDS park (Dzanga

Fig. 1. Map of Dzanga-Sangha Dense Forest Reserve (RDS),
Central African Republic (CAR). Data courtesy of APDS. Field
sites included in 2002 versus 2009 comparison: Kongana (KG),
Mabongo (MB), Mossapoula Source (MS). Field sites included in
larger comparisons: Bakombo (BK), Babongo (BB), Yandoumbe
(YD), PARN, F1 and F2 (census sites for Fay (1986)), and
Mondika (MD). The village of Bayanga is the central human
population center in RDS.

and Ndoki). Cable snares are prohibited throughout
RDS. In the reserve, gathering of plant and animal
products, traditional spear, crossbow and net hunts,
as well as regulated shotgun hunting during daylight
hours are permitted.

Much of the RDS including current park and
reserve sectors was selectively logged (mainly En-
tandrophragma sp.) at low intensity from 1975 to
1982. Only reserve sectors were logged again from
2002 to 2004. Human populations have been esti-
mated at 5,000, but have fluctuated dramatically
with logging-related employment opportunities in
the region [Kamis, 2006; Noss, 1998]. Although
wire snares were the predominant mode of hunt-
ing through the 1990s at RDS [Noss, 1998; Remis,
2000], guns have now largely replaced wire snares,
spears, and nets. Gun hunting at RDS has increased
at least fivefold since 2006 [Jost Robinson, unpub-
lished]. Guns make primates more accessible prey;
in 2008, primates represented 23% of the meat for
sale at the local RDS market, relative to 9% in 2006
[Jost Robinson et al., 2011].

Rainfall at RDS averages 1,400 mm/ year. The
forests can be broadly classified as mixed secondary
forest (low-canopy forest with dense understory),
although mixed primary forest (high-canopy forest
with a relatively open understory) is also common.
We also recorded monodominant stands of Gilbertio-
dendron dewevrei (locally known as malapa) forest,
logging or elephant-created gaps, streamside forests,
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and marshy clearings as habitat types every 50 m
along transects [Remis, 2000].

All research contained in this manuscript com-
plied with protocols approved by the Purdue Animal
Care and Use Committee and adhered to the legal
requirements of the Central African Republic. The
research adhered to the American Society of Prima-
tologists (ASP) Principles for the Ethical Treatment
of Nonhuman Primates.

Field Data Collection

Line-transect surveys
Using line-transect surveys [Plumptre, 2000;

Plumptre & Cox, 2006], we monitored large mam-
mal species including diurnal primates (C. pogonias,
C. nictitans, C. cephus, C. neglectus, L. albigena,
C. agilis, Colobus guereza, Procolobus badius, Pan
troglodytes, and Gorilla gorilla) at intervals from
July–August 1997 (Park = 42 km; Reserve = 39 km);
January–April 2002 (Park = 240 km; Reserve =
165 km); and August 2008–June 2009 (Park = 77.2
km, Reserve = 58.2 km) (see Table I). Here, we ini-
tially compare primate abundance and hunting sign
encounter rates from two RDS parks (MS: Moss-
apoula Source; KG: Kongana) and one reserve (MB:
Mabongo) sites that were established at varying dis-
tances from the main human population center in
Bayanga and surveyed by each of us (Remis in 1997
and 2002; Jost Robinson in 2008–2009) using the
same methods.

At each of our research sites, we established four
to six 5-km line transects, perpendicular to drainage
patterns, using an abandoned primary logging road
as a baseline (in 2009, RDS the number of tran-
sects that could be reopened within the park were
limited). At each site, we located at least two tran-
sects within 500 m of and parallel to a secondary
logging road, and two more than a kilometer from
the nearest secondary road. Following methods de-
scribed in White and Edwards [2000], teams of at
least two observers walked transects between 0700
and 1300 hr at a pace of 1 km/hr. Remis originally
trained transect teams in 1997 and again in 2002;
Jost Robinson retrained them and added additional
workers in 2008–2009. One of our primary research
assistants, Jean Bosco Kpanou (J.B.K.) was present
during the original RDS censuses by Carroll and
Fay in the 1980s. He and Bruno Bokoto DeSemboli
(B.B.D.) subsequently received additional training
during their participation in regional census work.
Remis or Jost Robinson was present on all 1997,
2002, and 2008–2009 transects. On the transects,
we documented direct observations of nonhuman pri-
mates noting species, age/sex (if possible), location on
transect, perpendicular distance from transect, and
animal–observer distance [Fashing & Cords, 2000;
Marshall et al., 2008]. During data collection, we

also recorded all indications of human activity on
transects, including logging and hunting signs (indi-
cation of logging trails, stump cuts, snare or gun use)
and other human traces.

Hunter off-take and interview data
Ethnographic semistructured interviews (N =

210) with hunters from Bayanga and nearby villages
within RDS included information on hunting meth-
ods, preference, and returns, as well as their knowl-
edge of the behavioral and population responses of
hunted wildlife species. Given the potentially sensi-
tive nature of hunting-related topics, we used snow-
ball sampling to opportunistically select individu-
als who were willing to participate in this study
[Bernard, 2002; Trotter & Schensul, 1998]. In snow-
ball sampling, the researcher employs a group of pri-
mary informants to facilitate connections with addi-
tional members of the community. This method of
subject recruitment is the most appropriate for es-
tablishing a relationship with hunters when there is
the potential for an informant to divulge sensitive in-
formation because some forms of hunting are illegal
in protected areas. Snowball sampling was chosen
to minimize the risk to human participants in accor-
dance with protocols from the Institutional Review
Board on use of human subjects. Thirty-four weeks of
surveys with 15 local hunters (cable = 5, registered
firearm = 5, artisanal firearm = 5) yielded data for
793 hunting trips. Surveys included data on muni-
tions taken, animals captured by age (adult/juvenile)
and sex class.

Data Analysis
For the analyses that follow, we employed en-

counter rates of observations of monkey groups per
kilometer of transect. In many cases, small sample
sizes and low encounter rates prevented us from con-
ducting species-specific density analyses [Buckland
et al., 2010]. Encounter rates facilitated comparisons
on our study transects over time and allowed us to
compare our results to those of other studies con-
ducted within RDS, as has been done for long-term
research at Kibale National Park, Uganda [Lwanga
et al., 2011]. We acknowledge that the use of en-
counter rates has been criticized because of the pos-
sibility of interobserver differences and differential
visibility on transects that can influence detection
and strip width [Remis & Hardin, 2009]. However,
we maintained at least two trained observers on
teams between field seasons and did not find any
statistically significant differences in estimated strip
width between transects. Nevertheless, encounter
rates should be interpreted with caution, as they
may also be influenced by potential differences in
detectability of primates under varying conditions of
human disturbance.
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TABLE I. Average Encounter Rates (Observations of Groups/km) of Monkey Groups on Transects∗, 1994–2009

1994 data Noss (1995) 1999 data Shah (2003) 2002 2009
93 km (six transects; 195 km (one transect; 405 km (20 transects; 135.4 km (20 transects;

7–18 repeats) 39 repeats) four repeats) two repeats)

All species 0.998 0.887 0.769 0.300
Park — 0.887 1.125 0.340
Reserve 0.998 — 0.531 0.181

C. pogonias 0.052 0.087 0.114 0.033
Park — 0.087 0.152 0.044
Reserve 0.052 — 0.088 0

C. cephus 0.194 0.154 0.125 0.008
Park — 0.154 0.156 0
Reserve 0.194 — 0.105 0.030

C. nictitans 0.627 0.308 0.301 0.148
Park — 0.308 0.403 0.167
Reserve 0.627 — 0.233 0.090

C. neglectus 0 0 0.010 0
Park — 0 0 0
Reserve 0 — 0.017 0

L. albigena 0.022 0.277 0.100 0.087
Park — 0.277 0.150 0.086
Reserve 0.022 0 0.066 0.090

C. agilis 0.154 0 0.018 0
Park — 0 0.007 0
Reserve 0.154 – 0.025 0

C. guereza 0 0 0 0
Park — 0 0 0
Reserve 0 — 0 0

P. badius 0 0 0 0
Park — 0 0 0
Reserve 0 — 0 0

∗In 2009, Jost Robinson added two additional transects to the original four transects put in by Remis at two sites (MY and KG). The addition of transects
at sites in 2009 was related to the logistical difficulty of accessing some of the sites previously used by Remis.

We used G tests of goodness of fit [Sokal &
Rohlf, 1995] to evaluate differences between pri-
mate abundance in different sectors from 2002 to
2009 and the relationships between primate abun-
dance and habitat factors. Additional nonparametric
statistical tests including Mann–Whitney, Kruskal–
Wallis, and Spearman’s correlations were performed
using SPSS® (18.0.02). All statistical tests were two-
tailed.

Following Linder & Oates [2011] we also cal-
culated a hunting response index to assess species-
specific differences in vulnerability to hunting pres-
sure. The hunting response index is the ratio of the
relative frequency of observations of primates along
transects in the most heavily hunted site to their
abundance in the least heavily hunted site in each
study period.

Longer term comparative data analysis
To extend the time period for temporal and spa-

tial analysis of abundance of monkeys at RDS, we
compared our results to studies that used similar
methods in previous years at RDS [Noss, 1995; Shah
2003] (Table I). Noss [1995] completed 93 km of

repeat walks along six line transects at the forest
edge (reserve) within 5 km of Bayanga in 1993/1994
where human hunters were common (Natural
Resource Management Project (PARN), Fig. 1). Shah
[2003] reported on 195 km of repeated surveys of a
5-km transect in 1999 and 2001 at the remote, un-
logged Mondika site (MD: Mondika) in the Ndoki
(park sector) on the Congo border, where humans
are scarce (Fig. 1). Rainfall, habitat availability, and
vegetation are relatively similar throughout RDS,
though Mondika has been qualitatively character-
ized as denser, with lower visibility on the ground
than the Dzanga forests [Shah, 2003]. To maximize
the usefulness of these comparisons, we included
additional transect sites from our larger work to
increase comparability between our data sets and
those of Shah (2003) and Noss (1995). Specifically,
we added two additional reserve transect sites that
were close to Bayanga with high human impact (BB:
Babongo; YD: Yandoumbe), and another site in the
Dzanga Park sector (BK: Bakombo) with low human
activity (Fig. 1).

To assess changes in primate community com-
position at RDS over time 1986–2009, we compared
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Fig. 2. Primate group observation encounter rates (all species
combined) in park and reserve, 2002 versus 2009. Park is de-
picted in black and reserve in gray. This comparison uses the
three RDS transect sites where data were collected in both 2002
and 2009.

the relative representation of primate species (pro-
portions of species A/total observations of all pri-
mate species) observed along line transects at RDS
across multiple study periods (Table III). We did
not attempt to compare abundance (encounter rates
or observations/km) of studies that used different
methods. Fay’s 1986 line-transect survey data [Fay,
1989] and those collected by Remis in 1997 were col-
lected using one-off transects (data collected while
opening transects with a machete), which likely re-
duced encounter rates with monkeys. However, we
used these data to examine changes in primate com-
munity composition since the inception of RDS and
in light of subsequent fluctuations in human popu-
lations and hunting practices.

RESULTS
Abundance of Primates at RDS 2002
Versus 2009

We initially compared the abundance of pri-
mates recorded along matched repeated walk tran-
sects surveyed in three sites in both 2002 and 2009
(MB, KG, and MS, Fig. 1). Seven species of mon-
keys were observed or heard along transects in 2002
(C. pogonias, C. nictitans, C. cephus, C. neglectus,
L. albigena, C. agilis, and C. guereza) but in 2009
we found no indication of C. neglectus, C. agilis, C.
guereza, or P. badius on transect walks (Table I).
In both 2002 and 2009, C. nictitans was the most
vocal species and the one most frequently observed
on transects. Lophocebus albigena loud calls were
also commonly heard. These two large-bodied species
were also the most commonly sold in the market [Jost
Robinson et al., 2011]. The loud antipredator calls
and easy detectability of these monkey species make
them easy prey for daytime hunters.

Observations of the most common species of
monkeys at RDS, C. pogonias, C. nictitans, and C. ce-

phus, during the line-transect surveys have declined
significantly since 2002 (Mann–Whitney test 2002
(12 transects) vs. 2009 (27 transects): C. nictitans
U = 99.0, P = 0.036, C. pogonias, U = 88.5, P ≤
0.001, C. cephus U = 101.00, P ≤ 0.012, two-tailed
tests) (Fig. 2).

Park and reserve 2002 versus 2009
Monkeys had been relatively prevalent in RDS

within the Dzanga Park during the 2002 study pe-
riod [Remis, 2000; Remis & Hardin, 2009]. However,
by 2009, monkey abundance on transects had signif-
icantly decreased in both the park and reserve (mon-
key group observations by year, Mann–Whitney U
test: U = 71.5, transects N = 12, 27, P ≤ 0.004). Over-
all monkey group abundance along transects was
higher in park than reserve sectors in 2002 (mon-
key group observations/km by park sector 2002, U =
2.5, N = 12 transects, P ≤ 0.02). Differences in pri-
mate abundance between the supposedly integrally
protected park and community hunting reserve
areas were no longer apparent in 2009 (Fig. 2).

Our data also indicated that monkey calls along
transects have declined since 2002 in both park
and reserve, suggesting that monkeys had both be-
come more cryptic and/or were declining. In the com-
bined park and reserve sample, we heard an av-
erage of 5.55 (±0.790) monkey vocalizations/km on
2002 transects, whereas in 2009 we heard on aver-
age of only 2.52 (± 0.426) vocalizations/km (Mann–
Whitney U test calls/km 2002 vs. 2009: U = 62,
(N = 12 transects, 27 transects), P = 0.001). En-
counter rates with calls did not vary in 2002 between
park and reserve (calls/km 2002: U = 8, N = 12,
P = 0.214), but in 2009 calls were less frequent in
the reserve than in the park (calls/km 2009: U =
23.5, N = 27 transects, P = 0.003).

Factors Influencing Primate Abundance
at RDS

To better understand some of the factors in-
fluencing patterns of primate abundance at RDS,
we examined the potential impacts of distance from
Bayanga (as a proxy for hunting pressure), proximity
of logging roads, habitat availability, and variations
in logging sign on transects on primate abundance.
Total monkey observations were positively corre-
lated with distance from Bayanga in the 2002 data
set (Spearman’s correlation: rs = 0.695, P = 0.012,
N = 12 transects). However, in the 2009 data set,
there were no significant correlations between mon-
key observations overall and distance from Bayanga.
At the species-specific level in 2002, encounter rates
were correlated with distance for C. nictitans (Spear-
man’s correlation: rs = 0.654, P = 0.025, N = 12 tran-
sects); however, this relationship was not present in
the 2009 data set. No significant correlations were
observed between encounter rates and distance from
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town for C. cephus, C. pogonias, C. agilis, L. albi-
gena, or C. guereza. In 2002, monkey observations
were negatively correlated with logging sign (Spear-
man’s correlation: rs = –0.860, P = 0.000, N = 12
transects). Monkey observations were neither posi-
tively nor negatively correlated with the frequency
of visible hunting sign on transects in 2002. How-
ever, in the 2009 data set, these relationships had
changed; monkey observations were negatively cor-
related with hunting (Spearman’s correlation: rs =
–0.814, P = 0.000, N = 16 transects), but were no
longer correlated with logging sign. Monkey calls
were negatively correlated with logging sign in 2002
(rs = –0.603, P = 0.038, N = 12 transects), but this
was no longer the case in 2009.

Impacts of logging on habitat use by
monkeys at RDS

To further examine monkeys’ use of formerly
logged areas, we compared primate encounter
rates in 2002 on matched transects close to and
far from abandoned secondary logging roads. Low
sample size of observations precluded us from con-
ducting this analysis with the 2009 data. Monkeys’
presence in logged sites and their greater use of
those transects within 500 m from abandoned log-
ging roads relative to those at least 1 km away from
logging roads in 2002 (Overall monkey group obser-
vations close to logging roads N = 167/283, far from
logging roads N = 116/283; G test of goodness of fit:
G = 10.20, df = 1, P ≤ 0.001) suggests they were not
negatively impacted by logging itself or forest suc-
cession at this time. Further examination of their
use of habitat types suggests that they were pref-
erentially selecting logged habitats (60% of obser-
vations) relative to their availability (56% of 50-m
forest blocks along transects) (G test of goodness of
fit: G = 22.13, df = 5, P ≤ 0.004). Therefore, recent
declines in primate encounters on roads increasingly
used by hunters, and in logged areas after 2002, sug-
gest hunting rather than fragmentation might be re-
sponsible.

Hunting vulnerability
Our previously relogged reserve study site (MB)

was more intensively hunted than sites in the park
(KG and MS) in both study periods. Yet in 2002,
primates were present even in forests that were
bustling with human hunters. We calculated a hunt-
ing response index to understand the relative vul-
nerability of primates to human hunters in these
two periods and to reveal any potential species differ-
ences in vulnerability over time. Previous to 2002, C.
pogonias were least vulnerable to hunting pressure
by this index, consistent with local taboos against
eating the meat of this species [Kumpel, 2006]. Cer-
copithecus nictitans and L. albigena were relatively
resistant to hunting pressure in 2002, but by 2009

Fig. 3. Changes in hunting vulnerability between monkey
species at RDS, 2002–2009. A hunting index score < 1 indicates
vulnerability to hunting. Park is depicted in black and reserve in
gray. This comparison uses the three RDS transect sites where
data were collected in both 2002 and 2009. The hunting index
= ratio of the relative frequency of observations of primates
along transects in the most heavily hunted site relative to their
abundance in the least heavily hunted site. The 2009 data for
Cercopithecus cephus and C. pogonias do not appear given small
size.

changes in the hunting index for all primates present
at RDS suggested that they had all become vulner-
able to the increased hunting pressure in the region
(Fig. 3).

Hunter Off-take in Relationship to Species
Availability 2009

To better understand changes in the patterns
of primate vulnerability at RDS, we compared the
relative primate species representation in hunter
off-take in 2009 as reported by 15 hunters in
34 weekly surveys (n = 793 hunts surveyed,
906 primates reported) to the relative proportion
of primate species observed on wildlife transects
in that same year. Although hunters captured
L. albigena in proportion to its availability, C. nicti-
tans may have been hunted less than expected based
on its high encounter rates on transects. Hunter off-
take data also included rarer species that were not
detected along transects. Thus, the off-take differed
from expected based on the relative availability of
primates observed along transects (G test of good-
ness of fit: G = 42.02, df = 12, P ≤ 0.001). Further,
males and females were not equally represented
in the off-take reports, supporting hunters’ claims
that they targeted males more frequently than fe-
males (proportion of off-take male vs. female for each
of seven species hunted (G test of goodness of fit:
G = 27.64, df = 6, P ≤ 0.001) (Table II). The sin-
gle exception is C. cephus. In this species, females
and males were almost equally targeted, per-
haps consistent with their use of the under-
story, or the lack of active antipredator calling by
Cephus males that may disproportionately increase
hunter detection of the males of the other species
(Fig. 4).
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TABLE II. Percent Representation of Individual Adult Male and Female Monkeys in Hunter Off-Take Surveys at
RDS in 2009

C. pogonias C. cephus C. nictitans C. neglectus L. albigena C. agilis C. guereza P. badius Total
Total 39 129 317 17 253 86 35 0 906

Male 59% (23) 40% (51) 81% (258) 94% (16) 67% (170) 64% (55) 83% (29) – (0) 66% (602)
Female 41% (16) 60% (78) 19% (59) 6% (1) 33% (83) 36% (31) 17% (6) – (0) 34% (304)

(n) = number of individuals.

Fig. 4. A comparison of the proportions of monkey species ob-
served in hunter off-take relative to the presence of monkey
groups on transects at RDS, 2009. Procolobus badius is not
included as it was neither present in hunter off-take nor on
transects. However, data collected ad libitum with hunters in
Bayanga demonstrate that P. badius are hunted in other areas
of RDS.

Comparisons to other Studies

Longer term changes in primate abundance at
RDS 1994–2009

When we extended our analysis to include re-
sults from previous studies to compare primate
abundance (observations/ km) along transects in four
study periods, we found significant declines over
time 1994–2009 (Kruskal–Wallis test for indepen-
dent samples 1994, 1999, 2002, and 2009: Total mon-
key groups observed/km: H = 18.684, df = 3, P ≤
0.001; L. albigena groups/km: H = 24.937, df = 2,
P ≤ 0.001; C. agilis groups/km: H = 9.823, df = 2: P
≤ 0.007; C. nictitans groups/km: H = 13.26, df = 2,
P ≤ 0.001; C. cephus groups/km: H = 10.21, df = 3,
P ≤ 0.017; C. pogonias groups/km: H = 23.801; df =
3, P ≤ 0.001) [Noss, 1995; Shah, 2003] (Table I).

There were few differences in primate abun-
dance along transects in the park between
the 1999/2001 (0.87 groups/km) and 2002 (1.13
groups/km) study periods. While monkeys do not ap-
pear to have been targeted in either remote Mondika
or busier Dzanga Park or adjacent reserve before
2002, by 2009 there was a discernable drop in pri-
mate abundance in the Dzanga Park (0.25 monkey
groups/km). Observations of monkeys in the Reserve
have declined over time (1994 = 0.34 monkey groups
in reserve/km; 2002 = 0.53 monkey groups in re-
serve/km, 2009 = 0.18 monkey groups in reserve/km)
(Table I).

Primate community composition at RDS
1986–2009

Primate community composition (relative
species representation on transects) at RDS varied
between study periods in our broadest comparison,
1986–2009 (G test of goodness of fit: G = 165.98,
df = 30, P ≤ 0.001, Table III). The presence of
C. nictitans, relative to the other species, has
fluctuated across study periods and sectors but
generally increased over time. At RDS, both the
red colobus and the black and white colobus have
been rare compared to other African sites [Chapman
et al., 2010; McGraw, 2007]. This has been the
case since the earliest primate surveys at RDS in
1986, when red colobus was only occasionally found
in swampy areas [Fay, 1989]. Black and white
colobus at RDS have typically been encountered
in swampy, riverine areas, or in salines, and only
rarely encountered in mixed-species forest. We
occasionally observed C. neglectus near the Sangha
river in 2009, but did not detect it on our 2002 or
2009 transects reported here. Allenopithecus has
been purported to be present by local hunters with
strong knowledge of primates [Blom et al., 2005],
but has never been seen along transects at RDS.
However, the ethnographic data supported their
presence as 87% of hunters interviewed reported
the presence of “simbi,” the “monkey of the swamp,”
which they noted was readily differentiated from
the white-bearded DeBrazza’s monkey.

DISCUSSION
This study suggests that human hunting pres-

sures and changing hunting technology have had a
greater effect on monkey species at RDS than any
negative outcomes of logging. The combination of
market data and ethnographic interviews allowed
us to interpret changing patterns of primate abun-
dance and behavior on RDS transects over time.
Declining observation encounter rates at our three
main transect sites between 2002 and 2009 indi-
cated that monkey species had declined in both
park and reserve. These declines were coupled with
reductions in primate vocalization encounter rates,
suggesting the adoption of cryptic antipredator
strategies and declines in primate numbers. The
combination of ecological line-transect data with
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TABLE III. Primate Community Composition at RDS: Changes in Proportions of Monkey Group Observations on
Transects Over Time, 1986–2009

Year of study
(number transects) Species

Total km
Total group
observations C.pogonias C.cephus C.nictitans C.neglectus L.albigena C.agilis C.guereza P.badius

1986 (2) Fay (1989) 0.230 0.115 0.270 0.000 0.270 0.000 0.058 0.058
214 km
52 obs

1994 (6) Noss (1995) 0.075 0.161 0.667 0.000 0.032 0.0140 0.000 0.000
93 km
93 obs

1997 (18) 0.000 0.143 0.286 0.000 0.571 0.000 0.000 0.000
81.8 km
14 obs

1999 (1) Shah (2003) 0.100 0.176 0.353 0.000 0.318 0.035 0.012 0.000
195 km

173 obs s
2002 (20) 0.160 0.181 0.43 0.024 0.139 0.024 0.007 0.000

410 km
288 obs

2009 (20)
105.4 km 0.038 0.154 0.538 0.000 0.269 0.000 0.000 0.000

26 obs

km = total kilometers surveyed; obs = total number of sightings on transects.

ethnographic and market inquiries further sup-
ported the idea that monkeys in RDS have experi-
enced both populations declines and changes in be-
havior. Moreover, increases in gun hunting intensity
made monkeys a more common target for hunters
while also causing them to become more cryptic
in those areas under the highest hunting pressure
[Daspit, 2011; Jost Robinson et al., 2011].

Apparent declines in monkey populations at
RDS are still confounded by the potential that mon-
keys hide or use substrates differently in hunted
forests. However, the increasing numbers of mon-
keys documented in surveys of hunter off-take con-
firmed that monkeys’ adoption of new antipredator
strategies have been largely unsuccessful at RDS.
We suggest that future studies might expand data
collection on transects to include variables often col-
lected for behavioral primate field studies. Adding
variables such as animal height in trees, substrate
use, and nearest neighbor distances would have al-
lowed us to better detect changing behavioral re-
sponses of primates to hunters.

The larger bodied and most vocal species, C. nic-
titans and L. albigena, were the most hunted of the
primates, and appeared on a daily basis in the mar-
ket at Bayanga in 2009 [Daspit, 2011; Jost Robinson
et al., 2011]. These two species were rare on tran-
sects at the sites where human activity and hunting
pressure were particularly intense. Monkeys have
become important targets of hunters in the region,
though they were still less-frequently captured dur-

ing the study than duikers [Eves & Bakarr, 2001].
In 2002, we had found little evidence of discernable
poaching sign influencing monkey numbers in the
reserve where densities were already low. However,
in the park where densities were higher in 2002,
poaching activity was becoming more apparent and
monkeys had declined relative to earlier studies. By
2009, monkey abundance in the park had fallen to
approach the low numbers in the reserve suggest-
ing similar levels of hunting pressure for monkeys
between park and reserve by that time. The ethno-
graphic data and information about the increasing
use of guns in the reserve area allowed us to docu-
ment the transition to greater hunting of primates
alongside of their greater vulnerability and declining
abundance in both the reserve and the park.

Ecological Flexibility in Primate
Communities at RDS

Behavioral plasticity and life history traits of
hunted wildlife have been shown to influence ex-
tant mammal assemblages in African forests, sug-
gesting species variability in resistance to hunting
[Oates 1996; Struhsaker, 1999]. van Vliet & Nasi
[2008] noted that smaller terrestrial species such as
blue duikers and the African brush-tailed porcupine
were more resistant to hunting pressure than small
monkeys. However at Korup, Cameroon and Tai
Forest, Cote d’Ivoire, particular primate species
seemed at least temporarily resilient in the face of
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hunting pressures. Their persistence may relate to
flexibility in habitat use, foraging, and antipredator
strategies [Linder, 2008; Linder & Oates, 2011; Mc-
Graw, 2007].

While competition between species of nonhu-
man primates is particularly difficult to demonstrate
without in situ experimentation, it may be possible
to use changes in the relative abundance of species
diversity over time as an indicator of density com-
pensation or competitive exclusion [Linder & Oates,
2011; Peres & Dolman, 2000]. Our examination of
monkey species represented on RDS transects from
1986 to -2009 indicated that C. nictitans had steadily
increased in relative presence over time, while most
other species had declined. Cercopithecus nictitans
may be quite flexible in use of multiple types of habi-
tats and across gradients of disturbance including
agricultural mosaic and selectively logged forests.
The Noss [1995] data from a disturbed RDS site show
C. nictitans was particularly prevalent in that for-
est edge before gun hunting was common at RDS
(Table III).

Data from other sites indicate that C. nictitans
is typically highly insectivorous and capable of ex-
ploiting agricultural mosaic and logged forest areas
[Baya & Storch, 2010; Chapman et al., 2002; Mc-
Graw, 2007], whereas L. albigena may be gener-
ally more dependent on a narrower range of foods,
especially seeds [Gautier-Hion et al., 1980; Ham,
1994]. At Mondika, Shah [2003] pointed to the strong
dependence of L. albigena on Erythrophleum suav-
olens [also Poulsen et al., 2005]. Lophocebus albi-
gena has been well represented at RDS and it ap-
peared to have been relatively resistant to hunting
in 2002, but its abundance has been consistently
lower than C. nictitans at all disturbed sites since
guns have become common. Lophocebus albigena
may have been disproportionately hunted relative
to their abundance at RDS given their antipreda-
tor strategies that included loud calls and mobbing,
which made adult males particularly susceptible to
human hunters. Linder & Oates [2011] have also re-
ported increases in the relative occurrence of C. nic-
titans at Korup and suggested that it has benefited
from competitive release as drills and red colobus
became rarer over time. Further study of the fac-
tors that could limit the ability of C. nictitans to use
exploited habitats would be useful for recommenda-
tions for the development of active hunting manage-
ment plans.

Overall, the largest, most common monkey
species are those most targeted by hunters at RDS.
Yet, transect data and indices of hunting tolerance
in conjunction with ethnographic data demonstrate
that size and profit are not the only drivers of prey
choice. It is not clear whether the recent low rep-
resentation of colobines at RDS results from longer
term hunting pressure on these large primates. Red
colobus was cited in interviews with indigenous

populations as a favorite food, yet hunters attributed
childhood illnesses, specifically epilepsy, to the con-
sumption of C. guereza. In any case, low abundance
of colobines does not appear to be a direct result of
logging. Colobines are rare in both logged northern
and unlogged southern regions of RDS and black
and white colobus are usually reported to do well
in lightly logged areas [Chapman et al., 2010; Struh-
saker, 1997], unless subject to heavy predation by
chimpanzees [Lwanga et al., 2011].

Recent fluctuations in the relative distribution
of L. albigena and C. nictitans at RDS may have
been more likely influenced by recent human hunt-
ing pressure as these are the largest and among the
more common primate species at RDS, appearing
most often in hunter off-take surveys and for sale in
local bushmeat markets. Additionally, most hunters
in our sample reported C. nictitans to be the most
preferred of monkeys species in RDS followed by
L. albigena.

Our data further point to the importance of fluc-
tuations in human populations and loss of traditions
influencing prey choice at RDS. Previous to 2002, C.
pogonias was relatively resistant to hunting pres-
sure, consistent with feeding taboos documented in
RDS and other sites [see Kumpel, 2006]. However,
more recently this species appeared to have lost its
tolerance to hunting, likely the result of increased
hunting pressure from growing human populations
and shifting hunting technologies. Given its rela-
tively small size, we posit that C. pogonias have
recently become a target of nonlocal hunters be-
cause of the erosion of cultural taboos related to
the changing composition of local human populations
at RDS.

What is the Future for Primate Assemblages
in Exploited Forests?

Recent work at Korup and at RDS suggests that
human exploitation influences the diversity of per-
sisting primate assemblages. Some primate species
are able to take advantage of new resources in agri-
cultural margins or selectively logged forests; some
even appear at least temporarily resilient to hunt-
ing pressure. However, this research illustrates that
even in protected areas, primates are vulnerable
to local extirpation once hunting pressure escalates
following the widespread introduction of arms. If
hunting prohibitions do not function more effectively
in managed or protected regions, primate assem-
blages are likely to continue to shrink throughout
the forests of central and West Africa.

Our long-term efforts to monitor primate popula-
tions at RDS and to integrate quantifiable measures
of hunting and habitat heterogeneity [see also Rist
et al., 2009] have provided us an opportunity to as-
sess the relative importance of hunting and logging
while acknowledging the synergistic nature of these
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impacts in Central African sites [also Waltert et al.,
2002]. Surveys are designed to quickly evaluate pri-
mate abundance. However, surveys can also be used
as a rapid assessment of behavioral changes in prey
species in regions where longer studies are logisti-
cally difficult or cost-prohibitive. At RDS, monkeys
have become quiet in hunted areas, suggesting be-
havioral changes in response to increasing human
activity and gun hunting in the reserve. Hunters at
RDS have responded to declines and cryptic behavior
in the reserve by shifting to focus on gun hunting in
the park. Thus, although many primates at RDS ex-
hibit flexibility in their use logged forests and show
behavioral adaptations to reduce their vulnerabil-
ity to hunting, these changes appear unable to keep
pace with hunter counterstrategies and the large-
scale encroachment of arms and people into Central
African forests.
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la Reserve Spécial de Dzanga-Sangha: Anne 2005. Rapport
d’Enquête. Coopération Technique Allemande (GTZ/GFA).

Kone I, Refisch J. 2007. Can monkey behavior be used as an
indicator for poaching pressure? A case study of the Diana

Am. J. Primatol.



612 / Remis and Robinson

guenon (Cercopithecus diana) and the western red colobus
(Procolobus badius) in the Tai National Park, Cote d’Ivoire.
In: McGraw WS, Zuberbuhler K, Noe R, editors. Monkeys of
the Tai Forest: an African primate community. Cambridge:
Cambridge University Press. p 257–289.

Kumpel NF. 2006. Incentives for sustainable hunting of bush-
meat in Rio Muni, Equatorial Guinea [Dissertation]. Uni-
versity of London, London, UK: Imperial College of London.

Kumpel NF, Milner-Gulland EJ, Marcus Rowcliffe J,
Cowlishaw G. 2008. Impact of gun-hunting on diurnal pri-
mates in continental Equatorial Guinea. Int J Primatol
29:1065–1082.

Laurance WF, Croes BM, Tchignoumba L, Lahm SA, Alonso,
A, Lee MF, Campbell P, Ondzeano C. 2006. Impacts of roads
and hunting on Central African rainforest mammals. Con-
serv Biol 20:1251–1261.

Linder JM. 2008. Differential vulnerability of primates to
hunting in Korup National Park, Cameroon: implications
for primate conservation [Dissertation]. New York, NY: City
University.

Linder JM, Oates JF. 2011. Differential impact of bushmeat
hunting on monkey species and implications for primate
conservation in Korup National Park, Cameroon. Biol Con-
serv 144:738–745.

Lwanga JS, Struhsaker TT, Struhsaker PJ, Butynski TM, Mi-
tani JC. 2011. Primate population dynamics over 32.9 years
at Ngogo, Kibale National Park, Uganda. Am J Primatol
73:1–15.

McGraw WS. 2007. Vulnerability and conservation of the Tai
Forest monkeys. In: McGraw WS, Zuberbuhler K, Noe R,
editors. The monkeys of the Tai Forest: an African pri-
mate community. Cambridge: Cambridge University Press.
p 290–316.

Mammides C, Cords M, Peters MK. 2008. Effects of habitat
disturbance and food supply on population densities of three
primate species in the Kakamega Forest, Kenya. Afr J Ecol
47:87–96.

Marshall AR, Lovett JC, White PCL. 2008. Selection of line-
transect methods for estimating density of group-living an-
imals: lessons from primates. Am J Primatol 70:452– 462.

Noss AJ. 1995. Duikers, cables, and nets: a cultural ecol-
ogy of hunting in a Central African forest [Dissertation].
Gainesville, FL: University of Florida.

Noss AJ. 1998. The impacts of cable snare hunting on wildlife
populations in the forests of the Central African Republic.
Conserv Biol 12:390–398.

Oates JF. 1996. Habitat alteration, hunting and the conserva-
tion of folivorous primates in African forests. Austr J Ecol
21:1–9.

Oglethorpe J, Ericson J, Bilsborrow RE, Edmond J. 2007. Peo-
ple on the move: reducing the impact of human migration
on biodiversity. Washington, DC: WWF and Conservation
International Inc.

Peres CA, Dolman PM. 2000. Density compensation in
Neotropical primate communities: 56 hunted and non-
hunted Amazonia forests of varying productivity. Oecologica
122:175–189.

Plumptre AJ. 2000. Monitoring mammal populations with line
transect techniques in African forests. J Appl Ecol 37:356–
368.

Plumptre, AJ, Cox, D. 2006. Counting primates for conserva-
tion: primate surveys in Uganda. Primates 37:65–73.

Plumptre AJ, Johns AG. 2001. Changes in primate communi-
ties following logging disturbance. In: Fimbel RA, Grajal, A,
Robinson JG, editors. The cutting edge: conserving wildlife
in logged tropical forests. New York: Columbia University
Press. p 71–92.

Poulsen JR, Clark CJ, Smith TB. 2005. Seasonal varia-
tion in the feeding ecology of the grey-cheeked angabey
(L. albigena) in Cameroon. Am J Primatol 54:91–
105.

Refisch J, Kone I. 2005. Market hunting in the Tai region,
Cote d’Ivoire and implications for monkey populations. Int
J Primatol 26:621–629.

Remis MJ. 2000. Preliminary assessment of the impacts of hu-
man activities on gorillas Gorilla g. gorilla and other wildlife
at Dzanga-Sangha, Central African Republic. Oryx 34:56–
65.

Remis MJ, Hardin R. 2009. Transvalued species in an African
forest. Conserv Biol 23:588–1596.

Rist J, Milner-Gulland EJ, Cowlishaw G, Rowcliffe JM. 2009.
The importance of hunting and habitat in determining
abundance of tropical forest species in Equatorial Guinea.
Biotropica 41:700–710.

Robinson JG, Bennett EL. 2000. Hunting for sustainability
in tropical forests. New York: Columbia University Press.
582 p.

Shah NF. 2003. Foraging strategies in two sympatric
mangabey species (Cercocebus agilis and Lophocebus albi-
gena) [Dissertation]. Stonybrook, NY: State University of
New York.

Sokal RR, Rohlf FJ. 1995. Biometry: the principles and prac-
tice of statistics in biological research. New York: W.H. Free-
man. 859 p.

Struhsaker, TT. 1997. Ecology of an African rain forest: log-
ging in Kibale and the conflict between conservation and
exploitation. Gainseville, FL: University of Florida Press.
434 p.

Struhsaker TT. 1999. Primate communities in Africa: the con-
sequences of long-term evolution or the artifact of recent
hunting. In: Fleagle JG, Janson CH, Reed KE, editors. Pri-
mate communities. New York: Cambridge University Press.
p 289–294.

Trotter RT, Schensul JJ. 1998. Methods in applied anthropol-
ogy. In: Bernard HR, editor. Handbook of methods in cul-
tural anthropology. Lanham, MD: AltaMira Press. p 691–
736.

Tutin CEG, Ham RM, White LJT, Harrison MJS. 1997. The
primate community of the Lopé Reserve, Gabon: diets, re-
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