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ABSTRACT

Objective: To complete data of diurnal primates, we have estimated the density of diurnal primates in the north-
eastern part of Moukalaba-Doudou National Park (MDNP) in Gabon and then we compared the results from
those obtained in other areas.

Methodology and results: we estimated the densities of each species based on the conventional distance-
sampling approach. Sampling was done in two sessions along 14 line-transects including various types of
vegetation. Cercocebus torquatus is the species most abundance with 62.37 ind.km2, followed by
Cercopithecus nictitans (33.26 individuals.km-2), Cercopithecus cephus (29.38 individuals.km-2) Lophocebus
albigena (15.72 ind.km2). The low density was observed in Cercopithecus pogonias (5.23 individuals.km2).
Those values are higher than Makokou with C. cephus, C. nictitans 25 ind.km-2and 30 ind.km-2 respectively.
Those results are relatively high unlike to Lopé C. cephus (5.1 individuals.km2) C. nictitans (19.2
individuals.km-2) C. pogonias (4.6 individuals.km-2) which have the same vegetation types. They are different
from Loango Loango, C. cephus (13.33 individuals.km2) C. nictitans (3.71 individuals.km-2) Cercocebus
torquatus (15.89 individuals.km-2) which have a disturbed forest, which may affect monkey’s density.

Conclusion and application: our results showed that the density of monkeys in MDNP is among the highest in
Gabon. This can be explained by the lacking of colobine monkeys, which generally dominated in the African
rainforest, and the different types of vegetation that we founded.

Keywords: Moukalaba-Doudou, distance sampling, monkeys, density, comparison.
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INTRODUCTION

Obtaining information on ecology and the status of
animal populations from inventory and socio-
ecological studies is a prerequisite for successful
wildlife conservation programs. In order to promote
early management initiatives, and then invest further
efforts efficiently in conservation, wildlife decision-
makers need reliable and profitable estimation of
density and abundance of each animal population.
Moukalaba-Doudou National Park (MDNP) is one of
largest park in Gabon, and is known for its unique
fauna and flora of Mt. Doudou (ca. 700 m above the
sea level at the summit) which is supposed to be a
Pleistocene refugee (Sossef et al, 2004). MDNP is a
mosaic of forest savanna and swamp (Ando et al,
2008; Ebang & Yamagiwa, 2014), and the study area
lacks the colobine monkey, which generally are
dominant in the Africans rainforests (Chapman et al.
1999, Matsuda et al. 2013a). This park will be place
in an ecotourism project based on western lowland
gorillas. Many studies on density, distribution and
ecology of medium and large mammals in
Moukalaba-Doudou National Park have been done.
First, Moukalaba constitute one of the few sites for
long-term study of western gorillas (Ando et al.
2008), it is regarded as an important habitat of great
apes (Nakashima et al. 2013b), it's also considered a
sanctuary of western lowland gorillas because their
density is high (Takenoshita & Yamagiwa, 2008) and
it has densities of duikers which are among the
highest in African rainforest (Nakashima et al.
2013a). However, no systematic inventory survey of
monkeys has been performed. Supplementary
information would be important because, monkeys
can be an alternative to tourism of great apes in
Moukalaba-Doudou National Park. Two types of
tools may be used to estimate density of large
mammals in tropical forest: “camera trap method”
and “distance sampling method” (Karanth & Nichols,
1998; Silver et al, 2004; Maffei et al, 2004; Core,
1999; Buckland et al, 2001; Rovero & Marshall,
2009). In camera trap method, the individual place a
set of automatic cameras with infrared sensor
(Bushnell Trophy Cam 2010) along animal paths
within 20 m of each random point. Each camera

within a circle of 20 m in diameter is located > 100m
apart from each other. Cameras are set on trees at
ca. 30 cm above ground (Nakashima et al, 2010;
Nakashima, 2014). However, in camera trap method
we can encounter many difficulties. We cannot
obtain information on arboreal primates particularly
Cercopithecines monkeys (Whitesides et al., 1988;
Hassel-Finnegan et al., 2008; Marshall et al., 2008).
In distance sampling method, observers walk along a
series of relatively straight transect lines, and record,
the perpendicular distance from the line to each
object detected or to an estimated centre of the
group formed by all objects detected for each
encounter in order to estimate the density of objects
(Chapman et al, 1988; Buckland et al, 2001). This is
a far more suitable method for arboreal and diurnal
animals like primates than camera trap method. In
Moukalaba-Doudou National Park, there are six
species of monkeys, which are Moustached monkey
Cercopithecus  cephus, Putty-nosed monkey
Cercopithecus  nictitans,  Crowned  monkey
Cercopithecus  pogonias, Ogooue  monkey
Miopithecus ogoouensis, Red-capped mangabey
Cercocebus torquatus and Grey-cheeked mangabey
Lophocebus albigena, as nomenclature of primates
is following “Les primates d’Afrique Central” (Gautier-
Hion et al, 1999). All species are arboreal, except the
Red-capped mangabey which are semi-terrestrial.
However, the data of density and distribution of
arboreal monkeys of Moukalaba-Doudou National
Park are unavailable. After many investigations at
MDNP, Colobus monkeys are missing due to
historical reasons. Great apes are significant due to
their high density, the high fruit availability and the
density of others frugivorous animals such as duikers
is high (Nakashima et al, 2013b; Nakashima, 2015;
Takenoshita & Yamagiwa, 2008). The objective of
this paper is to obtain reliable information on
monkey’s density and their abundance by using the
distance sampling methods. The method used will be
justified and the results on the density obtained here
will be compared with those obtained on others area
of Gabon.
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METHODS

Study site: The fieldwork was conducted in Moukalaba-
Doudou National Park in Gabon (Figure 1). The park
covers an area of 5,028 km? We were in the North-
eastern part of the Park, which consists of mosaic of
forest, savanna, and swamp (Ando et al, 2008;
Takenoshita & Yamagiwa, 2008). We selected ca. 500
km? of area on the western side of the Moukalaba River
as the focal study area. The vegetation is a complex
mosaic of a primary forest, a young secondary forest;
where Musanga cecropioides dominated, an old
secondary forest, savanna and swamp (lwata & Ando,
2007). Annual rainfall in this area fluctuated from 1582
mm to 1886 mm during 3 years, from 2004 to 2006
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Data collection : The data were collected by line transect
census based on distance sampling method (Buckland et
al, 1993, 2001).We conducted the censuses on two
sessions in 14 transects (table 1). Both sessions census
covered the two seasons of the region Moukalaba (dry
season and rain season). The first session was from
September 2010 to August 2011 and the second session
was conducted on August, October, November 2013,
February and March 2014. Census was usually carried
outin early morning (7:30 — 10:30) and sometimes on late
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(Takenoshita et al., 2008). Which mean monthly the
minimum and maximum temperatures ranged from 21.3
to 24.1°C and from 29.3 to 33.7°C, respectively
(Takenoshita et al., 2008). There are 2 distinct seasons, a
rainy season from October to April and a dry season from
May to September. During the 3 months in the middle of
the dry season, it seldom rains (Thibault et al., 2004). The
forest canopy is approximately 35-45 m high, and is
dominated by Ceasalpiniaceae and Mimosaceae. The
understorey was scarce, and shrubs of Dichostemma
glaucescens, Meiocarpidium lepidotum, and a large
variety of Diospyros species were frequently encountered
(Sossef et al. 2004).

_ Legend
-"(*‘——I

Camp MT Doudou

/ Base camp Boutsiana
Road

River

— Transect

A bt
Y ! )

yo P |

\ 1 Ly !
\{‘L v N !
¢ Lo {

{ S d

AT | TN AL

| [Moukaigba doudou’ -4
v )

. N,

1:39 000 S

afternoon (15:00 — 17:30) when monkeys were usually
active (Mammides et al, 2008). Meteorological aspects
were taken into account to avoid the census during the
rains. In the first session, we used 5 pre-existing
transects (Grid 5, Grid 16, Grid 17, Grid 22 and Grid 25).
In the second session, we used 10 transect adjusted to
transect (Grid 17, Grid 22 and Grid 25) from the first
session. The transect Grid 5 and Grid 16 were not visited
during the second session because they were already
closed or for logistic reason. All transects were 2 km long,
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excepted transects A, Tsetsenga and 3.5 km for Ts. All
transects were straight, excepted Tsetsenga, which was
partially least. Transects near rivers were substantially
perpendicular to the rivers except the transect Tsetsenga
which interspersed a river base camp. For the first
session transect was visited 20 times while at the second
session transect was visited 4 times. Therefore, transect
Grid 17, Grid 22 and Grid 25 was visited 24 times during
those second sessions. During the census, we walked on
transects at a speed of 1 — 1.5 km.h"* with a local field
assistant while detecting the presence of monkeys on
trees. Data collection was made only in two to avoid
noise, which could disrupt observation. When a group of
monkeys was seen, we recorded the GPS point, the
perpendicular distance between the transect and the
estimated centre of group seen. The local field assistant
recorded the number of individuals. Identification of
species monkeys was been made on using “Les primates
d’Afrique Central” (Gautier-hion et al, 1999).

Data analysis : After our data collection, we used a
computer software program distance 6.0 (Buckland et al,

Table 1: List of line transects and encounter rate

1993, 2001) to estimating of density and abundance of
monkeys. The data sampled reached enough encounter
number for the requirements of analysis in this program,
at least 60-80 encounters are needed for fitting the
detection function (cf. Junker et al, 2009). We tested the
following issues to four combinations of regular and
efficient detection function models (cf. Buckland et al,
1993; Thomas et al, 2010; Leca et al, 2013): 1.uniform
key with cosine adjustments; 2.half-normal key with
cosine adjustment; 3.half-normal key with hermit
polynomial adjustment; and 4.hazard-rate key with simple
polynomial adjustment. For our study, we adopted half-
normal and hazard-rate with cosine adjustment. To select
the type of detection function model that best fits our data
set, we used the following series of criteria (Buckland et
al, 1993, 2001; Thomas et al, 2010): 1) the smallest
Akaike’s Information Criterion (AIC) values 2) the smallest
ratio of the x* goodness of fit statistic divided by its
degree of freedom; 3) a few parameters to avoid large
bias but not so many that precision is lost (i.e. the
principle of parsimony).

Encounter rate
Name of | Length cQ | 521 69| =9 S (& = Forest type
transects | (km) g S ;:;§ 38 s S %% § 3
§2| 32 S8 |588| §8|5¢%
53| 33|33 52| 82|28
o » o ©n O (7} 77} “w »n
A 4 0.32 0.188 0 0.0625 0 0 | Young Secondary forest
Ts 3.5 0.072 0 0 0.143 | 0.143 0 | Mixed forest
Tsetsenga 4 0.188 0.125 0 0 0 0.25 | Musanga dominated
and Riverine forest
Grid 17 2 0.65 0.5 0.1 0.25 0.25 0 | Young Secondary forest
Biviga 2 0.125 0.25 0125 | 0.25 0 0 | Swamp forest
Fredy 2 0.125 0.25 0.25 0.25 0.375 0 | Old secondary forest
Grid 16 2 0.25 0.63 0.075 | 0.225 | 0.175 0 Swamp forest
Grid 5 2 0 0.425 | 0.025 | 0.225 | 0.075 0 Old secondary forest
Grid 25 2 0.0625 0.25 0.083 | 0.16 0.33 0 Old secondary forest
Mont- 2 0.375 0.375 | 0.125 0 0.125 0 Mountain forest
Doudou
Dibwabwa 2 0 0.5 0.125 | 0.375 0.25 0 Old secondary forest
Ditsoga 2 0 05 0.25 | 0.125 0.25 0 | Old secondary forest
Grid 22 2 0.583 0.563 | 0.042 | 0.208 | 0.041 | 0.021 | Swamp forest
Keiko 2 0.5 0.25 0 0.25 0.125 0 | Young
Secondary forest
Total 33.5 4.151 5.056 1.2 2649 | 2264 | 0.271
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We choose of best model on looking for which gives the
smallest ratio of goodness in detection function of
probability, the density of the group and the group size of
each species calculated. In our case, we did not use
adjustment terms in the models to avoid implausible, non-

RESULTS

Estimate the density of monkeys in Moukalaba-
Doudou National Park: We obtained 359 encounters of
monkeys during the census. From the detection function
model that best fitted our data, half-normal key was
selected for the calculation of monkey’s density. The
density of different species of monkeys the models of
function choired, the density of the group and group size
for each species are shown in table 2. The number of
encountered of Miopithecus ogoouensis (5 for All
transects) was insufficient to calculate the density by

monotonic function results (Marques et al, 2007,
Nakashima et al, 2013). We compared the results of the
densities obtained with those obtained into others study
site in Gabon (Lope National Park, Forét des Abeilles,
Loango National Park and Makokou).

distance sampling 6.0. The high density was found in
Cercocebus torquatus (62.37 ind.km2) with a density of
group estimated at 2.71 groups. Km?, the low density is
obtained in Cercopithecus pogonias with 5.23 ind.km2
and the group size is at 6.99 individuals for 0.74
groups.km2. Cercopithecus nictitans and Cercopithecus
cephus densities are 33.26 ind.km?2 and 29.38 ind.km?
respectively. Those results suggest that Moukalaba-
Doudou National Park is among the areas, which possess
the highest density of monkeys in central Africa.

Table 2 : Estimated values related to the density of different species monkeys in the North-eastern part of Moukalaba-

Doudou National Park, as obtained from Distance 6.0.

Species Density (ind.km-) Key function DS E(S)
Cercopithecus cephus 29.38 H.N 3.92 7.48
Cercopithecus nictitans 33.26 H.N 5.29 6.28
Cercopithecus pogonias 5.23 H.N 0.74 6.99
Cercocebus torquatus 62.37 H.N 2.1 22.95
Lophocebus albigena 15.72 H.N 1.44 10.85

Miopithecus ogoouensis

*Encounter rate is too low to calculate density

H.N: half-normal, H.R: hazard-rate. DS: estimate density of group (number per km?); E(S): estimate of excepted value

(mean) of group size.

Comparison of Moukalaba monkeys density and
other study area: Because the number of monkeys
encountered to each transect was not large enough to
estimate species monkey density of each transect area,
we regarded all the transects as a single survey unit
representing the north-eastern part of the Moukalaba-
Doudou National Park. This results have been compared
with those obtain in others study area in Gabon as
Loango, Lopé, Makokou and foret des Abeilles (Table 3).
The densities of monkeys are very high in Moukalaba-
Doudou, for the two species of guenons present into the
entire study site. Excepted for Cercopithecus pogonias

9399

(5.23 individuals.km2) which is inferior at Makokou where
the densities 22.5 individuals.km2. Cercocebus torquatus
present only in two sites (MDNP and Loango) have a
density of 62.37 individuals.km2 at MDNP, while at
Loango National Park we have 15.89 individuals.km2.
Those results shown that MDNP possess the largest
populations of Mangabeys (Cercocebus torquatus and
Lophocebus albigena) compared to others studies site in
Gabon. For the species not present in MDNP
Cercopithecus solatus and Colobus satanas, the high
densities are observed at Forét des Abeilles 27.9
individuals.km2 and 20.5 individuals.km- respectively.
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Table 3: Estimating density of North-eastern part of Moukalaba-Doudou National Park with those obtained into others

study area, Loango National Park, Lopé National Park, Makokou and Forét des Abeilles

Density (individuals.km?)

Species Moukalaba- Loango Lope Makokou Foret des

Doudou Abeilles
Cercopithecus nictitans 33.26 3.7 19.2 30 31.8
Cercopithecus cephus 29.38 13.33 5.1 25 5.8
Cercopithecus pogonias 5.23 5.64 4.6 22.5 5.3
Cercocebus torquatus 62.37 15.89 - - -
Lophocebus albigena 15.72 5.23 8.1 8.4
Miopithecus ogoouensis - - 65

Source : Loango (Morgan, 2007); Lopé (Gautier et al, 1997); Makokou (Waser 1987; Charles-Dominique, 1977 Gautier-
Hion, 1978, 1980, 1983); Moukalaba-doudou National Park (this study)

DISCUSSION

Justification of the choice of method: On analyzing the
data collected by distance sampling methods, we
asserted that the method used might be good enough to
estimate density and abundance of monkeys where they
live sympatrically. In theory, it is better to sample a series
of random distributed transect within a given area, rather
than along pre-existing trails. A permanent human
presence may affect the animals behaviour and spatial
distribution, and consequently the animal density
estimates may be biased (Buckland et al, 2001; Leca et
al, 2013). These recommendations in terms of survey
design before selecting ours transects are logical, but we
have considered many arguments in support of our
methodology. First, in practice, non-randomized designs
including transects along pre-existing trails, are frequent
in primate surveys (Buckland et al, 2001; Hiby & Krishna,
2001). As long as the number of these transects was
sufficient with regard to survey region, the design remains
acceptable. Regarding the number of transect selected
(14 transects), we confirmed that it was sufficient to made
this sampling, and to ensure that they did not pass
through the areas with atypical densities. Secondly, the
vast majority of transects selected (seven transects) was
very far from the village where the human presence is
high, and the visits on those transect for others study was
made only once by months. Also, it is possible that laying
transects along pre-existing trails means that the habitat
might not be sampled in a representative manner,
because such trails are often placed either on ridges or
along waterways, and thus over-or under-sampling some
habitat. In response to this argument, we claim that all the
types of habitats present on Moukalaba-doudou National
Park were sampled by our transects (Table 1), which
were therefore representative of entire study area. Finally,
during our survey, we obtained well over the minimum
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number of detections (i.e., 60-80) for the majority species
was necessary for fitting the detection function
(Barraclough, 2000). In addition, with @ minimum number
of detections (20-30) it is possible that is why we could
not get a Miopithecus ogoouensis density (Nakashima,
pers). In this paper, we used two detection function
models and we tested the different combinations (Half-
normal and Hazard-rate), the models provided the
sensitively similar estimates, which is an additional
guarantee of high quality survey information. Overall, we
concluded that our survey and data on the abundance of
monkeys in Moukalaba-doudou National Park were of
sufficient quality to produce reliable estimation of their
density in the study area.

Density of monkeys in MDNP and comparison with
others study site in Gabon. Our results suggest that
monkeys occur at high density in Moukalaba-Doudou
National Park. Compared to the density estimates based
on others site research, our estimation for Cercocebus
torquatus, Cercopithecus nictitans, Cercopithecus cephus
and Lophocebus albigena (62.37 ind.km2, 33.26 ind.km?2,
29.38 ind.km?2 and 15.72 ind.kmZ respectively) are
among the highest reported from study site in Gabon
(Table 3). Cercopithecus pogonias density (5.23 ind.km=)
is substantially the same in majority of central Africa site,
excepted at Makokou. Many reasons may explain the
high densities of monkeys in our study site. First,
Moukalaba-Doudou National Park is a large park where
they have not colobine monkeys, due to historical
reasons and the existence of natural barriers. Indeed,
colobine monkeys represent the large group of monkeys
where they are presents. They compose the large
biomass of primate in Africa (Tashiro, 2002). Therefore,
their absence at Moukalaba-Doudou National Park gives
to others species of monkeys the opportunity to increase
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and in the same occasion decrease the risk of
competition. Cercocebus torquatus consume a large
variety of foods that they collect on trees (leaves, flowers,
fruits and insects), on the ground (fallen fruit, mushrooms,
new growths of plant) and by digging litter and soil
(rhizomes, tubers, animal preys) or fishing in water
(Gautier-Hion & Gautier, 1978; Gautier-Hion & Brugiére,
2003). Third, the diet of monkeys is composed of 60-80%
of fruits (Gallat et Gallat-Luong, 1985; Buzzard, 2006a,
2006b) and our period of census was during fruit period
where the majority of plant species eaten by monkeys
tend a bear fruits in peak (Takenoshita et al, 2008). This
gives us the possibilities to observe the monkeys, on
listening to the fall of fruits caused by monkeys. Finally,
Cercopithecus nictitans and Cercopithecus cephus
groups are generally constituted of 6 to 20 individuals,
and their home range may be 20 to 100 ha according to
the number of individual, which compose the group.
Therefore, if we consider one group with 6 individuals
who represent the mean of individuals by group in
Moukalaba-Doudou National Park, in a home range of 20
ha, we can have 30 individuals in 100 ha which represent
1 km?2. Our density estimation of C. nictitans and C
cephus may be certainly the density actual in our study
site. To all the area near Moukalaba-Doudou National
Park, we obtained different results (table 4). Those finding
shows that Moukalaba-Doudou National Park possesses
the largest population of Mangabeys compare to other
zone. Besides, at Makokou the densities observed with
the Guenons were high. The others sites (Loango
National Park, Lopé National Park and Forét des abeilles)
have the lowest densities. In fact, the densities and
abundances of mammals in a giving region can be
explained by many factors. First note that, the presence
and absence of different species can have fundamental
influences on other aspects of community structure and
function (Chapman et al, 1999b). Lopé National Park and
Moukalaba-Doudou National Park are a mosaic forest
and savanna. They possess the same type of habitat.
The result obtained showed the difference in density for
the specie present on both sites. This difference is
explained by many parameters. The colobine monkeys
are present in Lopé National Park where they represent
the largest biomass of primate. In this zone, C. nictitans is
the only species that has a density two times higher than
others do. In addition, the presence of seven different
species may increase the competition between them.
Densities of monkey species in Lopé National Park
shown that it is Cercopithecus nictitans and Colobus
satanus are most abundant (White, 1994a,b; Tutin et al,
1997). At Loango National Park, which geographically
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closer to Moukalaba-Doudou National Park, the densities
are relatively low. This could be explained by the
vegetation type in Loango National Park possesses some
disturbed forest (Morgan, 2001). In fact, the disturbed
forest is a factor that reduces the animal population that
lives in this zone. Loango National Park is also provided
of mangrove swamp (Coastal scrub) and only
Cercocebus torquatus is subservient to this habitat type
(Cooke, 2015; Jones & Sabater, 1964), which explains a
high density for that species at Loango National Park.
Makokou and Forét des Abeilles possess a high density
for the Guenons. Particularly for C. nictitans, C. cephus
and C. pogonias at Makokou and C. nictitans at forét des
abeilles. Those high densities could be explained at first
by the habitat type and the unviability of resource of each
species. These three species form many associations
polyspecific long term in these areas allowing for
equitable distribution of resources and also a best
management of the space they share together (Gautier &
Gautier-Hion, 1969). Makokou is a mosaic of dry-land,
riparian, and swamp forest, Forét des Abeilles on the
other hand is provided a dense forest at Ceasalpiniaceae.
Oates et al (1990) argue that Makokou display high
habitat heterogeneity and, habitat heterogeneity tends to
increase both the species richness and biomass of
primate communities. In addition, in their diet, C. nictitans
show a preference at fruit species of Ceasalpiniaceae
family present in forét des abeilles. Those different factors
that explain, that we are in presence or not of colobine,
abundance or not for the monkeys in that different zone.
Finally, in our study, the using of distance sampling
showed that MDNP is one study site, which contains the
high densities of monkeys in Gabon. Those results are
not surprising. Because, more recently, Takenoshita &
Yamagiwa (2008), on using the dung pile count, reported
that the densities of gorillas in MDNP was among the
highest in protected areas in Central Africa. Although
populations densities of Miopithecus ogoouensis is not
defined in our study site, they are present and our results
suggest that increasing the visit in transect where the
species was observed, it would be possible with the same
method to determine the density. The previous studies
showed that the monkeys and the apes hike a similar
density in the area where they are presents but colobine
monkey are not present in that zone. It is normal that the
densities we had are high in Moukalaba-Doudou National
Park. Density of Cercocebus torquatus is may possibly
overestimate their actual density. For the best estimate, it
will be suitable to use two methods of estimating (camera
trap and distance sampling) because C. torquatus is
semi-terrestrial specie. We suggest that it would be
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important to conduct studies of guenons and mangabeys

of MDNP.

Table 4: Characteristics of different region in Gabon according to vegetation type and diurnal primates

Region Vegetation type Number of Presence of Source
monkey species | Colobine monkeys
Mature semi- Harrison & Hladik,
evergreen forest, a 1986;
Lopé savanna 7 Yes White et al., 1993;
and forest-savanna White, 1994a,b; Tutin
mosaic et al, 1997
Coastal scrub, Morgan, 2007
savanna, swamps
Loango and disturbed and 6 No
mature forest
Dense forest (Gautier-Hion et al.,
Forét des Abeilles dominated by 6 Yes 1997
Caesalpiniaceae
Mature forest is C. M. Hladik, 1973;
interspersed with Quris, 1976; A. Hladik,
Makokou areas of 8 Yes 1978
riparian and swamp
forest
Musanga dominated (Ando & Iwata, 2008;
Moukalaba- Riverine forest, Takenqshita &
Doudou forgst-savanna 6 No Yamaglwa}, 2008;
mosaic and swamp. Takenoshita et al,
2008; this study)
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