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Abstract

The Tanoé-Ehy Swamp Forest is a critical site for the conservation of West African primates. This study
aims to understand a behavioral aspect of these monkeys: their tendency to form polyspecific
associations. Direct observation is difficult because of high water levels in the swamp, so we used camera
traps for this purpose. We set 62 camera traps in the canopy at eight sites for 16 months. Analysis of the
recorded videos confirmed the presence of six species of monkeys. Among these species of monkeys,
only the olive- Colobus (Pro Colobus verus) showed a significant tendency to associate with
heterospecifics. Roloway's monkey (Cercopithecus roloway) also showed a strong association trend,
although this trend was not significant. In contrast, few polyspecific associations were detected among
the other species. These results may be explained by the absence of non-human predators at this site, but
the limited detection zone of the camera traps in relation to group spread must be taken into
consideration.
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Introduction

Social living is known in several taxa of animals. This phenomenon is widespread in fish
where some species live in schools of several thousand individuals (Masse et al., 1996) [% as
well as in migratory birds and insects (Ben, 2015) Bl. Group living is also observed in some
mammals (Averbeck et al., 2009) 1. In primates, group life coincided with the transition from
nocturnal to diurnal activity (Van Schaik and Van Hooff, 1983) [ Indeed, it is generally
accepted that the ancestors of modern primates were nocturnal and solitary (Eisenberg et al.,
1972) 81 Living in a group provides several advantages to its members. For example,
members of a large group benefit from the dilution effect. (Williams, 1966; Hamilton, 1971)
[37. 221 The dilution effect is the fact that the probability of an individual being captured by a
solitary predator decreases rapidly with increasing group size (Turner and Pitcher, 1986;
Inman and Krebs, 1987) 5 23, Members of large groups also benefit from the confusion effect
(Cott, 1940; Edmunds, 1974; Milinksi, 1990) [0 4 31 when the predator is unable to
concentrate on a specific individual. Another advantage is that due to its large size, the group
has higher vigilance and therefore a greater probability of detecting the predator before it
attacks (Kenward, 1978; Dunbar, 1988) 2> 31 each member ensuring the safety of the group.
In addition, a large group has the advantage of defending resources from a smaller group.

All of these advantages are valid for both monospecific and polyspecific groups. The ultimate
causes of polyspecific groups have been widely documented (Hamilton, 1971; Edmunds,
1974; Milinksi, 1990; Bshary and Nog, 1997b) [?2 14 34 91 Bgshary and Noé& (1997b) ! have
shown that this behavior in primates is a strategy to increase vigilance while reducing food
competition among conspecifics. In this study, we investigate the use of camera traps to
estimate rates of associations between the monkeys of the Tanoé-Ehy Swamp Forest.

Materials and Methods

Study area

The Tanoé-Ehy Swamp Forest is located in the extreme south-east of Céte d'lvoire between
West longitudes 2° 45' and 2° 53' and the north latitudes 5° 05' and 5° 15' (Figure 1). The
average rainfall in the region was 1,925 mm per year (Avenard et al., 1971) M but it has
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considerably decreased in recent years. It fluctuates between
1400 and 1600 mm per year and the temperatures vary from
22 °C to 30 °C with an average of 26 °C. The Tanoé-Ehy
swamp is covered with evergreen forest with many areas

http://www.entomoljournal.com

submerged year-round. The site has recently received status
as a community nature reserve, through conservation
initiatives that are supported by local people.
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Fig 1: Camera trap locations in the Tanoé-Ehy Swamp Forest

Data collection

We held interviews with village guides (Converted hunters) to
determine sites for setting up camera traps. Sites were chosen
strategically using local knowledge of primate habitat use, the
presence of fruit trees, and the intensity of human activities.
From this preliminary survey, eight sites were selected:
Allangouanou, Atchimanou, Balibatou, Dohouan and Yao-
Akakro (high human use), Kadjakro and N'daaboua (moderate
use) and Kouamtchi (rare use).

In the forest, 62 camera traps (Bushnell Trophy Cam HD
Essential) were installed in the canopy at 51 trapping points
throughout the eight sites. DA accessed the canopy using the
single-rope climbing technique (Gregory et al., 2014) 211, The
cameras were set to record 60-s videos with a one-second
minimum interval between two consecutive videos. Data
collection lasted 16 months over three survey rotations, when

camera traps were serviced and moved between the eight
sites.

Data analysis

Species identification and determination of association
types

Species identification was carried out using Kingdon's field
guide (2015) 8 put also with the support of experts in
primatology.

To determine the different types of associations, we binned all
the videos taken at the same trapping point during a period of
< 30 minutes into an event (Rovero et al Zimmermann, 2016)
(32, When only one species of monkey was observed in an
event, we considered it to be a mono specific association. If
two or more species were recorded in an event, we recorded
the species to be in a poly specific association. These
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associations included bispecific associations when two
species were present or trispecific when there were three
species in the same event.

Duration and tendency to associate calculations

We calculated the duration of an association by summing the
durations of all the events during which the association
occurred.

We calculated the absolute specific tendency to form an
association following the method of Gautier and Gautier-Hion
(1969) 181 taking into account the numbers of encounters
where the species is found alone and the numbers of
polyspecific encounters, without considering the types of
association.

http://www.entomoljournal.com

Ta = Tendency to associate
Rp = number of polyspecific encounters
Rm = number of monospecific encounters

Results
Diversity and observation frequencies
Six monkey species belonging to two subfamilies

(Cercopithecinae and Colobinae) and distributed in four
genera (Cercocebus, Cercopithecus, Colobus, ProColobus)
were identified. The Lowe's guenon (Cercopithecus lowei)
and the lesser-spot nosed monkey (Cercopithecus petaurista)
were the most frequently observed and were found at almost
all surveyed areas (Figure 2). The Lowe's guenon was
detected most frequently at the Kadjakro, Kouamtchi and
Dohouan sites.

Rp
Ta = ——
Rp + Rm
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Fig 2: Monkey observation frequencies by site.

Different types of association

We identified 15 different combinations of associations
including six monospecific and nine polyspecific associations
(bispecific: 8, trispecific: 1). The proportion of monospecific
associations (96%) was much higher than that of polyspecific

associations (4%) (Table 1).

Trispecific associations were rarely detected (0.2%) compared
to bispecific associations (3.8%). The only trispecific
association detected was composed of Cercopithecus lowei,
Cercopithecus petaurista and ProColobus verus.

Table 1: Importance of different types of association

Type of association Species involved Number of observations| Proportion of type of association (%)
Cercocebus lunulatus 42
Cercopithecus lowei 826
- Cercopithecus petaurista 476
Monospecific Cercopithecus roloway 20 %
Colobus vellerosus 121
ProColobus verus 137
C. lowei-Cer. lunulatus 4
C. lowei-C. petaurista 19
C. lowei-C. roloway 1
. . C. lowei-Col. vellerosus 3
Bispecific C. lowei-Procol. verus 23 38
C. petaurista-Procol. verus 9
C. petaurista-C. roloway 4
Procol. verus-Col. vellerosus 1
Trispecific C. lowei-C. petaurista-Procol. verus 4 0,2
Total 1690 100
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Of the six monkeys detected, only Procol. verus showed a
significant tendency towards polyspecific association (Table
2). C. petaurista and C. lowei, the most frequently observed

http://www.entomoljournal.com

monkeys, showed the least tendency to associate. C. roloway
showed a tendency to form polyspecific associations,
although this trend was not statistically significant.

Table 2: Absolute tendency of species to associate

Species Ma [Pa| Ta 1 Significancy Rank (Ta)
Procol. verus 137 {37 0,21 | 38,85 S 1
C. roloway 20 | 50,20 | 457 NS 2
Cer. lunulatus 42 | 410,09 | 0,03 NS 3 12 (5%) = 11,07
C. petaurista 476 136] 0,07 | 0,54 NS 4
C. lowei 826 |54 | 0,06 | 3,63 NS 5
Col. vellerosus 12114 | 0,03 | 354 NS 6

Ma= Monospecific association, Pa= Polyspecific association,

The sites of Kouamtchi and Dohouan had the highest number

Ta=Tendency to associate, NS= Not Significant, S= of association combinations with seven and six different
Significant. combinations respectively (Figure 3)
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Fig 3: Different association combinations per site

Duration of associations
The monkeys were observed for a total duration of 61,300

minutes. During this period, they were in polyspecific
associations only 4% of the time (figure 4)

H Monospecific association

Allangouanou
Atchimanou
Balibatou
Dohouan
Kadjakro
Kouamtchi
N'daaboua

Yaoakakro

88% 90% 92%

B Polyspecific association

94% 96% 98% 100%

Fig 4: Proportion of association time

Although polyspecific associations appeared to be of short
duration, they were formed at all sites. However, the length of
time devoted to these associations varied. Indeed, the G2 test
or Wilks' likelihood ratio revealed significant differences in
association time between sites (ddl = 56, o = 0, 05, p<
0,0001). Polyspecific associations were formed longer at the
Dohaoun and Yao-Akakro sites than at the other sites.

Discussion

Our study confirmed six species of diurnal primates in the
Tanoé-Ehy Swamp Forest, as have previous studies
(McGraw, 1998; McGraw and Oates, 2002; Gonédélé Bi et
al., 2008; Béné et al., 2012; Bi et al., 2013; Koffi et al., 2019)
129, 30, 20, 4, 271 These species were found almost everywhere,
except for Colobus vellerosus which was detected only at the
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sites of Kouamtchi and N'daaboua, suggesting that this
species is sensitive to disturbance and avoids areas of high
human activity. Colobus vellerosus is a cryptic species that
prefers high canopy forest (Teichroeb et al., 2003; Djégo-
Djossou et al., 2015) 34 22 and therefore is difficult to detect.
Lowe's guenon (Cercopithecus lowei) and lesser-spot nosed
monkey (Cercopithecus petaurista) were particularly
common. These species were found in all environments of the
study site and appeared tolerant of human activity. Indeed,
these two species often approach agricultural plots or fallow
land to feed on exotic plant items such as seeds of palm oil
Elaeis guineensis (Arecaceae) (Kambiré et al., 2021) 24,
While camera traps were an excellent tool to detect arboreal
primates, they rarely detected polyspecific associations.
Indeed, 96% of detections were of monospecific groups,
while it is widely documented that monkeys form polyspecific
associations for foraging (Erin and McGraw, 2017) [ and to
defend themselves against predators (Bshary and Nog, 1997a;
1997b) . This could be explained by the fact that the
monkeys from this site showed a weak tendency to associate,
unlike their congeners from the Tai national park (Galat and
Galat, 1985) [*1 and from the Ogooué-lvindo basin in Gabon
(Gautier and Gautier, 1969) [*8. Indeed, of the six species of
monkeys observed, only the olive Colobus showed a
significant tendency to associate (Ta = 0.21; y? =38.85 with 2
(5%) = 11.07). However, this species was rare at the site, as
was Roloway's monkey, which also had a strong, although not
significant, tendency to associate. Moreover, in a study
conducted by Béné et al., 2012 [, Roloway's monkey was the
species that associated most frequently with White-napped
mangabey and olive Colobus. But since then, this monkey has
become very rare and cryptic due to poaching. Since the most
frequent species such as C. lowei and C. petaurista were
rarely observed in polyspecific associations, the overall
frequency of polyspecific associations was low in this study.
During the 16 months of the study, camera traps only detected
trispecific associations during four events. These associations
included C. lowei, C. petaurista and Procol. verus. However,
quadrispecific, pentaspecific and even hexaspecific
associations have been observed in Tai National Park (Galat
and Galat, 1985) 7],

Anthropogenic pressure on the forest includes poaching,
agriculture, fishing and illegal logging. However, these
activities are mostly practiced on the periphery of the swamp
because it is difficult to traverse the high water. Moreover,
unlike the Tai National Park where chimpanzee (Pan
troglodytes verus), crowned eagle (Stephanoaetus coronatus)
and leopard (Panthera pardus) are formidable predators
(Boesch and Boesch, 1989; Shultz and Noé, 2002;
Zuberbiihler and Jenny, 2002) ["- 3. 31 there are few non-
human predators in Tanoé swamp. The lack of non-human
predators may be reducing the likelihood of forming
polyspecific associations.

However, a few cases of polyspecific associations (4%) have
been observed in all survey sites, regardless of the intensity of
human activities. The greatest number of combinations of
associations was observed in the Kouamtchi area in the
swamp’ s interior. The Kouamtchi site experiences less
disturbance than the peripherial sites. It is possible that more
primates occur here, thereby increasing the likelihood of
detecting monkeys in polyspecific association. Also, many
camera traps were installed in the crowns of fruiting trees
such as Nauclea diderrichii (Rubiaceae) where monkeys were
often recorded eating, which may have influenced the

http://www.entomoljournal.com

likelihood of detection. However, in areas of high
anthropogenic pressure, polyspecific associations were
formed over a relatively longer period (more than 7% of the
observation time). This is particularly the case in Dohouan
and Yao-Akakro. In these two sites, deforestation and
poaching is high. However, the monkeys at these sites take
advantage of the wide availability of Elaeis guineensis (oil
palm) and Raphia hookeri (Arecaceae) seeds. By forming
polyspecific associations of longer duration, the monkeys may
benefit from the vigilance of each member of the group
(Dunbar, 1988; Beauchamp, 2001) I3 31 put also from the
dilution effect (Hamilton, 1971; Dehn, 1990) [ 1 with
respect to human predation. The dilution effect being the fact
that the probability of an individual being captured decreases
rapidly with increasing group size.

While camera traps are an excellent tool to detect individual
primates, further research is needed to determine their
effectiveness in detecting enough members of a social group
to make inferences regarding group composition. Camera
traps can only record individuals that pass through its
detection zone. Monkeys in a polyspecific association can
travel across several tree crowns, resulting in a group spread
that is greater than the camera trap’s detection zone.
Therefore, it is likely that the rate of polyspecific association
was greater than what was detected by the camera trap
footage.

Conclusion

The use of camera traps made it possible to identify six
species of monkeys living in the Tanoé-Ehy Swamp Forest:
Cercopithecus lowei, Cercopithecus petaurista,
Cercopithecus roloway, Cercocebus lunulatus, Colobus
vellerosus and ProColobus verus. Among these species,
Cercopithecus lowei and Cercopithecus petaurista were
detected most frequently and were found throughout the
forest. Although camera traps occassionally recorded
polyspecific associations, most recordings were of individiual
monkeys or of monospecific associations. Most species
showed a weak tendency to associate except for ProColobus
verus, which expressed a significant tendency to associate.
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