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The decline and isolation of wild megafauna populations are increasingly recognised in Africa. In Cote
d’Ivoire where elephants are a national symbol, the Tai National Park (TNP) is a key remaining habitat for
Loxodonta cyclotis. However, the interactions between L. cyclotis and its current environmental conditions
are less known. This study aims at determining the factors that affect the occupancy patterns of the species at
TNP for guiding conservation decision-making. We assessed the species occupancy probability and factors
that affect its distribution based on habitat variables and observations from 87 camera traps installed for
120 days within TNP. We used an occupancy model to determine the variables that significantly affect L.
cyclotis distribution and to estimate their occupancy probability by site of camera traps installation. We also
produced a predictive species distribution map by interpolating occupancy probability values at trapping
sites. The key factors that drive the L. cyclotis distribution in the TNP were the distance to the nearest
research or ecotourism areas, the distance to the periphery and the rate of poaching index of the installation
site. Occupancy probability decreased with closer distance to the TNP periphery and increasing poaching
pressures, while it increased with the proximity of research or ecotourism areas. The predictive distribution
map indicated that the northwestern and southwestern areas of the TNP had a higher probability (p > 0.6) of
L. cyclotis occurrence, compared to other parts of the Protected Area. These results confirm the positive effect
of scientific research and ecotourism activities that favour L. cyclotis (and thus other wildlife) conservation.

https://dx.doi.org/10.24189/ncr.2021.012

So those activities have to be promoted along with antipoaching strategies.
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Introduction

At a global scale, the large megafauna is
collapsing at an unprecedentedly accelerated
rate and locating accurately areas occupied by
remaining populations is of utmost importance
for ecological research and for conservation
decision-making (Craigie et al., 2010; Ripple et
al., 2014). In Africa, large mammals are increas-
ingly threatened and isolated throughout their
range even within Protected Areas where their
populations have decreased by 59% between
1970 and 2005 (Craigie et al., 2010).

Among the megafauna, elephants (Loxodonta
sp.) represent the largest mammals in Africa hav-
ing numbered millions of individuals before colo-
nial periods (Douglas-Hamilton, 1987). However,
the populations of Loxodonta cyclotis Matschie,
1900 and Loxodonta africana Blumenbach, 1797

68

have been decimated with an estimated yearly
death rate of 30 000 individuals in recent dec-
ades (Wittemyer et al., 2014; Chase et al., 2016).
Recent estimates of the L. africana population
from surveys across its vast range of 2 300 000—
2 400 000 km? indicated about 415 000 surviving
individuals (Chase et al., 2016).

The population status and threats to el-
ephants are believed to vary among species and
with sub-regional or local conditions (Thouless
et al., 2016). For instance, with less than 3% of
the population of both species, West Africa holds
the smallest regional population on 5% of the to-
tal elephant range (Maisels et al., 2013; Chase
et al., 2016). Unfortunately, the disappearance
of elephants from West Africa is expected soon
as the region has already lost 90% of its original
elephant range during the XX century (Bouché
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et al.,, 2011). Although climate change may also
affect elephant populations (Hetem et al., 2014),
the causes of their decline are mainly linked to
human activities which include hunting for the
ivory market, the degradation and loss of natural
habitat due to overexploitation of resources, and
unsustainable agricultural practices (Maisels et
al., 2013; Thouless et al., 2016).

Cote d’Ivoire, a country in West Africa
that has the elephant as its national emblem, is
no exception (Thouless et al., 2016). In Cote
d’Ivoire, the Loxodonta cyclotis population has
fallen from 1611 in 1994 to 225 today, represent-
ing a population decline of 86% during the lat-
est decades (Kouakou et al., 2020). At the same
time, the L. cyclotis habitat in the Cote d’Ivoire
has been reduced dramatically (Kouakou et al.,
2020). The inevitable consequence of this loss of
forest cover is the shrinking of the species’ range
which is currently mainly restricted to Protected
Areas (Thouless et al., 2016; Kouakou et al.,
2020). These remaining habitats are in general
not isolated. However, they are also subject to
various anthropogenic threats such as poach-
ing, agricultural encroachment and gold panning
(Barima et al., 2016; Thouless et al., 2016). The
colonisation of Protected Areas increased during
the crisis decade of 20022011 (Ousmane et al.,
2020). Fortunately, The Tai National Park (TNP)
seems to be one of the few national parks in Cote
d’Ivoire that has not suffered significant dam-
age during this decade of crisis (Kouakou et al.,
2020). The TNP is a biodiversity hotspot and the
largest forested habitat under protection in West
Africa (Kolongo et al., 2006). This area is one of
the last refuges for L. cyclotis in the sub-region
even though its population size is likely to be
less than 200 individuals (Thouless et al., 2016;
Tiedoué et al., 2018).

Although L. cyclotis in the TNP have been
the subject of some studies (Kely et al., 2019),
there is still a lack of understanding of local
environmental and anthropogenic conditions
driving their distribution and its population sur-
vival in the TNP. Such information is, however,
required for identifying threats, preventing hu-
man-wildlife conflicts, prioritising conservation
and management strategies (Snyder et al., 2019).

The overall objective of this study is to con-
tribute to a better understanding of the L. cyclo-
tis distribution in the TNP in order to improve the
conservation of its population. More specifically,
this research aims at determining the key factors
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that drive the L. cyclotis distribution in the TNP by
establishing a predictive distribution map of L. cy-
clotis based on the species’ occupancy probability.

This study is based on the hypothesis that
the Loxodonta cyclotis distribution in the TNP
is influenced by anthropogenic and natural fac-
tors. More specifically, the presence of research-
ers and ecotourists inside a given Protected Area
is believed to provide a protective effect for L.
cyclotis (or wildlife populations). Poaching ac-
tivities, distance to the periphery of a Protected
Area and altitude are assumed to have a negative
influence on the L. cyclotis distribution. Previ-
ous studies have shown such a contribution of
these variables on the TNP wildlife (Kondgen
et al., 2008; Campbell et al., 2011; Bogui et al.,
2016; Diarrassouba et al., 2019).

Material and Methods
Study site
The TNP covers an area of 5360.16 km? in-
cluding the N’Zo Partial Faunal Reserve. It is lo-
cated in the southwest of Cote d’Ivoire between
6.783333 °W and 7.416667 °W, and between
5.133333 °N and 6.400000 °N (Fig. 1).
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The relief of the TNP generally consists of a
set of fairly uniform hills except for the southern
region of this Protected Area which has a more
rugged terrain, including Mount Niénokou¢ (396
m a.s.l.) and the Grabo mountain (424 m a.s.l.)
(OIPR, 2014; Konaté¢ & Kampmann, 2010). The
TNP’s water system is very dense with many riv-
ers and two major watersheds, namely the River
Cavally Basin and the River Sassandra Basin
(Scouppe, 2011). The flora of TNP has a high rate
of endemism as it is a part of the Sudano-Guin-
ean endemism hotspot area (Yao & N’Guessan,
2005; Scouppe, 2011). The TNP mainly con-
sists of evergreen rainforest. The northern part
of the TNP is mainly covered by Eremospatha
macrocarpa and Diospyros mannittiera trees,
while the southwest includes water-demanding
species such as Diospyros spp. and Mapania
spp. (Kolongo et al., 2006). The TNP supports
at least 1366 plant species, while 25% of them
are endemics (Scouppe, 2011). The wildlife rich-
ness of the TNP is unique, probably because it is
isolated by two major rivers (Cavally and Sas-
sandra), flowing on either side of the Protected
Area in a north-south direction (Chatelain et al.,
2001). The TNP contains approximately 145
mammal species, among which are Loxodonta
cyclotis, Cephalophus jentinki Thomas, 1892,
Cephalophus zebra Gray, 1838, Cercopithecus
diana Linnaeus, 1758 and Choeropsis liberien-
sis (Morton, 1849) (Chatelain et al., 2001). The
main economic activity around the TNP is ag-
riculture (Komena, 2014). The increase of farm
areas around the TNP leads to the intensification
of the human-wildlife conflict. Hunting and ar-
tisanal mining remain major sources of pressure
on the TNP (Caspary et al., 2001; N’Goran et
al., 2012; OIPR, 2014). According to Caspary et
al. (2001), the annual weight of the carcasses of
animals killed by occasional hunters around the
TNP ranges from 1500 t to 3000 t.

Data collection

We collected data from June 2016 until De-
cember 2017 using 87 Bushnell camera traps
(CT) with passive sensors. Camera trapping data
collection conforms to the methods described by
Kely et al. (2019). They were installed following
a systematic sampling design consisting of su-
perimposing a grid of 6 x 6 km size on the entire
TNP. The first grid was chosen in a random way
using QGIS 2.10 (www.qgis.org). The centre of
each grid cell was used as the installation point
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for a CT. Given the limited number of CTs avail-
able for this study, we sampled only grid cells
overlapping with the known Loxodonta cyclotis
distribution based on the different biomonitor-
ing reports and surveillance patrol reports. Trap-
ping was carried out for 120 days divided into
two phases of data collection, namely phase 1
(from 09.06.2016 to 08.08.2017) and phase 2
(from 10.10.2017 to 09.12.2017). We navigated
in the forest to access the CT installation points
by using GPS (Garmin 64S model) and a com-
pass (Recta DT220 model). Once at the position
indicated for the installation of the CT, a survey
within a 200-m radius was carried out to select
the most appropriate position, with a view to op-
timise the L. cyclotis detection by the CT. CTs
were attached to robust shrubs at 1.5 m above
ground and 10 m from potential animal detec-
tion points (O’Connell et al., 2011; Burton et al.,
2015; Ngama et al., 2018). The potential animal
detection points were selected in order to avoid
CT sunlight exposure and any obstructions.

The CTs have been set in hybrid mode al-
lowing alternately the recording of video and
photographs sequences. The photograph reso-
lution has been minimised (5 mega-pixels) to
allow the 32-GB memory cards to record maxi-
mum data. The duration of video sequences was
set at 60 s, with 1 s as an interval between two
successive detection events.

To determine the factors that influence the
occupancy probability of L. cyclotis (response
variable) in the TNP, we first hypothesised that
the presence of researchers and ecotourists in-
side a given Protected Area provide a protective
effect for L. cyclotis. Secondly, we assumed that
poaching activities, distance to the periphery
of a Protected Area and altitude have a nega-
tive influence on the L. cyclotis distribution.
Consequently, five explanatory variables were
selected, namely distance to the TNP periph-
ery as a proxy (hereafter — indicator) of human
settlements, distance to the nearest research or
ecotourism areas as an indicator of researchers
and ecotourists’ presence, distance to the near-
est water body, altitude, and poaching index
rate as an indicator of poaching pressure. The
choice of these variables was based on previous
research results used to explain the distribution
of wildlife in general and elephants in particular
(Boafo & Nandjui, 2011; Campbell et al., 2011;
N’Goran et al., 2012; Danquah, 2016; Ashiagbor
& Danquah, 2017; Diarrassouba et al., 2019).
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The distance from the point of installation of
each CT to the periphery, water body and nearest
research or ecotourism areas was determined with
GIS (Geographic Information System) tools. The
altitude of the installation point was measured
with a GPS. For each installation site, a poach-
ing index was obtained based on data collected by
OIPR (Ivoirian Office of Parks and Reserves) dur-
ing phase 12 (2016-2017) of the biomonitoring.
That phase corresponds to the 12" year of a bio-
monitoring data recording at the TNP from 2005.
It was chosen because it covered the period of in-
stallation of the CTs in the TNP where biomoni-
toring data were collected along the line transects.
The sampling design included 294 transects of 2
km, organised systematically over the entire ex-
tent of the TNP (Tiedoué et al., 2018).

Data analysis

After the CTs were removed, the informa-
tion on the memory cards was transferred to a
computer for sorting. CTs detected at least one L.
cyclotis individual were designated as positive,
while those that did not detect L. cyclotis indi-
viduals were designated as negative.

To determine the poaching index, the number
of poaching signs (i.e. poachers’ camps, poach-
ers’ tracks and gun cartridges) counted on each
transect was divided by the distance travelled on
the transect. Thus, a transect poaching index was
assigned to the closest CT site.

Then, multicollinearity between variables
was analysed from the calculation of the Vari-
ance Inflation Factor (VIF). Thus, a variable is
only retained in the model when its VIF is below
the threshold value of 2.5 (Allison, 1999).

To determine the occupancy probability of
L. cyclotis in the TNP and the best predictors
of their presence, we used the occupancy mod-
el (MacKenzie et al., 2002, 2006). This model
is one of the most commonly used to estimate
the occupancy probability and provides an index
of abundance (Burton et al., 2015). This model
solves the problem of imperfect detection as-
sociated with the use of CT (MacKenzie et al.,
2006; Ancrenaz et al., 2012). Indeed, by integrat-
ing habitat variables and observed detections,
it is possible to estimate the occupancy of tar-
geted species in relation to the characteristics of
each CT installation site (Ancrenaz et al., 2012).
The 120 days of collection were considered as
a single season divided into eight sampling oc-
casions, corresponding to 15 days each. Thus,
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a single-species, single-season model was run,
using L. cyclotis’ presence-absence data. Mod-
elling was done using the PRESENCE software
version 2.12.29 (Hines, 2006). To allow better
adjustment of the models, we have added 13 vir-
tual supplementary sampling locations. Thus, in
total, 100 sampling locations were distributed in
the entire TNP.

We first generated a null model which sup-
poses that the L. cyclotis distribution is homoge-
neous in the TNP. Then, we generated successive
models respectively involving one or more ex-
planatory variables. Finally, we have chosen the
models that best explain the L. cyclotis distribu-
tion in the TNP as the best models. The choice
of best models was made based on the Akaike
Information Criterion (AIC) scores. Models with
the lowest AIC values with «Delta AICs» less
than two were considered the best models. Vari-
ables producing the best models were considered
the best predictors of the L. cyclotis distribution.
We referred to the signs of the beta coefficients
of the variables for each selected model to define
the direction of the relationship between each
explanatory variable and the response variable
(occupancy probability). We also computed the
naive occupancy as the number of camera trap
sites occupied on sites sampled multiplied by
100 which represents the percentage of the total
area occupied (PAO) by a target species (Ancre-
naz et al., 2012; Rovero et al., 2014).

An elephant predictive distribution map was
built using QGIS 2.18 (www.qgis.org). Loxodon-
ta cyclotis occupancy estimates per installation
site were obtained through averaging the best
models. The L. cyclotis predictive distribution
map was built using the position co-ordinates
for each CT, which were linked to the occupancy
value obtained from the modelling (Rovero et
al., 2014). We used the inverse distance weight-
ed (IDW) interpolation method (Mueller et al.,
2004) to build the map.

Results

At the end of the two trapping phases, only
the CTs of 77 locations worked normally. The
other ten locations of CTs did not operate nor-
mally during the first phase and were not in-
stalled for the second phase. These 77 locations
have accumulated 7583 camera trap days. Of the
CTs which worked, 23 ones caught at least one L.
cyclotis individual. Thus, the naive occupancy of
L. cyclotis in the TNP is 29.87%.
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Table 1. Variance Inflation Factor of the explanatory variables

. . Distance to the nearest research | Distance to | Distance to the Rate of
Variables Altitude } . .
or ecotourism area periphery | nearest water body | poaching index
Variance Inflation Factor 1.28 1.47 1.72 1.55 1.47

Influence of explanatory variables on Loxo-
donta cyclotis distribution at the Tai National Park

The VIF of each of the different explanatory
variables was less than 2.5, 1.e. the threshold val-
ue (Table 1). Thus, the five candidate variables
were all retained for modelling.

Table 2 presents the models that we gener-
ated in order to verify the hypotheses according
to which the L. cyclotis distribution in the TNP is
positively influenced by the presence of research-
ers and ecotourists and negatively influenced by
the pressure of poaching, the periphery of the
Protected Area and the altitude. The first three
models involving the variables «distance to the
nearest research or ecotourism areas», «distance
to the periphery» and «rate of poaching index»
have Delta AIC < 2.0. So, these models were the
ones that best explained the L. cyclotis distribution
in the TNP. Thus, the variables «distance to the
nearest research or ecotourism areasy, «distance
to the periphery» and «rate of poaching index»
were the best predictors of the L. cyclotis distribu-
tion in the TNP. Analysis of the results of models
1, 2 and 3 shows that the distance to the nearest
research or ecotourism areas variable maintains
a negative beta coefficient (-0.093, -0.111 and
-0.096, respectively). Thus, the occupancy prob-
ability of L. cyclotis increases with decreasing
distance from the nearest research or ecotourism
areas in the TNP. Also, the rate of poaching index

Table 2. Comparison of models involving different variables

variable has a negative beta coefficient (-0.290
for model 3), which suggests that any increase in
poaching pressures is accompanied by a decrease
in L. cyclotis probability of presence. However,
the variable distance to the periphery has positive
beta coefficients (0.110 and 0.091 for the mod-
els 1 and 3, respectively). This implies that any
increase of distance to the periphery must be ac-
companied by an increase in the occupancy prob-
ability of L. cyclotis in the TNP.

Predictive distribution of Loxodonta cyclo-
tis in the Tai National Park according to envi-
ronmental characteristics

Using the results from the three best mod-
els, we have developed a predictive L. cyclotis
distribution map for the TNP. This map shows
two main L. cyclotis distribution areas. The first
is in the northwestern part of the TNP, which
covers the ecological research area. The second
area was in the southwestern part of the Protected
Area. It covers the Guiroutou ecotourism area.
There is contact between the two L. cyclotis dis-
tribution areas in the axial part of the TNP, al-
though the occupancy probability was relatively
low compared to the two areas identified above.
The eastern part of the TNP is the area with low
probability of the L. cyclotis presence. In general,
this distribution is more likely to be towards the
western edge of the TNP than the east (Fig. 2).

Models Co-variables AIC | Delta AIC| AIC wgt|  Model
likehood

Model 1  |Distance to nearest research or ecotourism areas and distance to periphery 257.50 0.00 0.3714 1.00

Model 2 |Distance to nearest research or ecotourism areas 258.19| 0.69 0.2630 0.7082

Model 3 Dlstance.to gearest research or ecotourism areas, distance to periphery and rate 259 34 184 0.1480 0.3985
of poaching index

Model 4 Dlstan.ce to nearest resgﬂarch or ecotourism areas, distance to periphery, rate of 26047 | 297 0.0841 0.2265
poaching index and altitude

Model 5 |Distance to periphery 261.25 3.75 0.0569 0.1534

Model 6 Distance to nearest research or ecotourism areas, dlsFance to periphery, distance 262.43 493 0.0316 0.0850
to nearest water body, rate of poaching index and altitude

Model 7 |Rate of poaching index 263.30 5.80 0.0204 0.0550

Model 8 |No variables 264.15 6.65 0.0134 0.0360

Model 9 |Altitude 265.70 | 8.20 0.0062 0.0166

Model 10 |Distance to nearest water body 266.09 8.59 0.0051 0.0136

Note: AIC: Akaike Information Criterion; Delta AIC: The difference in AIC between the best model and the model being compared; AIC
wgt: Akaike weight, which is the proportion of the total amount of predictive power provided by the full set of models contained in the

model being assessed.
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Fig. 2. Predictive distribution map of Loxodonta cyclotis in
the Tai National Park.

Discussion

Our analysis of the factors influencing Lox-
odonta cyclotis distribution in the Tai National
Park indicated that three variables are the best
predictors of the species’ distribution. These are
«the rate of poaching index», «the distance to the
nearest research or ecotourism areas» and «the
distance to the periphery».

In the TNP, L. cyclotis occupancy probabil-
ity showed a negative relationship with rate of
poaching index, which reveals that the probabil-
ity of L. cyclotis presence decreases with increas-
ing rate of poaching index. A negative associa-
tion between elephant distribution and poaching
rates has also been demonstrated in the TNP by
Boafo & Nandjui (2011) and in the Bia-Goaso
forest block in western Ghana (Danquah, 2016).
Indeed, elephants are very sensitive to poaching
pressure (Danquah, 2016; IThwagi et al., 2018).

The variable «distance to the nearest research
or ecotourism areas» has a negative relationship
with the probability of the L. cyclotis presence
in the Tai National Park, which reveals that the
proximity to research or ecotourism areas is ac-
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companied by an increase in the probability
of the L. cyclotis presence in the TNP. So, the
poaching pressure and the research or ecotour-
ism areas have opposite influences on the prob-
ability of L. cyclotis presence. This indicates a
contribution of research and ecotourism areas
(Ecological research area and Guiroutou eco-
tourism area) to the reduction on the poaching
pressure on L. cyclotis in the TNP. This finding
corroborates that of Campbell et al. (2011) who
found that the proximity of research areas had a
significant positive influence on the presence of
duikers and primates in the TNP. Indeed, several
studies have shown that research and ecotourism
areas contribute to anti-poaching in the TNP. The
almost permanent presence of researchers, eco-
tourists and eco-guides in these areas was a de-
terrent to poachers and other illegal operators in
the Protected Area (Kondgen et al., 2008; Boafo
& Nandjui, 2011; Campbell et al., 2011; Hoppe-
Dominik et al., 2011; N’Goran et al., 2012). Such
a contribution from the presence of researchers
has been observed in Western Tanzania on the
nine most common mammal species (Piel et al.,
2015) and in the Dja Conservation Complex in
Southeast Cameroon on great apes (Tagg et al.,
2015). Also, Snyder et al. (2019) demonstrated
that the risk of occurrence of illegal activities
increases with increasing distance from scout
camps in the western corridor of the Serengeti
National Park in North Tanzania.

In the TNP, we found a positive relationship
between the probability of L. cyclotis presence
and distance to the Protected Area’s periphery.
Thus, there is a higher chance to observe L. cy-
clotis in the central part of the TNP than in the pe-
ripheral zone. Closer proximity to the periphery
would negatively affect the L. cyclotis presence
in the TNP. This observation can be explained by
the fact that the periphery represents a combina-
tion of the impact of anthropogenic activities in-
cluding poaching, agricultural activities, resource
extraction (e.g. gold panning, non-wood forest
products) and vehicle traffic (Bogui et al., 2016;
Danquah, 2016; Diarrassouba et al., 2019). For
example, Diarrassouba et al. (2019) found that
areas with a high concentration of evidence of
illegal human activity were located at the edge of
the TNP, i.e. less than 10 km from the periphery.
Indeed, poachers came to hunt on the outskirts at
night and return before daybreak. To venture into
more remote areas would imply a longer stay in
the forest. This would require much more effort,
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not to mention the risk of being apprehended by
surveillance officers. Distance to the periphery
was also found to be a major predictor of the dis-
tribution of Choeropsis liberiensis (Bogui et al.,
2016) and duiker species (Diarrassouba et al.,
2019) in the TNP, by also showing a positive re-
lationship. In Bia-Goasso Forest Block (Western
Ghana), Danquah (2016) observed that elephants
tended to avoid human settlements. On the con-
trary, Gaynor et al. (2018) found a high rate of
daily elephant activity along the boundaries of
Gorongosa National Park in Mozambique. They
argued that the elephant presence in the periph-
eral area was justified by the availability of food
resources, including crops. However, this pres-
ence in the peripheral zone was higher at night
than during the daylight hours.

Analysis of the predictive L. cyclotis distribu-
tion map in the TNP shows two large areas with a
high L. cyclotis occupancy probability. These are
the northwestern part of the TNP and the south-
western part. These two preferred L. cyclotis dis-
tribution areas are located around the Ecological
research area and Guiroutou ecotourism area.
This confirms the positive impact of research
and ecotourism areas on the L. cyclotis presence
as mentioned above. However, this observation
could be a result of the fact that the research and
ecotourism areas were preferentially set up in ar-
eas of the TNP where the wildlife concentration
was higher (Campbell et al., 2011). Certainly,
the research and ecotourism areas were located
in sites where viable Pan troglodytes (Blumen-
bach, 1799) populations existed. However, the
choice of these areas was mainly for logistical
reasons, namely the accessibility and availability
of infrastructure (Campbell et al., 2011). Thus,
according to Hoppe-Dominik et al. (2011) at the
time of the creation of the research and ecotour-
ism areas, the animal abundance was consider-
able in various parts of the TNP. But according to
the present study, only two areas had maintained
their animal population density after a decline in
animal populations between 1977 and 2004, in
the studied area of the Ecological research area
and the Guiroutou ecotourism area. These results
corroborate those of Boafo & Nandjui (2011) and
Tiedoué et al. (2018). However, the spatial gap
between the two large areas inhabited by L. cy-
clotis, as reported by Boafo & Nandjui (2011),
is no longer a reality. Indeed, according to the L.
cyclotis predictive distribution map and field ob-
servations, L. cyclotis distribution remains con-
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tinuous in the axial part of the TNP (Tiedoué et
al., 2018), but the contact surface is limited and
the occupancy probability is relatively low. This
contact surface is likely to be a transition corri-
dor between the two large areas with a high L.
cyclotis concentration. In addition, this study
shows that the L. cyclotis distribution in the TNP
follows an east-west gradient, with a high occu-
pancy probability in the west. Such a gradient has
been shown for other species in the TNP, includ-
ing Choeropsis liberiensis (Bogui et al., 2016)
and all tail monkeys (N’Goran et al., 2012). In
addition, Hoppe-Dominik et al. (2011) showed
that the density of large mammal droppings in
general followed strongly an east-west gradient.
According to Hoppe-Dominik et al. (2011), these
findings are due to the large number of infrastruc-
tures, the high density of the human population
and the existence of large cities in the east of the
TNP, unlike in the west. Thus, the eastern and the
western areas of the TNP, are subject to consider-
ably different hunting pressures and species habi-
tat preferences (Hoppe-Dominik et al., 2011).

Our study suffers from some limitations. In-
deed, our sampling locations did not cover the
entire surface of the TNP, and we did not sample
during all months or seasons of the year. Those
limitations make it difficult to provide a precise
predictive model. However, our study remains
valid for a tropical rain forest where many loca-
tions can be inaccessible during the wet season.
Furthermore, the relatively high humidity in such
a tropical habitat compromised the functioning
of ten of the total number of installed remote
camera traps (Ancrenaz et al., 2012).

Conclusions

At the end of this study, it appears that the
proximity to research or ecotourism areas has a
positive impact on the L. cyclotis presence in the
Tai National Park. At the same time, the proxim-
ity to the peripheral edges of the Protected Area
and increasing poaching pressures are associated
with a reduction in occupancy probability of L.
cyclotis. The predictive distribution map of L.
cyclotis in the TNP revealed two preferred areas
of high elephant probability of presence. These
are the research and ecotourism areas and their
surroundings in the western part of TNP. Conse-
quently, the eastern part of the Protected Area is
associated with a low probability of L. cyclotis
occupancy. These results confirm the positive ef-
fect of research and ecotourism activities favour
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L. cyclotis (and thus total wildlife) conservation.
So, we recommend managers to be more collab-
orative with research and tourism professionals
and to favour the establishment of more research
sites and tourism camps, particularly on the east-
ern side of the TNP, currently most frequented by
poachers. In addition, we invite the managers to
strengthen the surveillance of the Protected Area.
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B Adpuke Bce mmpe mpu3HACTCS COKPANICHUE U M30JIANNS MOMyIsui aukoil meradaynsl. B Kot-n’Usyap,
TJIe CJIOHBI SBJISTIOTCS HAIIMOHAIBHBIM cuMBOJioM, Hanmonaneueiii napk Taii (THIT) siBisieTcst KItO4eBBIM CO-
XpaHUBIIUMCS MeCTOM oOutaHus Loxodonta cyclotis. OgHako B3anMOOTHOIIEHUS MeXay L. cyclotis u co-
BPEMEHHBIMHU YCIOBHSIMH OKPY)KAIOIIEH Cpeasl MeHee M3ydeHbl. HacTosmiee nccienoBanne HampaBiIeHO Ha
omnpeneneHrne (HakTOPOB, BIMSIONIUX Ha 0COOCHHOCTH 3aHSATOCTH MecTooOuTanmii atoro Buaa B THII ¢ me-
JIBIO TIPUHATHUS PEIICHNHN 110 COXPAHESHUIO OMYIISAIIUN. MBI OIEHUIN BEPOSTHOCTD 3aHATOCTA MECTOOONTAaHUI
ocobsmu Loxodonta cyclotis u GaxTOpsl, BIUSAIONINE HAa PAacIpOCTpaHCHHUE BHIA, HA OCHOBE NEPEMEHHBIX
cpenbl 00MTaHUS U HAOMIOACHIH, TOTYYCHHBIX C ITOMOIIBIO 87 (DOTONOBYIICK, YCTAHOBICHHBIX B TeueHHE 120
nueit Ha repputopun THIL. Mbl ucnosns3oBaau MOJEIb 3aHITOCTH JIJIsl OTPEICIICHUS] TIEPEMEHHBIX, KOTOPhIE
OKa3bIBAIOT CTATUCTHYECKH 3HAUUMOE BIUSHUE Ha pacupocTpanenue L. cyclotis, v ISl ONEHKN BEPOSATHOCTH
3aHSATOCTH MECTOOOWTAHUN B 3aBUCHMOCTH OT MECTa YCTAaHOBKH (HOTONOBYIIEK. MBI TaKkke COCTABUIH TPO-
THO3HYIO KapTy pacipOCTPaHEHUs BUAA ITyTeM HHTEPIOAINN 3HAYCHIH BEPOATHOCTH 3aHATOCTH Y9IaCTKOB B
MecTax ycTaHOBKH (poTonoBymiek. KitoueBsIMU (hakTOpaMu, OTpeACTSIONINME pacnpoctpanenue L. cyclotis
B THII, 6p1mi paccTosTHUE 10 OMMKANIINX YyIaCTKOB HCCICTOBAHMS WM YIACTKOB, HCITOMB3YEMBIX JUIS LeIeH
9KOTypH3Ma, pacctosiaue 0 nepudepnn THII 1 ypoBeHs OpakoHBEPCTBA HA MECTE YCTAHOBKH (DOTOTOBYIIIKH.
Takum 06pazom, BEpOSTHOCTH 3aHATOCTH MECTOOOWTAHUI yMEHbBIIATIACH IO Mepe MPUOMIKEHUS K Tepude-
pun THII u ycunenns dakropa OpakoHbEpPCTBa, B TO BpeMs KaK HAOIIOAIOCh YBEINICHUE BEPOSITHOCTH 1O
Mepe MPUOMIDKEHNS K Y9acTKaM MCCIIeIOBaHI MK paiioHaM, HCIIOIb3YEeMBIM IS SKOTypu3Ma. [Iporaosznas
KapTa pacIpoCTpaHEeHHs BHJa TOKa3alia, YTO CeBepo-3anaHbie U 1oro-3anaaabie paiionsl THIT nmerot Oosee
BBICOKYIO BEpOATHOCTH (p > 0.6) mosBneHus L. cyclotis To CpPaBHEHUIO C IPYTUMH YIacTKaMH 0000 oXpaHsi-
eMOi IPUPOTHON TeppuTopuH. [lomydeHHbIe pe3yabTaThl MOATBEPKAAIOT MOIOKUTEIBHBIN APHEKT HAyIHBIX
HCCIIE/IOBAHNN U SKOTYPHU3Ma, CIIOCOOCTBYIOIINX COXpaHeHHIO L. cyclotis u, cneJoBaTeIbHO, APYTHX 00bEK-
TOB IUKOH MpHUPOEL. [103TOMY 3TH BUIBI AEATETFHOCTH PEKOMEHIyEeTCS MTPOABUTATH BMECTE CO CTPATETHUSIMHU
00pBbOBI ¢ OPAaKOHBEPCTBOM.

KiiroueBble ci1oBa: Mojielb 3aHITOCTH MECTOOOUTaHUIT, 0CO00 OXpaHseMas IPUPOIHAs TEPPUTOPHUS, COXPa-
HEHHUE CIIOHOB, (haKTOp pacIpoCTpaHeHus, POTOIOBYIIKA
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