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Abstract  
 
The pygmy hippopotamus is an endangered species which receives little attention from the 
scientific community, especially wild populations. The highest density of wild pygmy 
hippopotamus is found in the Taï National Park in Ivory Coast which is inscribed on United 
Nations Educational, Scientific and Cultural Organization’s World Heritage list. Tai National 
Park experiences significant anthropogenic pressure from agricultural expansion, threatening 
pygmy hippopotamus due to habitat loss. To date, we have little information on the 
distribution of pygmy hippopotamus in the park. Therefore, the present study aims to 
determine the distribution of the species, emphasize the influence of the most dominant 
environmental factors and to present a model to predict areas of the Tai National Park 
supporting a pygmy hippopotamus population. We used a line transect method to make 
indirect observations through presence indices because of cryptic behavior of the pygmy 
hippopotamus. All indirect observations were combined with geographic information system 
and maximum entropy approach to species distribution modeling. Establishing the 
distribution of pygmy hippopotamus in the park has been established. Anthropogenic factors 
related to poaching and natural factors related to the river system and high altitudes were 
identified as the main factors influencing hippopotamus distribution. This work will help 
develop appropriate methods of monitoring this species, which requires further scientific 
studies to build a strategy for its protection. 
 
Keywords: pygmy hippopotamus, spatial distribution, modeling, Tai National Park. 
 
Introduction  
 
In tropical areas, the continued increase in human population densities and anthropogenic activities 
lead to habitat changes or loss for many animals 

[1]
. In Ivory Coast, over 75% of the forest area has 

disappeared in 30 years largely because of agricultural development
[1]

. Numerous species experience 
reduction in their distribution and are often endangered. This is the case of the pygmy hippopotamus 
(Choeropsis liberiensis) whose habitat declined dramatically due to human pressures 

[2]
. In 1968, it 

was named a protected species by the African Convention on Nature and Natural Resources, 
classified as vulnerable by the IUCN in 1996, and listed as endangered by the IUCN in 2005 

[3,4]
. The 
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population has greatly reduced over the past decades, and its habitat is largely reduced to forest 
fragments due to deforestation 

[5]
.  

 
Pygmy hippopotamus has been the subject of significant study on aspects of biology, morphology, 
ecology, and taxonomy e.g.

[6-14]
. Other authors have focused their works on the description of habitats 

and geographical areas of distribution of the species. The pygmy hippopotamus is endemic to four 
countries in West Africa: Liberia, Guinea, Sierra Leone and Ivory Coast 

[15,16]
. Roth et al. (2004) 

reported that in Ivory Coast, the Tai National Park (TNP) is the last refuge where there is a large 
viable population of this species. However, data on its spatial distribution in the TNP is still limited. A 
prediction model of distribution is useful for developing appropriate monitoring strategies both 
because of pygmy hippopotamus’ cryptic behavior, and the difficulty of implementing specific 
ecological monitoring programs in protected areas 

[10,17,18]
. The present study aims to establish the 

distribution of the pygmy hippopotamus, to test the influence of anthropogenic and natural factors on 
hippopotamus distribution, and present a model to predict areas of TNP favorable to the presence of 
the species. 
 

Materials and Methods 
Study site 

The study was conducted from October 2014 to June 2015 over the whole of the TNP, in south-

western Ivory Coast, between latitudes 5 ° 10'N, 6 ° 20’N and between longitudes 4 ° 20'W and 6 ° 

20'W (Figure 1). The TNP extends over an area of 536 000 ha of rainforest and is the largest tropical 

rainforest protected in West Africa 
[19]

. It offers a variety of flora and rare fauna, including many 

endemic species. These include the forest elephant, West African chimpanzee, zebra duiker, Jentink 

duiker, pygmy hippopotamus concerning fauna and Chrysophyllum taiense, Diospyros sp and 

Mapania ivorensis for flora. Thanks to its biological richness this park was declared a biosphere 

reserve and UNESCO World Heritage site (United Nations Educational, Scientific and Cultural 

Organization).  

 

Figure 1: Location of the Tai National Park, in the southwest of Ivory Coast 
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Material and data collection design 

We conducted surveys along a transect network, distributed in five sectors (Tai, Djouroutou, Djapadji, 
Soubré and the V6 sector) defined by the Ivorian Office of Parks and Reserves (OIPR) as part of an 
ecological monitoring program. The pygmy hippopotamus is a difficult species to observe because of 
its cryptic habits and poor visibility in dense rainforest. Therefore, observations on transects focused 
on presence indexes such as droppings, footprints and leftover food. The transect network included 
184 transects arranged in a systematic manner throughout the TNP. Each transect measured 2 
kilometers long and consisted of four 500 meters sections (Figure 2). This area layout reduces the 
walking effort while maximizing the walking time. In addition, ecologically it allows to explore a large 
area. A space is left between the sections to reduce replicates. Data collected from a total of 368 km 
of transects were supplemented. The sampling device used is recognized as an effective method to 
study the distribution of animals 

[20-23]
. Five teams (one team per sector), composed of six 

investigators, were formed to collect data. All investigators were trained to recognize signs of pygmy 
hippopotamus signs of presence in the wild. When signs were recognized, investigators recorded the 
presence of a sign, geographical coordinates, and habitat type. In addition, investigators recorded 
environmental factors that could influence pygmy hippopotamus distribution, including all signs of 
clearing activities, agricultural and forestry product harvesting, clandestine gold mining, poaching, and 
tracks of poachers. Finally, natural factors such as altitude and the presence of rivers were recorded. 
 

 
Figure 2: Data Collection Device 

Spatial analysis 
We converted georeferenced points of all recorded pygmy hippopotamus signs and indicators of 
human presence, and polylines represented streams and paths, to raster layers. We used the Kernel 
Density Estimation, a non-parametric test of dispersion based on Monte Carlo tests, to analyze these 
data

[24]
. We identified areas with the highest concentration of pygmy hippopotamus signs by 

determining the density of point features around a point. We used a digital surface model of Côte 
d'Ivoire to build a raster layer with altitudes in the TNP. The next step was to make a grid of polygons 
from the mask of the TNP. This is a uniform grid of pixels (the basic unit for measuring the definition of 
a digital image matrix), with a 1 square kilometer resolution. All raster layers were standardized using 
this grid of polygons to get files of the same spatial resolution with the same geographical coverage. 
Arcgis 10.3 software was used as a tool for these spatial analysis, but we converted the raster files in 

ASCII format used for modeling with maximum entropy (Maxent) approach. 
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Maxent software  
Spatial autocorrelation is the dependence of variables in geographic space, such that the disparity 
among variable values is strongly influenced by the distances among the points of landmarks where 
there was a species 

[25-28]
. Because spatial autocorrelation can affect the estimated parameters in the 

model selection, we deleted georeferenced indices of presence data with strong autocorrelation 
[29]

. A 
grid of 1 km² was defined to implement the maximum entropy model. Following 

[30]
, we deleted all 

observation points of the pygmy hippopotamus within a kilometer, which allows the Maxent program 
to be more effective. 169 points of presence indexes through the TNP were selected for analysis in 
the Maxent software. This transformation was conducted with ETGeowizard used as extension in the 
Arcgis software. Implementation of the model requires consideration of the following variables: (i) the 
position of the paths (ii) the position of rivers, (iii) poaching indices, (iv)altitude and (v) agricultural 
indices and other types picking activities. Independence between these variables were verified 
through Pearson correlation tests. To perform this test and improve the spatial analysis of 
environmental variables used in Maxent, we used a Python script to build the Species distribution 
models (SDMs) 

[31]
. 

 
Analysis in Maxent program was performed using 75% of presence data for model calibration and 
25% for testing 

[32-35] 
. To allow comparison of a larger number of models, 5000 iterations were 

performed. The robustness of the model is evaluated using "Area Under the Curve" (AUC) determined 
by the receiver's analysis (receiver operating characteristic curve - [ROC]) 

[33]
. A random prediction 

(AUC = 0.5) would predict 50% of the potential distribution area of pygmy hippopotamus using 50% of 
data of species presence. At each iteration of the model, the algorithm randomly selects 25% points of 
presence to test the model. Subsampling was used for to select of test points, enabling the random 

re-selection of a new set of points test for each iteration. 

Results and Discussion 
Spatial distribution of the pygmy hippopotamus in Tai National Park 
The positioning of 1092 georeferenced points of pygmy hippopotamus presence indices on the TNP 
mask (Figure 3) shows that this species does not occupy space homogeneously but is concentrated 
in certain areas of the park.  

 
 

Figure 3: Core density pygmy hippopotamus presence indices in the Taï 
National Park 
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The central and western areas of the park have the highest densities of indices of hippopotamus 
presence, ranging from 0.6 - 2.2 per Km

2
. In the eastern area, density is much lower and fluctuates 

between 0-0.1. The north and south areas also have relatively high densities of pygmy hippopotamus, 
ranging from 0.1 - 0.6 presence indices per Km

2
. 

 
Factors and distribution model for predicting the presence of pygmy hippopotamus in the TNP 
We considered environmental variables which may influence the distribution of the pygmy 
hippopotamus (Table 1). Because there is a low correlation between these variables, they are 
considered independent of each other. 
 

Table 1: Correlation matrix of continuous variables selected for modeling 
 

 Agricultural and 
other activities 

Altitude Poaching 
Indices 

River 
position 

Roads 
position 

Agricultural and other 
activities 

1 - 0,14 0,17 -0,13 0,24 

Altitude  1 0,2 -0,32 -0,04 
Poaching Indices   1 -0,08 0,4 
River position    1 0,15 
Roads position     1 

 
The Maxent model produced for the distribution data of pygmy hippopotamus gives an AUC of 0.622 
with a standard deviation of 0.02. The variables that contribute the most are poaching indices 
(35.4%), proximity to roads (20.8%), proximity to rivers (18.6%) agricultural and other activities (13%) 
and altitude (12.2%). Figure 4 shows the result of Jackknife test of variables that are important in 
predicting the distribution of the pygmy hippopotamus. The variable with the highest gain when used 
alone is indicative of poaching, which seems to have the most useful information in the model 
building. The variable that reduces the most when it is omitted gain is still the index of poaching. This 
variable seems to provide more information than the other variables. 
 

 
Figure 4: Contribution of environmental variables to Jackknife test 

 
Figure 5 summarizes ASCII files generated by the model of Maxent. This synthesis constitutes a 
representation of probability of the presence of pigmy hippopotamus through the park based on the 
presence indexes.  Pygmy hippopotamus’s viable habitat is located in islands distributed throughout 
the park, particularly in the northern, western, central and southern parts of the park. Habitat is most 
viable in the wettest parts of the park center, near rivers (above 50% probability of finding 
hippopotamus traces). However, the eastern borders of the park have fairly low probabilities.  
 
Table 2 shows the influences of each of the environmental variables in predicting the probability of 
presence of the pygmy hippopotamus in the Tai National Park. Agricultural and other activities 
variable include geo referenced points of cocoa planting, new clearings, plant crops and clandestine 
gold mining sites. These activities are minimal and localized to the periphery of the park. Areas with 
low anthropogenic influence have higher probabilities of containing indicators of pygmy 
hippopotamus. Pygmy hippopotamus signs were also more likely to be found in higher altitude areas. 
Areas with more poaching indices, including empty shotgun cartridges collected, gunshots, and traps 
for animals throughout the park, were associated with a lower probability of pygmy hippopotamus. 
When there are fewer signs, the presence of pygmy hippopotamus is more likely. River position 
favours the presence of pygmy hippopotamus. Roads are generally located towards the edge of the 
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park. The possibility of observing the pygmy hippopotamus is not influenced by the proximity of the 
road. 
 

 
 

Figure 5: Probability of pygmy hippopotamus presence through the Tai National Park 
 

Table 2: Effect and contribution of the variables to the model used in MaxEnt 
 

Variables Effect Contribution in percentage 

Poaching indices Limiting 34.1 
Agricultural and other activities Limiting 20.9 
Paths position  No effect 21.2 
Rivers position Encouraging 13.6 
altitude Encouraging 10.2 

 
The analysis methods used to describe and to model the spatial distribution of the pygmy 
hippopotamus are complementary. Indeed, statistical analysis shows some general trends and shows 
the influence of environmental factors on the distribution. To conserve the pygmy hippopotamus in the 
Taï National Park, we must understand its spatial distribution in this park. Kernel density method 
shows that the species has an aggregated distribution and in this case we can consider that different 
environmental factors have different effects on pygmy hippopotamus distribution 

[36]
. Our MaxEnt 

model showed that pygmy hippopotamus is distributed mainly in four major parts of the park: the 
northern, central, western and southern parts of the park. The probability of species presence is low in 
the eastern part.  
 
These results corroborate those obtained with kernel density method and those of the OIPR 
biomonitoring program 

[37]
. The low probability of observed signs of pygmy hippopotamus in the east 

of the park is due to the historically higher frequency of illegal human activities (gold-washing) and 
poaching 

[38]
. Pygmy hippopotamus took refuge in the central part of the park that remains free from 

human disturbance. Their presence in the north and the south of the park could be explained by the 
abundance of rivers in these areas. Indeed, as signified by 

[39]
 pygmy hippopotamus spends 10 to 150 

minutes of his time per day resting in the shallows filled vase near rivers. Thus, these water points are 
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preferred places for pygmy hippopotamus, and pygmy hippopotamus may maintain territories with 
rivers for these resting areas. 
 
We attempted to determine whether certain variables influence the distribution of the pygmy 
hippopotamus in the park but data on their distribution and these variables are not homogeneous. By 
calculating the probability of pygmy hippopotamus presence according to environmental variables in 
the park, we then seek to predict the distribution of the species in TNP by determining environmental 
conditions favorable to the presence of the species, i.e. as an ecological niche model 

[40]
. Our 

analyses in MaxEnt minimized bias in observations from differential access within the park, and 
differences in the probability of detecting indices.  

According to results of the model used in MaxEnt, altitude is a factor that promotes observation of 
pygmy hippopotamus. The higher the altitude, the higher the probability of detecting hippopotamus 
signs

 [11]
 showed that pygmy hippopotamus of TNP used an average of six hours of their time looking 

for food, moving away from the resting sites and climbing hills (85-230 m) that correspond to preferred 
feeding areas for possessing favorite food plant species such as Geophila sp. This may account for 
the higher probability of detecting signs at higher altitudes. 

One of the main threats to the pygmy hippopotamus is deforestation resulting in habitat 
fragmentation

[5]
. Our study showed that agricultural activities and clandestine gold washing taking 

place in the park significantly, though minimally, influence the distribution of the species. However, the 
position of the paths has no significant effect on the distribution of the pygmy hippopotamus, which 
corroborated previous findings showing that species abundance increases with the presence of 
research tracks in TNP 

[41]
. 

Conclusion 
 
Various natural and anthropogenic factors influence the distribution of the pygmy hippopotamus. This 
is based on natural elements that support the presence of species such as altitude and rivers position 
in the central part and on the contrary unfavorable anthropogenic factors such as the presence of 
agricultural activity and illegal gold mining found in the park. Pygmy hippopotamus does not 
systematically avoid areas with human presence, such as roads or areas with researches. However, 
human activities and disturbance affect the distribution of the species, which avoids the eastern PNT 
where human presence is stronger. 

Because feeding occupies 80% of activity budget of the pygmy hippopotamus, data on its should be 
combined with botanical surveys to understand whether food resources’ temporal availability, 
diversity, and distribution on their home ranges are additional factors that influence the distribution of 
the pygmy hippopotamus in the TNP. 
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