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Abstract

Mountain nyala Tragelaphus buxtoni is one of the endangered and endemic flagship
species in Ethiopia. The goal of this study was to identify and map the distribution
of suitable habitats for the mountain nyala in the southeastern highlands of Ethiopia
where the species can be found. The following two questions were addressed in this
studyl what are the major abiotic, biotic, and anthropogenic factors that determine
the suitable habitats for the mountain nyala in the southeastern highlands of Ethiopia?
And,2 where are the areas of best habitat suitability for the mountain nyala?
Environmental and anthropogenic variables, such as landform and/or topography
(i.e., slope), elevation, vegetation cover (i.e., trees, shrubs, and herbs cover),
towns, and roads were included to develop a GIS (Geographic Information System)
habitat suitability model for the mountain nyala. The model predicted that a total of
2,436.98km?2 of suitable habitats are currently available for the endangered mountain
nyala in Ethiopia. Three environmental variables, landform and/or topography (e.g.,
slope), vegetation cover (i.e., trees, shrubs, and herbs cover), and elevation, were the
most important predictors having the greatest contribution to the habitat suitability
model. The model suggested that habitat fragmentation is a common problem for
the survival of the mountain nyala throughout its ranges of distribution. Thus, future
conservation and management action should gear towards solving this problem
through designing appropriate corridors that help connect the fragmented suitable
habitat patches for this endangered flagship species in Ethiopia.
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Introduction

Mountain nyala Tragelaphus buxtoni is one of the endangered
and endemic flagship species in Ethiopia.'? The species is confined
in its distribution to the southeastern highlands of Ethiopia, bounded
by the Chercher Mountains in the north and the Bale Mountains
in the south.* Currently, mountain nyala is known to occur in six
different locations in Ethiopia. From north to south, these sites are:
Kuni Muktar, Dindin and Arba Gugu Forests, Munessa—Shashemene
Forests, Mount Kaka, Galama—Chilalo Forest Priority Area (FPA),
and the Bale Mountains (Figure 1).> The most prominent population
of mountain nyala is found in the Bale Mountains.**'® Mountain
nyala are commonly reported to be found in a mosaic of high—altitude
woodland, bush-land, heath—land, moorland, and valley—bottom
grassland, ranging from 1600m up to 4300m above sea level,® but they
are mostly concentrated between 1800m and 4000m in the heath—land
and alpine mesic habitats.*!"!? They prefer steep terrains and dense
vegetation for concealment, thermal cover, year—round forage, and
predator avoidance (Table 1).3%13

Mountain nyala require a relatively large home range and diverse
habitat resources;!*5!° therefore, they need management of landscapes
rather than isolated patches of habitat. Moreover, since 2000, there
have been several sizable populations identified that have yet to be

acknowledged by the scientific or wildlife conservation communities
in Ethiopia.>"* So, scientific knowledge in regard to the distribution
and availability of suitable habitats for the mountain nyala in Ethiopia
are crucial to enhance the conservation and management of the species
and its habitats.
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Figure | Distribution map of the mountain nyala in the southeastern
highlands of Ethiopian.®
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Table | Environmental and anthropogenic factors affecting the suitable
habitats for the mountain nyala

Factors References
Landform and/or topography (e.g. slope) 3,5,9,10,13,25
Elevation 3,7,8,9,10,13,25

Vegetation cover (i.e. trees, shrubs, and herbs
cover)
Towns and roads

3,7,8,9,10,13,25
6,9,25

Habitat suitability models are the simplest and perhaps the most
frequently used form of ecological models."® They are intended to be
general indicators of habitat suitability that are easily and reputably
applied under field conditions.'® However, their uses are highly
dependent on the ecological interactions and the spatial and temporal
scales that are pertinent to land management concerns and the species
of interest.!”'® Habitat suitability modeling serves as a tool for
predicting the suitability or quality of habitats for a particular species
based on known affinities of environmental parameters.'>*

The habitat suitability models assume that habitat is an important
factor in determining the presence and relative abundance of the
species in question.?*?! The selection of appropriate environmental
variables not only depends on the species studied, but also on the costs
of collecting the variables and the purpose of the empirical data.?
Minimizing the number of variables in the habitat suitability model
serves two purposes: the model becomes more easily applied, and the
likelihood of model over—fitting is reduced.”* However, to maximize
the usefulness of the habitat suitability models, it is important that
they should be constructed using as much reliable priori information
as possible.

Precipitation and temperature are known to have direct influence
on vegetation structure, distribution, and diversity.*'>? Moreover,
previous studies suggest that vegetation type, structure, distribution,
and diversity are known to heavily affect the suitable habitats for
the mountain nyala.*'®1325 In addition, precipitation and temperature
are directly influenced by elevation (i.e. altitude) of the landscape;
therefore, elevation better predicts the suitable habitats for the
mountain nyala.>!%325 So, in order to avoid the redundant usage of
environmental variables, both precipitation and temperature were
excluded from the GIS-based habitat suitability model for the
mountain nyala. Furthermore, previous studies noted that individual
rural homesteads, livestock herds, and other human activities, such
as deforestation and illegal hunting are dispersed throughout the
whole ranges of the mountain nyala in Ethiopia;>»!®!3% therefore, it
was not possible to include individual rural settlements, livestock
grazing, deforestation, and illegal hunting pressures into the present
model. However, other anthropogenic factors, such as roads and
towns determining the presence or absence of the mountain nyala in a
specific habitat were included in the model.

Based on previous literature reviews, *¢8%101325 the following
environmental and anthropogenic variables were only included:
landform and/or topography (i.e. slope), elevation, vegetation cover
(i.e. trees, shrubs, and herbs cover), towns, and roads. The goal of this
study was to identify and map the distribution of the suitable habitats
for the mountain nyala in the southeastern highlands of Ethiopia
where the species can be found. Some previous studies noted that
wildlife species are more abundant in some habitats than others, with
various environmental (i.e., biotic and abiotic) and anthropogenic
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factors determining the presence or absence of a species in a specific
habitat.!'>* This suggests that there are intimate and complex
relationships between a species and its habitats. Therefore, the
following two questions were addressed in this study: (1) what are
the major abiotic, biotic, and anthropogenic factors determining the
suitable habitats for the mountain nyala in the southeastern highlands
of Ethiopia? And (2) where are the areas of best habitat suitability for
the mountain nyala.

Material and methods

Extracting environmental and anthropogenic variables
data

Firstly, it was checked if all the raster data have defined coordinate
systems. It was chosen that the GCS_WGS 1984 as the appropriate
data frame coordinate system in which all the data have been
projected. The base map of Ethiopia was accessed from the GIS online
link using: http://www.arcgis.com/home/group.html (Owner: kevkoy;
date modified: 7/7/2010). Elevation, vegetation cover (i.e. trees,
shrubs, and herbs cover), roads, and towns’ raster data for Ethiopia
were obtained from the following web link: (http://ethgis.colostate.
edu/WebContent/WS/GISTraining/7 0 _GISDataSources.html).
Moreover, the slope raster data for Ethiopia were derived from the
elevation raster data of the country using slope 3D analyst tool where
the elevation data were used as input raster and the slope as output
raster of Ethiopia. The present distribution map of the mountain nyala
was geo-referenced and digitized Evangelista et al.? by overlapping it
on the digital map of Ethiopia. Then, it gave the range of the current
distribution map of the six localized populations of the mountain
nyala in the southeastern highlands of Ethiopia as shown in Figure 1.

Arc GIS processing for habitat suitability analysis

Adding a process to clip the environmental layers based on the
current distribution map of mountain nyala. Since the environmental
variables data (i.e. elevation, vegetation cover (i.e. trees, shrubs, and
herbs cover), slope, roads, and towns raster data) were for the whole
Ethiopia, we had to clip the data to concentrate the analyses only to
the areas presently occupied by the mountain nyala. To do so, each
Ethiopian environmental variable data was clipped using the clipping
tool found in the data management where each environmental variable
data was used as an input raster and the present distribution map of
the mountain nyala as the feature clip dataset to create a new output
raster shape file for each environmental variable. Accordingly, each
environmental data layer was clipped as described before. It was
reclassified that the clipped trees, shrubs, and herbs cover raster data
into five classes using equal intervals method in the reclassify spatial
analyst tool. Furthermore, the values of the reclassified clipped raster
data of trees, shrubs, and herbs cover were calculated and summed
using the raster calculator in the spatial analyst tool. So, the two
calculated and summed raster data represent the clipped vegetation
raster data of the study area.

Adding a process to select the preferred elevation, slope, and
vegetation into the suitable habitats for the mountain nyala. Previous
studies suggested that the preferred elevation for the mountain nyala
ranges from 1800 m to 4000m.*'"12 Moreover, mountain nyala prefer
steep slope terrains so as to easily escape from risks of predation. On
top of this, mountain nyala prefer dense vegetation for concealment,
thermal cover, year-round forage, and predator avoidance.>*!?
Accordingly, the preferred elevation raster data (1800m—4000m) were
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selected for the mountain nyala using extract by attributes (spatial
analyst) tool. Similar procedures were followed to select the preferred
slope ([value]>3) and vegetation ([value]>3) raster data. The values
range from 1 to 5 where 1 represents lowest slope or vegetation cover
raster data, but 5 represents highest slope or vegetation cover raster
data.

Adding a process to buffer clipped town polygons and clipped road
polylines. The buffer analysis tool was used to buffer the clipped town
polygons. Clipped town polygons were used as input feature and town
buffer polygons were used as output feature. Some previous studies
suggested that a buffering distance of 5000 m was used in the town
buffer analysis to develop a GIS—based habitat suitability models for
large body—sized wild animal species.”>?> This implies that habitats
that are situated 5000m away from towns are considered to be suitable
for the mountain nyala in the southeastern highlands of Ethiopia. A
similar procedure was used to buffer the clipped road polylines with
a buffering distance of 300 m.” This suggests that habitats that are
situated 300 m away from roads are supposed to be suitable habitats
for the mountain nyala.

Adding a process to intersect mountain nyala habitat suitability
criteria. This process helps define the suitable habitats for the
mountain nyala because the intersect tool allows to integrate multiple
input layers and create a new layer that contains only the features
falling within the spatial extent which are common to all the input
layers.?>® First, all the raster data were converted to polygon layers
using the raster to polygon conversion tool. Accordingly, the intersect
analyst tool was used to identify and map the suitable habitats for the
mountain nyala in the southeastern highlands of Ethiopia based on the
input polygon layers containing selected elevation, vegetation, slope,
areas buffered from towns, and roads.

Adding a process to dissolve the intersected polygons. As the
objective of this study was to identify and map the predicted suitable
habitats for the mountain nyala in the southeastern highlands of
Ethiopia, this process helps merge all the intersected polygons
together using the dissolve tool in the data management. The detailed
steps used to construct the habitat suitability model for the mountain
nyala were shown in the flowchart (Figure 2).
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Figure 2 Flowchart of the processes used to build the habitat suitability model
for the six localized populations of the mountain nyala in the southeastern

highlands of Ethiopia.
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Running the final habitat suitability model for the mountain
nyala. Once the intersected polygons of the selected environmental
and anthropogenic variables were dissolved together as illustrated
in Figure 2, the model was run to get the final map of the suitable
habitats for the mountain nyala and then combined with the current
ranges of the species as shown in Figure 3.

Legend

Figure 3 A final map showing the available suitable habitats for the mountain
nyala in the southeastern highlands of Ethiopia.The current ranges of mountain
nyala was included to show how the predicted suitable habitats are correlated

to the current ranges of mountain nyala in Ethiopia.

Results

Three environmental variables, landform and/or topography (e.g.
slope), vegetation cover (i.e. trees, shrubs, and herbs cover), and
elevation, were the most important predictors having the greatest
contribution to the habitat suitability model (Table 2). The habitat
suitability model predicted that a total of 2,436.98km? suitable
habitats are currently available for the six localized populations of
the endangered and endemic mountain nyala in the southeastern
highlands of Ethiopia (Figure 3). Moreover, the result suggested
that most of the suitable habitats are concentrated in the eastern
mountainous terrain where the most prominent populations of the
mountain nyala are actually found, particularly in the Bale Mountains
National Park where there is better protection of the mountain nyala
population together with its natural suitable habitats. Furthermore,
the interconnected suitable habitats are found in the steep sky islands
which are inaccessible to human settlement, farm expansion, and
free-range livestock grazing. However, those suitable habitats which
are found in the gentle slopes of the central and western ranges of
the mountain nyala are highly fragmented. This could happen due to
the accessibility of the areas to high human and livestock activities
including agricultural land expansion, overgrazing due to free-range
livestock grazing, fire, deforestation, settlement, and urbanization.
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Table 2 The relative contribution of predictor variables to the habitat
suitability model for the mountain nyala in the southeastern highlands of
Ethiopia

Predictor variable Perce'n ¢ .
contribution

Landform and/or topography (e.g. slope) 37.6

Elevation 24.8

Vegetation cover (i.e. trees, shrubs, and herbs cover) 29.2

Towns and roads 8.4

Discussion

GIS—based spatial models are commonly used to predict species
occurrence®® and also identify critical habitats® therefore, they
have been popular among wildlife managers.?”?® The main outputs
of the final GIS—based habitat suitability model: Hillman' identified
the major abiotic, biotic, and anthropogenic factors determining and
predicting the suitable habitats for the mountain nyala; and ITUCN?
identified, mapped, and quantified the available suitable habitats for
the six localized populations of the mountain nyala in the southeastern
highlands of Ethiopia. However, due to the complex negative impacts
of human and livestock disturbances including deforestation,
overgrazing, agricultural land expansion, fire, illegal settlement,
urbanization, the current ranges of mountain nyala and the predicted
suitable habitats are more fragmented as seen in Figure 3. Unless
human and livestock induced impacts are controlled and minimized,
it is an inevitable fact that the predicted suitable habitats will be
changed into marginal habitats for the mountain nyala. Other studies
also suggested that the mountain nyala is currently distributed in both
suitable and marginal habitats that are negatively affected by intensive
human interference and livestock competition.’>61%13 However, the
predicted suitable habitats with the help of the GIS model revealed
that most of the current suitable habitats for the mountain nyala are
found being concentrated (i.e. in the form of strips) in the eastern
escarpment especially in gorgy terrains that are inaccessible to human
settlement, agricultural land expansion, poaching, and free-range
livestock grazing.

As it was shown in Table 2, three predictor variables were the most
important in having the greatest contribution to the habitat suitability
model. Landform and/or topography (e.g. slope) was the strongest
predictor, which should not be surprising given that mountain nyala
needs steep slope to escape from poaching and also for predator
avoidance. This is why the predicted suitable habitats of the GIS
model revealed that most of the current suitable habitats for the
mountain nyala are found concentrated (i.e. in the form of strips) in the
eastern escarpment especially in rugged terrains that are inaccessible
to human settlement, agricultural land expansion, poaching, and free—
range livestock grazing. Vegetation cover (i.e. trees, shrubs, and herbs
cover) was the second strongest predictor. As the mountain nyala is
illegally hunted by the local people for bush meat and skin purposes,
3813 it has good reasons to avoid people. Moreover, dense vegetation
may serve the mountain nyala as a source of forage and concealment
from strong sun especially during the heat of the day. The third
variable to strongly affect the predicted suitable habitat is elevation
because the mountain nyala is often found in high altitude areas so
as to avoid human and livestock disturbances. Previous studies also
noted that mountain nyala prefer steep terrains and dense vegetation
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for concealment, thermal cover, year-round forage, and predator
avoidance.>$1

For large body—sized wild animal species, such as the mountain
nyala, this GIS—based habitat suitability modeling approach performs
best at large spatial scale (e.g. landscape scale).!* However, at small
spatial scale, the GIS—based habitat suitability model may not be
appropriate since presence and absence data are highly subjective
due to the extensive ranges, elusive nature to detect in the dense
vegetation, and the movement patterns of mobile species, such as
the mountain nyala.”> In addition, the data required for empirical—
based models may not be available or may be difficult to acquire.®
In such cases, models that use qualitative information (i.e. expert
knowledge) about target wild animal species may be a good approach
for spatially quantifying relationships between wild animals and their
environments/habitats.?®3 For example, expert-based modeling has
been practiced by wildlife managers for decades and continues to be a
valuable tool even nowadays.*! Furthermore, by using the behavioral
approach based on correlating activity densities of the study animals
(e.g. the mountain nyala) with the influential habitat variables,
one could develop a statistical habitat suitability model at a small
spatial scale that can complement the GIS—based habitat suitability
model.9,13,l7,32

Factors, such as livestock grazing, deforestation, and illegal
hunting pressures could not be included into the present model.
This is because they are dispersed throughout the whole ranges
of the mountain nyala in Ethiopia.>'**?> However, by using the
behavioral approach based on activity densities; those factors could
be successfully included into the statistical habitat suitability model
at small spatial scale.'>!"32 This is because the suitable habitats can be
directly inferred from the behavioral responses (i.e. activity densities,
time budgets, foraging behaviors, etc.) of the mountain nyala. Under
such circumstances, combining the GIS—based approach with that
of the behavioral-based approach may help build a comprehensive
habitat suitability model that best predicts the suitable habitats both at
large and small spatial scales especially for large body—sized animal
species, such as the mountain nyala.

Based on the findings of this study, management interventions
should prioritize and give more focus for the conservation of the current
predicted suitable habitats together with the prevailing mountain
nyala populations in Ethiopia. Moreover, future conservation and
management action should focus on solving the problem of habitat
fragmentation through designing appropriate corridors that help
connect most of the fragmented suitable habitat patches over the
whole ranges of the mountain nyala in Ethiopia. Corridors can also
help mountain nyala to expand in their ranges of distribution or even
be reintroduced. By doing so, the mountain nyala which are found
in the marginal habitats might be attracted to the predicted suitable
habitats as far as they can meet their habitat requirements.>*13

Conclusion

Habitat suitability model may serve as a basis for promoting
the conservation and management of the six localized populations
of the endangered mountain nyala and its natural suitable habitats
in Ethiopia. For example, as shown in the final map of the suitable
habitats, the present GIS—based habitat suitability model suggested
that habitat fragmentation is a common problem for the survival of
the mountain nyala throughout its ranges of distribution in Ethiopia.
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Thus, to safeguard the endangered and endemic mountain nyala from
foreseeable extinction, future conservation and management action
should gear towards solving the problem of habitat fragmentation
through designing appropriate corridors that help connect the
fragmented suitable habitat patches over the whole ranges of the
mountain nyala in Ethiopia. The distribution and abundance of
mountain nyala is negatively affected by the impacts of humans and
livestock disturbances. Therefore, human and livestock encroachments
should be controlled or minimized from affecting the suitable habitats
of the mountain nyala throughout its ranges of distribution in Ethiopia.
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