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ARTICLE INFO ABSTRACT
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appropriate environmental factors and assess species existence in different areas. This study aims
to map wildlife habitat suitability sites in Former Dhidhessa wildlife sanctuary, Ethiopia, using
GIS-based Analytical Hierarchal Process and Weighted Linear Combination Methods. This study
used both primary and secondary data sources. Datasets used to collect data include Digital
Elevation Model (DEM), Landsat 9 (OLI/TIRS) and population data. Beside, large mammalian
species occurrence data obtained from field survey was used. To map wildlife habitat suitability
sites in Former Dhidhessa wildlife sanctuary, environmental factors such as proximity of road
network, distance to surface water, land use land cover types, slope, population density and
topography were used with the integration of species occurrence data recorded from the study
area. These environmental factors scaled to common ranges, and assigned appropriate weights.
The quantile classification method was utilized to classify suitability index into five zones (un-
suitable, less suitable, moderately suitable, suitable, and highly suitable) to produce the map.
Accordingly, the model revealed that 18.9 % of the study area is highly suitable, 19.5 % is
suitable, 19.9 % is moderately suitable, 19.5 % is less suitable, and 22.2 % is unsuitable for
wildlife. About 58.3 % of the study area is currently identified as suitable for wildlife whereas
41.7 % is unsuitable. This showed that the former Dhidhessa wildlife sanctuary is still having
large suitable habitats that can support wide ranges of wildlife. Hence, based on the developed
preliminary habitat suitability indices and maps, the federal and local governments shall
reevaluate the status of former Dhidhessa wildlife sanctuary and develop future conservation and
management plans to enhance the conservation of wildlife and their habitats in the area.

1. Introduction

Habitat suitability is the capacity of a habitat to sustain a viable population over an ecological time-scale. Knowledge of habitat
suitability is crucial to plan on the sustainable conservation of wildlife and their habitats [1]. Assessing habitat suitability is a useful
tool to understand the quality of wildlife habitat and its potential spatial distribution [2]. Determining habitat suitability for wildlife is
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an important aspect of conservation planning and sustainable management of natural resources [3,4]. However, little attention has
been given to the conservation of wildlife and their habitats. As a result, wildlife and their habitat conservation planning were failed
and lead them to extirpation [5]. Hence, mapping wildlife habitat suitability in conservation planning and biodiversity management is
crucial to address biodiversity loss and habitat degradation [6,7].

Habitat suitability (HS) describes a habitat’s ability to support a particular wildlife species [8]. The more a habitat resembles its
natural state, the more suitable it is for the species to live in it. HS is important to characterize how ideal a habitat is. Anthropogenic
pressures are key factors that decline the habitat suitability of wildlife [9,10]. A simple way to describe HS is to determine how natural
a habitat is. Efforts to limit anthropogenic impacts on species and habitats can be strengthened by using tools for biodiversity
monitoring like habitat suitability model [11]. The habitat suitability index (HSI) model has been widely adopted to assess habitat
suitability of various species in recent years [12,13]. Resources that a species needs to survive are often used as indicators. For instance,
living and nonliving components such as water, land cover types, topography, vegetation cover, and human disturbance are powerful
indicators between species and their environment that are important in categorizing habitat suitability of wildlife [14-16].

HS is estimated either by species-focused or habitat-focused. The different approaches are chosen based on research goals [17]. A
habitat-focused approach is common for estimating the habitat suitability of wildlife [18]. It considers both the biotic or abiotic
components of a habitat [19]. In habitat-focused approach, HS index is calculated by dividing the current habitat conditions by the
optimum habitat conditions. The result of HS index ranges between 0 and 1. The wildlife habitat is completely unsuitable when HS is
characterized with a value of 0, while a value of 1 represents the optimum conditions [20]. Since HS is a measure of species-habitat
interactions, mapping HS is useful in conservation efforts. To create reliable habitat suitability maps, consistent estimation of HS has
paramount significance [21]. Many wildlife habitats have been reduced in size, both outside and inside protected areas in tropical
regions [22,23]. The disturbance and fragmentation of protected areas could affect its capacity to provide suitable habitat for wildlife
[24,25]. Similarly, the disturbance and fragmentation of wildlife habitats in the former Dhidhessa wildlife sanctuary would be a threat
for the future survival of wildlife in the area.

Dhidhessa wildlife sanctuary was formerly designed with the objective of conserving diverse wildlife, including endangered
mammals such as African wild dog (L. pictus) and African elephant (L. africana). Recently, part of its former area was designated as a
nominally controlled hunting area; the Haro Abba Dikko controlled hunting area, with a special focus on conservation of African
buffalo. However, the other parts of the former Dhidhessa wildlife sanctuary are dominated by humans and used for large-scale
sugarcane farms and subsistence agriculture. Subsequently, L. pictus and L. africana had extirpated from the former Dhidhessa wild-
life sanctuary. Despite the loss of wildlife habitats in the area, large mammals such as African buffalo (Syncerus caffer), lions (Panthera
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Fig. 1. Location map of the study area.
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leo), leopards (Panthera paradus), hippopotamus (Hippopotamus amphibius), many more medium- and large-sized mammals and
nonhuman primates are still found in the remnant forest patches of the former Dhidhessa wildlife sanctuary. To take future conser-
vation initiatives and design connectivity across the potential wildlife habitats, mapping suitable wildlife habitats has an inimitable
role to rehabilitate the disturbed protected area. Therefore, this study aims to evaluate and map wildlife’s habitat suitability in the
former Dhidhessa wildlife sanctuary in Ethiopia. The study also addressed the following questions in particular. 1. Which abiotic,
biotic, and anthropogenic factors affect wildlife habitat suitability in the area? 2. Where are the best suitable habitats in the study area?
3. And is there a sufficient suitable habitat for wildlife in the former Dhidhessa wildlife sanctuary?

2. Materials and methods
2.1. Description of the study area

The study is carried out in the former Dhidhessa wildlife sanctuary located in western Oromia Region of Ethiopia, between East
Wollega and Buno Bedele Administrative Zones. Geographically, it is situated between 8° 37' 30" N to 9° 00' 00" N latitudes and 36° 07"
30"E to 36° 30' 00” E longitudes. It has an estimated total area of 15,2076.4ha (Fig. 1). It is located 540 km West of Addis Ababa, along
Addis Ababa Nekemte-Bedele road. The altitude of the area ranges from 1169 to 2560 m. Its annual rainfall is 1400 mm. The rainy
season extends from May to October. The vegetation of the study area is dominated by Combretum, Commiphora, and Acacia species
mixed with dominantly grown savanna grass of Hyparrhenia species.

2.2. Methods

2.2.1. Types of datasets used and sources of acquisition

The study used both primary and secondary data sources (Table 1). The datasets used include Digital Elevation Model (DEM),
obtained from Alaska Satellite Facility Distributed Active Archive Center (ASFDAAC) (https://search.asf.alaska.edu/#/), human
population density (https://www.worldpop.org), Landsat 9 obtained from https://earthexplorer.usgs.gov/, and species location re-
sults obtained from a field survey. These data were used for wildlife habitat suitability mapping (WHSM).

2.2.2. Multi-criteria decision-making analysis

The study utilized GIS technology to organize, summarize, code, and analyze data related to the wildlife habitats. GIS data
management tools and spatial analyst tools were utilized, with GIS-based multi-criteria decision-making (MCDM) being a crucial
method for spatial analysis. In this method, weights were assigned to each selected criterion based on relative importance and then a
weighted sum is calculated for each alternative. This method is high accuracy than other methods such as Shannon entropy and
frequency ratio [26,27]. Hence, choosing an accurate and popular algorithm for wildlife habitat suitability assessment has a great
impact on the present and the future. Accordingly, the alternative with the highest weighted sum is considered the most favorable. The
detail general flow chart of the overall method is described in Fig. 2.

Analytical Hierarchy Process (AHP) is used to attain criteria weights in MCDM [28,29]. It involves the creation of a hierarchy of
decision factors and the comparison between different pairs of habitat suitability factors to obtain a weight and a consistency ratio for
each factor. The pairwise comparison was analyzed to produce weights that sum to 1, and the total weight should be added up to 100 %
for the output map to be expressive and reliable. The pairwise comparison matrix was produced following [30] scale classification
(Table 2).

A weight value was assigned to different habitat factors of the study area to compare its importance relative to other criteria in
wildlife habitat suitability mapping. The weighted linear combination (WLC) method involves the linear combination of the spatial
factors for producing wildlife habitat suitability maps [31]. In each class, rating value is assigned in GIS, and then the parameter layers

Table 1
Types and sources of spatial data used in mapping habitat suitability of wildlife.
Data types Format Resolution Date of Function Data sources
acquisition
Study area Vector/shapefile - 2023 To generate the analysis Digitizing from Google Earth
boundary extent of all variables.
Road network Vector/shapefile - 2023 To produce road proximity Google Earth and ArcGIS online base map
(http://www.openstreetmap.org)
Landsat 9 (OLI/ Raster/image 30m x 30 m 19, Used to produce land useland ~ USGS website (http://www.globeland30.
TIRS) January 2023 cover (LULC) org)
Path:170
Row:54
Population Raster/image 30 arc 22, June 2020 To assess its impact on World population website (https://www.
density seconds wildlife species worldpop.org)
DEM Raster/image 12.5m x To produce Slope, surface ASFDAAC website (http://www.gscloud.cn)
12.5m water and Topography
Species location X, Y coordinates - 2023 To identify wildlife location Field survey by HGPS

saved in Excel
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Fig. 2. Workflow of wildlife habitat suitability model of the study area.

Table 2

Classification scale used for pair-wise comparison of different habitat factors.
Value or intensity of importance Description
1 Equally important
3 Moderately important
5 Strongly or essentially important
7 Very strongly important
9 Extremely important
2,4,6,8 Intermediate value
1/3 Less important
1/5 Moderately less important
1/7 Strongly less important
1/9 Very strongly less important

are weighted according to the importance or preference of each parameter relative to the others. To produce the final result, all
prepared spatial factors are defined in a common coordinate system (WGS 1984 UTM Zone 37) and resampled into 12.5 m spatial
resolution. Then, all continuous data were reclassified into five classes using the quantile classification method, and both continuous
and discrete subclasses were rated. AHP was employed to derive the weights for WLC. Finally, all the derived weights and reclassified
raster parameters were linearly combined in order to construct the final wildlife habitat suitability model.
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2.2.3. Environmental factors analysis used for wildlife habitat suitability model

WHSM was produced by a collection of thematic layers that represent the normal events of medium- and large-sized mammalian
species. Even though wildlife habitat suitability is determined by different environmental factors [32], this study selectively used for
proximity of road network, distance to surface water, land use, land cover types, slope, population density, and topography have
serious impacts on the habitat suitability of large mammals. The habitat suitability of large mammals is exceptionally considered
because if their habitat is maintained, it indirectly supports other wildlife species in the area. To evaluate the impacts of selected
environmental factors that affect wildlife habitat suitability in the present study area, different values are assigned for each factors and
suitability classes (Table 3).

Development of AHP decision-making needs setting factor elements (variables) and analysis. It was used to capture aspects of the
decision and compute the eigenvector of weights for different criteria used by creating a pair-wise comparison matrix. The choice of
criteria that have a common spatial reference is an important and profound step in WLC of multi-criteria decision analysis. Hence, the
criteria and assigning importance factors characterized in this study were chosen and weighted based on practical data analysis results,
field observation, and different scholars working on habitat suitability. For example [33], give high weight to surface water proximity
than road network proximity, likewise [34], gives high weight to road network proximity than slope. Although [35] give the weight of
habitat suitability factors for surface water proximity, elevation, LULC, and slope serially, and [36] give the weight for elevation, slope,
and land use land cover sequentially. However [37], used elevation and slope as equally importance. Based on the above consider-
ations, the factors selected for wildlife habitat suitability assessment have their weight values done in Table 4 and the weight values of
our factors (see Table 5) multiplied by 100 percent were depicted in Table 3 below. Generally, there is no questionnaire developed to
find the coefficient importance of habitat factors, instead we used expert judgement based on the circumstances of the study site, and
also on the ideas we have received from various scholars.

The maps of the factors selected as critical for wildlife habitat suitability are prepared after analysis in the ArcGIS environment. The
maps in this manuscript are prepared by the spatial analyst tools available on ArcGIS software. Tools/methods used to make these
maps are as follows: surfaces tool for slope map, segmentation and classification tool for LULC map, distance tool for surface water
proximity and road network proximity map, reclass tool for suitability factors map, overlay tool for WHSM, and so on extraction tool
was used to prepare elevation map and population density map. Geostatistics tool is almost unused.

2.2.4. Overlay wildlife habitat suitability factors
For the analysis of overlay wildlife habitat suitability, ArcGIS employs the following procedure. In the suitability analysis, each
raster layer is given a weight. By allotting a weight to each raster during the overlay process, the impact of various criteria in the

Table 3
Weight and rank of criteria used for wildlife habitat suitability modeling.

Factors affecting wildlife habitat Factors subclasses ~ Unit Suitability Rate Weight Reference

suitability subclasses (%)

Road network 0-386.26 m Unsuitable 1 3.08 [33-35,38-41]
386.26-855.29 Less suitable 2
855.29-1572.64 Moderate suitable 3
1572.64-2565.88 Suitable 4
>2565.88 Highly suitable 5

Surface water 0-194.25 m Highly suitable 5 43.78 [2,31,33-35,38,39,
194.25-427.36 Suitable 4 41]
427.36-796.45 Moderate suitable 3
796.45-1379.21 Less suitable 2
>1379.21 Unsuitable 1

Land cover Water LC Restricted Restricted 28.1 [2,31,33-37,39-44]
Savanna wooded Highly suitable 5
Natural forest Suitable 4
Grassland Moderate suitable 3
Settlement area Less suitable 2
Bare land Unsuitable 1

Slope 0-6.33 % Highly suitable 5 4.63 [2,31,34-37,40-42]
6.33-11.61 Suitable 4
11.61-17.94 Moderate suitable 3
17.94-29.55 Less suitable 2
>29.55 Unsuitable 1

Population density 23-49 N° of People/ Highly suitable 5 7.61 [31,34,44]
49-71 km? Suitable 4
71-98 Moderate suitable 3
98-163 Less suitable 2
>163 Unsuitable 1

Elevation 1169-1327 m Highly suitable 5 12.8 [2,31,35-38,40,41,
1327-1405 Suitable 4 43].
1405-1570 Moderate suitable 3
1570-1842 Less suitable 2
>1842 Unsuitable 1
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Table 4
Pair-wise comparison of different factors for wildlife habitat suitability analysis.
Factors Elevation | Land cover Population | Road Slope Surface
density network water
Elevation 1 173 3 5 3 1/5
Land cover 3 1 5 1/3 9 1/3
Population density 1/3 1/5 1 5 3 1/5
Road network 1/5 1/7 1/3 1 1/3 1/7
Slope 1/3 1/9 1/3 3 1 1/7
Surface water 5 3 5 7 7 1
Table 5
Principal eigenvector of the pair-wise comparison.
Factors Weight
Elevation 0.1280
Land cover 0.2810
Population Density 0.0761
Road network 0.0308
Slope 0.0463
Surface water 0.4378

suitability model was monitored. For wildlife habitat suitability zonation, factors are classified by their significance, weight, and/or
rate of effect on habitat suitability. The values of each zone are summed up to form the ultimate profit raster that speaks to the possible
wildlife habitat range. Higher sum values represent a greater possibility for wildlife habitat. After each parameter is assigned with the
appropriate scale value (1-5), AHP was used to compute its weight value. The computed weight values were multiplied by 100 % to
provide the weight of the factors ranging from one to the 100 %. The weight linear combinations method was adopted from the
equation defined by Ref. [47] to determine WHSM where;

WHSM = (Elevation),, (Elevation),, + (Land cover),, (Land cover),, + (Population density),, (Population density),, + (Slope),, (Slope),,
+ (Road network), (Road network),, + (Surface water), (surface water),,

w = the weighting of the coefficient (1-100 %) and s is the scale value (1-5) of the estimated zone. Finally, an optimal wildlife
habitat suitability site was chosen based on the highest suitability values and mapped through a weighted linear combination (weight
additive) and quantile classification method in a GIS environment.

2.2.5. Sensitivity analysis (SA)

SA is the examination of the association among constraints to develop the model. Its objective is to fix the parameters whose
discrepancy leads to substantial variations in model results [28,45]. Sensitivity analysis techniques are not a mutual practice in
GIS-based multicriteria decision-making methods [28]. For example, single parameter and map removal-based sensitivity analysis are
widely used in the spatial MCDM [46,47]. In the present study, map removal-based sensitivity analysis was used to test the sensitivity
of the various wildlife habitat parameters. SA measures the uncertainty or discrepancy in the output results obtained from realistic
models. It tells how much each contributory factor contributes and the weights and ranks and rates given for their effect on the output
map [47]. Consequently, map removal-based SA was conducted to test the sensitivity of the various spatial factors used for WHSM. As
expressed by Ref. [46], the mathematical formula for map removal SA is as follows:

WHSM __ WHSM'

SA= W * 100% 1

where WHSM is the output of the wildlife habitat suitability model index of all the thematic factors, WHSM’ is the thematic factor
removed, Y is the number of the full thematic factors used to compute WHSM, and Y’ is the number of thematic factors used to compute
WHSM’.

2.2.6. Model validation

To test the predictive power of decision making (DM), we measured the performance of the models in predicting species potential
presence. In particular, this study has evaluated the agreement between each DM and a set of points of presence of species that were
independently collected from the field. The presence of wildlife (medium and large-sized mammals) was determined by direct and
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indirect observation of each species during the wet and dry seasons. Indirect evidences such as foot prints, burrowing, vocals and
droppings were used to determine the existence of different medium and large-sized mammals in the study area [48]. Moreover, the
study used point data on species presence of the study area by gathering the available published and unpublished datasets, consisting
mainly of observations and captures. Moreover, Handheld GPS (HGPS) was used to determining the presence of a wildlife location in
the field. Species potential presence data collected from the field were obtained for the orders Artiodactyla, Carnivora, Primate,
Rodentia, Tubulidentata, Lagomorpha, and Hyracoidea.

3. Results
3.1. GIS-based MCDM for WHSM

A pair-wise comparison of different factors for wildlife habitat suitability analysis revealed that land cover has a moderately higher
weight value than elevation in determining the habitat suitability of wildlife. Similarly, proximity to surface water has a moderate
weight over land cover and confirmed a very important and significant weight in determining wildlife habitat suitability than
elevation, population density, road network, and slope in the study area (Table 4).

Theoretically, computed weight values of different factors that affect wildlife habitat suitability indicated that proximity to surface
water (0.4378) had more impacts on determining wildlife habitat suitability, followed by land cover (0.281) and elevation (0.128).
The weight values of slope gradient (0.0463) and road network proximity (0.0308) were less likely to impact wildlife habitat suitability
in the area (Table 5).

3.1.1. Proximity of road suitability

Road distance network suitability was calculated by Euclidean distance using Arc GIS software spatial analyst (Fig. 3). Accordingly,
wildlife species located closer to road networks are highly susceptible, whereas those found at a distance are free from disturbances.
Based on the proximity of the road suitability analysis, about 20.98 %, 19.65 %, and 17.54 % of the mapped and classified areas were
rated as moderately suitable, suitable, and highly suitable for wildlife, respectively. However, about 17.85 % and 23.96 % of the study
area were unsuitable and less suitable, respectively.

3.1.2. Surface water suitability
Wildlife species prefer to live closer to water sources. Accordingly, a habitat closer to surface water is categorized as more suitable
for wildlife species than distantly located water sources (Fig. 3). According to the established proximity classes, the highly suitable
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class covers 9.94 %, followed by 23.18 % of moderately suitable and suitable (30.04 %) landmasses. The remaining 18.06 % and 18.77
% of the study area represent unsuitable and less suitable habitats for wildlife, respectively.

3.1.3. Land cover suitability

A land cover map of the study area was produced by a support vector machine (Fig. 3). It displays the land exploited by humans and
naturally covered by vegetation (savanna wooded, natural forest, grassland), bare land, settlement area, and water body. Based on the
land-cover suitability analysis, the largest part of the study area (30.81 %) is moderately suitable for wildlife, followed by highly
suitable (19.94 %), suitable (19.92 %), less suitable (4.63 %) and unsuitable (24.38 %) habitats. The remaining 0.31 % of the study
area was covered by water body, and considered as restricted since habitat suitability analysis does not include aquatic environment.

A land cover map of the study area was produced by a vector machine (Fig. 4). The land cover map showed an area exploited by
humans and naturally covered by different vegetation types, bare land, settlement areas, and water bodies. Land-cover suitability
analysis indicated that the largest part of the study area (30.81 %) was categorized as moderately suitable for wildlife, followed by
highly suitable (19.94 %), suitable (19.92 %), less suitable (4.63 %), and unsuitable (24.38 %) for wildlife habitats. The remaining
0.31 % of the study area was covered by water and considered restricted since habitat suitability analysis does not include aquatic
environments.

3.1.4. Slope suitability

The slope gradient of the study area largely falls between 6.332 and 11.609 %, which represents 22.81 % of the total area, and
suitable for wildlife (Fig. 4). The second most dominant slope of the study area falls between 11.609 and 17.941 % covering 20.50 % of
the total area. The least amount of slope (16.77 %) in the area accounted <6.332 %, which is highly suitable for wildlife. While the
remaining slope >29.550 and 17.941-29.550 % were unsuitable (19.42 %) and less suitable (20.35 %) for wildlife.

3.1.5. Population density suitability

Human settlements and disturbances are the main causes for wildlife habitat losses. Wildlife species found in proximity to human
settlements are highly vulnerable as it elicits conflicts. Hence, habitats far from human settlements are highly preferred and suitable for
wildlife (Fig. 5). Accordingly, 19.57 % of the total area is highly suitable, whereas 18.33 % is unsuitable for wildlife species. The
remaining 22.73 %, 20.51 %, and 18.86 % of the area were suitable, moderately suitable, and less suitable for wildlife, respectively.
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3.1.6. Elevation suitability

This study revealed that, mountainous and steep terrain is not suitable for large mammals. High elevation is found on the sur-
rounding edges of Dhidhessa valley escarpments where built ups and residential houses are high. However, the low land areas adjacent
to the Dhidhessa River seem to be more suitable than the surrounding elevated escarpments on the southwest and eastern parts of the
study area (Fig. 5).

A combined analysis of potential wildlife habitat suitability map, in the present study indicated that 18.9 % and 19.5 % of the study
area were categorized as the highly suitable and suitable respectively, whereas 22.2 % was unsuitable for wildlife. The moderately
suitable class covers 19.9 % of the study area. On the other hand, only 19.5 % of the study area was found to be less suitable for wildlife
in the study area (Fig. 6; Table 6).

3.2. Sensitivity analysis

In multiple map removal, sensitivity analysis constraints instigating the least variation based on the standard deviation statistical
value computed in the GIS environment and the final output was removed first, followed by the second, and so on. The sensitivity index
shows that, land cover is an extremely significant factor of WHSM followed by surface water (Table 7).

3.3. Model validation

A total of 23-point locations of large mammals’ occurrence within the study area were used for validating the wildlife habitat
suitability model. The collected large mammal observation site was exactly overlaid with the suitable and highly suitable habitat
categories. RZ = 1 indicates the highest match of the model to the observed data whereas R? = 0 indicates the lowest. The validation
results of this study indicated that the R2 value of the measured and predicted results of the validation data set was found to be 0.7907
approximately 0.8 (Fig. 7).

About 52.17 % of habitat suitability categories fall into the fifth rate (368.24-500), and 30.43 % into the fourth rate
(319.61-368.24) which is a highly suitable and suitable region for wildlife habitat, respectively. About 13.05 % (3rd rate) and 4.35 %
(2nd rate) of the observation sites were fall into the moderately suitable (275.69-319.61) and less suitable (231.76-275.69) categories,
respectively (Fig. 8).
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Table 6

Wildlife habitat suitability modeling index.
Habitat suitability zone Rate Index value Area (ha) Area (%)
Unsuitable 1 100-231.764 33721.369 22.2
Less suitable 2 231.764-275.686 29616.297 19.5
Moderate suitable 3 275.686-319.607 30284.734 19.9
Suitable 4 319.607-368.235 29757.094 19.5
Highly suitable 5 368.235-500 28696.906 189
Total 152076.4 100

Table 7

Map removal-based sensitivity analysis of different habitat factors (W = Surface water; R= Road network; S= Slope gradient; P= Population density;
E = Elevation; L = Land cover).

S.No. Removed constraints Statistical variation index (%)
Minimum Maximum Mean Standard deviation
1 WRSPEL
2 RSPEL —0.64 12.58 5.11 2.82
3 SPEL —4.53 11.99 3.02 3.36
4 PEL -36.97 12.71 0.00 4.72
5 EL —21.55 10.53 —4.09 5.86
6 L —49.48 16.67 -11.74 11.72

4. Discussion

The present study identified different wildlife habitat suitability classes in human-dominated landscape of the former Dhidhessa
wildlife sanctuary. It could be important to inform the government and conservation authorities to reform the conservation action plan
for cost-effective and efficient wildlife conservation in the area. Though the areas were invaded by humans and by small and large-
scale investment, the wildlife habitat suitability map indicated that highly suitable, suitable, and moderately suitable classes
accounted for about 58.3 % of the study area. Less suitable and unsuitable habitats accounted for 19.5 % and 22.2 % of the total study

10



B.T. Edosa and M.G. Erena Heliyon 10 (2024) e33921

wn
L

I
L

y=0.0118x-0.1344
R?=0.7907

Habitat suitability rate
N w
.

[
L

0 100 200 300 400 500 600
Wildife habitat suitability index

Fig. 7. Validation of wildlife habitat suitability model.

=
=}
)

S
L

-az = No. of mammals observed 52.17
350 % of mammals observed

3

@

g 40 A

g 30.43

g 30 4

G4

)

X 20 4

e 13.05 12
5

=)

g

=

Z

;
435, I

1
00 L - . |

Unsuitable Less suitable Moderately — Suitable Highly
suitable suitable

=}

Habitat Suitability classes

Fig. 8. Mammalian species observation in predicted potential wildlife habitat suitability classes of the study area.

area, respectively. The potential wildlife habitats identified in the former Dhidhessa wildlife sanctuary is suitable for wildlife due to the
availability of a gentle slope with low elevation and huge savanna-wooded vegetation. This was confirmed by the diverse number of
medium- and large-sized mammals recorded in the study area. Most large mammals were recorded in highly suitable and suitable
wildlife habitat suitability classes. The wildlife habitat suitability map showed that high population density and a road network closer
to wildlife areas were identified as unsuitable zones. Also, mountainous areas and very steep gradient zones were classified as un-
suitable regions for wildlife habitats. In this study, highly suitable wildlife habitats are known to have low population density), a gentle
slope, a low elevation value, a very far road network, are closer to vegetation covers, and are in good proximity to surface water. The
reasons for the less suitable wildlife habitat are high population density, being far from surface water, near roads and settlements, steep
slope areas, and hilly or high elevation areas.

The weight and rank of criteria used for wildlife habitat suitability modeling in this study indicated the greatest contribution of
three predictor variables. Proximity to surface water accounted for 43.78 % of the weight value in determining wildlife habitat
suitability modeling. This indicated that, regardless of other predictor variables, wildlife is unable to survive at longer distances from
the sources of water. This is why the predicted suitable habitats of the GIS model revealed that most of the current suitable habitats and
the occurrence of large mammals were observed in the lowland areas closer to rivers. As described by Refs. [33,35], surface water
proximity gives higher weight to wildlife habitats than others in determining habitat suitability models. Land use land covers (e.g.,
savanna wooded, natural forest, grassland, settlement area, and bare land) were the second strongest predictor, accounting for 28.1 %
weight values in wildlife habitat suitability modeling. It was classified into six potential habitat suitability classes, which were un-
suitable, less suitable, suitable, moderate, suitable, and highly suitable. Based on the land-cover suitability analysis, the largest part of
the study area (46855 ha, 30.81 %) is moderately suitable for wildlife, followed by highly suitable (30,329 ha, 19.94 %), suitable
(30301 ha, 19.92 %), less suitable (7043 ha, 4.63 %), and unsuitable (37,075 ha, 24.38 %) for wildlife. Land use and land cover play a
significant role in wildlife habitat suitability determination because they are mainly used as cover and as a source of forage. Elevation
was the third predictor factor that determined wildlife habitat suitability modeling. As described by Ref. [49], elevated areas deter-
mine the moisture holding capacity of water and thereby have low fresh and palatable forages during the dry season. Moreover, most
large mammals (especially grazers) do not prefer to graze on high elevations and steeper slopes because grazing on areas of slopes
greater than 20 % requires more energy for up-and-down locomotion [50,51].

WHS modeling index result shows that 33,721 ha were unsuitable; 29,616 ha were less suitable; 30,285 ha were moderately
suitable; 29757 ha were suitable; and 28696 were highly suitable. A field survey of large mammalian species occurrence indicated that
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most large herbivores were grazing in the moderately suitable, suitable, and highly suitable areas of the low elevated areas of the
former Dhidhessa wildlife sanctuary. The lowland parts of the Dhidhessa wildlife sanctuary were predominantly covered by Hypar-
rhenia species that serve as forage and shelter. However, the elevated escarpments of the Dhidhessa wildlife sanctuary were mostly
dominated by agriculture, built-up and a few forest patches. This made areas closer to the river and grassy habitats more suitable for
large herbivores than the elevated areas disturbed by humans. As revealed by Refs. [50,52], riparian habitats attracted herbivores due
to large amounts of nutritious, palatable forage, a moderate slope gradient, and reliable water. This study used only six environmental
indicators, although several ecological systems interact to determine the habitat suitable for species. With the consideration of six
environmental factors, this study showed the potential of Geographic Information Science (GIS) based AHP and WLC to provide useful
information for wildlife habitat suitability mapping. AHP methods have been used by various researchers in general. For example,
researchers [26,27] said that AHP method is high accurate and it is semi-qualitative method. Based on these ideas, the study used this
method to describe the suitable wildlife habitat. The model result is validated by the adjusted R-square and the validation value is
approximately 0.8. The species data used for this model validation were collected by handheld GPS at a few large mammal’s locations.
Hence, future studies shall consider many species occurrence data for precise habitat suitability determination of each wildlife species
in the study area.

5. Conclusion

The former Dhidhessa wildlife sanctuary is currently invaded by the human population and used for small and large-scale agri-
culture activities. However, wildlife habitat suitability analysis done using GIS-based analytical hierarchal processes and weighted
linear combination methods in the study area revealed that more than half of the study area is appropriate for the conservation of
wildlife species in the area. The observations of large mammals such as African buffalo, lion, hippopotamus, and leopard confirmed the
potential of the study area to host diverse large mammals if appropriate conservation measures are designed in the future. The ex-
istence of Haro Abba Diko Controlled hunting area in the west and Arjo-Diga protected forest on the northern part of the former
Dhidhessa wildlife sanctuary may continue to serve as a source for the former Dhidhessa wildlife sanctuary. Unless appropriate
conservation and mitigation measures are implemented, extirpation will be the fate of the existing large mammals such as Syncerus
caffer, Panthera leo, Panthera paradus and Hippopotamus amphibius in the former Dhidhessa wildlife sanctuary. For the sustainable
conservation of large mammals in the former Dhidhessa wildlife sanctuary, wildlife habitats shall be conserved and linked with the
adjacent protected areas using landscape connectivity. Small and large-scale agricultural activities and other investments shall not be
entertained within the potential wildlife habitats in the study area. Moreover, future conservation and management action should gear
towards solving the problem of anthropogenic activities such as habitat fragmentation through the design of appropriate corridors
within the study area to reconnect the fragmented suitable wildlife habitat patches. Generally, the federal and regional governments
shall rethink on the current status of Dhidhessa wildlife sanctuary and plan on how to strengthen the conservation of wildlife and their
habitat in the area.
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