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Large parts of biodiversity in protected areas (PAs) and their ecosystem services have been deteriorated due to land cover change
over time. To reverse these efects, analysis of land cover change is essential. One of the protected areas, Hallaydeghe Asebot
Proposed National Park (HAPNP), was assumed its land cover change and was undergone from one habitat type to others during
the last three decades. As a result, wildlife species particularly Grevy’s zebra (Equus grevyi) in HAPNP are facing conservation
challenges. Here, we aimed to examine the land cover changes of HAPNP for the period of 1990–2021 and assess Grevy’s zebra
conservation challenges so as to improve the protection of the park and conservation of the species. Landsat images for the years
1990, 2006, and 2021 were generated to analyze land cover change of the study area. In addition, ground control points and
information from elder and knowledgeable informants were collected to substantiate the result. Household survey, key informant
interviews, and feld observation checklist were utilized to collect data on conservation challenges. To generate land cover change
maps, the satellite image for each period was classifed using supervised classifcation. Content analysis was used to analyze
conservation challenges of the species.Te fndings of this study revealed that 12.2% of grassland cover lost from 1990 to 2021 (i.e.,
an estimated annual average loss 0.4%).Te remaining grassland cover in the HAPNP was aggregated in a small land area. On the
other hand, the size of bushland increased by 26.4% during the same year (i.e., an estimated annual average gain 0.9%). Tese
fndings have implications for conservation and management of grazers. Major drivers for conservation challenges of Grevy’s
zebra were habitat degradation, unintegrated development, and poor law enforcement practices. Grassland restoration program
and species conservation challenges’ intervention strategy should be designed and implemented to safeguard the natural habitat
and the species that occur in the HAPNP.

1. Introduction

Globally, there has been a decline in biodiversity over the last
four decades, attributed in large parts to habitat fragmen-
tation and land conversion [1–3]. Protected areas (PAs) are
areas of biodiversity conservation and shaped by the land
uses, species, and ecological process in the surrounding
landscape and should not be viewed in isolation [4, 5].
External infuences can decrease the efective size of a PA,
limiting their ability to protect biodiversity and ecosystem
functions [6–8]. Specifcally, there is a link between increases

in anthropogenic activities such as land cover changes owing
to changes in agricultural land use, urbanization and illegal
extraction within and around PAs, and species extinction
which may exacerbate impacts on PAs [9–11]. Tese have
afected functionality of the PAs.

Loss of functionality of PAs from surrounding land-use
modifcation is a particularly daunting problem in de-
veloping nations. However, the resources in and around PAs
are more critical to people living adjacent to PAs in de-
veloping nations because their livelihoods are often more
directly dependent on the land [12]. Natural disturbances,
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ecological processes, and human activity cause the land-
scapes of protected areas (National Parks and watersheds) to
change over time [13]. Terefore, to ensure the efectiveness
of PAs in the developing world, it is necessary to understand
changes driven by the surrounding landscape.

Protected areas in the majority of Eastern African
countries frequently encountered land-use changes as a re-
sult of growing human and livestock populations [14]. Te
relationship between people and the environment where
they live in is the main focus of land use and land cover
change (LULCC) concerns [15].

In Ethiopia, protected areas have faced a range of
conservation challenges. Te root causes of biodiversity
conservation challenges in Ethiopia are associated with lack
of adequate capacity, commitment, organizational set-up,
and lack of monitoring of the implementation strategy on
the status and trends of conservation challenges [16]. Te
land cover changes in and around the protected areas of the
country are common as a result of anthropogenic impact
such as increased heavy grazing, fre, agricultural expansion,
and poor application of land-use policy [17].

Hallaydeghe Asebot Proposed National Park (HAPNP)
was designated as a Wildlife Reserve with a primary ob-
jective to conserve, manage, and propagate wildlife within it.
Te area was specifcally selected to serve as a corridor
between Awash National Park and the surrounding plains so
that the wildlife population of Awash National Park would
be protected through freedom of migration [18]. Te area is
home to a number of wildlife species including Grevy’s
zebra, Soemmering’s gazelle (Gazella soemmeringi), Beisa
oryx (Oryx gazella), Gerenuk (Litocranius walleri), Salt’s
dikdik (Madoqua saltiana), African wolf (Canis lupaster),
Spotted hyena (Crocuta crocuta), Aardwolf (Proteles cris-
tatus), and Ostrich (Struthio camelus). It is also a remnant
grazing land for the Afar and Issa pastoral communities, in
which livestock numbers are a social indication of the
owner’s wealth status [19]. Wildlife resources including
Grevy’s zebra that live in HAPNP are facing diferent forms
of conservation challenges elsewhere that stem from ex-
pansion of invasive species, heavy grazing, and poaching and
habitat degradation [20].

Consequently, over the last 30–40 years, Grevy’s zebra
has experienced dramatic reductions in range and numbers
and are now found only in northern Kenya and in small
pockets in Ethiopia. A recent study conducted by Tolera et al.
[21] indicated as there are no more than 75 individuals of
Grevy’s zebra in the area. Grevy’s zebra in HAPNP is mostly
isolated and has unique population [22]. Te major chal-
lenge facing conservationists is to identify and mitigate the
causes of the decline in Grevy’s zebra’s range and population
size. As already mentioned, the anticipated justifcations for
Grevy’s zebra population and range decline are habitat
degradation, poaching, competition with livestock for
critical resources, expansion of invasive species, and drought
[23–27]. Te same factors might have afected the range and
population size of Gravy’s zebra in HAPNP of Ethiopia.

Tus, this study investigated the land cover change and
conservation challenges for Grevy’s zebra in HAPNP. As
information relating to the land cover change and

conservation challenges to these species is limited, assessing
trends in land cover change in the stated protected area is
important. So, assessing of changes in land cover using
remote sensing and satellite imagery analysis and predicting
is very important and could be useful to document land
converted to other land-use types afecting the species.
Remote sensing techniques provide an efective means of
monitoring and measuring land cover change over spatial
and temporal extents and may provide practitioners with
insights into future land-use change processes [28]. Satellite
and aerial imagery analyses have versatile applications that
allow us to measure spatial and temporal changes in and
around PAs [29, 30]. It also uses globally available satellite
imagery, making it a widely accessible research methodology
for scientists in both developed and developing nations.

In a similar manner, we expected that anthropogenic
activities would raise conservation challenges in the study
area. In order to inform existing conservation eforts and
ofer a foundation for reducing Grevy’s zebra conservation
issues in HAPNP, it was anticipated that the information
gathered from this study would be able to explain the land
cover change in the protected area and the conservation
challenges in their natural range.

2. Methods

2.1. Te Study Area Description. Hallaydeghe Asebot Pro-
posed National Park is located about 280 km away from
Addis Ababa in the Ethiopian Rift Valley between latitude of
8° 92′ and 9° 48′ and longitude 40° 25′ and 40° 63′. Its former
name was Alledeghi Wildlife Reserve, and the primary
objective was to “conserve, manage, and propagate the
wildlife within it.” HAPNP has a semiarid climatic condi-
tion. Te site is dominated by a large alluvial plain with
mountains rising along the eastern border of the proposed
park [31]. Te site was selected to serve as corridors between
Awash National Park and the surrounding plains so that
through migration, the wildlife population of Awash Na-
tional Park would be protected [18]. Currently, there are 13
kebeles belonging to three Woredas, namely, Amibara,
Meiso, and Haruka in which the protected area occurs
(Figure 1). Te community surrounding this protected area
practice pastoral mode of life. Te area is home to a number
of wildlife species including Grevy’s zebra (Equus grevyi),
lion (Panthera leo), Soemmering’s gazelle (Gazella soem-
meringi), Beisa oryx (Oryx gazella), Gerenuk (Litocranius
walleri), Salt’s dikdik (Madoqua saltiana), African wolf
(Canis lupaster), Spotted hyena (Crocuta crocuta), Aardwolf
(Proteles cristatus), and Ostrich (Struthio camelus) [32].

Te major vegetation types in and around the HAPNP
include grassland, bushland, shrubland, wooded grassland,
riverine forest, and highland forest [33]. Chrysopogon
plumulosus and Sporobolus iocladus contribute a relatively
substantial percentage of the herbaceous vegetation on the
plains [33].Te southern, northern, and western edges of the
protected area are bush-grassland or shrubland, with Sen-
egalia senegal being the dominant species here, as well as in
some parts of the grassland. Te woody plant species in the
plains of this study site include Prosopis julifora, Senegalia
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senegal, Vachellia tortilis, Balanitis aegyptiaca, Cadaba spp.,
and Grewia spp. Some of the highland forests of Mount
Asebot include Cordia africana, Croton macrostachyus,
Erythrina abyssinica, Juniperus procera, Olea europaea,
Podocarpus falcatus, and Rhus vulgaris [34].

2.2. Data Collection Method

2.2.1. Spatial Data Collection. Landsat images were retrieved
from United States Geological Survey (https://earthexplorer.
usgs.gov). Multisensor and multitemporal images were
utilized to estimate the size and directions of land cover
change (Table 1). Landsat satellite imagery covering the area
was collected in 1990, 2006, and 2021. Terefore, this study
was interested in fnding out the LULC change detection in
these periods using Landsat images. Te efects of cloud
cover were considered during satellite image selection.
Satellite images were accessed with minimum cloud cover
(<10%) at early and mid of dry season (November to mid-
April). Ground training points (GTPs) were also collected.
High resolution images available at Google Earth Engine
were used as supplementary tool for ground training points.

For 1990 and 2006 LCC map, GTPs were collected from
the false color composite of 1990 and 2006 satellite images
with the help of elders and knowledgeable people [39]. GTPs
were taken by well-trained stafs of the proposed park. A
minimum of 50 points for each major land cover category
were collected following [40]. Te land cover of HAPNP was

categorized into fve major diferent classes: grassland,
woodland, bushland, forest, and settlement. Te vegetation
description was based on the classifcation provided by [41].

2.3. Conservation Challenges in the Data Collection Method

2.3.1. General Approach. Te list of species conservation
challenges was frst prepared in English by researchers and
translated into Afarigna language by native language
speakers to minimize confusion. Moreover, during data
collection, the native language speakers read the developed
questions for the respondents and probed them for the
response they provided to minimize error made during
response provision. Te list of Grevy’s zebra conservation
challenges presented for respondents were habitat degra-
dation, poaching, drought, disease, predation, roadside
killing, weak law enforcement, and unintegrated develop-
ment to research participants. Based on the list provided to
them, they asked to rank from top to down. Te interview
average length time had been 90minutes.

2.4. Quantitative Data Collection

2.4.1. Sampling Techniques and Sample Size Determination.
Te preliminary survey was made to estimate the distance of
the surrounding kebeles from head quarter of the park.
Based on the preliminary survey, kebeles were classifed into
three domains (less than 5 km, 6–10 km, and >10 km). After

0 10 20 30 km
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Figure 1: Study area map and transect lines used (adopted from [21]).
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stratifying kebeles into three strata based on their distance
and accessibility from headquarter of the park, one kebele
was selected using random sampling techniques from each
strata and a total of three kebeles were considered. Ten,
household sample sizes were calculated using the Yamane
[42] formula. Te formula is expressed as

n �
N

1 − N(e)
2, (1)

where n is the sample size, N is the population size/sampling
frame, and e is the error of prediction which was 0.05 (95%).

Te selected kebeles had a total of 996 households (N).
Ten, the total respondents were 285. Te distribution of
sample respondents to each kebele was made based on the
proportion of the population size of the selected kebele.
Finally, the study household was selected from each selected
kebele by using systematic random sampling. Te frst
household was randomly selected, and thereafter, every Kth

household were taken until the desired sample size is
reached (where K�N/n). Tose family member individuals
who had a better understanding about study issues were
purposively selected.

2.5. Qualitative Data Collection

2.5.1. In-Depth Interviews. In-depth interviews were car-
ried out using structured and semistructured questions. In
doing so, the participants for the in-depth interviews were
selected purposively based on the responsibilities they have,
experience, and relevance to issues under study. Accord-
ingly, from nearby Woredas animal science, plant science,
and natural resource management experts and police of-
fcers had participated. Chief Warden and senior staf
members of HAPNP had also participated. Te issues
discussed were the current conservation challenges of
Grevy’s zebra and possible solutions for sustainable con-
servation of species. Te protected area feld personnel who
were interviewed through the method were considered
knowledgeable in view of their involvement in protected
area management over time.

2.5.2. Observation Checklist. A digital camera was used
during fled observation to take the photos of conservation
challenges’ efects. Moreover, it was undertaken to augment
the reliability of information collected through diferent
sources. To undertake feld observation checklist, a walk
along transect line was conducted. A total of 15 transect lines
of varying lengths were established, and they were pur-
posefully placed using GPS (Figure 1). At least 1500meters
separated the adjacent transects. Te ends of each transect
were not less than 1000m from the habitat margin. Transects
were laid north to south direction in order to reduce impact
of the sunlight. While the longest transect was 17 km, the
shortest transect has 5 km length. Te main road that
connects Ethiopia with Djibouti crosses the HAPNP. So, the
data on impact of road side killing were collected via a mix of
roadside walk and drive [43, 44]. Te length of the road in
that data collection held was 23.5 km. Te data were col-
lected by driving 4WD vehicles at a speed of 20–30 km/h,
once a day. Road kill locations were recorded using a GPS
(Garmin GPS72H). Once recorded, road kill was removed to
avoid recounts. In addition, desk review was held to make
stronger the fndings of the study.

2.6. Data Analysis

2.6.1. Data Analysis for LCC. To generate land cover change
maps, the satellite image for each period was classifed using
supervised classifcation. Te methodology adopted for land
use/cover change analysis is summarized in Figure 2.
Overall, it involves radiometric normalization, land cover
classifcation, accuracy assessment, and postclassifcation
analysis using ArcGIS 10.8 and QGIS 3.26.3. Radiometric
corrections of satellite images were carried out by converting
DN values into radiance values using derived calibration
coefcients. Radiometric correction is a technique for im-
proving the brightness magnitude of a satellite picture for
better visibility and analysis. By adjusting the bias and gain
levels for each band, radiometric correction may be used to
translate digital numbers (DNs) into Top of Atmosphere
(TOA) radiance measurements [45].

Table 1: Defnition of land cover category across its defnition.

LU/LC types Working defnition/description

Forest

Landscape dominated by land spanning at least 0.5 ha covered by trees, dense
woodlands, and dense bamboo, attaining a height of at least 2m and a canopy cover
of at least 20% or trees with the potential to reach these thresholds which could be

natural/manmade [35]

Bushland/shrubland
Areas covered by densely growing woody vegetation of shrubby habit, generally
more than 0.5m and less than 7m in height at maturity and without a defnite

crown [35]

Woodland/savannah woodland
An area consists of trees that is branched, Acacia-Commiphora, deciduous and
ranges from 8 to 20m in height, crowns may touch grasses, and herbs are present

[36]
Openland/grass Land covered by grasses and other herbs, either without woody plants [37]

Settlement
Permanent residential areas (mainly urban built-ups), refugee camps, and rural
villages which are clearly visible and identifed on satellite image and having extent

of at least one hectare in the study area [38]
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Following the supervised classifcation of imagery, the
postclassifcation change detection algorithmwas performed
to determine changes in land cover [46, 47]. Tis post-
classifcation approach provides statistical evidence on how
land cover has changed and is used to calculate and produce
map of land cover changes over time. According to Han et al.
[48], the most common methods for the detection of land

change are image overlay, principal component analysis,
change vector analysis, image rationing, and the normalized
diference vegetation index (NDVI). In this study, classif-
cation comparisons of land cover statistics had been used.
Each land cover type’s covered areas over time have been
compared. Ten, the directions of the changes (positive or
negative) in each land cover type had been determined.

Percentage of land use land cover change �
Area  final year − Area  initial year

Area  initial year
x100. (2)

Te accuracy of the land cover classifcation was assessed
using a confusion matrix to compare the 1990, 2006, and 2021
classifcation results to the ground observations. For each land
cover class, a contingency matrix was generated and the overall
accuracy, the Kappa statistic, and the producer and user ac-
curacy for each class were calculated [49]. Te total accuracy

was calculated by dividing the number of correctly classifed
elements (i.e., the sum of the diagonal elements in an error
matrix) by the total number of pixels included in the evaluation
process. Te Kappa statistic is an alternative measure of the
classifcation accuracy that subtracts the efect of random ac-
curacy, and it quantifes how much better a particular classi-
fcation is compared to a random classifcation.

User’s  accuracy �
Number of  Correctly Classified Pixels  in  each Category

Total Number of  Reference Pixels  in  that Category (TheRowTotal)
x100,

Producer  accuracy �
Number of Correctly Classified Pixels in eachCategory

Total Number of  Reference Pixels  in  that Category (The Column Total)
x100,

Total (overall)  accuracy �
Total Number of Correctly Classified Pixels (Diagonal)

Total Number of  Reference Pixels
x100,

Kappa Coefficient (T) �
(TSxTCS) − 􏽐(Column Total x Row Total)

TS2 − 􏽐(Column Total − Row Total)
.

(3)

LCC Map of 1990,
2006 and 2021 

Supervised
Classification

Accuracy
Assessment

Training
Sites

Ground
Observation 

Existing
Document

Local
Knowledge

Extent Rate
PatternLCC

analysis 
Refers: Training Site preparation

Refers: Accuracy Assessment

Multispectral satellite Data

Pre-processing Geo-data Set

Figure 2: Study approach adopted for the analysis of land use/cover changes of HAPNP.
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2.7. Data Analysis for Conservation Challenges. Content
analysis was used to analysis the conservation challenges.
Furthermore, statistical package software for social science
(SPSS) version 25.0 was used to compare and rank the
conservation challenges of the species.

3. Results

3.1. LandCover Change (LCC) of HAPNP. Substantial land-
use land cover change was undergone in HAPNP between
1990 and 2006. Te grassland coverage was 59,824.42 ha
(32.66%) during 1990. Te grassland coverage of the
area declined to 50,503.69 ha in 2006. Contrarily, from
1990 to 2006, bushland increased by +13,298.73 (7.22%)
(Table 2).

In 1990, the large areas were covered by woodland and
grassland, respectively, while settlement area coverage
was very small (Figure 3). Te details of land converted
from one type to the other during 1990–2006 is provided
in (Table 3) that is found under appendex section.

Between 2006 and 2021, period bushland increased by
35,229.32 ha (19.23%). In contrast, grassland decreased by
8.12% (Table 4). Te details of land converted from one type
to the other during 2006–2021 is provided in (Table 5) that is
found under appendex section.

During 2006, the large area coverage was woodland and
bushland, respectively, while settlement area coverage was
minimal (Figure 4).

Te land cover of HAPNP in 2021 was forest land
7,534.61 ha, shrubland 89,307.96 ha, grassland 37,458.72 ha,
woodland 48,149.44 ha, and settlement 749.23 ha (Figure 5).
Te details of land converted from one type to the other
during 1990–2021 is provided in (Table 6) that is found
under appendex section.

Te conversion of woodland to shrubland 9,213.31 ha
was seen to be the largest land cover change that occurred
between the years of 1990–2006 in HAPNP. Te smallest
change was from woodland to settlement 0.5 ha. Between
2006 and 2021, substantial land cover change from
grassland to shrubland 14,324.37 ha had occurred.
During the same period, woodland to forest 1.34 ha was
the smallest land cover change that occurred. In
general, from 1990 to 2021, the signifcant land cover
change was undergone from grassland to shrub/bushland
16,790.32 ha.

Te accuracy of land cover map of the 1990, 2006, and
2021 was assessed using GTPs collected during feld mission
and high resolution images available at Google Earth Engine
as a supplementary tool. For the 2021 land cover map, aerial
photographs taken in 2021 and detailed ground survey
conducted in 2021/22 were used as reference. Overall, land
use/cover classifcation accuracy levels for the three dates
range from 89 to 94 percent with Kappa statistics ranging
from 0.84 to 0.91 (Table 7). Tese accuracy levels satisfy the
minimal accuracy required by [50] for satellite-derived land
use/cover maps; hence, they were sufcient for the analysis
of the research area.

3.2. Conservation Challenges of Grevy’s Zebra/Equus grevyi/

3.2.1. Sociodemographic Information of Respondents.
When we look at the respondent’s profle, 90% of the re-
spondents from the society who participated in ranking of
Grevy’s zebra conservation challenges were men and 69% of
the respondents lack formal education and are illiterate. Out
of the total respondents, 41.3% were within the age bracket
of 30–40. Respondents in this area are agropastoralists, with
goats and sheep being the most common livestock types.

3.2.2. Grevy’s Zebra Conservation Challenges. Based on
respondent’s survey, feld observation checklist, and in-
depth interviews with staf members and other relevant
stakeholders, the conservation challenges of Grevy’s zebra
were prioritized. Accordingly, habitat degradation was
identifed as a top conservation challenge for Grevy’s zebra.
Unintegrated development and week law enforcement, re-
spectively, were identifed as the second and third conser-
vation challenges for Grevy’s zebra in HAPNP (Table 8).

3.2.3. Grevy’s Zebra Conservation Challenges and Teir
Drivers in HAPNP

Habitat degradation: the expansion of invasive plant
species, Ruthenium Parthenium hysterophorus, Abuti-
lon fgarianum, and Mesquite Prosopis julifora, was in
and around the proposed park. Furthermore, exotic
plant species include Eucalyptus Viminal’s, Eucalyptus
citriodora, Eucalyptus globules, Eucalyptus saligna,
Euclea racemosa, Grevillea robusta, Jacaranda mim-
osifolia, Jatropha curcas, Leucaena leucocephala, Schi-
nus molle, and Senna didymobotrya which are another
pressing problem. Moreover, the practice of heavy
grazing by pastoralist livestock, human-induced fre,
and the local communities’ harvesting of park resources
for diferent purposes were considered as the main
causes for Grevy’s zebra habitat degradation.Moreover,
there are diminishing sizes of grassland habitat due to
land cover change. Most of the corridors through
species crosses from one side to the other side are
disconnected.
Poaching: although not confrmed during this study
period, the information gained through key informant
interviews and other relevant people indicates that
Grevy’s zebra is illegally hunted by local communities
for medicinal purpose. Te local communities believe
that the foot of Grevy’s zebra is used to heal from
leprosy diseases.
Drought: HAPNP is found in a harsh environment
where there is not enough rainfall and prolonged dry
season aggravated by climate change impacts.
Diseases: although the local communities practice the
pastoral mode of lifestyle, the culture of vaccinating
domestic livestock is very poor. Grevy’s zebra and
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Table 2: Area and proportion of LCC in HAPNP between 1990 and 2006.

LULC type
1990 2006 Diference (1990–2006)

Hectare % Hectare % Hect. (%)
Forest 13,527.34 7.34 18,659.36 10.19 +5,132.02 (2.85%)
Openland/grassland 59,824.42 32.66 50,503.69 28.57 −9,320.73 (4.09%)
Settlement 187.99 0.11 175.38 0.10 −7.25 (0.01%)
Bushland/shrubland 40,779.91 22.30 54,078.64 29.52 +13,298.73 (7.22%)
Woodland/savannah woodland 68,880.79 37.59 59,782.93 32.64 −5,311.09 (4.95%)
Grand total 183,200.00 100.00 183,200.00 100.00 —

Bushland/Shrubland
Forest
Settlement/Builtup

Open land/Grassland
Woodland/savannah woodland

9°40′0″N

9°30′0″N

9°20′0″N

9°10′0″N

40°0′0″E 40°10′0″E 40°20′0″E 40°30′0″E 40°40′0″E 40°50′0″E

0 5 10 20
Km

Land Cover Map of HAPNP (1990)
N

Figure 3: LCC map of HAPNP during 1990.

Table 3: Land-use land cover change of HAPNP (1990–2006).

No Class change (1990–2006) Area change (ha)
0 Forest—forest 6637.03
1 Forest—openland 244.23
2 Forest—settlement 16.21
3 Forest—shrubland 1107.16
4 Openland—forest 1735.28
5 Openland—openland 23662.41
6 Openland—settlement 24.59
7 Openland—shrubland 1393.06
8 Openland—woodland 8525.09
9 Settlement—forest 57.98
10 Settlement—openland 0.43
11 Settlement—Settlement 52.80
12 Shrubland—forest 2315.45
13 Shrubland—openland 630.05
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domestic cattle graze together from Hallaydeghe
grassland plain. From the respondent’s views and feld
observations, it was possible to understand that the
condition facilitated the zoonotic disease transmission.
Predation: in HAPNP, there are large carnivores like
lion and hyena that can prey on Grevy’s zebra. In
contrast, the species move to water points at night when
the site is free from human activities. Te condition
facilitates the predation process over species.

Road side killing: themain road that connects Ethiopiawith
Djibouti crosses through HAPNP. Despite the presence of
many vehicles that use the road, there is no speed breaker,
not enough sign posts, and awareness raising posters for
drivers. In views of respondents and the researcher, feld
observations made roadside killing to be considered as one
of the conservation threats for Grevy’ zebra.
Weak law enforcement: there was severe shortage of
manpower, especially scouts, who can enforce the rule

Table 3: Continued.

No Class change (1990–2006) Area change (ha)
14 Shrubland—settlement 3.17
15 Shrubland—shrubland 20229.88
16 Shrubland—woodland 929.48
17 Woodland—forest 263.46
18 Woodland—openland 5339.70
19 Woodland—settlement 0.50
20 Woodland—shrubland 9213.31
21 Woodland—woodland 25914.55

Table 4: Te LCC of HAPNP between the years of 2006–2021.

LULC type
2006 2021 Diference (2006–2021)

Hectare % Hectare % Hect. (%)
Forest 18,659.36 10.19 7,534.61 4.11 −11,124.75 (6.08%)
Openland/grassland 50,503.69 28.57 37,458.72 20.45 −13,044.97 (8.12%)
Settlement 175.38 0.10 749.23 0.41 +573.85 (0.31%)
Bushland/shrubland 54,078.64 29.52 89,307.96 48.75 +35,229.32 (19.23%)
Woodland 59,782.93 32.64 48,149.44 26.28 −11,633.49 (6.36%)
Grand total 183,200.00 100.00 183,200.00 100 —

Table 5: Land-use land cover change of HAPNP (2006–2021).

No Class change (2006–2021) Area change (ha)
0 Forest—forest 4089.298433
1 Forest—openland 30.776738
2 Forest—settlement 145.344607
3 Forest—shrubland 6744.942997
4 Forest—woodland 21.076864
5 Openland—forest 116.611491
6 Openland—openland 11550.54068
7 Openland—settlement 188.123854
8 Openland—shrubland 14324.37065
9 Openland—woodland 3692.740597
10 Settlement—forest 14.809235
11 Settlement—openland 6.915092
12 Settlement—settlement 48.840648
13 Settlement—shrubland 29.170219
14 Shrubland—forest 237.782829
15 Shrubland—openland 3973.723092
16 Shrubland—settlement 8.919153
17 Shrubland—shrubland 23655.48888
18 Shrubland—woodland 4100.968158
19 Woodland—forest 1.342165
20 Woodland—openland 6600.269824
21 Woodland—settlement 38.370632
22 Woodland—shrubland 8032.104158
23 Woodland—woodland 20659.72636
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of law.Te other pressing problem observed was lack of
integration between wildlife stakeholders and in-
adequate awareness made for local communities re-
garding Grevy’s zebra conservation.
Unintegrated development: the urbanization is ex-
panded by disconnecting the corridors that wildlife

uses. Investment expansion that did not align with
wildlife conservation is undergoing. Tese investments
disconnected Grevy’s corridors.

4. Discussion

Te results of the classifcation produced were acceptable
accuracies (Table 7) and are generally compatible with prior
studies involving Landsat image classifcation [51]. We
identifed various land cover patterns in HAPNP after an-
alyzing the change in land cover between 1990 and 2021.
Tese patterns are likely to afect how well the protected area
functions. In 1990, when the area was a wildlife reserve, the
land cover of the area was 13,527.34, 59,824.42, 187.99,
40,779.91, and 68,880.79 ha for forest, grassland, settlement,
bushland, and woodland, respectively. In HAPNP, consid-
erable spatial expansion in bushland +13,298.73 (7.22%) and
a substantial decline in grassland −9,320.73 (4.09%) were
recorded during the frst ffteen years of the study period
(1990–2006). During the second phase of the study period of

Table 6: Land-use land cover change of HAPNP (1990–2021).

No Class change (1990–2021) Area change (ha)
1 Forest—forest 3927.584988
2 Forest—openland 0.940913
3 Forest—settlement 10.211783
4 Forest—shrubland 3995.423686
5 Forest—woodland 65.190919
6 Openland—forest 335.094405
7 Openland—openland 13408.20823
8 Openland—settlement 336.27016
9 Openland—shrubland 16790.32267
10 Openland—woodland 4398.576207
11 Settlement—settlement 39.738158
12 Settlement—shrubland 16.101354
13 Settlement—woodland 2.109389
14 Shrubland—forest 76.396584
15 Shrubland—openland 2111.271565
16 Shrubland—settlement 12.803262
17 Shrubland—shrubland 19992.55332
18 Shrubland—woodland 1881.70601
19 Woodland—forest 60.135139
20 Woodland—openland 6641.861415
21 Woodland—settlement 38.563456
22 Woodland—shrubland 11852.50907
23 Woodland—woodland 22068.82518

Table 7: Summary of LCC classifcation accuracies for 1990, 2006, and 2021.

LC types
1990 2006 2021

Producer accuracy User accuracy Producer accuracy User accuracy Producer accuracy User accuracy
Forest 0.89 0.87 0.95 0.914 0.98 0.91
Woodland 0.92 0.96 0.890 0.958 0.94 0.99
Grassland 0.86 0.90 0.92 0.953 0.88 0.92
Settlement 0.84 0.88 0.84 1.000 0.83 0.89
Shrubland 0.97 0.94 0.94 0.953 0.95 0.95
Overall accuracy 92 — 89 — 94 —
Kappa statistics 88 — 84 — 91 —
Overall classifcation accuracy� 94.19%; overall Kappa statistics� 0.915686.

Table 8: Grevy’s zebra conservation challenges prioritized.

List
of conservation threats

Respondents voted
Rank

Frequency Percentage
Habitat degradation 274 96.14 1st

Poaching 80 28.07 8th

Drought 236 82.8 6th

Disease 93 32.63 7th

Predation 251 88.07 4th

Roadside killing 247 86.67 5th

Weak law enforcement 258 90.52 3rd

Unintegrated development 270 94.74 2nd
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LCC (2006–2021), a signifcant spatial expansion in bush-
land +35,229.32 (19.23%) and a rapid decrease in grassland
−13,044.97 (8.12%) were observed. Te decline of the
grassland area in and around protected areas concurs with
the fndings of [52]. Tis declining of grassland cover but
increasing of bushland coverage observed was attributed to
the efects of intensity of livestock grazing. Increased grazing
intensity causes reduced grass biomass [53–56] that, in turn,
reduces fre intensity, that benefts woody plants to re-
generate, thus facilitating the shift from grassland to
bushland.Tis result is in agreement with the previous study
reports [57, 58]. In addition to the growth in human and
livestock populations, the conversion of grazing lands to
cultivation areas outside the HAPNP has caused grazing
land scarcity.Tis, in turn, can force people to enter the park
boundaries for livestock grazing and other forms of
resource use.

Our result confrms with the previous study of the au-
thors in [51] that LCC from forest to shrub conversion was
the main form of land cover transition observed in the
Kasungu National Park of Malawi. In contrast to the current
fndings, the study was conducted by the authors in [59] in
Awash National Park and the grassland was expanded by
14.2% between 1972 and 1986 as well as by 10.5% of the
study area during the entire study period (1972–2006). Te
land cover change observed in HAPNP was mostly facili-
tated by expansion of exotic and invassive plant species and
this study confrms with the fndings of [9] where nonnative
or alien species posed a signifcant threat to protected areas
by their both direct and indirect impacts to native species.
Te posed impacts had efects on broader scale ecological
patterns and then contribute for habitat degradation.

Habitat degradation in HAPNP has become the top
conservation challenges for Grevy’s zebra. One of the main
reasons for habitat degradation in the area is livestock
overgrazing by nomads (the number of livestock is more
than the capacity and potential of pastures), which has
decreased high-density pasture volume and increased low-
density pasture in this area. Tese fndings have also been
confrmed with previous studies, and overgrazing was re-
ported as the most important reason for habitat degradation
[60, 61]. Furthermore, our study goes in line with the
fndings of the study of Kenya’s Grevy’s zebra Technical
Committee assessed and ranked habitat degradation frst
rank as conservation challenges [62, 63]. Another conser-
vation challenge for the species is the uncontrolled move-
ments of local community for harvesting of grasses, frewood
collection, and keeping livestock in this area. Furthermore,
there is continual expansion of temporary and permanent
settlements in and around the park for the need of animal
fodder and water sources. Insufcient monitoring is one
main reason for the uncontrolled entry of nomads and
livestock into the area, and they have many negative impacts
on habitat degradation. Tese fndings have also been
confrmed in literature reviews [64, 65].

Te other conservation challenge of the species in
HAPNP is the practices of unintegrated development
around the proposed park. Accordingly, in the HAPNP, the
plain of the study area and surroundings have been

extensively destroyed due to multiple factors, particularly
the interference of diferent institutions with the manage-
ment of the PA through the development of physical and
economic activities. Trough overwhelming infuence, dif-
ferent surrounding parts of this PA have been assigned to
various organizations or investors for fnancial exploitation,
and they could quickly destroy the ecosystem and habitats of
the area.

Moreover, another important issue increasing the con-
servation challenges for the species in this area is the growth
of human activities, particularly urban development
and road.

Te inability of the protected area to monitor and
manage the area due to (staf shortage, limited skill to utilize
modern technology to track Grevy’s zebra ecological trait,
and severe fnancial shortage), along with the infuence of
some governmental stakeholders, has led to extensive hu-
man activities in the area. Tese fndings were confrmed by
the previous study [66].

In addition, the lack of cooperation among diferent
organizations and the protected area staf in protecting this
area has caused extensive conservation challenges. Other
studies have confrmed these fndings [67, 68].

According to the current study report, there is no sig-
nifcant evidence of predation on Grevy’s zebra in Hallay-
deghe Asebot Proposed National Park. Possibly, the
presence of numerous large and medium sized mammals in
the proposed park reduced the rate of predation over Grevy’s
zebra. Te fndings of this study difer from the study
conducted in Kenya that revealed predation as a potential
limiting factor in the growth of the population of Grevy’s
zebra within the range of Grevy’s zebra [69]. Lions and
possibly hyenas are a major threat to the growth of Grevy’s
population on Lewa Wildlife Conservancy [70].

5. Conclusion and Recommendations

Te study is important because it has revealed trends in land
cover changes in Hallaydeghe Asebot Proposed National
Park, one of the habitats of the remaining population of
Grevy’s zebra in the World. Tere has been reduction in
grassland habitat on which the zebra thrives and produce
young but increase in bushland, settlements, and woodland
coverage from 1990 to 2006 indicating loss of critical habitat
of the species. A similar situation has been shown by the
study that is decline in grassland habitat being encroached
by bushland and other land-use types that has also been
increased from 2006 to 2021 possibly leading to the decline
in the abundance of zebra in the protected area. Tese have
been compounded by the fact that habitat degradation is the
main cause of change in land cover in the area. Furthermore,
it has been revealed that habitat degradation and un-
integrated developments have been the major challenges to
the survival of Grevy’s zebra in and around the HAPNP.
Generally, the results demonstrated that there are signifcant
conservation challenges posed on the ecosystem compo-
nents, including key grazing plain of HAPNP. Terefore,
urgent conservation eforts that could reduce land use land
cover changes are needed. In addition, restoration and
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rehabilitation of the grassland habitat for the survival of the
ruminant Grevy’s zebra in the protected area are highly re-
quired. Monitoring and use of remotely sensed data could
allow for better decision-making when developing policies
and practices to mitigate the impacts of land use change in
HAPNP. Furthermore, the conservation challenges identifed
need attention fromwildlifemanagers and other stakeholders.

Appendix

Land-use land cover change during diferent times of the
year in HAPNP.

Abbreviations

DN: Digital number
EBI: Ethiopian Biodiversity Institute
EWCA: Ethiopian Wildlife Conservation Authority
GPS: Geographic positioning system
GTPS: Ground training points
HAPNP: Hallaydeghe Asebot protected area
HAPNP: Hallaydeghe Asebot Proposed National Park
LCC: Land cover change
LULCC: Land-use land cover change
NDVI: Normalized diference vegetation index
PAs: Protected areas
TOA: Top of Atmosphere.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon request.

Ethical Approval

Te data collection followed the research code of practice for
ethical research. To this end, all the potential respondents of
the study were briefed about the purpose of the study, the
type of information required, the way the data would be
handled and used, and their rights during and after data
collection as a participant. After providing the information,
they were given the opportunity to ask questions and par-
ticipate in the survey or not.

Consent

An informed verbal consent was sought and obtained from
all participants prior to the interview such that each study
participant understands that participation is voluntary and
that they are free to withdraw participation at any time, even
after verbal consent is granted.

Conflicts of Interest

Te authors declare that they have no any conficts of interest.

Authors’ Contributions

Tolera Abirham Negesa conducted data collection, analysis,
and preparation of the draft report. Afework Bekele Simegn

(Professor) performed the design of the study, reviewing,
and editing of the report. Mesele Yihune Tamene (Associate
Professor) carried out the design of the study, reviewing, and
editing of the report.

Acknowledgments

Te authors would like to extend their gratitude to com-
munity and community representatives, wardens, experts,
and scouts of the Hallaydeghe Asebot protected area for
participating in this study and flling the questionnaires and
sharing their experiences. Fund obtained from Addis Ababa
University and Samara University is highly appreciated.
Lastly, the authors would like to thank Ethiopian Wildlife
Conservation Authority (EWCA) to give them permission to
undertake research in HAPNP and on species. Mulgeta
Betamariam (Assistant Professor, Madda Walabu Univer-
sity) is thanked for his contribution towards GIS data
management.

References

[1] S. H. M. Butchart, M. Walpole, B. Collen et al., “Global
biodiversity: indicators of recent declines,” Science, vol. 328,
no. 5982, pp. 1164–1168, 2010.

[2] J. Krauss, R. Bommarco, M. Guardiola et al., “Habitat frag-
mentation causes immediate and time-delayed biodiversity
loss at diferent trophic levels,” Ecology Letters, vol. 13, no. 5,
pp. 597–605, 2010.

[3] L. Zapfack, S. Engwald, B. Sonke, G. Achoundong, and
B. A. Madong, “Te impact of land conversion on plant
biodiversity in the forest zone of Cameroon,” Biodiversity and
Conservation, vol. 11, pp. 2047–2061, 2002.

[4] J. S. Brashares, P. Arcese, and M. K. Sam, “Human de-
mography and reserve size predictwildlife extinction in West
Africa,” Proceedings of the Royal Society of London- Series B:
Biological Sciences, vol. 268, no. 1484, pp. 2473–2478, 2001.

[5] A. J. Hansen and R. Defries, “Ecological mechanisms linking
protected areas to surrounding lands,” Ecological Applica-
tions, vol. 17, no. 4, pp. 974–988, 2007.

[6] G. A. Balme, R. Slotow, and L. T. B. Hunter, “Edge efects and
the impact of non-protected areas in carnivore conservation:
leopards in the Phinda Mkhuze complex, South Africa,”
Animal Conservation, vol. 13, no. 3, pp. 315–323, 2010.

[7] R. Defries, A. Hansen, A. C. Newton, and M. C. Hansen,
“Increasing isolation of protected areas in tropical forests over
the past twenty years,” Ecological Applications, vol. 15, no. 1,
pp. 19–26, 2005.

[8] D. A. Jones, A. J. Hansen, K. Bly et al., “Monitoring land use
and cover around parks: a conceptual approach,” Remote
Sensing of Environment, vol. 113, no. 7, pp. 1346–1356, 2009.

[9] D. N. Cole and P. B. Landres, “Treats to wilderness eco-
systems: impacts and research needs,” Ecological Applications,
vol. 6, no. 1, pp. 168–184, 1996.

[10] R. I. Mcdonald, P. Kareiva, and R. T. T. Forman, “Te im-
plications of current and future urbanization for global
protected areas and biodiversity conservation,” Biological
Conservation, vol. 141, no. 6, pp. 1695–1703, 2008.

[11] G. Wittemyer, P. Elsen, W. T. Bean, A. C. O. Burton, and
J. S. Brashares, “Accelerated human population growth at
protected area edges,” Science, vol. 321, no. 5885, pp. 123–126,
2008.

12 International Journal of Zoology



[12] J. Hartter and J. South worth, “Dwindling resources and
fragmentation of landscapes around parks: wetlands and
forest patches around Kibale National Park, Uganda,”
Landscape Ecology, vol. 24, no. 5, pp. 643–656, 2009.

[13] J. C. Lin and S. J. Su, “Landscape conservation as a tool for
sustainability,” in Geoparks of Taiwan, pp. 133–141, Springer,
Berlin/Heidelberg, Germany, 2018.

[14] J. M. Maitima, S. M. Mugatha, R. S. Reid et al., “Te linkages
between land use change, land degradation and biodiversity
across east africa,” African Journal of Environmental Science
And Technology, vol. 3, no. 10, pp. 310–325, 2009.

[15] B. McCusker and D. Weiner, “GIS representations of nature,
political ecology, and the study of land use and land cover
change in South Africa,” in Political Ecology. An Integrative
Approach to Geography and Environment-Development
Studies, K. Zimmerer and T. Bassett, Eds., pp. 200–221,
Guilford, New York, NY, USA, 2003.

[16] EBI, Ethiopia’s National Biodiversity Strategy and Action Plan
2015-2020, EBI, Ethiopia, 2015.

[17] A. Acha, M. Temesgen, and H. Bauer, “Human–wildlife
conficts and their associated livelihood impacts in and
around chebera-churchura national park, Ethiopia,” Society
and Natural Resources, vol. 31, no. 2, pp. 260–275, 2017.

[18] C. A. Schloeder and M. J. M. Jacobs,Te Awash National Park
Management Plan (1993-1997), NYZS and EWCO, New York,
NY, USA, 1993.

[19] M. Borgerhof Mulder, I. Fazzio, W. Irons et al., “Pastoralism
and wealth inequality: revisiting an old question,” Current
Anthropology, vol. 51, no. 1, pp. 35–48, 2010.

[20] J. Young, Ethiopian Protected Area A ‘Snapshot’. A Reference
Guide for Future Strategy, Word Press, Addis Ababa, Ethiopia,
2012.

[21] A. Tolera, B. Afework, and Y. Mesele, “Population status,
distribution and seasonal range of Grevy’s zebra (Equus
grevyi) in a protected savannah area,” African Zoology, vol. 58,
no. 3, 2023.

[22] F. Kebede, P. D. Moehlman, A. Bekele, and P. H. Evangelista,
“Predicting seasonal habitat suitability for the critically en-
dangered A frican wild ass in the Danakil, Ethiopia,” African
Journal of Ecology, vol. 52, no. 4, pp. 533–542, 2014.

[23] D. Tilman, J. Fargione, B. Wolf et al., “Forecasting agricul-
turally driven global environmental change,” Science, vol. 292,
no. 5515, pp. 281–284, 2001.

[24] IUCN, Equids: Zebras, Asses and Horses, IUCN, Gland,
Switzerland, 2002.

[25] C. D.Tomas, A. Cameron, R. E. Green et al., “Extinction risk
from climate change,”Nature, vol. 427, no. 6970, pp. 145–148,
2004.

[26] B. W. Brook, N. S. Sodhi, and C. J. Bradshaw, “Synergies
among extinction drivers under global change,” Trends in
Ecology and Evolution, vol. 23, no. 8, pp. 453–460, 2008.

[27] R. R. Dunn, N. C. Harris, R. K. Colwell, L. P. Koh, and
N. S. Sodhi, “Te sixth mass coextinction: are most endan-
gered species parasites and mutualists?” Proceedings of the
Royal Society B: Biological Sciences, vol. 276, no. 1670,
pp. 3037–3045, 2009.

[28] R. A. Houghton, “Te worldwide extent of land-use change: in
the last few centuries, and particularly in the last several
decades, efects of land-use change have become global,”
BioScience, vol. 44, no. 5, pp. 305–313, 1994.

[29] O. Dewitte, A. Jones, H. Elbelrhiti, S. Horion, and
L. Montanarella, “Satellite remote sensing for soil mapping in
Africa: an overview,” Progress in Physical Geography: Earth
and Environment, vol. 36, no. 4, pp. 514–538, 2012.
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