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Abstract

The management of forest corridors and related ecology is one of the effective
strategies to minimize the adverse effects of forest degradation. It controls the
connectivity of inhabitant species and the connection of the isolated patches.
This study analyzed spatial and temporal forest physical degradation based on
forest cover change and forest fragmentation in the Gishwati-Mukura biolog-
ical corridor from 1990-2019. Remotely sensed datasets, Geographical Infor-
mation System (GIS) and FRAGSTATS software were used to analyze the
spatial and temporal physical degradation and changes in forest cover. The
results indicated that the Gishwati-Mukura corridor experienced massive de-
forestation where approximately 7617.1 ha (64.22%) of forest cover was com-
pletely cleared out, which implies an annual forest loss of 262.6 ha-year™
(2.21%) during 1990-2019. The forest cover transitions patterns and geosta-
tistical analysis indicated that extensive deforestation was associated with in-
tensive agriculture. The results demonstrated that agriculture has dramatical-
ly increased from 29.46% in 1990 to 57.22% in 2019, with an annual increase
of 1.97%. Since Gishwati-Mukura has changed to National Park (NP), it lacks
diversified scientific studies addressing the analysis of the remote and spatial
patterns to investigate its physical degradation and landscape dynamics. This
research study will serve as remote forest analysis gap-filling and as the cor-
nerstone of numerous other research that will contribute to the improvement
of the connectivity assessments along the Gishwati-Mukura corridor and other
related ecosystems.
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1. Introduction

Forest physical degradation has been the most visible and prominent factor of
present change in tropical forests (Alvarez-Berrios & Mitchell Aide, 2015), which
affects the delivery of most ecosystem services, including the loss of biodiversity
that more than 75% of terrestrial biodiversity resides in tropical forest (Kareiva
et al., 2007). The Food and Agriculture Organization—forest report assessment
indicated an approximate rate of 5.4 million ha-yr™' of deforestation over this
century (Malhi et al., 2013). Recently the African tropics accounts for about 23%
of forest loss of the global forest (Kayiranga et al., 2016) and in East Africa, de-
forestation is reported to have increased in several important tropical forests of
Kilimanjaro, Tanzania with a loss of 13.39% of its forest areas during the periods
between the 1980s and 2000s due to the agricultural land expansion and increase
of population pressure (Singh, 2013). The Gatamaiyo forest close to Nairobi city
in Kenya decreased about 28,499 ha from 1980 to 2000 (Wu, 2011). Deforesta-
tion in Rwanda was a big issue, especially in the periods between 1994 and 2005
when the country accounted for at least 8299 ha of forest cover loss (692 ha/year)
(de la Paix et al., 2013) and this was due to the demand for land for the reloca-
tion of refugees and displaced people, agriculture, firewood, logging for settle-
ments and road constructions that followed the genocide (Solomon & Grazia,
2014), where natural forests came under strain as is evidenced by the reduction
in the area of the Nyungwe and Akagera National Parks (Rwanda Environment
Management Authority, 2020). The two patches of Gishwati and Mukura used to
be in the complex system of natural forests of the Congo Nile Ridge comprised
with Nyungwe National Park, the natural forests of Volcanoes National Park and
contiguous Kibira National Park in Burundi (Chancellor et al., 2021) until it is
degraded and fragmented due to enormous increase of population, the estab-
lishment of cattle ranching and an increase of agricultural land reclamation in its
border until the forest becomes unproductive followed by degradation related
disasters including soil erosion, landslides, reduced water quality and soil infer-
tility (Mc Guinness & Taylor, 2014). Protected areas are an essential element of
any strategy to conserve tropical forest and its biodiversity (Gardner et al., 2009).
The establishment of corridors and protected areas is one of many strategies to
reduce the negative effects of landscape fragmentation in human-dominated land-
scapes (Applying Landscape Ecology in Biological Conservation, 2002). Biological
corridors connect isolated patches of habitats and support the movement of mi-
gratory species from one place to another (Kafle et al., 2020), are the contribu-
tors to the functional connectivity of a landscape and provide higher conserva-
tion value to the linked fragments (Diamond, 1975). The governmental and

non-governmental initiatives restoration project has started in 2006 to extend
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the Gishwati forest to 1570 ha. In 2015 the management plan to support the
transition from forest reserves was made to strengthen management and accele-
rate ecological restoration in support of upgrading to National Park status and
improve key biodiversity refugees within the Nile-Congo crest. Therefore, the
plan to go beyond the core forests and focus on the larger landscape, a potential
biological corridor has been proposed to link-up Gishwati with Mukura forest
reserves and Nyungwe National Park to enable the historical bio-ecotourism lin-
kage in this area. The establishment of the Gishwati-Mukura forest corridor was
adopted as a national goal and is reflected in the national land use management
use master plan (Rwanda Land Management and Use Authority, 2017). There-
fore, there is still a need for more research to provide baseline information and
data for monitoring progress and changes, managing places and species as well
as the ecological changes in the corridor and buffering parts of the landscape.
The forest cover change studies based on the interpretation of multi-remotely
sensed data and GIS have increased over the past years and have been identified
as an accurate and cost-effective method for monitoring forest changes (Cohen
& Goward, 2004; Masek et al., 2008). They can be used to evaluate the historical
forest cover changes and landscape-scale status to provide specific facts for fu-
ture planning (Midha & Mathur, 2010) and the spatial and temporal pattern can
be analyzed to assess the net effects on both forest cover change and the analysis
of its landscape scale as well (Wayne Forsythe & McCartney, 2014). Remote Sens-
ing technology and GIS mapping evolved in the 1960s and have been of great
support in the collection of detailed multispectral data that led to improved un-
derstanding of minerals, soil, urban growth, agriculture and other geographic
features (Weilin et al., 2000). In the tropical forests of the Brazilian Amazon,
remotely sensed data were used to analyze farm-level property by overlapping
property boundary grid in the GIS in the year 1990 (McCracken et al., 1999).
Remote Sensing and GIS techniques were used to map the land cover, assess the
forest cover change and identify the deforestation hot-spots for forest conserva-
tion priorities in the North-Kivu Congo (Philippe & Karume, 2019). Landsat da-
tasets acquired from several sensor instruments were used in numerous research
to delineate wetland, analyze deforestation, soil erosion and runoff in different
areas of Rwanda. However, there is still very little research that has so far used
the combination of remotely sensed data, GIS and landscape-based metrics to
detect deforestation patterns and structures. Spatial pattern analysis program for
quantifying landscape structure and patterns plays a prominent role in landscape
ecology and process. In Gishwati-Mukura biological corridor, there were no re-
mote sensed studies on its physical degradation based on landscape metrics
conducted in the new park and the corridor in general yet. Therefore, in this
study GIS and FRAGSTATS were applied to investigate the spatial and tem-
poral physical degradation and changes in forest cover in Gishwati-Mukura bi-
ological corridor from 1990 to 2019. The objectives of this study were as fol-

lows: 1) to monitor the spatial and temporal forest cover change; 2) to deter-
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mine the degradation level and forest transition probabilities; and 3) to analyze
the forest landscape dynamics from 1990 to 2019 in Gishwati-Mukura biologi-

cal corridor.

2. Materials and Methods
2.1. Study Area

This study was conducted in the Gishwati-Mukura corridor, located in the
Western Province of Rwanda (Figure 1 Left). Gishwati-Mukura biological cor-
ridor consists of two inter-connected protected forests namely, Gishwati and
Mukura; and was designated as a National Park in 2015. Gishwati covers 1484 ha
of the remnant rainforest while Mukura covers approximately 1988 ha and is lo-
cated approximately 20 km in the southeast of Gishwati (see Figure 1 Right).
The Gishwati-Mukura National Park (GMNP) lies in Congo-Nile ridge which is
expanding over 35.58 km” in the Rutsiro and Ngororero districts in the Western
Province of Rwanda. Gishwati-Mukura forest corridor lies at 10°49'S, 290°22'E in
mountainous and hilly landscape (mean slope = 25.6°), the elevation ranges from

2000 to 3000 m above sea level. The vegetation consists of primarily secondary
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Figure 1. Location of Gishwati-Mukura corridor showing dominant land-use/land-cover types with reference of the Rwanda map.
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growth tree species such as Dombeya torrida, Maracanga kilimandsharica and
Maesa lanceolate. The annual average rainfall approximately ranges between
1200 - 1500 mm and the mean daily minimum and maximum temperatures av-
erage 15.7°C and 24.2°C, respectively (Chancellor, Rundus, & Nyandwi, 2012).
GMNP is one of the few remaining natural forests and biodiversity hotspots
in the Congo-Nile following the Albertine rift region which accounts for more
than 120 species of birds and more than 250 plants species. Among the biodiver-
sity animal species, GMNP accommodates multiple eastern chimpanzees, moun-
tain and golden monkeys, serval, genet, civet, small mammals, amphibians, reptiles.
Regardless of almost its complete conversion into an agricultural area, it has been
adopted as a national goal and is reflected in the national land-use master plan in
2015 for conserving critical habitats and linking Gishwati and Mukura forests
with an ecologically meaningful corridor that would allow the continuation of
long term ecological and evolutionary process and heal fragmented landscapes
(Humphrey Kisioh, 2015a). The management of this corridor is a far-reaching
strategy to increase connectivity between the two fragmented forests of Gishwati
and Mukura. Therefore, research in this estimated 28,000 ha corridor is of mas-
sive importance for the movement of multiple populations of vertebrates, rejuve-

nating disturbed habitat and landscape conservation.

2.2. Data Acquisition

Land use/Land Cover (LULC) maps of Rwanda for years 1990, 2000, 2010, 2015
and 2019 were used to evaluate the changes in forest cover and were generated
from the RCMRD (Regional Centre for Mapping of Resources for Development)
Geoportal a platform that has partnered with SERVIR-Eastern and Southern
Africa for disseminating open geospatial datasets and maps for the Eastern and
Southern Africa region. The RCMRD-LULC consists of 14 LULC classes, in-
cluding dense forest, moderate forest, sparse forest, woodland, closed grass-
land, open grassland, closed shrubland, open shruband, perennial cropland,
annual cropland, wetland, waterbody, urban settlement and others (RCMRD,
2012). This RCMRD data are raster data available at 30m resolution in WGS84
Geoid reference datum Sphere were projected to WGS 1984 Web Mercator
Auxiliary. These datasets were chosen because of their finer spatial resolution
of 30m and comparable accuracies of 0.80 kappa and 86.42% overall classifica-
tion accuracies respectively (Cheng et al., 2017). Datasets from the same month
were used to minimize errors due to seasonal variations and provide worth-
while information about the quantity of conversion from one particular class
to another. Gishwati-Mukura forest corridor was delineated based on the po-
tential protection of forest areas within Gishwati-Mukura-NNP Corridor in Gish-
wati Forest Reserve, three years interim management plan 2015-2018 (Humphrey
Kisioh, 2015b).

2.3. Data Processing and Land Cover Change Detection

Data processing was performed using ArcGIS 10.6 into 3 stages: 1) Raster pro-
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jection and extraction of the study area, projections and transformations tools
were used to create a spatial reference for the Gishwati-Mukura polygon and to
project the raster images of Rwanda LULC for the 5 different study years based
on the Gishwati-Mukura corridor shapefile got from Gishwati Forest Reserve,
three-year management plan 2015-2018 spatial references. 2) Image reclassifica-
tion, and change detection stages. Second stage all land use/land cover maps were
clipped to match with the study area boundaries; a clip tool for raster processing
in data management tools was used to extract the LULC maps for the years 1990,
2000, 2010, 2015 and 2019 and reclassified in two distinctive classes namely for-
est and non-forest. In this case, forest land cover classes were combined to form
one class called forest and the combination of all other land cover classes were
named non-forest using the reclassify tool of the spatial analyst tools in ArcGIS
10. 6 and the same process was applied to all 5 land cover maps. 3) Forest cover
change detection, this stage consisted of detecting space and time changes in
forest cover in the Gishwati-Mukura forest corridor from 1990 to 2019, only
forested areas were considered and raster image differencing was used by sub-
tracting the new forest maps with elder maps to detect spatial and temporal
patterns of forest changes in time (Figure 2). The raster calculator tool de-
veloped in ArcGIS 10.6 was utilized to differentiate and statistically evaluate
the forested area to non-forest areas and estimate the deforestation rate or forest

loss.

2.4. Annual Rate of Deforestation

The annual deforestation rate was calculated using the compound interest for-

mula due to its explicit biological meaning (Puyravaud, 2003).

1 A2
7= xIn| —
(rZ—tlj (Alj

where ris the percentage of forest loss per year, A1 and A2 represent the area of

forest cover at time 71 and #2 respectively.

2.5. Landscape Metrics Measurement and the Evaluation of
Landscape Patterns at Class Levels

FRAGSTATS a spatial pattern analysis software program offers a comprehensive
choice of landscape metrics for quantifying the structure of the ecological land-
scape. This software is implemented by decision-makes, forest managers and
ecologists to analyze landscape fragmentation, describe the characteristics and
components of landscapes. The advantage of FRAGSTATS is that calculations
are implemented in an integrated form of GIS whereby it is easy to apply to dig-
ital maps (McGarigal & Marks, 1995). This study analyzed Gishwati-Mukura
forest corridor landscape fragmentation, landscape metrics at the class level,
which served to quantify the forest landscape composition and configurations
(Turner & Gardner, 2015). The particular fragmentation metrics were chosen

based upon their correspondence to the evaluation of forest physical landscape
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Figure 2. Flow chart showing the procedure of the data processing and land cover change
detection.

fragmentation (Flowers et al., 2020) and several of landscape metrics widely used
in the literature were selected and statistically assessed in this study, including
Class Area (CA), Number of Patches (NP), Mean Patch Size (MPS), Core Area
Percentage of Landscape (CPLAND), Landscape Patch Index (LPI), Patch Den-
sity (PD), Mean Shape Index (MSI) and Euclidian Nearest Neighbor (ENN). Ta-
ble 1 indicates the detailed description of the selected FRAGSTATS indices and

metrics.

3. Results

3.1. Spatial Patterns and Temporal Forest Cover Change

The assessment of forest cover change and land cover transitions indicated that
forest was covering about 8936 ha (75.34%) of the Gishwati-Mukura corridor
during the year 1990 and highly reduced and falling to 1319.34 ha (11.12%) in
2019 (Figure 3). This degradation of forest cover increased relatively with the

conversion for refugee settlement, agricultural land and pasture. The statistical
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Figure 3. Thematic maps showing the spatial and patterns of forest land cover on Gishwati-Mukura biological
corridor of (a) 1990, (b) 2000, (c) 2010, (d) 2015, (e) 2019.

Table 1. Landscape metrics used to quantify forest cover in the Gishwati-Mukura forest
corridor their detailed descriptions.

Landscape metrics (unit) Description

Class Area—CA (ha) Class ?rea; sum ?f areas of all patches belonging to a given
class, in map units.

Number of Patches—NP NP > 1, without limit, NP = 1 when a landscape or class type.
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Continued

Contains one patch, number of patches corresponding to

class type at a landscape. The average area of patches

Mean Patch Size—MPS (ha) P . P & P
corresponding to the forest cover type. Greater MPS

indicate slightly fragmented forests.

Core Area Percentage of Percentage of the center of the landscape, similar to patch
Landscape—CPLAND (%) level core.

Landscape Patch

Index—LPT (%) Percentage of the landscape comprised by the largest path.

Patches corresponding to the total forest cover divided by
Patch Density—PD the total Area multiplied by 100. If forest class represents a
(Patches/100 ha) greater PD, it indicates that it is subdivided into many

patches and thus could be considered as fragmented.

Shape complex measurement. The more irregular the
Mean Shape Index—MSI shape, the larger the values and the closer the quadrilateral
the closer it is to 1.

Euclidian Nearest The average distance between patches of corresponding
Neighbor—ENN-MN forest type, based on edge-to-edge distance.

Source: FRAGSTATS help (Mcgarigal, 2015).

representation of forest changes within the corridor showed the highest level of
deforestation in the very first period of the study, where the forest cover reduc-
tion counted about 5673.75 ha (47.84%) of the total forest loss in the 10 years of
1990 to 2000. Therefore, deforestation continued to occur but at a small pace. For
the period between 2000 to 2010, forest losses were accounted for 1.44%, 9.92%
by 2010-2015 and 5.02% by 2015-2019. Therefore, the overall analysis indicated
that at least 7617 ha (64.22%) of forest cover was completely cleared out, which
implies an annual forest loss of 262.6 ha-year™ (2.21%) during 1990-2019.

3.2. Transition Matrix among Forest Cover Types

The transition matrix of forest conversion to other land cover types indicated
that about 62.09% of forest transitioned into non-forest, where at least 52.05% of
forest was converted from sparse forest to annual cropland followed by 5.77% of
the moderate forest changed to annual cropland and 2.73% of the sparse forest
changed to closed grassland (Table 3). A total of 1.04% of forest cover was gained
from other non-forest covers. While 13.44% of the forest cover remained un-
changed; a large area of 5.95% of sparse forest was remained the same compared
to other forest types. This study found that only 23.40% of other non-forest cov-
er remained proportionally interchanging to closer other non-forest types pat-
terns. However, this study accounted also for about 17.73% of annual cropland

remained unchanged (Table 2).

3.3. Spatial Patterns and Forest Landscape Dynamics

The spatial patterns and landscape dynamics was used to analyze forest subdivision:
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Table 2. Transition matrix table showing the amount of forest cover area converted to
other land cover types during the period of 1990-2019.

Land cover Area changed (ha) Percentage (%)
FOREST LOSS 7322.51 62.09
Moderate Forest—Annual Cropland 680.78 5.77
Moderate Forest—Closed Grassland 35.75 0.3
Moderate Forest—Open shrub land 14.05 0.11
Moderate Forest—Wetland 6.06 0.05
Sparse Forest—Annual Cropland 6138.85 52.05
Sparse Forest—Closed Grassland 323.04 2.73
Sparse Forest—Open shrub land 101.23 0.85
Sparse Forest—Settlement 8.05 0.06
Sparse Forest—Wetland 14.66 0.12
UNCHANGED FOREST 1586.01 13.44
Moderate Forest—Closed Forest 109.84 0.93
Moderate Forest—Dense Forest 135.75 1.15
Moderate Forest—Moderate Forest 0.513 0.004
Moderate Forest—Sparse Forest 185.87 1.57
Sparse Forest—Closed Forest 346.61 2.93
Sparse Forest—Dense Forest 103.64 0.87
Sparse Forest—Moderate Forest 1.52 0.01
Sparse Forest—Sparse Forest 702.23 5.95
GAINED FOREST 123.1 1.04
Annual Cropland—Closed Forest 10.15 0.08
Annual Cropland—Sparse Forest 61.32 0.52
Closed Grassland—Closed Forest 4.78 0.04
Closed Grassland—Sparse Forest 43.04 0.36
Open shrub land—Closed Forest 0.005 0
Open Shrub land—Sparse Forest 3.79 0.03

Number of Patches (NP), Mean Patch Size (MPS), Mean Shape Index ((MSI), Patch
Density (PD), Largest Patch Index (LPI) and Mean Euclidian Nearest Neighbor
(ENN_MN) indices (metrics) to determine the forest physical degradation level.
This assessment indicated that the Gishwati-Mukura forest was subdivided into
multiple patches where the number of patches increased from 60 in 1990 to 672
in 2000 which shows the highest level of forest fragmentation over this period.
The ecosystem conservation activities in this forest reconsolidated the degrada-
tion up to 359 patches in 2010. A little degradation of 1.44% was marked be-
tween 2000 and 2015 where the number of patches increased again to 563 by
2015 and significantly decreased to 175 patches in 2019. The entire analysis in-
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dicates an increase of the number of forest patches of 115 which implies an in-
crease of forest patches at rate of 4% in the Gishwati-Mukura forest corridor
during 1990-2019 (Table 3).

This assessment indicated that the number of patches was increasing, in asso-
ciation with the decreased mean patch size (MPS) where the geostatistical evalu-
ation indicated that MPS extremely decreased from 148.9 ha to 74.53 ha. Patch
density (PD) increased from 0.5 to 5.66, the largest patch index (LPI) decreased
from 72.7% to 2.66% and the mean shape index values gradually decreased from
1.5 to 1.2 with the agreement that the PD > 1, indicates the high level of frag-
mentation.

The Euclidian Nearest Neighbor which indicates the proximity and the short-
est edge to edge distance between patches of a given land use indicated an in-
creasing distance between the subdivided patches from 101.6 meters in 1990 to
352.1 meters in 2019 which indicated a mean gradual patches isolation in the
Gishwati-Mukura forest corridor during 1990-2019.

4. Discussion

Analysis of the changes in forest cover and landscape dynamics in the Gishwa-
ti-Mukura forest corridor using LULC time series revealed that the interchanges
among the cover types were rendered by changes of forest cover from 1990 to
2019. The results revealed tremendous deforestation where approximately 64.22%
of forest cover was completely cleared out over 29 years. This expresses an an-
nual loss of 262.6 ha (2.21%) from 1990 to 2019. This loss in forest cover has
been converted into different classes among land cover types found in the corri-
dor. The geo-statistical analysis indicated that extensive deforestation was asso-
ciated with intensive agriculture that occupied approximately 29.46% in 1990,
which is highly increased 57.22% in 2019. The analysis highlighted that conver-
sions among the land cover types triggered the reduction of forest cover in this
biological corridor. Given that in the very first years, dense forest type changed
into the sparse forest and after major transitions mainly occurred to sparse forest
class, the results indicated that 52.05% of the sparse forest were transformed into

Table 3. Selected landscape metrics applied on forest land cover of Gishwati-Mukura bi-
ological corridor in 1990 to 2019.

Year CA NP MPS CPLAND LPI PD MSI ENN_MN
1990  8936.44 60 148.94 75.34 72.72 0.5 1.514 101.67
2000  3262.69 672 4.85 27.5 2.65 5.66 1.36 117.67
2010  3090.87 359 8.6 26.06 11.19 3.02 1.34 151.05
2015 1914.63 563 34 16.14 3.97 4.74 1.27 143.79
2019 1319.34 175 7.53 11.12 2.97 1.47 1.2 352.12

CA: Class Area; NP: Number of Patches; MPS: Mean Patch Size; CPLAND: Core Area
Percentage of Landscape; LPI: Landscape Patch Index; PD: Patch Density; ENN_MN:
Euclidian Nearest Neighbor; MSI: Mean Shape Index.
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annual cropland. Therefore, these transitions among land cover classes exerted a
certain influence on forest cover change (Deforestation/degradation). The as-
sessment of forest degradation/fragmentation based on landscape analysis at the
class level, revealed that the values of MPS decreased proportionally with an in-
crease of NP, the lowest MPS values were calculated in 2000 and 2015 during the
whole study period. The analysis of MPS indicated that the forest inside the
Gishwati-Mukura corridor was extremely fragmented. Since Gishwati-Mukura
was named a National Park and even before nomination from normal forest to
ecological reserve, the diverse scientific studies addressing the new officialised
have occurred, however there was little to non-remote sensed information about
the physical degradation based on landscape metrics was yet assessed in this re-
gion. However, as reported by previous studies (Bettinger et al., 2017; Keles et
al., 2008; Frohn & Hao, 2006) similar investigations highlighted that the greater
the MPS the lower the degradation, conforming to the findings of this study es-
pecially the analysis of several patches and edge density (Table 2). The MPS has
considerably reduced over the years, which indicated the high level of forest
fragmentation, hence the forest was highly fragmented, the following assump-
tion that the greater the number of patches the greater the subdivision of forest
cover that may have occurred until some patches started to get disappeared due
to gradual forest degradation.

The NP revealed that the forest was heavily degraded and subdivided into
numerous patches from 1990 until some of the patches disappeared as is explained
by the CA and CPLAND which dramatically kept reducing over the years. The
forest Largest Patch Index which is a simple measure of dominance revealed that
in 1990 the forest land use class was in high dominance which reduced over the
years according to the level of fragmentation of the forest. The PD which simply
measures fragmentation expressed the transition period of 2000 as the most
fragmented period over the study period as many other metrics revealed and the
Mean Shape Index values continually decreased indicating a more regular shape;
patch shape changed to a more regular one close to circle with straight lines
(Figure 4(a)). The aggregation of forest patches also was analysed to check the
shortest edge-to-edge distance between patches of given land use. Euclidian
Nearest Neighbour is the simplest measure of patch context and has been used
extensively to quantify patch isolation as reported by McGarigal et al. (McGarig-
al et al., 2002). This method helped to verify the degradation of forest given
fragmentation due to understanding of the shortest edge to edge distance be-
tween patches of given land use where the greater ENN-MN signifies patches
isolation in which implies high fragmentation. ENN is the shortest edge-to-edge
distance between patches of given land use; for this case, the patch distance be-
tween edges has been increasing from 101.6 m in 1990 to 352.1 m in 2019 which
means gradual patch isolation as the period has gone (Figure 4(b)).

Gishwati-Mukura Corridor is a potential biological corridor that was pro-
posed by the management of the Gishwati-Mukura new National Park to be

linking Gishwati and Mukura forest reserves which were two separate parts of
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Figure 4. Landscape metrics of (a) variation of the MSI representing the mean patch shape; and (b) Mean Euclidian Nearest
Neighbor (ENN_MN) values showing the shortest edge to edge distance between patches of a given land use.

the newly established park for restoring the connection that will allow animals to
migrate between the protected areas and ensure gene exchange between the pop-
ulation of chimpanzees, improve environmental quality and quantity of life in
rural communities and demonstrate the practices and benefits of sustainable
conservation-compatible land uses (Clay, 2019). Thus, the results of this study
highlighted extreme forest loss (deforestation/degradation) especially over the
first decade, where the statistical trends imply that from 1990 to 2000 alone; a
total of 567.3 ha (4.78%) of forest cover each year was lost which is extremely
higher compared to other following year periods. The 1994 genocide and post-
genocide situation was the cause of this boundless deforestation where about
15,000 ha of forests were destroyed and 35,000 ha damaged during the genocide
countrywide (REMA, 2009) and after genocide mass clearing and removal of
natural forests took place for the purpose of making more land available for the
relocation of refugees and displaced people which reduced up to 92% of pro-
tected areas from 1993 to 2006, where for example some of the areas of the Aka-
gera National Park, Gishwati and Mukura forests were partly cleared and re-
duced in size to build refugee camps and to resettle returnees (Moodley et al.,
2011). Deforestation was also aggravated by households seeking wood as a source
of energy wherein 2004 it was reported that the livelihoods of 90% of the rural
population make forest resources the primary source of domestic energy and
fuel (Minicofin, 2015). Several other factors have contributed to the observed
losses including but not limited to the anthropogenic activities that have played
a leading role throughout the degradation process. The effect of anthropogenic
activities was generally evaluated based on population growth. Currently, the
Rwandan population grew almost doubled from 7,288,882 in 1990 to 12,626,950
in 2019 (National Institute of Statistics of Rwanda (NISR), Ministry of Finance
and Economic Planning (MINECOFIN) [Rwandal; 2012. Rwanda Fourth Popu-
lation and Housing Census., 2012), and this has considerably made a great pres-

sure on natural resources including natural forest degradation and disappear-
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ance level due to most notably inside the forest and in surrounding areas (forest
buffer zones) through exacerbation of intensive agricultural and pastoral activi-
ties.

Worldwide, agriculture has contributed hugely as the major cause of the de-
forestation and degradation of tropical forests (Carter et al., 2018; Ickowitz et al.,
2015) for about 90% of forest loss was accounted to be cleared for agriculture
extension purposes (Benhin, 2006). Assuming that agriculture and forestry are
the two competing uses for land, the Gishwati-Mukura forest corridor also has
experienced a tremendous increase in agriculture over the last two decades which
has majorly led to the deforestation and degradation of the corridor. The corre-
lation of forest change values and the annual cropland was higher with R* =
0.5646. The cultivated area has apparently increased each year which implied the
spatial forest loss where the cropland increase adjacency was calculated (Figure
5).

Inconsistent with our hypothesis that deforestation has ceased since the estab-
lishment of the Gishwati-Mukura forest corridor in 2015, forest degradation
continued despite. This might be related to the fact that the land within the cor-
ridor still belongs to the communities, the government is still seeking expropria-
tion to reduce to the minimum the disruption and dislocation of the corridor
communities (Bizimana et al., 2016).

This research was designed to deal with spatial and temporal forest physical
degradation and delineated the proximity of forest change in the Gishwati-Mukura
corridor over two decades; maps and the discussed forest cover change, and for-
est physical degradation through land cover and landscape metrics and statistical
forest change provided were not yet assessed and presented by any other study
so far. The limitation of this research was a lack of prior research. Due to the
currency of this study, the fact that the biological corridor was proposed and es-
tablished in 2015. Very few preceding research studies address this region. Gen-

erally, citing previous research studies usually lay a foundation for understanding
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Figure 5. Linear correlation representing the relation between Gishwati-Mukura corridor
deforestation and the increase of agriculture during the two last decades.
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the research problem under investigation. Therefore, there is an urgent need for
more research proposing different restoration scenarios and indigenous tree

species to plant to preserve the natural habitat for further studies.

5. Conclusion

This study used remotely sensed datasets, Geographic Information System (GIS)
techniques and Landscape metrics to quantify and analyze the spatial and tempor-
al forest cover change and physical landscape dynamics in the Gishwati-Mukura
corridor. The results revealed extreme forest loss (deforestation/degradation) in
the Gishwati-Mukura corridor at least over 64.22% of the total forest cover was
cleared during the period. The obtained high deforestation and fragmentation
rates were totally associated with an inventoried extensive agriculture in this re-
gion. The study has focused on spatial and temporal changes of forest cover and
physical degradation. Thus, the findings of this study will serve as the corner-
stone of numerous other research that will contribute to the conservation and
management of the corridor as well as the GMNP. Therefore, to strengthen the
sustainability, resilience of the forest, and the National Park values and man-
agement, authors are encouraging and recommending a deep consideration of
landscape ecological approaches (ecosystem-based conservation) with response
to the economic and social concerns of the community living around. For, it is
recognized that sustainability cannot thrive without the participation of the local
population. In future, Restoration scenarios should consider planting indigenous
tree species to restore the natural habitat conditions, the water balances and nu-
trient cycles. To support the biodiversity of native species, reduce the vulnerabil-
ity to large outbreaks of insects’ pests and diseases that set back reforestation ef-
forts and species that will be well known and valued by local communities for

their non-timber benefit.
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