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ABSTRACT

Habitat fragmentation, arising from anthropogenic activities, is one of the main threat to biological
diversity and primates in particular. However, primate species differ from each other in responding to
fragmentation vulnerability. The chimpanzees considered as endangered and rare species, with low
fecundity have been identified to be much more affected by fragmentation and habitat degradation. This
study aimed to assess the chimpanzee habitat fragmentation within and around the Cyamudongo forest
patch in the perspective of identifying where future potentially chimpanzee habitat can be restored to
connect isolated forest patches with the contiguous forest of Nyungwe in Rwanda.

This study used remote sensing data to map and detect land cover change in the landscape located
between Cyamudongo and Nyungwe National Park through 1989, 2005 to 2013 and then quantify spatial
patterns changes in forest cover in 1989, 2005 and 2013 with FRAGSTATS™. This research defined areas
suitable for chimpanzee habitat as well as the areas biophysically suitable for the establishment of
ecological corridor. The results showed the total forest area in 1989, 2005 and 2013. Forest degradation
increased during the period of 1989-2005, but decreased as from 2005 to 2013. The number of forest
patches increased in 1989-2005 indicating more fragmented landscape and decreased during the period of
2005-2013. This research pointed out areas that are most suitable for reforestation efforts based
biophysical variables, namely land cover, forest patches, protected areas, slope, distance to settlements,
distance to roads, distance to rivers. The application of least cost path analysis with corridor design and
ArcGIS software produced three corridors path, the corridor path 4 has potential to connect several
fragmented forest patches between Cyamudongo and Nyungwe National Park.

This research generated baseline data against which long term impact of fragmentation on chimpanzee in
Rwanda can be assessed for better conservation and protection of chimpanzee population in their natural
habitat in Rwanda.

Key words: Remote Sensing, habitat fragmentation, Chimpanzee, habitat suitability, corridor modelling,
Cyamudongo forest
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1. INTRODUCTION

1.1. Distribution, status and conservation of the chimpanzee

Together with the gorilla (Gorilla gorilla sp.), bonobo (Pan paniscus) and orangutan (Pongo sp.) the chimpanzee
(Pan troglodytes) makes up a group of four great apes species. The chimpanzee, close relatives to human
being, are divided into four subspecies and widespread of all species of great apes in 24 African countries
as follows: P. t. Schweinfurthii (Eastern Africa), P. . ellioti (Cameroon and Nigeria), P. % verns (Western
Africa), P. ¢ troglodytes (Central Africa). The population size of chimpanzees has dramatically declined in
the last decades and disappeared in the wild in some Western African Countries such as Benin, Togo,
Gambia and probably in Burkinafaso due to improper management regulations, habitat loss and hunting
(Kormos et al. 2003). Moreover, the number of chimpanzees has reduced from 1,000,000 in 1900 to
around 300,000 individuals surveyed in 2003 (JGI 2014a). As a result, these creatures are classified as an
endangered species on the IUCN Red list of threatened species and considered as species of global
concern (Plumptre et al. 2010).

Chimpanzee natural habitat is under pressure across Africa. Human activities such as mineral extraction,
illegal logging, charcoal production, agricultural expansion, hunting for bushmeat and illegal trades of
infants are mentioned to gravely threatening chimpanzees. Although the four subspecies of chimpanzees
face similar threats, some local threats are found. A survey conducted by IUCN in 2010 reported that
Eastern chimpanzees and their habitat are particularly threatened by habitat loss and fragmentation in
Uganda, Tanzania, Burundi and Rwanda (Plumptre et al. 2010). In the Republic Democratic of Congo
(DRC), a large number of chimpanzees have disappeared in the last decades due hunting, trade of infant,
diseases such as Ebola epidemic which killed a large number of chimpanzee population (Beudels-Jamar et
al. 2008). In the Central African Republic (CAR), chimpanzee are target for bush meat which is aggravated
by armed Sudanese poachers, refugees, militia, poor law implementation and high level of human suffering
(Plumptre et al. 2010; A.P.E.S 2014).

International awareness on chimpanzees conservation and protection has been growing progressively
since 1960's started in Gombe National Park in Tanzania. Under the financial support from Leakey
Foundation, Jane Goodall came to Gombe to study chimpanzees in July 1960. She was the first to closely
study chimpanzees in their natural habitat. She became world famous by discovering that chimpanzees are
capable of making and using tools (Goodall 1990). Moreover, Jane Goodall, learned that chimpanzees and
their habitat are threatened from human related activities namely agriculture, hunting, etc. She decided to
stay in Gombe and started speaking to the world on the importance of protecting chimpanzees. Later
1980's, she created the Jane Goodall Institute, a famous institute dedicated to the conservation of
chimpanzees and protection their habitat with the aim of improving the global understanding and
treatment of great apes through education, advocacy and research (Goodall 1990).
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Despite the effort of the global community in protecting chimpanzees, the conservation struggle
continues to reduce human pressure on chimpanzee habitat. Today, similar initiatives or projects have
been launched in different part of the continent where chimpanzee are vulnerable. The Tai Chimpanzee
project in Cote d'Ivoire (Tai et al. 1995), The Budongo Conservation Field Station in Uganda (Babweteera
and Reynolds 2014) and The chimpanzee Conservation Centre in Guinea Bissaou (Slayback et al. 2011).
Moreover, a large number of conservation agencies and organization are jointly working together to
address the urgent conservation problems facing the chimpanzees. Some of them signed protocols to
ensure the long term conservation and management of chimpanzees habitat. Among them WWT, CITES,
FFI, CMS, CI, GRASP, etc. Primatologist, conservation biologists and ecologists decided to build
databases to facilitate access, information sharing, education and research on chimpanzee and it's
consetrvation (A.P.E.S 2014).

1.2. Habitat fragmentation

In order to better understanding the concept of habitat fragmentation and its effects, the term habitat
must be clearly explained. The term habitat has been defined by many conservation scientist but that term
has been most of the time been confused with the term vegetation type (Franklin et al. 2002). He defined
the term habitat as an as an assemblage of resources and conditions required for an animal species to
survive; or a set of environmental conditions such vegetative association, cover type that an animal may
use to survive. According to Franklin et al. (2002) habitat fragmentation can also be defined as 1. The
reduction and isolation of patches of natural habitat 2. an alteration of the spatial configuration of natural
habitats 3. a landscape transformation that includes the breaking of large habitat into many smaller pieces,
4. when a large, fairly continuous tract of a vegetation type is converted to other vegetation types such that
only scattered fragments. Generally, the habitat fragmentation is an ecological process in which a large
patch of habitat is divided into smaller patches of habitat (Arroyo-rodriguez et al. 2013).

Fragmentation has become a major subject of research and debate among conservation scientists (Franklin
et al. 2002). Habitat fragmentation is a major factors that contribute to the decline of many wildlife species
including carnivores (Anitha et al. 2013), plants (Hadley and Betts 2012), invertebrate (Leidner and
Haddad 2011), reptiles (Lehtinen and Ramanamanjato 2006), birds (Andren 1994) and
primates(Chancellor et al. 2012; Chapman et al. 2007). Among various species, the most affected are those
with low fecundity, wide ranging species, species with low population density, endemic species and species
with natural rare status. Therefore, among the critically impacted species we include the chimpanzee as
they exhibit all the above listed characteristics (Plumptre et al. 2010). In the case of chimpanzee, habitat
consists mainly of forest vegetation. A large number of them can also live in rain forests, most preferably
in primary forest with high trees (Basabose 2005). Chimpanzees live in social communities that range from
5 to 150 individuals while searching for food and nesting (Basabose et al. 2002). Chimpanzees feed on ripe
fruits, they spend 80% of the time feeding and their food sources comprised around 56 different plant
species of which 94% (Tweheyo et al. 2004). Chimpanzees home ranges varies between 5-20km2 per
community in Gombe and up to 30-40 km2 in other forest site (Pintea 2007).

In Rwanda, chimpanzees are found in three nature reserves Nyungwe National Park, Cyamudongo forest
and Gishwati natural forest. These reserves are mainly composed of mountain rainforest. They are part of
the Albertin Rift afro-mountain and are considered as home to a large number of endemic fauna and flora
species such as Birds, primates and plant species (Barakabuye et al. 2007). However, rainforest in Rwanda
are facing rapid degradation, loss and change following deforestation for settlement, farming, agricultural

activities and soil erosion. As a result the forest vegetation, the primary habitat of chimpanzees, is cleared.




A status survey conducted by Wildlife Conservation Society (WCS) in Nyungwe National Park (NNP),
showed that chimpanzee population has been decreasing from 382 individuals in 2004-2005 to 306
individuals in 2009 due to fires occurred in the year 2000s where almost 13% of the park was
burned(Barakabuye et al. 2007; Plumptre et al. 2010). Gishwati forest reserve is also home to 9-19
chimpanzees (Chancellor et al. 2012). This reserve was once the largest forest in Rwanda, but has
significantly decreased in size over the last 30 years. This forest has been deforested and reduced in size
from 280km2 to 6 km2 remaining today. This extreme deforestation was due to the use of woody
resources for farming and agricultural activities and the 1994 genocide (Guinness et al. 2014). A small
population of 37-41 chimpanzees currently reside in the Cyamudongo forest (Chimpanzee trackers,
personal communication, October 10 2014) is isolated from other population in the NNP. Although
habitat loss, hunting, and disease are threats to isolated populations, inbreeding poses a long-term threat to
the survival of a small isolated population. The genetic diversity of the community appears to be similar to
larger, less isolated communities in the same region, susggesting that inbreeding has not become a
significant issue yet (Chancellor et al. 2012). Though this community has not experienced significant
genetic diversity reduction, it has been predicted that if such a small population remains isolated,
inbreeding is inevitable and will cause a bottleneck of genetic diversity (Chancellor et al. 2012).

1.3. Remote sensing of chimpanzee habitat change

Remote sensing techniques have proven to be a good spatial tools for acquire data to map land cover
changes. Many other researchers (Alqurashi and Kumar 2014; Dewan and Yamaguchi 2009; Fichera et al.
2012; Pintea 2007; Pintea et al. 2003; Wasige et al. 2013) used Landsat data for land cover mapping and
change detection purposes. Pintea (2007) used Landsat imageries to detect and monitor changes of forest
structures at the landscape. He also investigated the use of Landsat data to map chimpanzee habitat in
Gombe National Park between 1972-1999. Pintea outlined three types of information that can be
accurately generated with the aid of remotely sensed data, namely forest extent, the type of forest, forest
cover and forest biophysical properties. He also stated that remote sensing can provide baseline
information that can help in assessing deforestation and supporting conservation related activities. It can
also help to identify areas of interventions to improve livelihoods of the population living around
protected areas and encouraging them to reduce threats to protected areas. Reinartz et al. 2008 used
Landsat TM images to investigate the habitat use bonobos in the Democratic Republic of Congo. He
found that the images with 30 meters resolution can be used to map the generalized forest structure.

Chimpanzee habitat can be fragmented due to human related activities. This resulted in the conversion of
natural habitat into farmland, and other land use types. Several methods and techniques have been
developed and applied to quantify fragmentation. Landscape spatial pattern analysis software FRAGSTAT
is used to analyse spatial pattern at three different scales namely patch, class and landscape scales and
nearly 40 kinds of spatial metrics can be calculated. Hickey et al. 2012 developed and applied four
landscape metrics edge density, cohesion, contagion and Class area, to characterize potential suitable
habitat of Bonobos and found all of them performing better especially Edge Density (ED) which was the
best predictor with 72.1% in mapping bonobo habitat. They conducted a moving in FRAGSTATS
software (Mcgarigal et al. 2002) to calculate the above mentioned metrics on each of the forest cover

layers.
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By applying habitat suitability models, a destroyed chimp habitat that perhaps can be restored into suitable
chimp habitat could be mapped. Different habitat factors namely, land cover, protected areas, distance to
roads, distance to villages and can be used to determine the best suitable areas. For example, riverbanks of
wetlands which are protected by country’s wetlands Organic Law N° 04/2005 (REMA 2011) could be
used to connect different patches. This law recommend 20 meters from river banks to remain free of
human made activities. Agro-forestry and tree planting activities could also be another potential action
that could involve local community to take action to the restoration of degraded habitat. In Tanzania,
Lake Tanganyika Catchment Reforestation and Education (TACARE) Progam initiated in 1994 is a good
example. People around lake Tanganyika and Gombe national reserve are encouraged to actively protect
chimpanzee habitat through reforestation (JGI 2014b)

In Rwanda (Saad et al. 2013) elaborated a reforestation suitability map and an ecological corridor that
would be beneficial for national parks managers for future plans to connect Nyungwe forest, Mukura
Forest and Gishhwati to enable free mobility of chimpanzees. A similar study in Uganda, considered
chimpanzees habitat specific required to build a corridor model that will enable mammals including
chimpanzees to move across many patches of the Murchison-Semliki landscape (Nangendo et al. 2010).
Therefore, this research seeks to assess the forest cover changes over the last 30 years, to examine the
fragmentation of the forest between Cyamudongo and Nyungwe forest, to assess habitat suitability in the
study area and determine the most promising location of an ecological corridor when habitat restoration is
considered to take place.

1.4. Problem statement

A small population of chimpanzees currently resides in the Cyamudongo forest patch , isolated from other
populations in the big forest of Nyungwe National Park. Although diseases, farming, agricultural practices,
hunting and habitat loss are setious threats to chimpanzees (Plumptre et al. 2010), inbreeding also poses a
long-term threat to the long term survival of a small isolated population, such as these chimpanzees.
Additionally, there is a lack of baseline data and information about chimpanzee habitat and restoration in
Rwanda. Up to date, no study attempted to analyze fragmentation in chimpanzee habitat in relation to the
spatial configuration of forested landscapes such as forest patch size, patch isolation, etc. and this gap rises
serious concern on long term viability of the chimpanzee population inhabiting fragmented areas like
Cyamudongo forest. The research findings will serve as baseline data against which short and long term
impacts of fragmentation on chimpanzee population can be assessed and conservation and restoration
measures can be considered. In this way this study hopefully contributes to better conservation and
ensuring long term survival of these endangered animals in their natural habitat in Rwanda.

11



1.5. Research objectives

Overall objective

To assess the chimpanzee habitat fragmentation within and around the Cyamudongo forest patch in the
perspective of identifying where future potentially chimpanzee habitat can be restored to connect isolated
forest patches.

Specific objectives

To analyze the chimpanzee habitat within and around the Cyamudongo forest patch over the last 25 years;
To map and detect changes within and around the Cyamudongo forest patch over the last 25 years;

To assess the suitability of chimpanzee habitat within and around the Cyamudongo forest patch;

To quantify fragmentation patterns of chimpanzee habitat within and around the Cyamudongo forest
patch over the last 25 years;

To identify areas best suited for the corridor establishment to expand chimpanzee habitat in the future.

Research questions
What is the current distribution of forest patches around the Cyamudongo forest and how did this
develop in the past?
What were the changes in forest fragmentation over the last 25 years?
What are the areas suitable for chimpanzee habitat?
Which areas are biophysically suitable for expansion of chimp habitat in view of connecting the isolated

forest patch to the main forest arear?
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2. MATERIALS AND METHODS

21.  Study Area
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Figure 1: Geographic location the Cyamudongo-Nyungwe landscape

The image in (figure 1) is an high resolution aerial photographs which was taken in 2008 in an aeral survey
mission conducted by Swedesurvey and was acquired from Center of Geographic Information System and
Remote Sensing of the University of Rwanda (CGIS/UR).

The study area includes the landscape extended between Cyamudongo forest, a small forest patch and
Nyungwe National Park. It shows landscape and boundaries of natural forests. The Cyamudongo forest
patch in the southwest and Nyungwe forest in the north east corner.
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Nyungwe National Park is a high-altitude, mountainous tropical rainforest situated in the South-western
of Rwanda between the latitude of 02°15'-02°55'S and longitude 29°00'-29°30'E. Nyungwe was
established in 1933 as a natural forest reserve and gazetted as a national park in 2005. It covers a total area
of 970 km and together with neighbouring Kibira National Park in North of Burundi, it forms one of the
largest tropical mountain forests in Africa (Plumptre et al. 2002). As a tropical rainforest, the climate in
Nyungwe is general cool, with annual precipitation average of 1744 mm (Kaplin et al. 1998). The daily
temperatures vary throughout the year with average minimum of 10.9°C and maximum of 19.6°C.
Nyungwe is home to a wide range of mosaic types vegetation (Sun et al. 1996). Apart of being a tropical
montane rainforest, various and unique vegetation types are found in in Nyungwe namely, high altitude
wetland, bamboo, acacia woodland, savanna grassland and this mosaic make the forest a habitat to many
wildlife species.

Nyungwe counts more than 265 plant tree species with at least 24 species that are endemic to the
Albertine Rift. Various tree species are found therein including Philippia benguelensis, Aganria salicifolia,
Faurea saligna and Hagenia abyssinica and so many others (Gapusi 2007). Nyungwe forest is also home the
world’s most threatened primate species makinf the forest one of the montane rainforest rich in primate
communities in Africa (Kanyamibwa 2013). Of particular interest are the spectacular association of more
than 300 black-and-white Colobus monkey (Colobus angolensis ruwenzorii), an estimated 500 chimpanzees
population (Pan troglodytes schweinfurthiz), the owl-faced monkey (Cercopithecus hamlyni), golden monkey
(Cercopithecus mitis kandti) and so many others (USAID 2008, Masozera 2002; Plumptre et al. 2002).
Nyungwe is very rich in birds species and ranked second only to Itombwe Massif in the Democratic
Republic of Congo (DRC) to hold a large number of various birds species that are known endemic in the
Albertine Rift region (Plumptre et al. 2002).

Cyamudongo forest is a small forest of 410ha located in the south-western of Rwanda (02°33.12°S
28°59.49°E) in eight km away from Nyungwe National Park (NNP). Its altitude ranges between 1,700 to
2,000 m above sea level. Cyamudongo forest is home to a wide range of fauna and flora species. These
include a group 41 chimpanzees (Pan troglodytes schweinfurthii), baboons, mona monkeys, important bird
species and so many plants species. The vegetation of the forest is dense with some common different
tree species like Chrysophyllum gorungosanum, Croton spp., Newtonia buchananii, Alanginm chinense and 1 eptonychia
melanocarpa (BirdLifelnternational 2014). Historically, Cyamudongo forest was connected to Nyungwe in
its northeastern side. However, due to human population increase, forest conversion into farmlands and
agricultural lands as well as into tea plantation, Cyamudongo forest was progressively reduced in size up to
410 ha of its natural forest remaining today.

Various man made and illegal activities area still threatening the forest namely, encroachment, trees
logging for housing construction, agricultural support and for making bricks. Native people in the area
who actually depend on forest resources to survive are usually cutting trees in the core and buffer zones as
well as collecting firewood. These actions are sources of conflict between native people and park managers
whose primary responsibility is to make sure the remaining forest of Cyamudongo is well protected against
any human related activities.

Due to its richness in unique wildlife such as chimpanzees, Cyamudongo was officially annexed to
Nyungwe National Park in 2005 to enhance its management and protection. Because of its small size,
Cyamudongo forest has been considered a natural reserve that needs much attention in conservation and
involve local community in it's protection. In this perspective, tourism and research activities were
initiated therein to provide revenues to the local communities so that they feel in conservation practices.
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Being smaller, it is much easier for tourists and researchers to track chimpanzee in their limited home
range of Cyamudongo.The chimpanzee attracts many researchers and tourists. As as result, research and
tourism activities provide daily income to the local population to sustain their families. According to Mr
Télésphore Ngoga, Conservation Division manager, who has management and conservation of natural
parks in his attributes, tourism was initiated in Cyamudongo to particularly offer guarantee and long term
protection to remain chimpanzee population. Other possible attractions in that forest are hot springs, bird

watching, nature walks, cultural tourism, and a cave with cultural myth to it.
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2.2 Materials

The following equipments were used in this research (tablel)
Table 1: List of equipment

Equipments Used for:

1. GPS Garmin Etrex
To collect and locate GPS points of variables (% covet, tress

species and height
2. Mobile GIS To navigate to selected sample point
To collect and locate GPS points of variables (% cover, tress

species and height)

3. Binocular To visualize chimpanzees in the trees and tree species recognition

4. Digital camera To take photos during field work and recording interviews.

5. Data collection form To collect vegetation structure data (% cover, tress species and
height)

6. 50 meters tape measure To measure the plot size

7. High resolution image from To select and recognize sample plots

Google Earth To define field classes

8. Topographic map Georeferencing Landsat images to the coordinate system of
Rwanda (WGS84, projection: UTM zone 35)

9. Orthophoto of 2008 To select and recognize sample plots
To define field classes

The following software were used in this research (table2)
Table 2: List of software:

Software Use for:
1 ERDAS Imagine 10.1 Image classification
2 ArcGIS 10.1 Data preparation, map productions
3 ILWIS3.8 Image processing and analysis
4 FRAGSTAT Landscape metrics calculation
5 Corridor Design Habitat suitability and corridor modelling
6 Microsoft Excel Data entering, preparation and statistical analysis
7 Microsoft word Reporting
8 Microsoft Visio Flowchart

The following are different data types used in this research (table3):
Table 3: List of data

Data Source
1. Landsat data TM 1989 & 2005 and http://glovis.usgs.gov/
ETM+ 2013
2. Topogtraphic map 1988 CGIS/UR
3. Aerial photograph 2008 RNRA
4. High resolution image (Google Earth) Geodata Warehouse-ITC
5. Vegetation structure data (% trees Field work
cover, tree species and height)
6. Digital Elevation (DEM) data Geodata Warehouse - ITC
7. Roads, rivers, villages, protected Areas RINRA
shapefiles
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2.3.  Land cover change mapping

2.3.1. Field Sampling:

Stratified clustered sampling method was used for field observation. In stratified sampling, the land cover
types are grouped together based on similarities of spectral characteristics. Stratified sampling is necessary
and aid to make sure that small but important land cover are included in the collected samples (Congalton
& Green 1999). With the aid of aerial photo of 2008, 150 representative sample points distributed within
the study area boundary were selected. The selection of these samples points depends different
characteristics of land cover (pattern, color, texture, etc). Taking into consideration the easy accessibility of
some location of the study area, a cluster of 4 (four) sample points were settled around each of the
selected sampling units in East, West, South and North direction at an estimated distance of 150 meters
each. A sample plot of 20m of radius was applied and for each sample point a data collection form
(appendix) was used to fill in the relevant data observed.

To describe the composition and structure of the land cover types, sample plots were visited in the field
and predominant land cover type was sampled first based on different variables such as estimated
percentage cover, trees species, trees height. Handheld mobile GIS and GPS were used to navigate to each
selected sample point. Others field equipments were also used during fieldwork among them digital
camera, 50 meters tape measure, binocular, topographic map, high resolution image from Googgle Earth,
orthophoto of 2008, false color composite of TM, ETM+ satellite images. Based on the satellite image
and field observation, a list of map classes which could be distinguished on the satellite image was
elaborated. As a results (4) four land cover types were identified within the defined study area (table4).
These classes are forest, tea shrubs, crops and bareland & settlements. To obtain information about the
forest cover change local leaders, park authorities and elderly people in the villages located in between the
Cyamudongo and Nyungwe forests were interviewed. The interviews were conducted through video
recording.

Table 4: Description of land cover classes

LC Classes General description

Forest Natural and private (plantation) forest. Those are trees with open and
close canopies. Those trees includes nesting and food tress of
chimpanzees in Cyamudongo and Nyungwe forest such as: Cymphonia
groblefela, Syzyginm guineensis, Dombea gotseenii, Ficus sp., Carapa grandiflora,
etc., trees in the buffer zone: pinus, grevillea and cypress and trees

owned by local population such as eucalyptus.

Crops Farmlands, horticultural farms and areas covered by various crops
that are grown in the region namely: banana plantation, beans, soya,
coffee, cassava, irish potatoes, etc.

Tea shrubs The tea-plant, in their natural state, grows either in the small or
medium sized tree.

Bareland+ Area with sand plains, unpaved roads, excavation site. It also include
settlements human settlement or residential site, commercial and business, public

centers such as schools, health centers and churches, etc.
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2.3.2. Image classification:

The Landsat images TM 1989 & 2005 and ETM+ 2013 were downloaded from the USGS Global
Visualization View (http://glovis.usgs.gov/). The cloud free images were chosen and georeferenced to the
coordinates system of Rwanda (WGS84, projection: UTM zone 35) using a topographic map which was
generated in 1988. Their main characteristics of the Landsat images (appendix) are summarized in (table

5).

Table 5 Landsat images used in forest cover classification

Satellite No. Pixel Observa Source

Type & of resolutio tion

Sensor Band n (M) date
Landsat5 TM 6 30%30 August, 1989 http://glovis.usgs.gov/
Landsat7 ETM 6 30*30 July, 2005 http://glovis.usgs.gov/
Landsat8 7 30*30 July, 2013 http://glovis.usgs.gov/

The downloaded landsat images were enhanced before using them. Spatial enhancement and spectral
enhancement techniques were applied in ERDAS Imagine ™ 10.1. The downloaded images are separate
TIFF files bands which covered the large area and go beyond my study area. In first instance, the image
combination of all bands, starting from band 1 up to band 7 except band 6 and 8 was performed into
ERDAS Imagine™ 10.1. The layer stack tool was used for bands combination. Supervised classification
with Maximum Likelihood Classification (MLC) algorithm techniques in ERDAS imaginel0.1 software
were employed to classify the digital images into the defined land cover types: forest, tea shrubs, crops,
bareland & settlements. A hundred and fifty (150) samples collected during field work were used to
classify and valiate the images. A hundred and five (105) samples were used as training samples to classify
the landsat images; forty five (45) were used as testing samples to validate the classified images. The MLC
algorithm assigns a pixel to a particular land cover based on covariance information. A 3x3 majority filter
has been applied to the classified images to eliminate and replace isolated pixel with values of their
surroundings (Wasige et al. 2013)

The classification accuracy of classified images of 1989, 2005 and 2013 was assessed and an error matrix
tables were elaborated. The Kappa coefficient was used to statisticall compare the classification accuracies
of classified images of 1989, 2005 and 2013 using the (equation 1). The Z test value was also used to test if
there a significant difference between two pairs of classified images. 1f the z-value is greater than or equal
to 1.96, it means a statistically significant difference at 95% confidence between two Kappa statistics. This
corresponds to a P value less than or equal to 0.05 (Wang et al. 2009).

N—2X|+X+i - 1—62 . Equation 1
I———---======i=:-1:--—_—_—_—-—-—-—_—_—_—-— ---------- :
1 rX”l: Xit X +i!
P
i=1 1 i=1 !
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Where and "t" is the numbe rof rows in the error matrix, "xii" is the number of observations in row i and
column i, and Xi+ and X+i represents the marginal totals for column i and row respectively, and N the
total number of observation.

To define two classes: Foret and Non forest, the land cover classes of images of 1989, 2005 and 2013 were
reclassified. Therfore, Forest class remained as forest whereas tea shrubs, crops and bareland & settlemets
classes were combined into non forest class. These two classes served as input for further analysis of
fragmentation analysis

2.3.3. Change Detection:

To identify the land cover change that occurred during the years 1989-2005 and 2005-2013, a post
classification comparison approach of the land cover maps from the years 1989, 2005 and 2013 was
applied in ArcGIS 10.2 overlay tools..

/ / / / / /
/ TM1989 / ,/ TM 2005 ,/ ETM2013 /
z'/ / z'/ / // //

v v A4
Supervised Supervised Supervised
classification classification classification
4 w v

/ / / / / /
/ / / / /
/ LC map 1989 J / LC map 2005 / /,/ LC map 2013 /
/ / 7 / / ,/

.
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cross matrix

y
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L
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/ ' f
/ LC change
/ 1989-2005 & 2005-2013 /
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Figure 3: Post classification land cover change detection
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24.  Fragmentation analysis

A software package called FRAGSTATS was applied to quantify fragmentation patterns. FRAGSTATS
was developed by a team of conservation scientists, ecologists, forest managers of the Department of
Forest Science of Oregon State Univeristy, USA (Mcgarigal 1994). Two versions of FRAGSTAT have
been developed and are currently used to calculate and analyse landscape metrics, Raster (Image maps)
and Vector (ARC/INFO) vetsions.

In this research, the raster version was employed to compute metrics with a constant spatial unit and to
create a continuous landscape metrics surface for statistical analysis, by using a square moving window
computing technique. Within each window, each selected metric is computed. By selecting moving
window mode, the following parameters of that window should be specified: shape and size in meters and
then the moving window is passed over the grid until every positively valued cell containing a full window
is assessed. The output is a new grid for each selected metric. FRAGSTAT is useful, appropriate and
helpful to analyse landscape fragmentation or provide detailed characteristics of landscape as well as
components of those landscapes at different levels (Mcgarigal 2014; Cak et al. 2008). Three kinds of scales
exist: patch, class and landscape (Mcgarigal 2014) and neatly 40 landscape indexes could be quantified.
The descriptions of landscape metrics and their corresponding scales are found in the user’s guide of
FRAGSTATS (Mcgarigal 2014). In this research, forest cover maps of 1989, 2005 and 2013 were used for
fragmentation analysis. Due to the shortage of publication on fragmentation analysis for primates, other
publications on Panda (Tong 2011, Sun 2011) and bonobos in DRC (Hickey et al. 2012) were used to
identify landscape metrics that best describe the habitat fragmentation for chimpanzees. Therefore, the
relevant metrics were selected and used in this research. These metrics are (1) Patch density: PD (2) Mean
patch area index: Area MN (3) largest patch index: LPI and (4) Mean proximity index: PROX_MN. A
short description of these metrics are provided in table 5 and more details on them are found in
(Mcgarigal 2014; Kele et al. 2008; McGarigal et al. 2012)

Table 6: Landscape pattern metrics description

Index (unit) Description

LPI (%) The percentage of the landscape comprised by the largest patch
AREA_MN (ha) Average size of patches

PROX_MN (m) Average proximity index for all patches in a class

PD Number of corresponding patches divided by total landscape area

With the aid of FRAGSTAT software interface (figure4) these spatial metrics were computed through the
following steps: 1. selecting input layers, (2) specifying common tables (3) setting analysis parameters (4)
selecting and parameterizing class metrics (5) executing FRAGSTAT (6) browsing and saving the results.
The results were thereafter processed and analysed in excel software. More details on the above
mentioned steps are found in the FRAGSTAT user guide (Mcgarigal 2014)
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2.,5.  Habitat suitability modelling:

Based on chimpanzee ecology profile (Koops et al. 2012; Basabobe 2002; Pintea 2007), previous habitat
suitability and corridor modelling practices (Nangendo et al. 2010; Saad et al. 2013) biophysical variables
that describe habitat requirements of chimpanzee were selected. These variables are land cover, protected
areas, slope, distance to rivers, distance to roads, distance to villages and forest patches. The selected
variables were standardized and assigned a suitability score based on their resistance to the chimpanzee
movement and then assigned weights based on how each variable is important to the chimpanzee
(Nangendo et al. 2010). A high score of 100 was given to the best habitat or suitable and a score of 0 was
assigned to a class of variable which does not correspond to the habitat requirement or unsuitable. To
calculate the suitability value of each pixel, the weighting system was used to assign weight to different
habitat factors. Four different scenarios were considered and the weights for different habitat was assigned
based the publications (Nangendo et al. 2010; Saad et al. 2013), species expert, park managers and

reseachers offices, laws, regulations and policies in Rwanda.

Scenario 1 lead to the creation of habitat suitability map 1. The habitat suitability map A was produced
based on publication (Nangendo et al. 2010) through a combination of the following factors: land cover,

protected areas, distance to roads, distance to rivers, distance to settlements.

Scenario 2 and 3 were basically the same in term of relative importance of the different factors and lead to
the creation of habitat suitability maps 2 and 3 respectively were generated based on two different
standardizations of slope steepness. The map 2, was based on another publication (Saad et al. 2013) during
which steeper slope was given high suitability score with the fact that chimpanzees typically reside in areas
with steeper slopes.

However, on the other hand, chimpanzee may be found on steeper slope not because they prefer to reside
there but because human activities pushed them to the to hogher slope, areas which are considered less
suitable for agriculture and more susceptible to soil erosion. Therefore, another Scenario was created to
generate a habitat suitability maps 3 by giving lower suitability score to steeper slope. The two suitability

maps 2 and 3 were compared to evaluate the differences.

Scenario 4: since forest patches are highly valuable for habitat restoration, layer of forest in the
surrounding areas of 300 x 300 m was created abd assigned suitability scores and weight to evaluate its
influence to the habitat suitability. To make 23% weight for forest patches layer, 10 %, 3% and 10% were
respectively removed from land cover, protected areas and slope layers. As a result, the suitability map 4

was created.

In the ArcGIS software, the following tools were respectively used to assign scores to biophysical
variables:

e Arc toolbox>Spatial analyst tool>surface>slope and distance to road

e Arc toolbox>Spatial analyst tool>distance> Euclidean distance
In ArcGIS software, the following tools were used to assign weight to biophysical variables

e Arc toolbox>Spatial analyst tool>overlay>weight overlay.
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The suitability maps were obtained through the following equation (Favilli et al. 2013).

n W,
Suitability = E(S 4 )

Where and | Tis the product to combine "n " habitat factors classes

Equation2

""" with their scores "Si" and their

habitat factors weight "Wi". The results of suitability modelling are presented in figure in the results
section.

All variables were prepared and overlaid in ArcGIS software to generate all the four habitat suitability

maps. Raster images, scores and weights of all variables are respectively presented in figure 4, table 7 and
table 8.
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Table 7: Criteria of suitability assessment for the habitat factors

Land  Protected areas Slope Distance to  Forest in Distanc  Distance
cover setl set2 roads surrounding eto to
area (300 x 300  rivers settlement
m) s
Forest Protected 0-10 0-50 0-10 0-50 0-100
100 100 10 50 10 10 100 0
Tea Non protected 11 -20 51 -100 11-20 51-100 101-500
0 0 20 75 20 20 90 20
Crops 21 - 30 101-500 21 —30 > 100 501-1000
0 30 100 30 30 80 40
Bare 31-40 501 — 1000 31-40 1001 — 5000
0 40 100 40 40 60
41 —-50 > 1000 41 —50 > 5000
50 100 100 50 100
51 -60 51 - 60
60 100 60
61 —-70 61 -70
70 100 70
71 - 80 71 —-80
80 75 80
81-90 81 -90
90 50 90
91-100 91 —-100
100 0 100
Table 8: Weighting of habitat factors
Factors Scenario1l  Scenario 2 based  Scenario 3 Scenario 4
Based on other Based on other Including
publication publication publication slope and
Standardisation 1  Standardisation 2 amount of
nearby forest
Land cover 0.51% 0.40% 0.40% 0.30%
Protected Areas 0.31% 0.13% 0.13% 0.10%
Slope - 0.20% 0.20% 0.10%
Dist. to roads 0.04% 0.04% 0.04% 0.04%
Dist. to rivers 0.11% 0.20% 0.20% 0.20%
Dist. to settlements  0.03% 0.03% 0.03% 0.03%
Forest patches - o 0.23%
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Figure 4: Maps of biophysical variables used in suitability modelling
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2.6.  Ecological corridor modelling

The suitability maps produced in the previous section served as inputs to model the eco-corridor path. To
undertake this process, a software called "corridor designer" was applied (Beier et al. 2007). This softwate
was downloaded and added to ArcGIS toolbox. By double clicking on the extension called create a

corridor model (figure 5), a window appears where the following inputs and parameters were loaded.

Refer to (Nangendo et al. 2010) other parameters that are relevant to eco-corridor modelling for
chimpanzees such as corridor width of 200m were applied. The wildland block 1 and wildland block 2
which are respectively Cyamudongo and Nyungwe natural forests were defined and included in the model.

In ArcGIS software, the following tools are respectively used to design an

toolbox>corridor design>corridor modelling>create corridor model.

=

L 1) Create corridor model

 Input habitat suitability model

[ Ral=]
© Input wildland block 1
| Bl
¥ Input wildland block 2
| > &
@ Output workspace
B
@ Species name (9 characters max)
Average HSM using moving window
Rectangle v
Neiahborhood Settinas
Height 3
Width: 3
Units: (@ Cell (O Map
Habitat patch suitability threshold (optional)
50
Minimum breeding patch size (ha) (optional)
o
Minimum population patch size (ha) (optional)
0
OK Cancel Environments... << Hide Help

Figure 5: The creation of an ecological corridor

eco-corridor:  Arc
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3. RESULTS

3.1. Land cover maps

The three thematic maps presented in figure 6 show land cover types of the study area in years 1989, 2005
and 2013. A total of 4 (four) land cover classes are displayed namely, forest, crops, tea shrubs and bareland

and settlements.

A: Land cover map 1989

B: Land cover map 2005
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Figure 6: Land cover maps of 1989, 2005 and 2013
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The figure 7 shows the distribution patterns of reclassified maps of 1989, 2005 and 2013. In general, non

forest class covers a large area than forest class. The results show the trends changes of forest coverage in

hectare in 1989, 2005 and 2013. The forest coverage has been reduced in the periods of 1989 to 2005 and

started increasing in 2005 to 2013.

A: Land cover map 1989
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B: Land cover map 2005
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Figure 7: Maps forest and non forest in 1989, 2005 and 2013

Table 9: Areas of land cover types in 1989, 2005 and 2013

Land cover classes 1989 % 2005 % 2013 %
Forest 54100 29.4 47786  26.0 49972 27.2
Tea shrubs 5235 2.8 2191 1.2 6026 33
Crops 124317 97.5 133882 754 126429 98.8
Bareland&settlements 471 0.3 262 0.1 1347 0.7
Total Area in Ha 184122 184122 184122
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Accuracy assessment for land cover maps (figure6) generated with 1989, 2005 and 2013 landsat image was
performed based on error matrix table. The overall accuracy of classification was 87.25% for the 1989 TM
image, 88.24% for 2005 TM image, and 91.18% for the 2013 ETM+ image (table 10) and the Kappa
coefficient was 0.78, 0.79 and 0.85 respectively (table 10). All three kappa statistical values are greater than
0.6, an indication that the mapping was accurate. The Z-value for pairs of land cover classified images was
calculated as follows: 1989-2005: 1.67, 1989-2013: 0.32 and 2005-2013: 1.36. The Z-values are presented in
table (11).

Table 10: Accuracy assessments of classification results

Land cover maps Overall Accuracy Kappa
1989 87.25% 0.78
2005 88.24% 0.79
2013 91.18% 0.85

Table 11: The results of two classes Z test

Pair of Land cover maps Z Value
1989-2005 1.67
1989-2013 0.32
2005-2013 1.36

3.2.  Land cover change

The classified land cover maps revealed estimates of changes in land cover during 1989 to 2005 and 2005
up to 2013. The land cover change shows a decrease forest from 1989 to 2005 years due to increase in
crops and bareland & settlements areas (table 12). The surrounding areas formerly dominated mainly by
crops changed partly to forest during the years 2005-2013. This increment in forest coverage indicated
that no much more forest land converted into new areas, rather it is the removal of crops to the forest.
Table 12: Magnitude of change in land cover types between 1989-2005 and 2005-2013

To Forest T'ea shrubs Crops Bareland
Forest 1989-2005 34337 151.2 19609 1.8

2005-2013 34196 1006.2 12369 6.3

Tea shrubs  1989-2005 345.6 1096.2 3793.5 0

From 2005-2013 214.2 1137.6 837 1.8
Crops 1989-2005 13099 943.2 110075 199.8

2005-2013 15562 3882.6 113113 1188

Bareland 1989-2005 54 0.9 404.1 60.3

2005-2013 0 0 110.7 151.2
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3.3.

The fragmentation varies among the forest coverage of the area, as highlighted in table 13. The statistics

Fragmentation analysis:

indexes showed that the forest patch density remained almost the same with 19.98 in 1989 and 16.32 in
2005. The patch density decreased from 16.32 to 8.369 during period of 2005 to 2013. The LPI decreased
from 10.85 to 8.61 from 1989 to 2005 and increased from 8.61 to 12. 50 during 2005 up to 2013. The
reduction of forest patches was identified in areas extended between Cyamudongo to Nyungwe forest.
This area is currently dominated by agricultural land, human settlements and other physical infrastructures.

Table 13: Four landscape metrics values calculations

Years LULC PD LPI AREA MN PROX MN
1989 Forest  16.98 10.85 1.73 349.91
2005 Forest  16.3218  8.61 1.59 123.23
2013 Forest  8.369 12.50 3.24 107.68

Where PD: Patch density, LPI: Largest patch index, AREA_MN: Mean patch area and

PROX_MN: Proximity mean

Largest Patch Index Patch Density
15 20
* L 4 *
10 * 15
¢ 10
5
0
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
@ Forest @ Forest
Proximity Index Mean Patch Area Mean
400 4
L
300 3 ¢
200 ¢ 2
. .
100 ¢ 1
0 0
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
@ Forest @ Forest

Figure 8: Four landscape metrics plots
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3.4.  Habitat suitability modelling

Four suitability maps were maps were created and are presented in figure 9. Natural reserves were highly
suitable whereas tea shrubs and settlements appeared to be unsuitable for all the four maps. Agricultural
land became moderately suitable with high contrast on the suitability map 2 and compared to suitability
maps 3 and 4. Again, rivers traces are clearly shown on the suitability map 2 compared to suitability map 3
and 4 where rivers contrast is very low. Forest patches are distributed in the landscape with very low
contrast on the suitability map 1 compared to other maps in areas close to tea shrubs and Nyungwe and
west of Cyamudongo forest.

A: Suitability map 1 based on scenario 1 B: Suitability map 2 based on scenario 2

720000 723000 726000 729000 726000 729000

720000 723000 726000 729000

726000 729000

C: Suitability map 3 based on scenario 3 D: Suitability map 4 based on scenario 4

723000 729000
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Figure 9: Habitat suitability maps based on different suitability calculations
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3.1.  Ecological corridor modelling

Three proposed corridor paths were created from suitability maps 2, 3 and 4 (figure 8) and are presented

in figure 9. The width of each of the corridors is 200 meters. Corridor paths of 50 meters were also

created for comparison. The corridor path 4 was the longest with 9.98km, followed by corridor path 2 and

corridor path 3 with 8.44 km and 8.49 km, respectively. The corridors path 2 and 3 appeared to pass in the

central parts of the landscape through the agricultural land and follow the river traces at the entrance of

Nyungwe National Park. Corridor path 4 traverses through agricultural land towards north direction of

the landscape, areas with forest patches close to Nyungwe National Park. All corridors did not avoid

human settlements, roads and rivers. The corridor path C looks very different from others. This corridor

followed forest patches at the entrance of Nyungwe National Park.

A: No corridor path possible

723000 7

720000
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B: Corridor path 2 based on suitability map 2
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C: Corridor path 3 based on suitability map 3
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D: Corridor path 4 based on suitability map 4

Figure 10: Corridor paths based on different suitability maps
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4. DISCUSSION

41. Ecological corridor

In this research suitable path for establishing an ecological corridor was assessed. The created suitability
maps were used to propose suitable corridor paths for chimpanzees mobility and dispersal from
Cyamudongo to Nyungwe and vice-versa. These corridor paths are referred as corridor path 1, 2 and 3
(figure 10) and they are generated from habitat suitability map 2, 3 and 4 respectively (figure9). There is no
corridor path 1 as the habitat suitability map 1 did not allow creating corridor path. The corridor paths 2
and 3 pass through the central part of the landscape, areas with steeper slopes. The corridor path 4
appears to pass in the north direction, areas with forest patches close to Nyungwe National Park. All
corridor paths 2, 3, and 4 did not avoid roads, human settlements and rivers.

The corridor path 4 looks more promising to be more suitable for chimpanzees habitat restoration
because of two main reasons: (1) This corridor passes through different forest patches which could be
considered as starting point to connect most forest patches to Nyungwe National Park (2) It follows the
rivers at the entrance of the park. Mclennan (2008) found that chimpanzees of Hoima in Western Uganda
use forest patches along water course throughout this region. Some of those forest patches belong to
government, private and community land. Similar approach can be applied for forest patches and rivers
which are found in the Cyamudongo-Nyungwe landscape. Chimpanzees cannot cross wide rivers unless
there is a bridge as they cannot swim (JGI 2014a). However, rivers are an opportunity to design ecological
as river banks are protected by laws (Mclennan 2008).

According to Saad et al. (2013) corridors paths did not avoid roads crossing between the Nyungwe forest
and Mukura forest in Rwanda. Therefore roads became a constraint to the dispersal and free movement of
chimpanzees between these two forests. As the roads are paved, Saad et al. (2013) proposed an
infrastructure solution to the Government of Rwanda to ensure the safe crossing of chimpanzees.
Moreover, in the Netherlands, eco-corridors are used to enable animals to cross the roads. In this sense,
they used fauna bridge or fauna tunnel to let animals cross safely (Jongman 2008) ). However, these
techniques are not necessary in the Cyamudongo-Nyungwe landscape as the roads are not paved. As
they're travelling throughout the cortidor, chimpanzees might not be concerned much how natrow or
bigger is the width of the corridor. In Murchison-Semliki landascape, Nangendo et al. (2010), used 200m
width corridor to enable free movement of chimpanzees. With consultation of park managers in Rwanda,
the same width of 200 meters would be sufficient for the corridor path 4 of 8 km from Cyamudongo to
Nyungwe National Park. Another corridor width of 50 meters (appendix) was created for compatison.
The comparison did not reveal any change to the location of the corridor path, only the width changed.
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4.2. Habitat suitability

Four habitat suitability maps were generated and are referred to as habitat suitability map 1, 2, 3 and 4
(figure 9). Habitat suitability depends on various factors. Different arguments were used to standardize
suitability values for each of the different factors. Some arguments came from literature (Saad et al. 2013;
Nangendo et al. 2010) other arguments came from discussion with expert (park managers, research
officers in Rwanda and Executive Director of Jane Goodall Institute in the Netherlands, etc).

Although the suitability map 1 used the same biophysical variables, scores and weights as Murchison-
Semliki landascape in Uganda (Nangendo et al. 2010) to run the suitability model, the results of suitability
map 1 showed that the large areas extended between Cyamudongo and Nyungwe forests was unsuitable
and only natural forests and forest patches were suitable. The difference in suitability was due probably to
(1) the low scores of crops which covers a large part of the landscape (2) the differences of topographic
conditions between the landscapes considered by Murchison-Semliki and Cyamudongo-Nyungwe
landscape. For instance, the Murchison-Semliki landscape has an elevation that ranges between 619-
1,291m (Prinsloo et al. 2012). Moreover, the scores and weights of different factors that have been used to
run their suitability and corridor were undoubtedly related to the real condition of their landscape.
Contrary, Nyungwe is a high-altitude, tropical rainforest with an elevation ranges between 1,600 meters
and 2,950 meters (Gross-camp and Kaplin, 2005). If it is for this research to estimate the suitability of the
landscape, the real topographic conditions should be considered and taken into consideration. Therefore,
habitat factors and weights from Murchison-Semliki should not be applied to estimate chimpanzee habitat
suitability in Rwanda as they do not reflect the real situation of the landscape.

Slope is an important factor that characterises the chimpanzee habitat. Many researchers revealed that
steeper slope is favourable habitat for chimpanzee especially for nesting (Koops et al. 2012; Saad et al.
2013, Ukpong et al. 2013). Saad et al. (2013) explained that it is preferable to establish the eco-corridor in
areas with steeper slopes which are less suitable for farming and agriculture because they are more
susceptible to soil erosion, and therefore likely to minimize conflict with farmers. He used the argument
for habitat suitability in terms of slope "the steeper, the better". So flat areas is unsuitable and very steep
areas is highly suitable. Therefore, the same approach was applied by including slope data in suitability
model. The suitability maps 2 showed that flatter areas in Southern part of Cyamudongo were less
suitable.

This standardization seems to be not realistic as chimpanzee can live in flat areas. Ukpong et al. (2013)
findings indicated that chimpanzees can construct nests on flat lands ranging from angles of class interval
6°=20°. Again, in Rwanda, steeper slope and high altitude in the mountainous landscape areas are not
suitable for human activities such as farming and agricultural activities because there are susceptible to soil
erosion. Therefore, the preference for steeper slopes or high altitude for chimpanzee populations might be
linked to the avoidance of human activities or presence and not because they preferred to reside in high
altitude. The suitability map 3 considered the fact that steeper slope might not be suitable for chimpanzee
by adjusting suitability scores for slopes. In this sense, steeper slopes were given low score. The results
revealed that some steep areas of the landscape became less suitable especially areas extended straight
between Cyamudongo and Nyungwe forest. Overall, there was no big difference between map 2 and 3,
although both maps were influenced by slope data.

Mclennan (2008) highlighted that chimpanzees use small forest fragment and rivers in their habitat. So,
forest patches data were added in our model to produce the suitability map 4. The outcome of the map
revealed a change in contrast of different factors involved. This indicates that forest patches have an
influence to the suitability map that led to the changes of value map.
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In her research Saad et al. (2013) found that reforestation suitability maps and corridors paths were
influenced by weighting methods. Similarly, the four suitability maps were influenced by standardisation
and weighting methods and this had an impact to the suitability maps and corridor paths. For instance, the
methods used Murchison-Semliki landscape did not work in Rwanda. Therefore, it was not an appropriate
method for Cyamudongo-Nyungwe landscape. The maps 2 and 3 were influenced by slope data and rivers
which were assigned higher weights. The standardization method seemed to work well for suitability map
4. This method pointed out forest patches which were weighted higher and this influenced much the
location of corridor path 4 as it appeared to follow forest patches and rivers close to Nyungwe National
Park. Overall, this suitability maps 4 looks much more promising with potential opportunities for future
restoration of chimpanzees habitat compared to suitability maps 2 and 3.

The quality of input suitability maps was satisfactory as they came from well classified land cover maps of
2013 with a satisfactory accuracy of 91.18% (Treitz & Rogan 2004). This may indicates also that corridor
paths outputs were satisfactory.

4.3. Land cover change mapping

The overall accuracy of classified images of 1989, 2005 and 2013 was satisfactory (table10). According to
(Treitz & Rogan 2004) a good accuracy in land cover mapping practices is justified with values range
between 80%-85%. Kappa statistics (table10) showed that there was no significant difference between the
classified images of 1989, 2005 and 2013 and the real situation of the landscape (Viera & Garrett 2005).
Landsat data with 30 meters resolution was not sufficient to accurately classify and distinguish some
features uncounted on the ground. For instance, forest plantation to natural forest, crops to bareland. This
might be linked to the season. The landsat images used in this research was acquired in the months of July
and August which correspond to the harvesting period in Rwanda. Therefore, pixels of cropland and
bareland classes could be mixed in classification since both classes appeared to have the same colors on
the satellite images.

The results of reclassified maps of 1989, 2005 and 2013 (figure7) showed that the forest coverage
decreased during the years 1989-2005 followed by an increase in forest from 2005-2013. The result
obtained in this research regarding forest extent, forest cover and historical changes agree with my
personal observation and information acquired from interviwees namely, park managers, farmers and local
authorities. Before 1990, there was no proper forest protection and management plans in the country.
These periods were characterized by extreme deforestation in areas adjacent to Nyungwe National Park.
After, 1994 the Government of Rwanda and their partners, namely Wildlife Conservation Society, UGZ
(Unite de Gestion de la Zone) initiated various programs and policies to protect Nyungwe forest. Local
communities were encouraged to plant exotic plantations, trees suitable for buffer zone to better protect
the Cyamudongo natural forest such as Eucaltptus, Pinus and Grevellia (Gapusi 2007). The disturbed
areas of Cyamudongo forest and buffer areas can be identified of reclassified forest maps of 1989, 2005
and 2013 on the western part of the Cyamudongo forest (figure7).
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4.4. Fragmentation Analysis

To understand forest dynamics in Cyamundongo and Nyungwe forest, we need to understand the spatial
and temporal configuration of forest landscape changes. Fragmentation, habitat loss due to forest cover
change is a major cause for the declining of biological diversity. The most important indicators of habitat
fragmentation are the number of patches, patch density and the increase in smaller patches (Karahalil et al.
2009). Therefore, spatial metrics were computed to evaluate the level of fragmentation of the forest
coverage. The results revealed that the number of patches was higher between 1989 to 2005 and reduced
from 2005 to 2013.

More patches and less forest areas between 1989-2005 and less patches and large forest coverage between
2005-2013 indicating respectively degrading and restoring chimpanzees habitat. The total area covered by
forest was much higher in 1989 compared to 2005 and increased in 2013. This indicates that the forest
was degraded during the year 80's and 90's, a period during which there was no proper regulation and laws
to protect forests. However, after the forest was gazetted and attached to Nyungwe national park in 2005,
forest coverage increased, especially in areas adjacent to the natural forest. As a result, this is basically
good as it indicates the efforts of the Government forest restoration and this gives hope to the bright
future of chimpanzees habitat in Rwanda.

4.5. The way forward

If the corridor path is to be established, there will be necessity of laws, regulations and policy involvment.
In this sense, forestry and wetlands policy already established in Rwanda could be followed. The country’s
wetlands are protected by Organic Law N°04/2005 highlighting modalities of conservation and protection
of the environment. The law recommend a creation of 20 meters free buffer zone from river banks to
ensure the protection of wetlands and it's biodiversity (REMA, 2011). Therefore, the law could be applied
to delineate areas where the corridor path is suitable. For example, to reserve the 20 meters suggested by
the law as a free zone for chimpanzees habitat restoration and movement especially to the areas close to
Nyungwe National Park where corridors appeared to follow the river banks. However, Indonesian law
(Keputusan Presiden No 32/1990) requitres a 50 meters buffer zones on both side along small rivers. This
law was applied to designing an eco-corridor for Borneo Orangutan ((Persey, 2011). Therefore, it would
be a good suggestion to expand the buffer suggested by the law from 20 meters to 50 meters to enable
safe mobility of chimpanzees.

In 2004, Government of Rwanda put in place a forestry policy with the aim of increasing forest cover up
to 30% of national total area (MINIRENA, 2010). This policy could help in forest restoration alongside of
the corridor path 4. To improve the suitability of chimpanzees habitat, forest restoration initiative should
be implemented alongside the corridor path 4. According to Plumptre et al. (2010), restoration of
degraded habitat and encourage agroforestry are among the top priorities to protect chimpanzees in
Rwanda and were included in the National Action Plan for great apes. Moreover, Chen et al. (2008) stated
that to transform unsuitable habitat into suitable and to improve the landscape connectivity, could be
done by the vegetation restoration. In this sense, the forest restoration should include fast growing trees
which are identified as chimpanzees food and nesting tress. Therefore, three levels of intervention can be
applied in Rwanda: (1) Involving local community to undertake agro-forestry practices by planting trees
such as Grevillea trees which provide fuel wood and timber to local community (2) Planting fast growing
trees of their preferences such fruit trees: avocado, papaya, orange and citrus providing fruits (3) to plant
nesting and food tress for chimpanzees such as Tabernaemontana stapfiana, Prunus africana, Schefflera goetzenti,

Salacia erecta, Coccinea mildbraedii, Cleistanthus polystachyns, Croton megalocarpus, Casearia runssorica, Ekebergia
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capensis, Macaranga kilimandschalica Cymphonia groblefela, Syzygium guineensis, Dombea gotseenii, Ficus sp., Carapa
grandjflora, etc (Gross-camp et al. 2009).

Similar initiatives have been applied successuly in different countries to protect chimpanzee and their
natural habitat such as Tanzania, Congo Braza and Uganda. In Congo Braza, the program encourages
students to plant fruit trees between forest patches and enable free mobility of chimpanzees from one
forest patch to another (JGI, 2010). In Tanzania the project is called": TACARE project (Lake Tanganyika
Catchment Reforestation and Education). It was initiated in 1994 with the addressing poverty and support
livelihoods in villages around Lake Tanganyika and Gombe National Park while arresting forest
degradation especially chimpanzees natural habitat. TACARE focuses on community socio-economic
development and provide trainings and education program to local community to increase their
knowledge in forest conservation and natural resources in general (JGI, 2014c). In Uganda the program is
called "The chimpanzee Conservation corridor”. With this project, local community are paid for ecosystem
services. This project initiated a payments for environmental services to provide incentives local farmers
to encourage conservation and restoration natural habitat which are home to wild chimpanzees (CSWCT,
2007). Overall, experience and success stories in forest restoration can have an added value in Rwanda
during implementation of reforestation program in Cyamudongo-Nyungwe landscape.
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5. CONCLUSION

In this research, the temporal and spatial land cover change of landscape between Cyamudongo and
Nyungwe forest was performed. Different land cover types as well the changes from one land cover type
to another was determined to evaluate the scale of the changes. The fragmentation patterns of a period of
25 years were calculated and analyzed. The most suitable and unsuitable areas for reforestation purpose as
well as potential corridor establishment was evaluated. The corridor paths to connect both Cyamudongo
and Nyungwe forest were suggested in the hope that these corridors will facilitate in the future movement
of populations of chimpanzees from one reserve to another to avoid the loss of genetic diversity and
reduce inbreeding. The paths were modelled based on a set of biophyisical variables, namely land cover,
protected areas, slope, distance to rivers, distance to settlements, forest patches, distance to roads were
selected based on publication and chimpanzees habitat preferences. Each of these factors was taken into
consideration and different maps were created to evaluate the most appropriate corridor paths. The final
suitability maps effectively indicate a clear path for the proposed corridor. The most realistic suitability
map from this study (suitability map 4) can serve as a base for further planning a chimpanzee habiat
corridor. The suitability maps will be shared with different stakeholders, namely: Rwanda Development
Board/Tourism and Conservation department, District land use planning committees, Ministry of
Agriculture and Rwanda Environment Management Authority (REMA) to assist and collaborate in
identifying areas to target for corridor building efforts. Overall, given the shortage of studies on landscape-
scale fragmentation metrics, habitat suitability modelling related to primates in Rwanda, I beleive the
outcomes of this research will serve as input and approach for further related research to other fauna

species.

6. RECOMMENDATION

Further Research should be conducted to improve the ability of remote sensing data to accurately classify
different land cover types within the area. By using high resolution images such as GeoEye and/or
IKONOS, various features such crops, bareland, settlements, natural forest and forest plantation could be
accurately classified and distinguished.

Satellite and remote sensed data could also be used to assist the government of Rwanda to survey the land
and demarcate land which is suitable agricultural and identifying risk zones that can be reserved for
conservation practices as forestry zone.

Multi-criteria analysis could be a good method to use for further research to test the similarities and
differences in suitability modelling compared to the method used in this research.

Lastly, programs intended to increase the living conditions of local communities around Cyamudongo
forest should be initiated. Creation of non-agriculture income generating activities to reduce forest
resources dependency and to increase their knowledge in conservation and protection of the natural
resources including forest. For example: Biogas, cultural tourism development as it was suggested by
interviewees.

38



Eastern Chimpanzee's habitat fragmentation in Nyungwe National Park (NNP), Rwanda
7. LIST OF REFERENCES

A.P.ES. (2014). Status, threats and conservation of chimpanzees. APES: Ape Populations Environments
Surveys. APES: Ape Populations Environments Surveys. Retrieved January 20, 2015, from
http://apesportal.eva.mpg.de/status/species/chimpanzee

Alqurashi, A. F., & Kumar, L. (2014). Land Use and Land Cover Change Detection in the Saudi Arabian
Desert Cities of Makkah and Al-Taif Using Satellite Data. Advances in Remote Sensing, 3, 106-119,
(September), 106-119.

Andren, H. (1994). Effects of habitat fragmentation on birds and mammals of suitable habitat : a review
landscapes with different proportions, 77, 355-366. Retrieved from
http:/ /www.jstor.org/stable/3545823

Anitha, K., Aneesh, A., Raghavan, R., Kanagavel, A., Augustine, T., & Joseph, S. (2013). Identifying
Habitat Connectivity for Isolated Populations of Lion-tailed Macaque ( Macaca silenus ) in Valparai
Plateau , Western Ghats , India. Primate Conservation, 2013(27), 91-97. Retrieved from
http:/ /www.bioone.otrg/doi/abs/10.1896,/052.027.0101

Arroyo-rodriguez, V., Moral, E. C., Mandujano, S., Chapman, C. A., Reyna-hurtado, R., & Fahrig, L.
(2013). Assessing habitat fragmentation effects for primates: the importance of evaluating questions
at the correct scale. In: Marsh LK, Chapman CA, editors. Primates in fragments: complexity and
resilience. Developments in primatology: progress and prospects. New York, NY: Springer, 13-29.
doi:10.1007/978-1-4614-8839-2

Babweteera, F., & Reynolds, P. V. (2014). Improvements in Conservation and Community Involvement in the
Management of the Budongo Forest Reserve. Kampala,. Retrieved from www.budongo.org

Barakabuye. N, Mulindahabi. F, Plumptre. A.J, Kaplin.B and Munanura. I, Ndagijimana. D, N. . (2007).
Conservation of Chimpanzees in the Congo Nile divide forests of Rwanda and Burundi.

Basabose, A. K. (2005). Ranging Patterns of Chimpanzees in a Montane Forest of Kahuzi , Democratic
Republic of Congo. International Journal of Primatology, 26(1). doi:10.1007/s10764-005-0722-1

Basabose, A. K., & Yamagiwa, J. (2002). Factors Affecting Nesting Site Choice in Chimpanzees at
Tshibati , Kahuzi-Biega National Park : Influence of Sympatric Gorillas. International Journal of
Primatology, 23(2), 263-282.

Beier, P, Majka, D, Jenness, |. (2007). Conceptual steps for designing wildlife corridors. Arizona State, USA.
Retrieved from http://corridordesign.org/

Beudels-Jamar, R.C, Lafontaine, R.M, Devillers, P, Redmond, I, Devos C, Beudels, M. . (2008). Report on
the conservation status of Gorillas. Concerted Action and CMS Gorilla Agreement in collaboration with the Great
Apes Survival Project-GRASP. UNEP/CMS Secretariat, Bonn, Germany. Retrieved from
http:/ /www.cms.int/sites/default/files/publication/ts17_Gorilla_E_3_0_0.pdf

BirdLifelnternational. (2014). Important Bird Areas factsheet: Cyamudongo forest. Downloaded from
http://www.birdlife.org on 13/02/2015. Retrieved from
http:/ /www.birdlife.org/datazone/sitefactsheet.php?id=6778

Cak, G., Sivrikaya, F., & Kele, S. (2008). Forest cover change and fragmentation using Landsat data in
Magka State Forest Enterprise in Turkey. Environ Monit Assess, 51-66. doi:10.1007/s10661-007-9728-
9

39



Chancellor, R. L., & Rundus, A. S. (2012). The Influence of Seasonal Variation on Chimpanzee ( Pan
troglodytes schweinfurthii ) Fallback Food Consumption , Nest Group Size , and Habitat Use in

Gishwati , a Montane Rain Forest Fragment in Rwanda. International Journal of Primatology, 115—133.
doi:10.1007/s10764-011-9561-4

Chapman, C. A., Naughton-treves, L., & Gillespie, T. R. (2007). Population Declines of Colobus in
Western Uganda and Conservation Value of Forest Fragments. International Journal of Primatology,
28:513-528. doi:10.1007/s10764-007-9142-8

Chen, L. D, Liu, X. H., Fu, B. J., & Qiu, J. (2008). Identification of the potential habitat for Giant Pand in
the Wolong Nature Reserve by Using Landscape Ecology methodology. In R. C. for E.-E. Sciences
(Ed.), National Key Lab of Systems Ecology (pp. 95-112). Beijing: Chinese Academy of Sciences.
Retrieved from http://download.springer.com/static/pdf/766/chp%3A10.1007%2F1-4020-5488-
2_7.pdf?auth66=1423968945_14b2d973b01£1875e5376d64c11b7d80&ext=.pdf

Congalton, R. G., & Green, K. (1999). Assessing the Accuracy of Remotely Sensed Data: Principles and
practices (Boca Raton, London, New York: Lewis Publishers). [nternational Journal of Applied Earth
Observation and Geoinformation, 11, 448—449. doi:10.1016/j.jag.2009.07.002

CSWCT. (2007). Paying local communities for ecosystem services . The Chimpanzee Conservation
Corridor. Chimpanzee Sanctuary Wildlife Conservation Trust. Retrieved from
http:/ /www.iied.otrg/paying-local-communities-for-ecosystem-setvices-chimpanzee-conservation-
corridor

Dewan, A. M., & Yamaguchi, Y. (2009). Using remote sensing and GIS to detect and monitor land use
and land cover change in Dhaka Metropolitan of Bangladesh during 1960 — 2005. Environment
Monitoring Assessment, 237-249. doi:10.1007/s10661-008-0226-5

Favilli, F., Hoffmann, C., Ravazzoli, E., Streifeneder, T. (2013). BioREGIO Carpathians Advanced tools and
methodologies adopted GLS Model Design for deriving ecological corridors.

Fichera, C. R., Modica, G., and Pollino, M. (2012). Land Cover classification and change-detection analysis
using multi-temporal remote sensed imagery and landscape metrics. European Journal of Remote Sensing,
45,1-18. doi:10.5721/EuJRS20124501

Franklin, A. B., Noon, B. R., & George, T. L. (2002). What is habitat fragmentation/. Stud Avian Biol, (25),
20-29. Retrieved from
http:/ /www.globalrestorationnetwork.org/uploads/files /Literature Attachments /368_what-is-
habitat-fragmentation.pdf

Gapusi, J. R. (2007). Regeneration of indigenons species in Nyungwe buffer zone for biodiversity conservation and local
CBM Master Thesis Series.

Goodall, J. (1990). Through a Window: My Thirty Years with the Chimpanzees of Gombe. Philadelphia: Houghton-
Mifflin.

Gross-Camp, N., & Kaplin, B. A. (2005). Chimpanzee ( Pan troglodytes ) Seed Dispersal in an
Afromontane Forest : Microhabitat Influences on the Postdispersal Fate of Large Seeds 1.
BIOTROPICA, 37(4), 641-649. doi:10.1111/j.1744-7429.2005.00081.x

Gross-camp, N, Masozera, M, and Kaplin, B. . (2009). Chimpanzee Seed Dispersal Quantity in a Tropical
Montane Forest of Rwanda. Awmerican Journal of Primatology, 911(INovember 2008), 901-911.
doi:10.1002/2jp.20727

40



Eastern Chimpanzee's habitat fragmentation in Nyungwe National Park (NNP), Rwanda

Guinness, S. M., & Taylor, D. (2014). Human Dimensions of Wildlife : An Farmers’ Perceptions and
Actions to Decrease Crop Raiding by Forest- Dwelling Primates Around a Rwandan Forest
Fragment. Human Dimensions of Wildlife, 19(2), 179-190. doi:10.1080/10871209.2014.853330

Hadley, A. S., & Betts, M. G. (2012). The effects of landscape fragmentation on pollination dynamics
absence of evidence not evidence of absence. Biolygical Reviews. doi:10.1111/1.1469-
185X.2011.00205.x

Hickey, J. R., Carroll, J. P., & Nibbelink, N. P. (2012). Applying Landscape Metrics to Characterize
Potential Habitat of Bonobos ( Pan paniscus ) in the Maringa-Lopori-Wamba Landscape ,
Democratic Republic of Congo. International Journal of Primatology, 381-400. doi:10.1007/s10764-012-
9581-8

JGIL. (2010). Project of Hope. Tree corridor for chimpanzees. Retrieved from
http:/ /www.janegoodall.be/index.php/what-we-do/projects-of-hope/project-of-hope-2-tree-
corridor-for-chimpanzees/

JGI. (2014a). Chimpanzees FAQs About Us the Jane Goodall Institute of Canada. The Jane Goodall Institute.
Retrieved from http://www.janegoodall.ca/about-fags-chimps.php#q6

JGI. (2014b). Chimpanzees. The Jane Goodall Institute. Retrieved from
http:/ /www.janegoodall.nl/chimpansees

JGI. (2014c¢). Jane Goodall Institute - Lake Tanganyika Catchment Reforestation and Education
(TACARE) Project, Tanzania. Retrieved from http://www.chproject.org/phe/jgi-
tanzania_final.html

Jongman, R. and M. B. (2008). KEN - Knowledge for Ecological Networks  : Catalysing Stakebolder Involyement in
the Practical Implementation of Ecological Networks Current status of the practical implementation of ecological
networks in the Netherlands (pp. 1-32). Alterra. Retrieved from
http:/ /www.ecologicalnetworks.cu/documents/publications/ken/NetherlandsKENWP2.pdf

Kanyamibwa, S. (2013). A/lbertine Rift Conservation Status Report. Albertine Rift Conservation Series No 1. ARCOS
Network (pp. 1-103).

Kaplin, B. A., Munyaligoga, V., Frugivore, P., & Moermond, T. C. (1998). The Influence of Temporal
Changes in Fruit Availability on Diet Composition and Seed Handling in Blue Monkeys (
Cercopithecus. BIOTROPICA, 30(August 1995), 56-71.

Karahalil, U., Zeki, E., & Kose, S. (2009). The spatiotemporal forest cover changes in Képriilit Canyon
National Park ( 1965 - 2008 ) in Turkey, §(18), 4495—4507. Retrieved from
http://www.academicjournals.org/AJB

Kele, S., Sivrikaya, F., & Cakir, G. (2008). Urbanization and forest cover change in regional directorate of
Trabzon forestry from 1975 to 2000 using landsat data. Environment Monitoring Assessment, 140, 1-14.
doi:10.1007/s10661-007-9845-5

Koops K, McGrew WC, de Vries H, M. T. (2012). Nest-building by chimpanzees (Pan troglodytes verus)
at Seringbara, Nimba Mountains: anti-predation, thermoregulation and anti-vector hypotheses.
International Jonrnal of Primatology, 33, 356-380. doi:10.1007/s10764-012-9585-4

Kormos, R., Boesch, C., Bakarr, M.1. and Butynski, T. (eds. ). (2003). West African Chimpanzees. Status Survey
and Conservation Action Plan. (p. 219). Gland,Switzerland and Cambridge, UK: ITUCN/SSC Primate
Specialist Group. Retrieved from http://www.ptrimate-sg.org/storage/ PDF/WACAP.English.pdf

41



Lehtinen, R. M., & Ramanamanjato, J. (20006). Effects of rainforest fragmentation and correlates of local
extinction in a herpetofauna from Madagascar. Applied Herpetology, 95—110. Retrieved from
http://booksandjournals.brillonline.com/content/journals/10.1163/157075406776984248>crawler=
true

Leidner, A. K., & Haddad, N. M. (2011). Combining Measures of Dispersal to Identify Conservation
Strategies in Fragmented Landscapes. Conservation Biology, 25(5), 1022-1031. doi:10.1111/§.1523-
1739.2011.01720.x

Masozera, M. (2002). Socio-economic impact analysis of the conservation of the Nyungwe forest Reserve, Rwanda.
University of Florida.

Mecgarigal, K. (2014). FRAGSTATS HELP. Ambherst. Retrieved from
http://www.umass.edu/landeco/research/fragstats/documents/ fragstats.help.4.2.pdf

Mcgarigal, K. ; M. (1994). FRAGSTATS v2: Spatial Pattern Analysis Program for Quantifying Landscape
Structure, 97337(503).

Mcgarigal, K., Cushman, S., Neel, M., & Ene, E. (2002). FRAGSTATS: Spatial Pattern Analysis Program
for Categorical Maps(version 3.3 for Raster).32. Retrieved August 25, 2014, from
http://www.umass.edu/landeco/research/fragstats/fragstats.html

McGarigal, K., SA Cushman, MC Neel, and E. E. (2012). Spatial Pattern v4: Analysis Program for
Categorical and Continuous Maps. Computer software program produced by the authors at the
University of Massachusetts, Amherst. Available at the following web site:
http://www.umass.edu/landeco/research/fragstats/f.

Mclennan, M. R. (2008). Beleaguered Chimpanzees in the Agricultural District of Hoima , Western
Uganda. Primate Conservation, 23(1), 45-54. doi:http://dx.doi.org/10.1896/052.023.0105

MINIRENA. (2010). National Forestry Policy. KIGALI-Rwanda. Retrieved from
http://tnra.rw/uploads/media/final_national_forestry_policy_2011f.pdf

Nangendo, G., Plumptre, A.J., and Akwetaireho, S. (2010). Identifying Potential Corvidors for Conservation in the
Murchison-Semliki Landscape. Unpublished Report to the UNDP/ GEF Conservation of Biodiversity in the
Albertine Rift Forests of Uganda Project. (Vol. 256, pp. 0-20).

Persey, S, Imanuddin and Sadikin, L. (2011). A Practical Handbook for Conserving High Conservation 1 alue
Species and Habitats within oil palm landscapes. (Z. S. of L. Conservation, Ed.) (pp. 1-82). Indonesia: ZSL
Indonesia’s Biodiversity & Oil Palm Project. Retrieved from
https://www.hcvnetwork.org/resources/ folder.2006-09-29.6584228415 /ZSL. Practical Handbook
for Conserving HCV species - habitats within oil palm landscapes_Dec 2011.pdf

Pintea, L. (2007). Applying Remote Sensing and Geographic Information System for Chimpanzee habitat, Change
detection, Bebavious and Conservation: PhD thesis. University of Minnesota.

Pintea, L., Bauer, M., Bolstad, P., & Pusey, A. (2003). Matching Multiscale Remote Sensing Data to
interdisciplinary conservation needs: the case of chimpanzees in Western Tanzania. 75/ Land Satellite
Information 1V'/ ISPRS Commission 1/ FIEOS 2002 Conference Proceedings. Retrieved from
http:/ /www.isprs.org/proceedings/ XXXIV/partl /paper/00059.pdf

Plumptre, A., Rose Nangendo, G., Williamson, E., Didier, K., Hart, J., Mulindahabi, F., ... Bennett, E.
(2010). Eastern Chimpanzee ( Pan troglodytes schweinfurthii ): Status Survey and Conservation Action Plan 2010-
2020 (p. 52). Gland,Switzerland. Retrieved from
https:/ /portals.iucn.org/library/efiles/documents /2010-023.pdf

42



Eastern Chimpanzee's habitat fragmentation in Nyungwe National Park (NNP), Rwanda

Plumptre, A.J, Masozera, M, Fashing, P.J, McNeilage, A, Ewango, C, Kaplin, B.A and Liengola, 1. (2002).
Biodiversity Surveys of the Nyungwe Forest Reserve In S.W. Rwanda. WCS Working Papers. Retrieved from
Available for download from http://www.wcs.org/science/

Prinsloo, S., Mulondo, P., Mugiru, G. and Plumptre, A. ]. (2012). Measuring responses of wildlife to oil
exploration operations in Murchison Falls National Park. Report of USAID WILD Program.

Reinartz, G. E., Guislain, P., Bolinga, T. D. M., Inogwabini, B., Bokomo, N., Ngamankosi, M., & Wema,
L. W. (2008). Ecological Factors Influencing Bonobo Density and Distribution in the Salonga
National Park : Applications for Population Assessment. In: Furuichi T, Thompson | (eds) The
bonobos: behavior, ecology, and conservation. Springer, New York, 167—188.

REMA. (2011). ATL.AS OF RWANDA’S CHANGING ENVIRONMENT: Implications for Climate Change
Resilience. Rwanda Environment Management Authority (p. 110). KIGALI-Rwanda. Retrieved from
https://na.unep.net/siouxfalls/publications/REMA.pdf

Saad, A. M., Regan, |., Muzungu, E., Mwiza, F., Paulson, C., Weiser, J., & Willis, A. (2013). Highway for
Apes : Using NASA EOS for wildlife corridor planning in Rwanda. Rwanda Eco Team (p. 2013). Virginia.
Retrieved from http://earthzine.org/2013/04/03 /highway-for-apes-using-nasa-eos-for-wildlife-
corridor-planning-in-rwanda/

Slayback, D. A., Balinga, M. P. B., & Sunderland, T. C. H. (2011). ( Pan troglodytes verus ) habitat and
conservation in Nialama Classified Forest , Republic of Guinea : a satellite perspective. Biodiveristy
Conservation. doi:10.1007/s10531-011-0102-4

Sun, Y. (2011). Reassessing Giant Panda Habitat with Satellite-derived Bamboo Information : A Case Study in the
Qinling Mountains , China. MSe¢ Thesis. University of Twente.

Sun, C., B.A. Kaplin, K.A. Kristensen, V. Munyaligoga, J. Mvukiyumwami, K.K. Kajondo, and T. C. M.
(1996). Tree Phenology in a Tropical Montane Forest in Rwanda. Biofropica, 668—681.

Tai, T. T., Nut-cracking, T., Goodall, J., Nishida, T., Africa, E., Africa, W., ... Ivorians, T. (1995). The Tai
Chimpanzee Project in Cote d * Ivoire , West Africa (pp. 1-4). Retrieved from
http://www.eva.mpg.de/primat/staff/boesch/pdf/pan_af_new_tai_chimp_proj.pdf

Tong, B. E. 1. (2011). Three Decades of Change in Giant Panda Habitat around and within Foping Nature Reserve
China. MS¢ Thesis. University of Twente.

Treitz, P., & Rogan, J. (2004). Remote sensing for mapping and monitoring land-cover and land-use
change — an introduction, 67, 269-279. doi:10.1016,/50305-9006(03)00064-3

Tweheyo, M., Lye, K. a., & Weladji, R. B. (2004). Chimpanzee diet and habitat selection in the Budongo
Forest Reserve, Uganda. Forest Ecology and Management, 188(1-3), 267-278.
doi:10.1016/j.foreco.2003.07.028

Ukpong, E. E., Jacob, D. E., Ibok, P. B., & Nelson, 1. . (2013). Nest Building Behaviour of Chimpanzee (
Pan Troglodytes Blumenbach 1799 ) At Filinga Range of Gashaka Gumti National Park , Nigeria.
ARP Jonrnal of Science and Technology, 3(7), 2011-2014.

USAID. (2008). Rwanda Environmental Threats and Opportunities Assessment ( ETOA ) 2008 Update. Retrieved
from http://pdf.usaid.gov/pdf_docs/PNADNS537.pdf

Viera, A. J., & Garrett, J. M. (2005). Understanding Interobserver Agreement : The Kappa Statistic, (May),
360-363.

43



Wang, T. J., Skidmore, A. K., & Toxopeus, A. G. (2009). Improved understorey bamboo cover mapping
using a novel hybrid neural network and expert system. International Jonrnal of Remote Sensing, 30(4),
965-981. doi:10.1080/01431160802411867

Wasige, J. E., Groen, T. A., Smaling, E., & Jetten, V. (2013). International Journal of Applied Earth
Observation and Geoinformation Monitoring basin-scale land cover changes in Kagera Basin of

Lake Victoria using ancillary data and remote sensing. International Journal of Applied Eartl Observations
and Geoinformation, 21, 32—42. doi:10.1016/].jag.2012.08.005

44



Eastern Chimpanzee's habitat fragmentation in Nyungwe National Park (NNP), Rwanda

8. APPENDIX

Figure 11 Digital Elevation model (DEM) of the country
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A: No corridor path possible
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Figure 12 Corridor paths of 50 meters width
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Landsat TM 2005

Figure 13: Landsat images (TM 1989, 2005 and ETM+ 2013)
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Table 14 :Field data collection form

Data Sheet for vegetation cover in Nyungwe National Park (NNP) |Sample#:
Plot #: Plot size: Altitude: Location:
GPS X Observer:
Date: /10/2014
UTM Y
LC type LU type [Structure % Cover Height in meters

High tree layer

Med. tree layer

Low tree layer

Food |Nesting

Dominant species
trees trees

Additional
information/Observations

In |out |In |Out

Tril. mad.

Meme. wal.

Musa. leo.

Ficus or.

Ficus au.
Myri. hols.
Piper umb.

Sola. nig.

O IN|D A~ W NI

Casp. gum.

10. Pter. aqu.

11. Triu. cor.

12. Syzy. gui.
13. Domb. got.
14. Cyat. man.
15. Ekeb. cap.
16. Mim. exc.
17. Ure. hyp.
18. Tab. sta.
19. Gyn. sca.
20. Sal. ere.
21. Tri. cord.
22. Ekeb. cap.
23. Mae. lanc.
24. Symp. glob.

25. Urer. hyps.
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Gabi
(named after researcher studying chimps

in Tanzania)

* Adult Male (~17 years)

* Small in size, but tall

* Skinny thighs.

= Skin on face and ears light
brown

« Body hair more brown in
color

White hair back and legs

 Only small amount grey hair
on back

Well habituated — comes very
close

Possible Family tree:
Son of Jamila and Kuyu

10.  Not yet named

«  Adult female
«  Face and ears light

6. Nyirarwitatsa
(means "to scream”, because often
screams, especially when not with Kuyu)

brown color
Body hair
brownish/black

* Adult female (early 40s) «  Small bodied

« Cuton top of right ear
« White hair all over body.
especially on back and legs

« Older looking face with
many wrinkles.

« Patches of pink skin on bottom of
left foot

« Vocalizes loudly very often h
« Careful and discreet when moving,
vigilant of her surroundings

finger (5%)

shape

2,

ldentification

Kuy:

(named after the fig tree he always fed on at
the start of habituation — Umukuyu)

Alpha male (35 years)
Vocalizes frequently and loudly
Large bodied

Right hand missing pinkie

Left nostril biggerfionger
White beard

Baid on top of head in riangle

Black face
White hair on back and legs

* 2" most dominant male (32 years)
. Large bodied

. Face splotchy, black and tan, with tan
coloration under eyes and around mouth
Pinkie toe (5") missing on left foot

Figure 14: Cyamudongo chimpanzee identification

Family tree:

3 Ineza
(name means "kindness” because helped
with the habituation of the other chimps)

« Adult Male (30 years)

« Small cut on the top of right ear

«  Duck lips that purse out slightly

«  Left nostril bigger

« Face primarily dark skinned but with
some light coloration

« Common associate of Kibibi

Possible family tree
Younger brother to Kabibi

4. Jamila
(means “beautiful’, named because older
female but one of the prettiest. Used to be
named Gatoki)

. Adult Female (late 30s)

e Lefthand index finger (1)
sticks out straight due to broken Qendon X

. Left hand tip of pinky missing

. Circle of white hair around the

. White beard
. White hair on legs and back
Black face

Source: Archive of Cyamudongo Natural forest chimpanzees tracking records
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Together with Conservation Division Manager at Interviews with indigenous people around

RDB Cyamudongo forest

Chimpanzees species in Cyamudongo forest Data collection with Mobile

ng GP

Lo

\

Figure 15: Other pictures from study Area
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