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EXECUTIVE SUMMARY 

The remnant terrestrial ecosystems are considered as natural habitats with rich biodiversity (flora and fauna) and their extinction 

would result in loss of threatened species or species in extinction and the associated effects would be an imbalance of ecological 

functions. In Rwanda, the remnant terrestrial ecosystems are scattered across the country. Nevertheless, they are given less importance 

in conservation effort, given that they are located outside protected areas and some of them are less known. The inventory of remnant 

terrestrial ecosystems is of great importance because it constitutes the first step forward for their protection and conservation.  This, 

study aimed at conducting an inventory and mapping all threatened remnant terrestrial ecosystems outside protected areas across the 

country.  Field work observations and guided interviews to local communities and authorities were carried out for gathering 

preliminary information on location of those ecosystems, their biodiversity composition, their current management, threats on them 

and future perspectives in their conservation effort. Additionally, GIS based mapping techniques were performed by deriving location 

based information on satellite imagery and aerial photographs with 25cm accuracy. The results were obtained from four Provinces and 

a total of fifteen remnant ecosystems were identified and mapped including six in the Western Province, (Mukura, Nyabitukura,   

Shagasha, Mashyuza, Kumbya and Ntendezi Natural Forests), one in the Northern Province, (Buhanga Natural Forest), seven ecosystems 

in the Eastern Province (Ibanda-Makera, Nyagasenyi, Nyenyeri (MINAGRI), Bukora, Rujambara, Muvumba and Karama Natural Forests) 

and one in the Southern Province (Busaga Natural Forest). For each identified ecosystem, a general description of its characteristics was 

discussed together with its dominant and remarkable flora and fauna. In addition, the threats that are posed to each ecosystem and its 

current management practice were discussed as well as the importance of its conservation and suggested measures of conservation. 

Maps and orthophotos were also designed for each ecosystem (polygons were provided for all ecosystems and topographic maps were 

produced where relevant only) for visual illustration. Besides the abovementioned natural ecosystems , there were other ecosystems 

belonging to military domains which were not fully investigated, but whose brief description and aerial photos were included in this 

report, as further information on them was not accessible for security reasons. These are Gabiro, Gako and Nasho military domains; all 

located in the Eastern Province. 

 Among the investigated remnant terrestrial ecosystems, some of them were judged to deserve a special attention for their inclusion in 

the network of protected areas in Rwanda. These include the ecosystems located in high lands (Mukura, Nyabitukura, Shagasha, Busaga, 

and Buhanga) and which have the common characteristic of being the important water catchments (except Buhanga) and a refugium for 

high plant and animal diversities. However, by considering the Mukura natural forest which was recognized as Forest Reserve since 

1951 and referring to IUCN definition of a Protected Area, the current management and conservation measures should be reviewed so 

to restore this ecosystem in its original status. Buhanga forest should be protected for the promotion of ecotourism, as this relict forest 

holds particular historic background.  

With regard to low land terrestrial ecosystems (Mashyuza, Kumbya, Ntendezi, Ibanda-Makera, Nyagasenyi, Nyenyeri, Bukora, 

Rujambara, Muvumba, Karama and the military domains Gabiro, Gako and Nasho), they all deserve to be protected for their biological 

and ecological interests detailed in the results of this study, except Ntendezi forest which should not be included in the protected areas 

network as it is much degraded beyond restoration and because of its poorness in terms of biodiversity. On the other hand, special 

attention should be brought to some of these ecosystems for various reasons. It is the case of Mashyuza natural ecosystem which is a 

particular ecosystem by its biodiversity and its associated hot spring waters and which be considered as an area managed mainly for 

ecosystem protection and recreation according to IUCN classification. Another particular ecosystem is Muvumba gallery forest which. 

Another particular ecosystem is Muvumba gallery forest that needs to be protected as it conserves water used for the whole District of 

Nyagatare. A very high risk of water shortage in short term is predictable when the current rice cropping project will be implemented. 

There should be an agreement between all stakeholders so as to settle a friendly agriculture to environment conservation within 

Muvumba valley. All other dry forest ecosystems located in the Eastern Province and which were formerly connected to Akagera 

National Park, they should be considered as relicts ecosystems and classified, together with all other mentioned ecosystems, in the IUCN 

Protected Area Category IV as areas managed mainly for the sustainable use of natural resources. For the particular case of military 

domains which are very large ecosystems, the institutions involved in environment and biodiversity conservation should find 

appropriate approaches of their conservation and management. 
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CHAPTER 1. INTRODUCTION 

1.1. Literature review  

1.1.1. CONCEPTS CLARIFICATION  

i. Definition of Ecosystem  

4ÈÅ ÔÅÒÍ ȰÅÃÏÓÙÓÔÅÍȱ was first used in 1930 by Roy Clapham to mean the combined physical and biological components of an 

environment. Later on, British ecologist; Arthur Tansley (1935) later redefined the term, by describing it as "the whole system, including 

not only the organism-complex, but also the whole complex of physical factors forming what we call the environment". Arthur Tansley 

emphasized that ecosystems could not be understood as  simple  natural units, but as mental isolates.  

Other authors such as Odum, EP explained the Ecosystem as the complex system of plant, animal, fungal, and microorganism 

communities and their associated non-living environment interacting as an ecological unit. Ecosystems have no fixed boundaries; 

instead their parameters are set to the scientific, management, or policy question being examined (1971). Depending upon the purpose 

ÏÆ ÁÎÁÌÙÓÉÓȟ Á ÓÉÎÇÌÅ ÌÁËÅȟ Á ×ÁÔÅÒÓÈÅÄȟ ÏÒ ÁÎ ÅÎÔÉÒÅ ÒÅÇÉÏÎ ÃÏÕÌÄ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ÁÎ ÅÃÏÓÙÓÔÅÍȢ !Ó ÈÉÇÈÌÉÇÈÔÅÄ ÂÙ /ÄÕÍ ȟ ȰAny unit that 

includes all of the organisms (i.e. the "community") in a given area interacting with the physical environment so that a flow of energy leads 

to clearly defined trophic structure, biotic diversity, and material cycles (i.e.: exchange of materials between living and nonliving parts) 

wiÔÈÉÎ ÔÈÅ ÓÙÓÔÅÍ ÉÓ ÁÎ ÅÃÏÓÙÓÔÅÍȱ (1971)  . The CBD defines an "ecosystem" as a "dynamic complex of plant, animal and micro-organism 

communities and their non-ÌÉÖÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔ ÉÎÔÅÒÁÃÔÉÎÇ ÁÓ Á ÆÕÎÃÔÉÏÎÁÌ ÕÎÉÔȱȢ After the World Summit in 1992 and Convention on 

Biological Diversity, the ecosystem was given a particular attention by commitment of ratifying countries. At the same time, the 

ecosystem meaning was extended by emphasizing the protection of all sensitive ecosystems, natural habitats and the maintenance of 

viable populations of species in natural surroundings (UNEP, 1992). This led to the political necessity to spatially identify ecosystems 

and somehow classify them.  

ii. Types and importance of ecosystems  

Ecosystems have been so far classified into two main categories namely:   

1) Natural ecosystem: Terrestrial (land) ecosystem and Aquatic ecosystem. The later also is subdivide into two sub-categories i.e  (i) 

Lentic ( the ecosystem of a lake, pond or swamp) and (ii) Lotic  (the ecosystem of a river, stream or spring); 

2) Artificial: man-made ecosystems  

Since the Convention on Biological Diversity (CBD) ratified by 192 countries, ecosystems have become particularly important and 

politically reflected.  With the need of protecting ecosystems, the political need arose to describe and identify them efficiently. 

Vreugdenhil et al. (2003) argued that the ecosystems inventory and identification could be achieved most effectively by using a 

physiognomic-ecological classification system, as ecosystems are easily identified in the field as well as on satellite images.  

iii. Ecosystem services  

Ecosystem services are fundamental life-support services upon which human civilization depends and these services a can be direct or 

indirect realized. Some of the examples of direct ecosystem services are: pollination, wood and erosion prevention, etc.  Indirect services 

could be among others, climate moderation, nutrient cycles, detoxifying natural substances, etc. The services and goods that an 

ecosystem provides are often undervalued as many of them are without market value (Costanza, R et al., 1997).  

In Ecosystem and Human Well-being Report of The World Resources Institute (2005), a broad example of ecosystem services is 

enumerated including: 

¶ Regulating (climate, floods, nutrient balance, water filtration) 

¶ Provisioning (food, medicine, fur) 

¶ Cultural (science, spiritual, ceremonial, recreation, aesthetic),  
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¶ Supporting (nutrient cycling, photosynthesis, soil formation). 

From an anthropocentric point of view, some societies perceive ecosystems as production units that produce goods and services, such 

as, wood by forest ecosystems and grass for livestock by natural grasslands, meat from wild animals, often referred as bush meat in 

Africa etc.  Services derived from ecosystems may include:  

1) Facilitating the enjoyment of nature, which may generate various forms of income and employment in the tourism sector, often 

referred as eco-tourisms, 

2) Water retention, by facilitating a more evenly distributed release of water, 

3) Soil protection considered as an open-air laboratory for scientific research, etc. 

iv. Ecosystem change, human well -being and poverty alleviation  

A greater degree of species or biological diversity - commonly referred as Biodiversity - of an ecosystem may contribute to greater 

resilience of an ecosystem, given that there are more species present at a location to respond to a change and thus absorb or reduce its 

effects. This leads to the reduction of effect before the ecosystem's structure is fundamentally changed to a different state. However, this 

is not universally the case and there is no proof relationship between the species diversity of an ecosystem and its ability to provide 

goods and services on a sustainable level. For instance, humid tropical forests produce very few goods and direct services, although  

they are extremely vulnerable to change. While many temperate forests readily grow back to their previous state of development within 

a lifetime after felling or a forest fire ref, some grassland has been sustainably exploited for thousands of years (Mongolia, Africa, 

European peat and Mooreland communities) and this fact led to various reasons such as: 

a) Human well -being depending on material welfare, health, good social relations, security, and freedom; all of these affected by 

changes in ecosystem services (Boer, P.,. den, and J. Reddingius. 1996).  

b) Ecosystem services, particularly food production, timber and fisheries, which are important for employment and economic 

activity. In this context, intensive use of ecosystems often produces the greatest short-term advantage, but excessive and 

unsustainable use can lead to loss of biodiversity richness in the long term. For instance, a country could cut its forests and 

depletes its fisheries, and this would  only result in a positive increase of GDP, despite the loss of capital assets. As suggested by 

(Lawton, John H, 1994), if the full economic value of ecosystems were taken into account in decision-making, their degradation 

could be significantly slowed down or even reversed  

c) Levels of poverty which remains high and over even one billion people have an income of less than $1 per day (World Resources 

Institute, 2005). Most of these people are depending to  on ecosystems resources, because ecosystems support them mainly 

through agriculture, grazing, and hunting. The regions facing the greatest developmental challenges tend to be those having the 

greatest ecosystem related problems. These include some parts of Africa, Asia and Latin America. 

d) Some ecosystem changes such as increased food production have helped hundreds of millions of people out of poverty, but also 

have negative effects. Degradation of ecÏÓÙÓÔÅÍ ÓÅÒÖÉÃÅÓ ÉÓ ÈÁÒÍÉÎÇ ÍÁÎÙ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÐÏÏÒÅÓÔ ÁÎÄ ÍÏÓÔ ÖÕÌÎÅÒÁÂÌÅ ÐÅÏÐÌÅȟ ÁÎÄ 

is sometimes the main factor causing poverty (Lindeman, R.L. 1942). Poverty in turn tends to increase dependence on ecosystem 

services. This can lead to additional pressure on ecosystems and a downward spiral of poverty and ecosystem degradation. 

1.1.2. ECOLOGICAL MECHANISMS LINKING PROTECTED AREAS TO SURROUNDING LANDS 

Ecological mechanisms are dynamic in their nature and this allows a narrowed link between protected areas and surrounding lands. 

Indeed, land use is continuously expanding and man-made activities are intensified in the unprotected areas surrounding many of the 

×ÏÒÌÄÓȭ ÐÒÏÔÅÃÔÅÄ ÁÒÅÁÓȢ 4ÈÉÓ ÉÓ ÁÌÓÏ ÅÓÐÅÃÉÁÌÌÙ ÔÈÅ ÃÁÓÅ ÉÎ !ÌÂÅÒÔÉÎÅ 2ÉÆÔ ÒÅÇÉÏÎ ×ÈÉÃÈ ÃÏÕÎÔÓ ÔÈe highest densities of populations in 

Africa. However, several measures have been taken to reinforce Protected Areas conservation in the aforementioned region,. 

Recent assessments have found that most terrestrial reserves are adequately protected within their borders (Bruner et al. 2001, De 

Fries et al. 2005). 
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Despite the high level of protection measures enforced in the national parks and other protected areas, many are not functioning as 

originally envisioned. Critical ecological processes such as fire, flooding, and climate regimes have been altered (Lawton et al. 2001, 

Pringle 2001). Exotic species are increasingly invading protected areas (Stohlgren 1998), and some native species have gone extinct in 

protected areas (Newmark 1987, 1995, 1996, Rivard et al. 2000, Brashares et al. 2001).  

Why ecological processes are not functioning well in many protected areas, despite adequate management across their borders? A 

major reason would be that man-made activities are expanding and intensified around protected areas. And this is  resulting in change 

of ecological function and biodiversity within protected areas. 

In recent year, ecologists realized that human impacts on lands surrounding protected areas may cross their boundaries (Buechner 

1987, Dasmann 1988, Schonewald-Cox 1988). While the land use change reduces habitats in the unprotected portion of the ecosystem, 

the ecosystem function and biodiversity may be degraded within the protected area. Therefore, the current concept of ecosystem 

management grew from the goal of managing regional landscapes to maintain the ecological integrity of the nearby protected areas 

(Agee and Johnson 1988, Grumbine 1994). 

If the goal of the protected area is to maintain native species and the ecological processes that they require, then the spatial extent of the 

effective ecosystem includes the area that strongly influences these species and processes (Grumbine 1990). This area can be mapped 

based on the flows of materials, energy, and organisms. Watershed boundaries are often used to define the extent of aquatic ecosystems 

(Pringle 2001). 

It has also been demonstrated that so many organisms move predictably across the landscape, for example, to gain access to seasonal 

resources. Ecosystem boundaries can be defined based on these movements or on the area required to maintain particular population 

levels of these organisms (Newmark 1985). 

For the case of Rwanda, agriculture systems constitute the main element of the landscape to be well managed so as to conserve 

efficiently PAs. This management should include the protection of remnant ecosystems. 

1.1.3. MATRIX CONSERVATION ISSUES 

A landscape consists of three main components: a matrix, patches, and corridors (see the figure 1). If we understand these components 

and their interrelation ships, we can make better management decisions at the landscape level. 

 

 
Figure 1: Landscape structure  

,ÉÎÄÅÎÍÁÙÅÒ ÁÎÄ &ÒÁÎËÌÉÎ ɉςππςɊ ÁÒÇÕÅÄ ÔÈÅÒÅ ×ÅÒÅ Ô×Ï ÄÉÆÆÅÒÅÎÔȟ ÂÕÔ ÒÅÌÁÔÅÄ ÄÅÆÉÎÉÔÉÏÎÓ ÏÆ ×ÈÁÔ ÃÏÎÓÔÉÔÕÔÅÄ ÔÈÅ ȬÍÁÔÒÉØȭȡ ɉρ) the area 

outside reserves, or (2) the area between patches of remnant vegetation. A key function of the matrix is to provide habitat for several 

species. 

In the matrix, the dominant component in the landscape, is the most extensive and connected landscape type, and it plays the dominant 

role in landscape functioning.  
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If the management of a habitat is realized without considering the conservation matrix, there is a big likelihood of failure in providing 

what wildlife need in that area. 

4ÈÅ ÃÏÎÃÅÐÔ ÏÆ ȬÐÁÔÃÈÅÓȭ ÉÓ ÃÅÎÔÒÁÌ ÔÏ ÍÁÎÙ ÅÃÏÌÏÇÉÃÁÌ ÔÈÅÏÒÉÅÓ ɉ3ÔÅÐÈÅÎÓ ÁÎÄ +ÒÅÂÓ ρωψφɊ ÁÎÄ ÃÏÎÓÅÒÖÁÔÉÏÎ ÓÔÒÁÔÅÇÉÅÓȢ !Ô ÔÈÅ ÇÌÏÂÁÌ 

scale, networks of large patches that are reserved from production (e.g., national parks) are widely regarded as an important backbone 

of successful biodiversity conservation (Diamond 1975). Similarly, at the landscape scale, patches of remnant vegetation are considered 

important for conservation efforts in modified landscapes (Saunders et al. 1987). 

1.2. Ecosystems Status in Rwanda 

1.2.1. GENERAL BACKGROUND  

Rwanda is a small mountainous, landlocked country covering 26,338 km2 with over 10 million people and an average population density 

of about 321 people per square km (MINICOFIN, 2003). The country is characterized by vast hills and mountains interspersed with 

valleys. In spite of its spatial exiguity, Rwanda is counting diversified ecosystems: natural ecosystems constituted by ombrophiles 

mountain forests such as Nyungwe and Volcano National Parks, Mukura and Gishwati forest reserves; gallery forests and wooded lands 

ȣ ɉ2Ï2ȟ ςππσɊȢ "ÅÃÁÕÓÅ ÏÆ ÉÔÓ ÈÉÇÈ ÐÏÐÕÌÁÔÉÏÎ ÄÅÎÓÉÔÙȟ ÔÈÅ rapid change in the state and extent of Rwanda's natural resources gives rise 

to a growing environmental concern. For instance, the water scarcity and other renewable resources has reached an alarming stage. 

Arable land, natural forests and water resource have been depleted in some areas due to mainly human activities.  

Forests and natural reserves in Rwanda are subject to high human pressure and the rate of deforestation is very high. This massive 

deforestation combined with the abandonment and destruction of erosion control systems, particularly following the displacement of 

the population caused by the 1994 the genocide against the Tutsi, greatly contribute to the degradation of the bare land on steep slopes 

and hills. The use of marshlands and depressions of agricultural and pastoral activities after drainage, no matter how elementary or 

rudimentary they are, lead to the destruction of natural vegetation, causing water imbalances and affecting the survival of the fauna and 

flora of these ecosystems. Rwanda has varied ecosystems ranging from afro-montane in the northern and western regions to lowland 

forests, savannah woodlands, savannah grasslands, etc. Other significant ecosystems include volcanic hot springs and old lava flows that 

mainly occur in the northern and western parts of the country. Rwanda is also blessed with a large number of inland fresh water and 

wetland ecosystems.  A wetland inventory completed by REMA in 2008 identified 101 lakes, 860 wetlands and 861 rivers in a dense 

hydrographic network that divides Rwanda into the Congo and Nile basins (MINIRENA/REMA, 2008).  An inventory of forests with a 

surface of 0.5 hectares or higher and with coverage of more than 20% has also been undertaken in 2007 and indicated the Rwanda has 

an estimate of 240,746 hectares of forests, covering approximately 10% of national dry lands (MINIRENA, 2007). The Rwandese socio-

economic structure is dominated by traditional subsistence farming. Due to high population densities, the size of farm land per 

household is decreasing fast and most of the soils have been exhausted. As a result, cultivation is foraying into traditional marginal 

areas, particularly in steep slopes, wetlands, etc. It is remarkable that suppression of fallows are leading to widespread soil degradation 

and frequent landslides and soil erosion due to reduction of soil coverage richness overexploitation of land use and diversity.  Beside the 

land degradation, there are reduction of vegetation/forest cover, siltation of water bodies, frequent droughts and unreliable 

precipitation. These negative trends within the natural resources domain are putting severe pressure on the life-support systems of the 

country. Forests are a key component of the life-support system in view of both the products and services they provide but forests alone 

are unable to supply protection and conservation of biodiversity and ecosystems countrywide. Hence, the consideration of forest matrix 

and threatened ecosystems out of protected areas is of paramount importance to launch sustainable use of natural resources in and out 

of protected areas where biodiversity is better treated due to the statute and limitation of exploitation imposed by regulations. 

1.2.2. 27!.$!ȭ3 %#/3934%-3 

Rwanda has varied ecosystems ranging from afro-montane in the northern and western regions to lowland forests, savannah 

woodlands, savannah grasslands, etc. Other significant ecosystems include volcanic hot springs and old lava flows that mainly occur in 

the northern and western parts of the country. Rwanda is also blessed with a large number of inland fresh water and wetland 

ecosystems. 
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A wetland inventory completed by REMA in 2008 identified 101 lakes, 860 wetlands and 861 rivers in a dense hydrographic network 

that divides Rwanda into the Congo and Nile basins (MINIRENA/REMA, 2008).  

An inventory of forests with a surface of 0.5 hectares or higher and with coverage of more than 20% has also been undertaken in 2007 

and indicated the Rwanda has an estimate of 240,746 hectares of forests, this being approximately 10% of national dry lands 

(MINIRENA, 2007). 

Good and sustainable biodiversity conservation must be done at the landscape level. As illustrated in figure 1, landscape consists of 

three main components: a matrix, patches, and corridors. In a fragmented area like Albertine Rift, the dominant element is made by 

agriculture systems and protected areas are patches with less possibility of connection.  

To connect these PAs, one must consider the several small patches of ecosystems encompassed in the matrix. These can be forests, 

wetlands, savannas, inselbergs, etc. 

Land use has so much affected biodiversity within these protected areas that it is actually impossible to make sustainable biodiversity 

conservation without considering these natural ecosystems in the matrix.  

Some efforts have been made to map these ecosystems on a sectoral basis but an inventory and mapping of threatened terrestrial 

ecosystems is still lacking.  

1.3. Context of the study  

The present report presents the results obtained from the Inventory and Mapping of Remnant Threatened Ecosystems throughout 

Rwanda. The study sites included all 4 provinces of the country. The City of Kigali was excluded as it had no data as far as this work was 

concerned. The Eastern Province occupies the first place in holding a big number of remnant threatened ecosystems, mainly because of 

its climatic and ecological uniqueness, but also due to the influence of intense anthropogenic activities around the Akagera National 

Park. 

The objective of the survey was the identification and mapping of remnants of rare and fragile natural terrestrial ecosystems which are 

not part of protected areas. The ultimate goal was to encourage wise land use decisions that will ensure the continued integrity of these 

ecosystems.  

In this report, each ecosystem is described in terms of its physical and biodiversity features, and the current status of management for 

each inventoried ecosystems is also provided. From the information acquired from the field investigations, issues relating to priority of 

conservation using criteria such us goods and services provided by the ecosystem were also addressed, as well as the threats which 

hang over each of investigated ecosystem. In addition, the suggested measures of setting priorities for the protection of those 

ecosystems were proposed. Besides, at each inventoried ecosystem a map detailing the variable attributes is attached and the map 

illustrates the ecosystem units.  
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CHAPTER 2. RESEARCH METHODOLOGY AND MATERIAL  

At present, the availability of the information on threatened ecosystems is limited but, new information technologies make possible the 

development of more advanced systems of data gathering and analysis which can accurately and regularly inform a variety of users of 

the status and trends of those ecosystems. 

This work was conducted in three main steps:  

¶ Field data collection and sites materialization and  

¶ Data organization and analysis.  

¶ Report write-up 

2.1. Data collection and sites characterization  

The required data and their availability were inventoried and collected from ministries, public institutions and other relevant sources 

from different stakeholders to guide the consultant for achieving the first two steps. The study was conducted throughout the country. 

Different materials and equipments were used: transportation facilities, GPS receivers, Cameras, etc. 

2.1.1. GPS DATA COLLECTION 

Geographic Information systems have the unique capability to collect information over extensive areas at a repetitive basis, the spatial 

analysis ÁÎÄ ÔÈÅ ÍÁÐÐÉÎÇ ÏÆ ÅÖÅÎÔÓ ÉÎ ÓÐÁÃÅȢ '03 ÔÅÃÈÎÉÑÕÅÓ ×ÅÒÅ ÕÓÅÄ ÆÏÒ ÇÅÏÇÒÁÐÈÉÃÁÌ ÃÏÏÒÄÉÎÁÔÅÓȭ ÒÅÃÏÒÄÓȢ 4ÈÅ ÈÁÎÄÈÅÌÄ '03 

receivers Garmin 12, Etrex 75, were used during the field data collecting for locating important features in and around the investigated 

ecosystems. These instruments (GPSs) proved to be strong for different field weather conditions with relative precision. The GPS 

records were collected using a field data sheet (see Appendix 1).  

2.1.2. PHOTOGRAPHS 

0ÈÏÔÏÇÒÁÐÈÓ ×ÅÒÅ ÔÁËÅÎ ÕÓÉÎÇ Ȱprofessional ÄÉÇÉÔÁÌ ÃÁÍÅÒÁȱ and  a series of pictures were taken for each site, in order to facilitate the 

visual illustration of site status.  

2.1.3. ECOLOGICAL, SOCIAL AND BIODIVERSITY DATA COLLECTION 

All ecological parameters were recorded such as the type of ecosystem, the dynamic of the ecosystem, the main threats, climatic 

parameters, soil and hydrological conditions, etc. 

Some remnants ecosystems are still remaining stable because of traditional beliefs while others are exploited for various purposes. That 

is why it so important to understand social aspects linked to inventoried ecosystems for a sustainable conservation. A questionnaire to 

be addressed to the local community and considering all social issues was therefore made and completed by direct field 

observers/surveyors (see appendix I). 

In terms of biodiversity richness, a rapid assessment was done for all visited ecosystems to allow understanding of the main 

components beyond map manufacture. This would likely enhance the capacity of decision makers to take rational decisions in terms of 

biodiversity conservation. 

2.2. Spatial data collection and analysis  

2.2.1. SPATIAL DATA COLLECTION AND ORGANIZATION  

Global Positioning System (GPS), GARMIN grounds receiver were used to capture and store coordinates of each corner of identified 

threatened and unprotected terrestrial ecosystem. Satellite microwave radio signals capturing, Location reading and marking in GPS 

memoire as way points. A booklet of protocol or Tutorial as Guideline was elaborated for recording spatial and non spatial attributes of 

visited ecosystem and its sub-units.  
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Captured and saved coordinates were downloaded and transferred to Computer using DN Garmin min-software. Each ecosystem 

coordinates tables were organized in a simple Spatial Database (SDb) with all descriptive information as illustrated in figure no 2. 

 
Figure 2: Sample of SDb 

2.2.2. SPATIAL DATA ANALYSIS AND OUTPUT VISUALIZATION  

The spatial datasets (Shapefiles) were converted in the same spatial referencing system in order to allow further integration and 

analysis. Using Local projection system for allowing the overlap with others spatial data of the Country (Administrative boundary, 

drainage network, load network and others geographic layers) and integrated in ArcMap graphical user interface as Points maps, to be 

used in creating polygon and polyline layers which should have column containing the information on the  Area and Perimeter of each 

investigated ecosystem.  Polygon features illustrating the ecosystem extent were also created  and displayed in administrative maps of 

the concerned area. 

2.2.3. DATA VISUALIZATION AND PRESENTATION 

Mapping and cartographic norms were applied in designing appropriate symbology and scale.  Throughout the mapping process, tasks 

undertaken included data acquisition; processing and visualization are summarized in the figure  3:  

 
 

 
Figure 3: Flowchart of activities to undertake  
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i. Map scale  

Having various size of ecosystem, from 3 to more than 1000 hectares and with different features clusters, it was challenging to keep the 

some scale for all maps. Bearing in mind that a clear visualization was needed and taking reference on topographic maps with 1/50 000; 

the scale for our maps was varying from 1/3000 to 1/20 000. That makes all maps being in A3 format. 

ii.  Symbology  

All feature clusters or types were identified and given adequate and homogenized symbols using cartographic rules and ESRI palette. 

Thus, Forest status or types were clustered in 11 classes with selected symbols as follow: 

Nr Vegetation status  Homogenized cluster  Symbol from ESRI palette  

1 Riparian Forest  Riparian forest  Leaf green background color in an 

Magrove symbol  

2 Wooden savannah / dry savannah 

with trees  

Wooden savannah Olivenite green as background of vineyard  

3 Encroached forest by Settlement/ 

Village/ City /recreation zone  

Encroachement of village  Burnt Umber color  

4 Closed forest; Dense forest  Closed forest  Fir green  

5 Open forest/ secondarized forest  Open forest  Right green  

6 Encroached forest by Agriculture, 

livestock grazing  

Encroachment of 

Agriculture  

Open pasture as symbol from main palette  

7 Bare soil, cleared area  Bare soil  Cordovan brown  

8 Degraded area within the ecosystem 

by Mining activity  

Mining area  Interbedded sand stone and siltone  

9 Amashyuza hot spring Water  Blue color of water from main palette  

10  Grassland  Grass land  Lemon grass symbol  

11 Shrub  Shrub land  Glacier with Quetzel green  

iii.  Additional features for detailed description of the area  

Where applicable others layers was added or presented as a separate map. Those layers are: socio-economic infrastructures such as 

roads; biophysical features such as lake, rivers, wetland, etc. In most cases, the land form was treated as a separate topographic map.  

iv.  Map layouting and exportation  

In ArcGIS environment, six gold cartographic rules were respected and all maps were layouted using large scale in A5, A4 and A3 format 

and exported as jpeg format for being integrated in report. Forest layers in GIS format as shapefile were also handled with the report.   
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CHAPTER 3. RESULTS 

A. WESTERN PROVINCE 

3.1. Mukura Natural Forest  

Mukura Natural Forest is located in the Western Province. It is extending between, Rutsiro (Mukura and Rusebeya Sectors) and 

Ngororero (Ndaro and Bwira Sectors) districts, at an elevation value ranging between 2300-2700 m. The mean of annual rain fall in 

regions around Mukura Forest is estimated at 1500 mm, while the mean annual temperature is estimated to be 15o C. Mukura Natural 

Forest was established as natural reserve in 1951 with a total area of 3,000 ha. The forest is surrounded by agriculture lands, private 

pine plantations, scattered pine plantation as buffer zone, and other physical features such as rivers and roads. 

As pointed out by local people, this forest used to be managed by white people (Maurice in 1960s and Agnes from 1970s until in 1990s). 

Subject to intense human pressure over the years in the form of agriculture encroachment, illegal cutting, grazing and more recently 

amputation of its part for resettlement (150 families were settled in the zone previously occupied by the forest), Mukura has been 

reduced to a series of small disjointed forest relicts in remote valleys and on steep slopes that are difficult to access. Consequently, many 

ÏÆ -ÕËÕÒÁȭÓ ÐÒÅÖÉÏÕsly important flora and fauna, particularly birds, have disappeared. Since its establishment in 1951 until 1990s, the 

area occupied by Mukura was intact (2000 ha). During the 1994 genocide against the Tutsi and the associated aftermath such as the 

resettlement of the returned refugees, Mukura forest was so much jeopardized and about 20.15% of its size was lost. The current 

estimated area occupied by the forest is around 1597 ha. 

Photo 1: Mukura Forest Reserve: settlements and farml ands in one side of the former forested area  

Mukura Forest is a habitat of diversified flora represented by all vegetation layers. The predominant  species are among others, 

Psychotria mahonii, Macaranga kilimanscharica, Psydrax parviflora, Syzygium guineense, Rytiginia kigeziensis, Neoboutonia macrocalyx, 

Rapanea melanophroides, Xymalos monospora, Peddiea rapaneoides Galiniera saxifraga, Vernonia lasiopsis Chassalia subchreata, Hagenia 

abyssinica, Maesa lanceolata, Olinia rochitiana, Symphonia globulifera Dracaena afromontana, Maytenus acuminata and Vernonia 

kirungae.  

In terms of fauna,  the forest possesses the common mammal species including Funisciurus pyrrhopus, Heliosciurus ruwenzorii, 

Thryonomys swinderianus Canus mesomeras and Herpestes urva. The most common bird species are Tauraco johnstoni, Apalis personata, 

Cinnyris regia, Zoothera tanganjicae, Bradypterus graueri, Parus fasciiventer Colius leucocephalus, Francolinus nobilis, Macronyx croceus 

and Injongo [rare species]). In addition, the forest shelters various reptiles including the most known snakes called Bitis arietans. 

Mukura forest is also the reserve of water, medicinal plants and a source of firewood to the local people. It plays a big a role of local 

water catchment, because a great number of rivers take their source either in it or its immediate surroundings. The main permanent 
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springs and streams having the source in Mukura Natural Forest are Ntaruko, Ndaba and Rutanzongera to name a few.  However, with 

the disappearance of some parts of the forest,, many of these springs have apparently become seasonal. Mukura forest also acts as a 

sponge, absorbing excess water and preventing runoff and erosion, and then  stabilizing agriculture in surrounding areas. Equally, 

Mukura forest is rich in wildlife and ecologically important for people living nearby in particular and for the whole country in general. 

Despite legal distribution of farming land authorized by the Government, encroachment of the forest continues to reduce the size of the 

reserve by conversion of natural forest into agriculture land, livestock grazing in and around the forest.  

Photo 2: Agricultural and pastoral activities close to Mukura Forest Reserve  

Other illegal activities such as firewood collection, honey gathering, tree felling, snare and mining are also threatening the forest 

integrity at a great extent. It was remarked that the unauthorized mining is ranked on the top of all mentioned menaces. Indeed, Mukura 

forest is renowned to be rich in mines especially cassiterite and columbite-tantalite. Local people used to enter the forest for looking for 

mines so that they can sell them to a mining company known as RAP.  Despite the effort of the authorities of suspending temporally the 

mining activities, these illegal activities are still experienced. As pointed out by the officer of NAFA in Mukura Sector, people are often 

captured in the forest. They are handed over to authorities but, they are inexplicably released after. Even during our survey, four people 

were caught in flagrante delicto. 

  
Photo 3: Authorized mining site belonging to RAP (left); Illicit mining sites in Rwamasizi (right)  

Mukura Forest faces many and heavy threats that need appropriate measures for its protection. This requires an integral approach from 

the surrounding communities, the local Government, NGOs and other stakeholders involved in conservation and development. It was 

observed that the proposed measures for forest protection are not sustainable. For instance, the demarcation features put in place by 

ARECO RWANDA NZIZA, a local NGO working in environment domain, were uprooted in some areas. Therefore, this rebellious behavior 
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should be hindered by adequate measures such as the establishment of tough pillars, fences and long-lasting buffer zone in order to 

limit the accelerated encroachment. 

As part of the conservation endeavors, NAFA helps a lot in the protection of the ecosystem in collaboration of local people and military 

defense. Furthermore, ARECO RWANDA NZIZA has set up the boundary stones around the forest and contributed in the establishment 

of the buffer zone to limit the encroachment. ARECO RWANDA NZIZA has also elaborated some projects of modern bee farming and craft 

making outside the forest for local youth and women as an alternative income generating activity, in order to reduce pressure on the 

forest. For the need of forest restitution, some Eucalyptus sp were planted to replace the lost parches within the forest. This is a good 

initiative but potentially unsustainable, given that Eucalyptus sp could cause other challenges of invasiveness in the future. 

In order to strengthen these undertaken protection measures, some strategies should be developed for emergency activities such as 

resettlement of refugees in order to limit the impacts of resettlement on the environment. With the intention of mitigating the effects of 

illegal activities in Mukura Natural Forest, more effort should be put on increasing the awareness and sensitization of the local 

communities about the importance of protecting this ecosystem.   
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Figure 4: Mukura Natural Forest  










































































































