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ABSTRACT

The study was conducted to determine threats to survival of Prunus africana, Albizia zygia and Maeosopsis eminii plant biodiversity in Zirimiti Central Forest Reserve in Mukono District. The study addressed the following objectives: determine major causes of threats to survival of Prunus africana, Albizia zygia and Maeosopsis eminii plant biodiversity in Zirimiti Central Forest Reserve; Examining socio economic and ecological effects  of loss of Prunus africana, Albizia zygia and Maeosopsis eminii plant biodiversity in Zirimiti Central Forest Reserve; and To establish strategies being used to conserve Prunus africana, Albizia zygia and Maeosopsis eminii plant species in Zirimiti Central Forest Reserve.  Bottom of FormData was collected using a cross-sectional survey design, both quantitative and qualitative research methodologies were used. Data was collected using tools such as observation checklist, structured questionnaires and the interview guide. Analysis was done using Microsoft Office Excel. Results revealed that harvesting of leaves from forest trees contributed to forest plant biodiversity in Zirimiti Central Forest Reserve due to beliefs that Prunus africana and Albizia zygia tree species are medicinal, large scale bark harvesting of Prunus africana contributed to their loss. Clearance of land for cultivation as well as timber harvesting and demand for fuel wood led to loss of Prunus africana, Albizia zygia and Maeosopsis eminii. It was concluded that communities in Zirimiti CFR utilized forest resources communally. The study recommended that participatory planning of the in-situ conservation is crucial since decisions taken by the local communities regarding use of forest resources incorporate cultural values as well as people’s livelihood in areas designated as CFR; communities’ involvement in Collaborative Forest Management of such areas enhances a sense of joint ownership thereby instilling a responsibility of sustainable utilization of Natural resources. Such measures can only be achieved when stakeholders are sensitized and act as members of a cohesive team.
CHAPTER ONE

INTRODUCTION

1.1 Background of the study

Loss of biodiversity is among the most serious environmental problems facing the world (Katende, 1995). In Uganda, tree forests and woodlands cover about 14% of Uganda’s land surface (NFA, 2009). Over the last 30-40 years, growth in human population and corresponding increase in demand for forest products for domestic and industrial use, expansion of agricultural land, illegal settlements and weak forest management capacity have adversely affected the status of natural forests in Uganda, particularly the biodiversity. Until recently, little attention had been paid to development of commercial forests which should have provided alternative forest products and services to relieve the pressure on natural forests and conserve biodiversity. As a result, Uganda’s forests have been degraded, and in some cases, the biodiversity has been eroded today and the number of threatened species is an important measure of the immediate need for conservation in an area. Zirimiti Central Forest Reserve is a forest reserve within Central Uganda and is southwest of Kipayo, northwest of Kitenda and east of Kiyanja. Zirimiti Forest Reserve has an elevation of 1,219 meters. NFA (2009). 
Prunus africana, the African cherry, has a wide distribution in Africa, occurring in montane regions of central and southern Africa and on the islands of Bioko in Madagascar. Prunus Africana bark is black to brown, corrugated or fissured, and scaly, fissuring in a characteristic rectangular pattern and has been harvested causing its biodiversity in Uganda.  (Katende A. B., 1995)
Albizia zygia is a multipurpose species that seems to have good prospects as a commercial timber tree in sustainably managed forests, and also as a source of gum useful in the food, cosmetic and pharmaceutical industry. It has good prospects as an auxiliary tree in agroforestry systems, improving the soil with its nitrogen-fixing root nodules, providing mulch with its leaf litter, reducing erosion with its large rooting system, and protecting crops from too much sun shine. Albizia zygia provides good time and because of its multipurpose has affected its existence so much (Katende A. B., 1995)
The species Maeosopsis eminii belongs to the family Rhamnaceae. It is best known as musizi in its region of origin, East and Central Africa, where its timber is highly regarded. This tree was introduced in Peninsular Malaysia in 1952 with seeds obtained from Bogor, Indonesia for reforestation trial (Armsworth, 2011).
The major causes of global biodiversity loss are anthropogenic in nature and are exacerbated by ongoing climate change, particularly because climate change accelerates habitat destruction, over harvesting and the prevalence of invasive species. Changes in biodiversity are of a large and increasing magnitude despite worldwide conservation efforts, and recognition that the benefits derived by humans from diverse and healthy ecosystems exceed the costs of sustaining them by a factor of between 10 and 100  (Armsworth, 2011) 
Global biodiversity loss is an issue of great significance that should be addressed urgently. Human survival is dependent on the diverse range of organisms inhabiting the. This is because they affect ecosystem processes and functions, and therefore ecosystem services (Bellard, 2012). There is growing evidence that biodiversity loss has at least as significant an impact on ecosystem processes and functions as climate change does or will. Ecosystem services are the benefits that humans derive, either directly or indirectly from the functions of ecosystems. The Millennium Ecosystem Assessment reports highlights that 60% of global ecosystem services are degraded or are being managed unsustainably (Bronstein JL, 2004). As biodiversity is lost and ecosystems are degraded, the bio-capacity of the planet to support living organisms reduces. As bio-capacity decreases there are diminishing resources available to support a growing human population and increasing collective ecological footprint; for example, the number of available global hectares per person (bio-capacity) has dropped from approximately 3.7 to 1.8 since the 1960s  (MWE, 2007)
Forests provide vital support to the pillars of sustainable development: the economy, society and the environment. The forest biodiversity values and natural beauty support tourism that contributes to economic and social development and wildlife conservation. The forests are very valuable for non-timber forest products i.e. medicines, craft materials, food etc. These make Uganda exceptionally important in terms of tree plant biodiversity. Surveys report the occurrence of 18,783 species (NEMA, 2009). However, plant/ forestry bio diversity and area coverage have highly declined through time due to deforestation, invasive species and land degradation as the main threats accelerating plant bio-diversity loss.
Like most countries in Africa, Uganda is heavily affected by these factors and finally has resulted into natural resource losses. About 75 percent of the countries land mass is estimated to have been affected by the threat of desertification. To overcome these problems efforts have been made to launch afforestation and conservation programs. So, the purpose of this study is to asses threats to Prunus africana, Albizia zygia and the Maeosopsis emini plant biodiversity in Zirimiti Central Forest Reserve in Mukono District (Hall, Sinclair, & O'Brien, 2000).
Natural forest types include those found at higher and lower altitudes and those with various plant compositions ranging from primarily evergreen to deciduous to bamboo forests. Various forest specialist species of conservation concern are associated with the various forest types. For instance, mountain gorillas are found only in the higher altitude evergreen forests of the Albertine Rift. A variety of endangered and rare bird species are forest specialists that are closely associated with only one particular forest type.  (Katende A. B., 1995) estimated that 187 of Uganda's 1007 bird species use these tree species as their habitat. As more and more forested land is converted to plantations such as the palm plantations on the Bugala Islands in Lake Victoria, more and more forest species disappeared. An analysis of tree species distribution in the Albertine Rift found that most tree species were geographically widespread and management strategies should therefore favor the landscape rather than site specific approaches. 

Conceptual Perspective

According to (Butchart, 2010) the term plant will be used to refer to a group of organisms sharing a freshwater ancestor that have evolved over a 470-million-year period. The defining characteristic of plants is the protection of their embryos. All plants have multi cellular haploid and diploid phases, with the trend over time toward increasing embryo protection and a smaller haploid stage. Most plants are protected from desiccation by a waxy cuticle, and have stomata through which gases diffuse into and out of the plant. Nonvascular plants are divided into three major phyla Bryophyta, Hepaticophyta, and Anthocerophyta with all members being relatively unspecialized, but collectively able to inhabit diverse environments. Higher plants are native vascular plant species. Threatened species are the number of species classified by the IUCN as endangered, vulnerable, rare, indeterminate, out of danger, or insufficiently known. 

Biodiversity refers to the variability’s among species of plants, animals and microorganisms; ecosystems; ecosystem including terrestrial, aerial, marine and other aquatic system and ecological complexes of which they are part. In simpler terms, biodiversity is the assemblage of different life forms. Biodiversity of plants ensures a resource for new food crops and medicines. Plant life balances ecosystems, protects watersheds, mitigates erosion, moderates climate, and provides shelter for many animal species. Threats to Forest plant diversity, however, come from many angles (CE, 2013).
Biodiversity is the variety of life, including variation among genes, species and functional traits. It is often measured as: richness is a measure of the number of unique life forms; evenness is a measure of the equitability among life forms; and heterogeneity is the dissimilarity among life forms. The biodiversity found on Earth today is the product of nearly 4 billion years of evolution. It has been estimated that more than 50 million species of plants, animals and micro-organisms are existing in the world. Out of these, about 1.4 million species have been identified so far (Cardinale, 2012).
Biodiversity loss is among the most serious environmental problems facing the world today. Natural habitats in the moist tropical regions, which harbor the majority of the world’s flora and fauna, are being lost at an alarming rate. It is estimated that in tropical rain forests alone the rate of loss of entire species (not merely genetic varieties or subspecies) is now a minimum of about 27,000 per year, or three per hour, and the rate is increasing  (Centre, 1998). This rate of decline is believed to be at least 1,000 times the ‘ordinary’ (background) rate of extinction. There are many who believe that we are facing a biodiversity crisis and others have gone as far as to suggest that we are slipping into a rate of extinction that may well rival that which resulted in the demise of the dinosaurs some 65 million years ago. 

Prunus africana
The genus name “Prunus” is derived from a Latin word which refers to the plum family, and the scientific name “Prunus africana” refers to the species of African origin. This monoecious tree is native to 21 countries in sub-Saharan Africa. It is a highland forest plant that grows in humid and semi humid conditions at an altitude of about 900–3,400 m above the sea level, with a mean annual rainfall of 890–2,600 mm and a mean annual temperature of 18–26°C  (Cunningham & Mbenkum, 1993)
Prunus africana, the African cherry, has a wide distribution in Africa, occurring in montane regions of central and southern Africa and on the islands of Bioko, São-Tomé, Grande Comore, and Madagascar. It can be found at 900-3,400 m (3,000–10,000 ft) above sea level. It is a canopy tree 30-40 m in height and is the tallest member of Prunus. Large-diameter trees have impressive, spreading crowns. It requires a moist climate, 900-3,400 mm (35-130 in) annual rainfall and is moderately frost-tolerant. Prunus africana appears to be a light-demanding, secondary-forest species (Dadamouny M, 2009). 

The bark is black to brown, corrugated or fissured, and scaly, fissuring in a characteristic rectangular pattern. The leaves are alternate, simple, 8–20 cm (3.1–7.9 in) long, elliptical, bluntly or acutely pointed, glabrous, and dark green above, pale green below, with mildly serrated margins. A central vein is depressed on top, prominent on the bottom. The 2 cm (0.8 in) petiole is pink or red. The flowers are androgynous, 10-20 stamens, insect-pollinated, 3–8 cm (1–3 in), greenish white or buff, and are distributed in 70 mm (2.8 in) axillary racemes. The plant flowers October through May. The fruit is a drupe, red to brown, 7–13 mm (0.3–0.5 in), wider than long, two-lobed, with a seed in each lobe. It grows in bunches ripening September through November, several months after pollination (Cardinale, 2012). 

Albizia zygia

Albizia zygia is a multipurpose species. It seems to have good prospects as a commercial timber tree in sustainably managed forests, and also as a source of gum useful in the food, cosmetic and pharmaceutical industry. It has good prospects as an auxiliary tree in agroforestry systems, improving the soil with its nitrogen-fixing root nodules, providing mulch with its leaf litter, reducing erosion with its large rooting system, and protecting crops from too much sun. It deserves to be included in agroforestry testing programs (Dadamouny & Schnittler, 2015)
The wood is known under the trade names nongo (general), red nongo (Uganda) and okuro (Ghana). It is used for indoor construction, light flooring, furniture, canoes, implements (e.g. pestles, hoe-handles), carving, veneer and plywood. It is also suitable for joinery, interior trim, ship and boat building, vehicle bodies, toys and novelties, turnery, boxes, crates, matches, hardboard and particle board. The wood is commonly used as firewood and for charcoal production. The wood pulp is suitable for paper production (Cunningham & Mbenkum, 1993).

Albizia zygia timber has some importance on the international market, although it is considered a lesser-used species. It is often mixed with timber of other Albizia spp. In Ghana the export volume of sawn Albizia timber in the first half of 2004 was 240 m³ with a value of about US$ 250,000 (Dharani, 2002).

Maeosopsis eminii is native to much of West and Central Africa, its range extending from Liberia, the Congo and Angola to Uganda. It has become established in Sudan, Somalia, Ethiopia, Kenya, Tanzania and Zambia. It was introduced into the Usambara Mountains in eastern Tanzania between 1930 and 1970, where it became an invasive species in the submontane rainforest, now being the dominant species of tree there. It is a pioneer species, found in humid forests, colonising cleared areas and flourishing as secondary growth. It is often present in the border zone between savannah and forest (Dadamouny M. , 2009).

Threats to biodiversity have both direct and indirect causes. Four of the five principal direct threats to the conservation of global biodiversity are considered to be the most important causes of the loss of biological resources in Uganda. The proximate causes to biodiversity loss in Uganda are not the root of the problem, and it is the root causes of biodiversity loss in Uganda that will need to be addressed if progress towards conserving biological diversity is to be achieved. An examination following the direct causes that threaten species, ecosystems and eco regions in Uganda revealed that there are very few long-term studies/monitoring programs to keep track trends in plant biodiversity loss in relation to the threats. Monitoring programs for various taxa have not been conducted efficiently and integrated as part of long-term studies of academic institutions, Natural Resource management practitioners and research organizations (Department, 2000)
The deforestation rate in Uganda is estimated to be 55,000 ha per year, based on habitat change from 1990- 1995. Other estimates push the Plate higher to between 1.1% and 3.15% per year. The majority of the forest loss has occurred outside of protected areas. Approximately 25 million tons of wood are consumed annually in Uganda, which translates to about 1.1 ton per capita per year. The trend in loss of forest cover shows an accelerated rate of deforestation in Uganda compared to a number of other countries. The National Biomass Study Project (2003) conducted by the Forestry Department in the Ministry of Water Lands and Environment (2003) estimated that per capita forest area will decline from 0.3 hectare in 1991 to 0.1 hectare in 2025 if there is no serious investment in forestry. Today, while 50% of all the tropical high forest on private land is degraded, only 15% in forest reserves is degraded. Given that most of the forest loss takes place on private lands, it is more than ever necessary to protect CFRs. Regional trends in loss of forest cover show a similar decline. Thus, if the extent of forest cover is taken as a proxy for Uganda’s biodiversity, clearly the country has registered significant loss. Drastic changes in the forest cover have taken place in by 1996, forest cover had declined to about 20%. Tropical high forest cover declined from 12% of total land area in 1900 to 4% by 2000 (MWE, 2007).
However, in line with the Institutional and Political Issues Governing Management, there have been several changes in Uganda in the recent years that affect the forest sector in general. A number of new national policies and laws were introduced that have changed the environmental and natural resources management practices as well as government commitment to international obligations to conservation (FAO, 1995). The national Policy for the Conservation and Management of Wetland Resources, 1995, The Uganda Wildlife Statute, 1996, The National Environment Management Statute, 1995, the forest Reserves Order, 1998, The Convention on International Trade in Endangered Species, 1973, are some of the key national policy and legal changes and international obligations affecting the forest sector. Through the various national and international institutional frameworks, the government recognizes the forests are vital for sustainable development i.e. for the economy, society and environment. On the whole, strict forest conservation has been practiced, at the same time liberal economic use of the forest resources is guaranteed (Dadamouny M. , 2009).

In the National Red List for Uganda Report (2016), the National Biodiversity Databank, at Makerere University, provides species lists for Uganda for each taxon as the starting point for considering which species were most likely to be at risk. These lists are contained as separate spreadsheets in the Uganda Red list Full Assessed Species and biodiversity specialists have built on these lists to provide as complete threatened plant species lists for Uganda as possible (Dadamouny M, 2009). Therefore, the need for accessible and reliable information on plant biodiversity conservation status is recognized by the Government of Uganda and by countries worldwide. The threat status of ecosystems and wildlife species is now an important consideration in environmental impact assessments carried out to comply with international performance standards (Gitay, 2002). Investors wishing to comply with these standards are expected to review threats across the landscapes in which they plan to operate and to follow certain steps if they are likely to affect habitats that are important for conservation of highly threatened species. The current study therefore seeks to investigate and document the various threats to forestry plant biodiversity in Central Forest reserves with specific focus on Zirimiti Forest Reserve in Mukono District, Uganda.

1.2 Problem Statement
An examination following direct causes that threaten species ecosystems and eco regions in Uganda reveal that there are very few monitoring programs to keep track trends in plant biodiversity loss in relation to threats. Monitoring programs for various taxa have not been conducted efficiently and integrated as part of long-term studies of academic institutions. Natural Resource management practitioners and Research Organizations (Tumusiime, 2016).
However in line with the institutional and political issues governing management, there have been several changes in Uganda in recent years that affect forest sector in general, a number of new policies and laws were introduced that have changed environmental and natural resource management practices as well as government commitment to obligation to conservation food and Agricultural Organizations  (FAO, 2015).
According to the national red list for Uganda Report (2016) the national biodiversity data bank at Makerere University indicated that investors wishing to comply with conservation standards are expected to review threats across the landscapes in which they plan to operate and to certain steps if they are likely to affect habitats that are important for conservation of highly threaten species. 

Deforestation rate in Uganda is estimated to be 55000 ha per year based on habitat change from 1990 to 1995, others estimates push the Plate higher to be  between 1.1% and 3.15% per year majority being private forests approximately 25 million tons of wood annually in Uganda which translates to 1.1 tone per capata per year. The trend shows accerated loss in deforestation in Uganda compared to a number of other countries FD, MWLE (2003).
Biodiversity loss is among the most serious problems facing the world today, natural habitats in moist tropical regions which harbor the majority of the world’s flora and fauna are being lost at an alarming rate. It is estimated that in tropical rain forest alone the rate of loss of entire species not nearly genetic varieties or subspecies is now a minimum of about 27,000 per year or three species per hour and the rate is increasing (Tumusiime, 2016).
Biodiversity loss has consequences for natural populations, communities, and ecosystems. For example, current biodiversity loss can change community resilience to future disturbances, as well as cause declines in ecosystem functions and services that benefit human welfare and provide economic and societal value. Moreover, (Heal, 2005) 

The current study therefore seeks to determine and document threats to survival of Prunus africana, Albizia zygia and Maeosopsis eminii plant biodiversity to environment in Zirimiti CFR in Mokono district with the intention  to provide a general understanding of the current situation with regard to plant biodiversity and  particular, adequacy of the management measures in relation to  threats affecting  survival of the three studded species of  plant biodiversity and applicable solutions, legislations, regulations and procedures associated there with for sustainable conservation.
1.3 Main Objective of the study

The main objective of the study was to assess the threats to survival of Prunus africana, Albizia zygia and the Maeosopsis eminii plant biodiversity in Uganda focusing on Zirimiti Central Forest Reserve in Mukono District as a case study. Bottom of Form
1.4 Objectives of the study

The study addressed the following objectives;

1. To determine the major causes of Prunus africana, Albizia zygia and the Maeosopsis eminii  plant biodiversity loss in Zirimiti Central Forest Reserve
2. To examine the socio economic and ecological effects of loss of Prunus africana, Albizia zygia and the Maeosopsis eminii plant biodiversity to environment in Zirimiti Central Forest Reserve
3. Strategies being used to conserve Prunus africana, Albizia zygia and the Maeosopsis eminii plant species biodiversity in Zirimiti Forest Reserve

1.5 Research Questions

The study answered the following questions.

1. What are the major causes of Prunus Africana, Albizia zygia and the Maeosopsis eminii plant species biodiversity in Zirimiti Central Forest Reserve?

2. Which are the socio economic and ecological effects of loss of Prunus Africana, Albizia zygia and the Maeosopsis eminii plant species to the environment in Zirimiti CFR.?

3. What are the strategies being used to conserve Prunus Africana, Albizia zygia and the Maeosopsis eminii plant species in Zirimiti Forest Reserve?

1.6 Scope of the Study

1.6.1 Content scope

This study was about an assessment of the threats to plant biodiversity in Zirimiti Central Forest Reserve Mukono District and is limited to three objectives which include:  investigating the major causes of plant biodiversity loss in Zirimiti Forest Reserve; examining the socio economic and ecological effects of loss of plant biodiversity to environment in Zirimiti Central Forest Reserve and lastly establishing the strategies being used to conserving plant biodiversity in Zirimiti Forest Reserve in Uganda. 

1.6.2 Geographical scope

This study was conducted at Zirimiti Central Forest Reserve in Mukono District in Ntenjeru Sub Country covering Zirimiti CFR and surrounding villages.
1.6.3 Time scope

The study was conducted from April 2018 to October 2019 obtained and considered data for the threats to Prunus Africana, Albizia zygia and Maeosopsis eminii in Uganda for the years covering 2010 – 2018 since it’s during this period that the country faced the highest extinction rates of plant biodiversity.

1.7 Significance of the study

The study provided empirical evidence on the threats to survival of plant biodiversity at Zirimiti Central Forest Reserve in Mukono District in Uganda. The findings would be used by among others District Forestry office, District Environment Office, National Forestry Authority, NEMA, UWA, Nature Uganda, political leadership, Ministry of Environment, academicians, community forestry managers, community stakeholders and the development partners to understand the actual threats to forestry plant biodiversity in Uganda and guide them on sustainable forestry management or plant diversity management at large. Specifically, the following stakeholders need to be highlighted: 

District Forestry office: Findings of the study helped the District Forestry officers and guide officials in the district’s integration of indigenous forest management programs especially in efforts to conserve plant biodiversity. 

Policy Makers: The study provided an insight and helped policy makers for Ministry of Water and Environment, National Forestry Authority, NEMA and UWA to develop policies that incorporate indigenous tree species into national forestry conservation policies in order to protect plant biodiversity from any threats or extinction. This enabled parliament to formulate and pass laws and policies that would ensure sustainable management of plant biodiversity in Uganda.

Academicians and community forestry management professionals: The study findings would also be of practical importance to academicians and the general community forestry management practitioners. This added on the pool of knowledge by providing academicians with the necessary information about the practice of indigenous tree species protection, conservation and reduction of threats to  plant biodiversity and provided for further research in related areas. 

Development partners: The study findings would be of importance to some development partners and development partners, who up to recently are major funders and partners of the government environment management programs in Uganda. The results of this study can be of great importance especially to NGO’s and Development Partners in sourcing for funds to support forestry and environment management programs as well as advocate for the protection of endangered plant biodiversity.

General public and other stakeholders: The study findings would help to provide information to students local community and general public about the threats to plant biodiversity and ways of conserving such threatened plant biodiversity.

1.8 Justification of the study

The environment has become a worldwide concern in the last decade, being the focus of discussions in a variety of forums both at national and international levels. Because environmental problems are rooted in economic and social policies, they occur at all levels from local to global, and success requires action by many players over long periods of time. The government is responsible for dealing with these problems and working towards solutions. 

Accordingly, the government has tried to address this over the years by creating policies, and programs enacting environmental legislation, and through international institutions and treaties, laws and regulations and expenditures. The major causes of plant  biodiversity decline are land use changes, pollution, changes in atmospheric CO2 concentrations, changes in the nitrogen cycle and acid rain, climate alterations, and the introduction of exotic species, all coincident to human population growth. For rainforests, the primary factor is land conversion. Climate will probably change least in tropical regions, and nitrogen problems are not as important because growth in rainforests is usually limited more by low phosphorus levels than by nitrogen insufficiency. The introduction of exotic species is also less of a problem than in temperate areas because there is so much diversity in tropical forests that newcomers have difficulty becoming established  (Dharani, 2002)
The purpose of the current study is therefore to make known the findings of threats to plant biodiversity of forestry resources in the country. In line with the assessment of the threats, the intention is to provide a general understanding of the current situation with regard to plant biodiversity and in particular, the adequacy of the management measures with regard to the threats to survival of prunus africana, Albizia zygia and Maeosopsis eminii plant biodiversity and applicable solutions, legislations, regulations and procedures associated therewith for sustainable conservation.  (Cunningham & Mbenkum, 1993).

Figure 1.1: Conceptual Frame Work
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The loss of tree species (independent variables) is due to; Agriculture activities, Infrastructure, development, Harvesting for herbs, Demand for charcoal, Harvesting for timber, Human settlement among others (Dependent variables) which are majorly attributed to human activities. However, there has been efforts to control such activities in order to revive the independent variables through the influence of intervening variables such as government policies, awareness/education programs, prosecution of the culprits, enforcement of forest law, collaborative forest management, civil society activists as well as better conservation practices.
CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter presents data in sections that include conceptual definitions, literature survey and study review in line with the study objectives. An underlying objective of the review would be to tie together the concepts and provide a much-needed unifying structure. This would necessitate identifying the common threats, to link the literature on the management of plant biodiversity, operational theory, with the reverberating themes in similar studies conducted across the other academic and science disciplines. 

2.2 Concept of  Plant Biodiversity 

Biodiversity is “the variability among living organisms from all sources including terrestrial, marine and other aquatic ecosystems, and the ecological complexes of which they are part; this includes diversity within species, between species, and of ecosystems.” It is the foundation of life on Earth (NFA, 2009). Forestry Plants play a key role in ecosystems and are a source of food and medicinal compounds while also providing raw materials for many industries. Rapid deforestation and industrialization, however, threaten plant biodiversity. In turn, this threatens the ecosystem. So, Forestry Plant biodiversity is valuable because it balances ecosystems, protects watersheds, mitigates erosion, moderates climate, and provides shelter for animals. 

 Plant Biodiversity specie has a specific niche, a specific role and function in an ecosystem. These roles include capturing and storing energy, providing food, predation, decomposing organic matter, cycling water and nutrients, controlling erosion, controlling pests and climate regulation. Species support biological production and regulation throughout the food chain in a variety of ways, such as adding to soil fertility, pollination, plant growth, predation and waste decomposition (NFA, 2009). The more diverse an ecosystem is the more stable it is, the more productive it tends to be, and the better it is able to withstand environmental stress. Biodiversity is essential for sustaining the natural ecosystems on which humans, and all life, depend. Therefore, although concern about threats to species diversity tend to focus on large species, such as bald eagles or whooping cranes, threats to the biodiversity of small organisms such as arthropods and microbes are the same or greater. Small organisms are often more specialized and adapted to certain plant species and habitats than are the large animals, and therefore they are more susceptible than large animals to extinction. 

The Global Biodiversity Strategy defines biodiversity as the totality of genes, species and ecosystems in a region (MWE, 2007). Biodiversity of forestry plants ensures a resource for new food crops and medicines. Forestry Plant life balances ecosystems, protects watersheds, mitigates erosion, moderates climate, and provides shelter for many animal species. Threats to plant diversity, however, come from many angles. The explosion of the human population, especially in tropical countries where birth rates are highest and economic development is in full swing, is leading to human encroachment into forested areas. Other threats to tropical forests have come from poachers who log trees for their precious wood. Ebony and Brazilian rosewood, both on the endangered list, are examples of tree species driven almost to extinction by indiscriminate logging. Threats to forestry plant biodiversity include the increasing human population, pollution, deforestation, and species extinction. Plant extinction is progressing at an alarming rate; this, in turn, affects other species, which also become extinct because they depend on the delicate ecological balance (Gitay, 2002). 

In Uganda, Forests and woodlands forestry plant biodiversity cover a total of 4.9 million hectares, about 24% of the total land area. Tropical High Forests (THF) cover 924 208 ha, forest plantations cover 35 066 ha and woodlands cover 3 974 102 ha. Of the 4.9 million hectares, 30% are in protected areas (Forest Reserves, National Parks and Wildlife Reserves) and 70% are found on private land. Protected Areas cover 1.9 million hectares. Of this, Central Forest Reserves cover 1 265 742 ha. The National Forest Authority (NFA) manages the central forest reserves. The forests on private land are in many cases being over-harvested, degraded and converted to other uses. In the higher rainfall areas of southwestern Uganda privately managed woodlots are intensively utilized to provide a steady stream of poles, firewood and other forest products, thus reducing the pressure on remaining natural forests that are in protected areas. Natural forest types include those found at higher and lower altitudes and those with various forestry plant compositions ranging from primarily evergreen to deciduous to bamboo forests. Tree planting activities of NFA are focused on introduced species (Eucalyptus spp., Pinus spp. and Grevillea Robusta)  (NFA, 2009)
Short term need for timber, though they could threaten the survival of native species if there are no guidelines for private tree planting. The introduction of exotic species into natural systems, however, is likely to affect the biodiversity and tropical forests in many ways. There is a possibility that exotic plant species can out-compete native species and replace them in the system, thus reducing the species diversity, lowering genetic diversity, and increasing the homogeneity of the landscapes (Krauss, 2010) 

There is little known about the wild forestry fruit trees from such areas, though some information was captured on them by Katende et al in the two publications on indigenous trees and shrubs in Uganda and that on edible plants from the wild. These species include non-food Acacia spp and shear butter tree (Vitellaria paradoxa subsp nilotica) that could give a significant boost to the income of the people if exploited for gum Arabic and oil respectively. The diversity represented by such crops is still less studied and hardly collected for conservation.  Unfortunately the rich diversity found in plants harvested from the wild in most areas of the country has not been exploited through selective breeding (especially in indigenous fruits and vegetables to get more uniform varieties, which are a pre-requisite for consistent higher yields (Katende, 1995).

The diversity of wild plants harvested for food production has been subjected to control under the Uganda National Forest Authority. However, there is no policy/legislation in place to support Collaborative Forest Management processes especially where wild species are harvested for food purposes e.g bamboo shoots (Arundinaria alpine) and several species of mushrooms in the Elgon highlands in the Eastern region of the country. It is envisaged that potential livelihood benefits to local communities from Collaborative Forest Management are likely to be very low mainly because benefits/ values of Collaborative Forest Management are not understood by the stakeholders (JA, 2011).  

Conservation of plants has not generated the sense of urgency or the funding that drives the conservation of animals, although plants are far more important for us. There are an estimated 500,000 species of land plants (angiosperms, gymnosperms, ferns, lycophytes, and bryophytes), with diversity strongly concentrated in the humid tropics. Many forestry plant species are still unknown to science. Perhaps a third of all land plants are at risk of extinction, including many that are un described, or are described but otherwise data deficient. There have been few known global extinctions so far, but many additional species have not been recorded recently and may be extinct. Although only a minority of plant species have a specific human use, many more play important roles in natural ecosystems and the services they provide, and rare species are more likely to have unusual traits that could be useful in the future  (Cunningham & Mbenkum, 1993).
Therefore, major threats to plant diversity include habitat loss, fragmentation, and degradation, overharvesting, invasive species, pollution, and anthropogenic climate change. Conservation of plant diversity is a massive task if viewed globally, but the combination of a well-designed and well-managed protected area system and ex situ gap-filling and back-up should work anywhere. The most urgent needs are for the completion of the global botanical inventory and an assessment of the conservation status of the 94% of plant species not yet evaluated, so that both in and ex situ conservation can be targeted efficiently. Globally, the biggest conservation gap is in the hyper diverse lowland tropics and this is where attention needs to be focused (Dharani, 2002). 

2.3 Contextual background of Prunus africana, Albizia zygia and Maeosopsis eminiee
2.3.1 Prunus africana

Betti, (2008). Prunus africana was referred to as the African cherry because it has a wide distribution in Africa, occurring in montane regions of central and southern Africa and on the islands of Bioko, São-Tomé, Grande Comore, and Madagascar. It can be found at 900-3,400 m (3,000–10,000 ft) above sea level. It is a canopy tree 30-40 m in height and is the tallest member of Prunus. Large-diameter trees have impressive, spreading crowns. It requires a moist climate, 900–3,400 mm (35–130 in) annual rainfall, and is moderately frost-tolerant.  Prunus africana appears to be a light-demanding, secondary-forest species (Le Roux, 2009). 

The bark is black to brown, corrugated or fissured, and scaly, fissuring in a characteristic rectangular pattern. The leaves are alternate, simple, 8–20 cm (3.1–7.9 in) long, elliptical, bluntly or acutely pointed, glabrous, and dark green above, pale green below, with mildly serrated margins. A central vein is depressed on top, prominent on the bottom. The 2 cm (0.8 in) petiole is pink or red. The flowers are androgynous, 10-20 stamens, insect-pollinated, 3–8 cm (1–3 in), greenish white or buff, and are distributed in 70 mm (2.8 in) axillary racemes. The plant flowers October through May. The fruit is a drupe, red to brown, 7–13 mm (0.3–0.5 in), wider than long, two-lobed, with a seed in each lobe. It grows in bunches ripening September through November, several months after pollination. With other members of the genus Prunus, Prunus africana possesses extrafloral nectaries that provide antiherbivore insects with a nutrient source in return for protecting the foliage (Krauss, 2010). 

In addition to its value for its timber and its medicinal uses, Prunus africana is an important food source for frugivorous birds and mammals. Dian Fossey reports of the mountain gorilla:Visoke "The northwestern slopes of  offered several ridges of Pygeum africanum. The fruits of this tree are highly favored by gorillas." East African Mammals reports that stands of Pygeum are the habitat of the rare Carruther's mountain squirrel and asserts, "This forest type tends to have a rather broken canopy with many trees smothered in climbers and dense tangles of undergrowth." It is currently protected under appendix II of CITES since 16 February 1995 and in South Africa under the National Forest Act (Act 84) of 1998  (Dadamouny & Schnittler, 2015). 

Large numbers of trees are harvested for its bark to meet the international demand for its medicinal qualities. Early studies on the effects of bark harvest showed that the harvest affected population structure, increased mortality and decreased fecundity (Dunlop, 2008). However, quantitative studies to examine specific life history parameters and possible sustainable harvesting practices were begun only recently (Dunlop, 2008). In these later studies, the combined factors of mortalities of a large percentage of reproductive trees (especially the largest ones), highly reduced fruit production and poor seedling survival seem to suggest a bleak prognosis for future regeneration and long-term persistence of the species in harvested populations. 

The species has a long history of traditional uses. The bark is used in an attempt to treat fevers, malaria, wound dressing, arrow poison, stomach pain, purgative, kidney disease, appetite stimulant, gonorrhea, and insanity. The pharmacology and traditional uses of the species are reviewed in (Lowry, 2008).
The extract Pygeum is an herbal remedy prepared from the bark of Prunus africana and is promoted as an alternative medicine for benign prostatic hyperplasia (BPH). Following initial excitement about pygeum's therapeutic potential at the end of the twentieth century, subsequent research has found it to be of no benefit (Department, 2000).

The timber is a hardwood employed in the manufacture of axe and hoe handles, utensils, wagons, floors, chopping blocks, carving, bridge decks, and furniture. The wood is tough, heavy, straight-grained, and pink, with a pungent bitter-almond smell when first cut, turning mahogony and odorless later.

The collection of mature bark for its use in traditional medicine and other uses has resulted in the species becoming endangered. Prunus africana continues to be taken from the wild. However, quotas have been awarded by the South African Forestry Department without adequate forest inventories due to some harvesters, spurred on by the high prices, removing too much of the bark in an unsustainable manner. In the 1990s, an estimated 35,000 debarked trees were being processed annually. The growing demand for the bark has led to the cultivation of the tree for its medicinal uses (Parrott, 1999).

According to  (Department, 2000), the name of the remedy, pygeum, comes from the name of the plant, which was discovered to botany by Gustav Mann during his now-famous first European exploration of the Cameroon Range, with Richard Francis Burton and Alfred Saker, in 1861. A letter from Mann to the Linnean Society of London, read by William Jackson Hooker, then Director of the Royal Botanic Gardens, Kew, on June 5, 1862, describes the naming of the peaks of the Cameroon Range (such as Mount Victoria, later Mount Cameroon) and the collection of specimens there. The latter were shipped back to Kew for classification, which was duly performed by Hooker and his son, Joseph Dalton Hooker, who had the responsibility of publishing them, as William died in 1865. 

When the publication came out the Hookers had named the plant Pygeum africanum, followed by the designation "n. sp.", an abbreviation for nova species. The habitat is listed as "Cameroons Mountains, alt. 7000-7500 feet", which was above the tropical forest and in the alpine grasslands. Hooker notes that another specimen had been "gathered in tropical Eastern Africa" at 3000 feet by Dr. Kirk on an expedition of David Livingstone. The first publication of the synonym in 1864 had been preceded by publication of the bare name in 1863 in a book by Richard Francis Burton. Evidently Hooker had already made the contents of J. Proc. Linn. Soc., Bot. 7 for 1864 available to some, as Burton mentions the volume and Mann's letter in 1863. Hooker gives scant hint of why he chose "pygeum"; however, what he does say indicates it was common knowledge among botanists. Kirk's specimen fruit was "a much-depressed sphere". By this, he undoubtedly meant to reference Joseph Gaertner's genus, Pygeum Gaertn., which innovates pygeum from a Greek word, πυγή, "rump, buttock", because the two lobes of the fruit resemble the human gluteus maximus muscles  (Neuwinger, 2000). 

In 1965, Cornelis Kalkman moved Pygeum to Prunus, and this classification has the authority for now. However, a recent cladistic study notes of Pygeum: "its relationships to Prunus remain to be tested by molecular cladistics." Prunus africana is known by the common names African cherry, pygeum (from its former scientific name, Pygeum africanum), iron wood, red stinkwood, African plum, African prune, and bitter almond. In other languages spoken where it grows, it is known as tikur inchet in Amharic, mkonde-konde in Chagga, muiri in Kikuyu, entasesa or ngwabuzito in Ganda, Mkakase in Xhosa, inyazangoma-elimnyama or umdumezulu in Zulu, Tendwet in Nandi (Kalenjin) and rooi-stinkhout in Afrikaans. A 1994/1995 study published in 1997 by Marchant and Taylor did a pollen analysis on and radiocarbon-dated two core samples from montane Mubindi Swamp in Uganda. The swamp is a catchment at 2100 m altitude between mountain ridges. It is a "moist lower montane forest" in Bwindi Forest National Park. The investigators found montane Prunus, represented by currently growing Prunus africana, has been in the catchment continuously since their Pollen Zone MB6.1, dated about 43000–33000  years ago  (Walter, 1995)
2.3.2 Maeosopsis eminii
Maeosopsis eminii is a species of tree in the family Rhamnaceae found in India and Africa and also known as the umbrella tree. It is often grown as a plantation tree, and as a shade tree in coffee plantations and other crops. Birds and monkeys may disperse the seeds. Since this tree grows fast it is often used for regeneration of destroyed forest lands. Its timber is used for construction and firewood and its leaves for animal fodder. Maeosopsis eminii is a large, fast-growing semi-deciduous tree growing to a height of about 30 m (100 ft). The trunk is straight with a clear bole for the lowest third. The bark is greyish-brown and deeply furrowed. The branches are mostly horizontal causing the crown to be flat, although it becomes more rounded as the tree ages. The leaves are simple and elliptic-lanceolate, with toothed margins, 6 cm to 15 cm × 2 cm to 5 cm (2.4 in to 5.9 in × 0.8 in to 2.0 in), glossy above, with a gland in each tooth. On the underside of the leaves there are domatia in the axils of the secondary nerves. The inflorescence is a many-flowered cyme up to 5 cm (2 in) long, each greenish-yellow flower having five calyx lobes that are longer than the corolla lobes and a single anther. The fruit is a drupe up to 3.5 cm (1.4 in) long, green at first, turning yellow and then purple-black as it ripens. It contains a large stone with one or two black seeds inside (Stewart, 2009).

Maeosopsis eminii is native to much of West and Central Africa, its range extending from Liberia, the Congo and Angola to Uganda. It has become established in Sudan, Somalia, Ethiopia, Kenya, Tanzania and Zambia. It was introduced into the Usambara Mountains in eastern Tanzania between 1930 and 1970, where it became an invasive species in the submontane rainforest, now being the dominant species of tree there. It is a pioneer species, found in humid forests, colonising cleared areas and flourishing as secondary growth. It is often present in the border zone between savannah and forest  (Odeku, 2005).

The tree starts flowering when only a few years old. The flowers are hermaphroditic and are probably pollinated by insects with one or two fruits usually developing per inflorescence. Monkeys and large birds such as hornbills help to disperse the seed by carrying the fruit away to consume elsewhere. Where the trees become established the previous root mat disappears, the leaf litter becomes thinner, the soil pH rises and the biodiversity of ground plants and animals decreases. Maesopsos eminii is a useful timber tree. The sapwood is pale and the heartwood is olive-brown to deep red. It is used for poles, boxes and crates but is susceptible to damage by termites and to rotting when in continual contact with wet ground. The wood is used for fuel and the foliage for fodder. The tree is planted to provide shade for such crops as coffee, cocoa and cardamom, and is often grown domestically in gardens for the same purpose  (Loram, 2007).

2.3.3 Albizia zygia

Albizia zygia is a genus of more than 160 species of mostly fast-growing subtropical and tropical trees and shrubs in the subfamily Mimosoideae of the family Fabaceae. The genus is pantropical, occurring in Asia, Africa, Madagascar, America and Australia, but mostly in the Old World tropics. In some locations, some species are considered weeds. They are commonly called silk plants, silk trees, or sirises. The obsolete spelling of the generic name with double 'z' - is still common, so the plants may be called albizzias. The generic name honors the Italian nobleman Filippo degli Albizzi, who introduced Albizia julibrissin to Europe in the mid-18th century. Some species are commonly called mimosa, which more accurately refers to plants of genus Mimosa. Species from southeast Asia used for timber are sometime termed East Indian walnut  (Ingram V, 2009). 

They are usually small trees or shrubs with a short lifespan, though the famous Samán del Guère near Maracay in Venezuela is a huge Albizia saman specimen several hundred years old. The leaves are pinnately or bipinnately compound. The small flowers are in bundles, with stamens much longer than the petals. The stamens are usually showy, although in some species such as A. canescens the flowers are inconspicuous. Unlike those of Mimosa, Albizia zygia flowers have many more than 10 stamens. Albizia can also be told apart from another large related genus, Acacia, by its stamens, which are joined at the bases instead of separate. Albizias are important forage, timber, and medicinal plants, and many are cultivated as ornamentals for their attractive flowers  (Walter, 1995). 

2.4 Theoretical Review

Environmental Kuznets Curve Model

The term ‘environmental Kuznets curve’ was first used by Selden and Song (1994). when they suggested that the environment-income relationship might be similar to the one proposed by  (Walter, 1995). for income inequality in relation to development, namely an ‘inverted-U’ shape. To date, the empirical evidence in support of the EKC has been mixed. However, more recent research casts doubt on an EKC for SO2 (Stern and Common, 2001) and other air pollutants. Even when the EKC appears to be valid, there are doubts about the stability and hence the reliability of the turning points. The per capita income levels of most of the African and Latin American countries in the sample were below the EKC turning points (Stewart, 2009).  

In their study which used a much larger sample of countries over a longer period of time than previous sulfur EKC studies, Stern and Common (2001). found that the turning point estimates were sensitive to sample choice. For example, using a sample of 23 OECD countries and a random effects model, they obtained an inverted-U shape with a turning point of US$9,239 which was well within the sample. However, using a global sample, they obtained a very high turning point of US$101,166, implying that the EKC is effectively a monotonic function of income. This finding is consistent with that of (Department, 2000).
The EKC debate is of considerable national and international importance. The existence of such a relationship would lend support to the view that as countries develop, they will experience a cleaner environment. A corollary of this view is that pollution is a necessary evil for countries at an early stage of development and that economic growth is the key to solving environmental problems (Burrows, 1994). Re-examined the empirical evidence for the EKC for SO2, smoke, and total suspended particulates using data from World Bank. With the benefit of an additional ten years of data. They also tested the sensitivity of the EKC relationship to different functional forms and econometric specifications, to the inclusion of additional covariates besides income and to the nations, cities and years sampled. They found that the location of the turning points, as well as their very existence, was sensitive to both slight variations in the data and to the econometric specification. For example, merely cleaning up or updating the original data caused the inverted-U shape to disappear. On the basis of these results, they concluded that there is little if any empirical support for the existence of an EKC for these pollutants. 

The current study considers the issue of forestry plant biodiversity loss in the context of the current debate on economic growth and environmental quality as well as conservation practices in Central Forest Reserves. The EKC debate has given rise to a rapidly expanding literature; however, the majority of these studies focus on aspects of environmental degradation such as air/water pollution and deforestation. The basic premise of this study is that forestry plant biodiversity belongs to a special class of environmental degradation because it involves complex ecosystems the loss of which cannot be recovered by technological advances. As such they differ from other types of environmental degradation such as pollution and deforestation for which improvements are possible to some extent. Furthermore, forestry plant biodiversity levels are not related to energy use unlike pollutants commonly used in EKC studies. Thus, at the global level, there cannot be a turning point in the relationship as income increases. Rather than estimating an EKC relationship, here we endeavor to investigate the determinants of forestry plant biodiversity loss and offer suggestions for policy (Cunningham & Mbenkum, 1993). 

The study hypothesizes that while economic growth has an expected adverse effect on biodiversity, the composition of output can be important particularly in low-income countries. For some aspects of forestry plant biodiversity such as mammal and bird species, the results indicate that there is some scope for using appropriate institutional and macroeconomic policies to reduce the rate of species decline. However, a major shortcoming of EKC studies is their focus on a range of air and water pollutants, ignoring important ecological aspects of the environment. Indicators such as protected areas expressed as a percentage of total land area and threatened species of mammals and birds as a percentage of all such species in a country have been identified by MacGillivray (1993). as two important indicators of biodiversity which should be included in any examination of environmental performance  (Lowry, 2008). 

2.5 Major causes of loss of Prunus africana, Maeosopsis eminii and Albizia zygia 

The study also collected literature on the loss of each of the following species in question thus; Prunus africana, Maeosopsis eminii and albizia zygia. The study analysed the causes to their loss respectively.

2.5.1 Causes of loss of Prunus africana
Climate change is a complex biophysical process caused by the rising global land and sea temperatures originating from increasing concentrations of greenhouse gases, principally CO2 whose emission has increased by 80% since 1970, emanating largely from industrial activities of developed countries in Europe, North America and Japan together with burgeoning economies of Brazil, China, India and South Africa (Bellard, 2012). The impact of climate change in Africa is poorly understood because of lack of knowledge on the drivers of the continent’s climate, highly diverse and variable climates (encompassing the extreme aridity of the Saharan deserts at one end of the range and the extreme humidity of the Congo rainforest at the other) and severe lack of local weather data which makes it difficult to validate climate models to predict the impacts of climate change on Prunus africana distribution and abundance. However, it is predicted that many regions of Africa will suffer from temperature increases and droughts caused by range shifts along altitudinal and moisture gradients (Bellard, 2012).
There is evidence that Africa is warmer than it was 100 years ago; with warming through the twentieth century having been at the rate of about 0.5°C per century. The six warmest years in Africa have all occurred since 1987, with 1998 being the warmest constructed climate change scenarios for the African continent, that predicted the Sahara and semi-arid parts of southern Africa which is habitat to Prunus africana in South Africa, Mozambique, Zimbabwe, Lesotho, Swaziland and Zambia, warming by about 1.6°C and the equatorial African countries warming to about 1.4°C by the 2050s  (Cunningham & Mbenkum, 1993).

The Atmosphere-Ocean General Circulation Models analysed by the intergovernmental Panel on Climate Change (IPCC), predicts that over the next 100 years, northern and southern Africa will be warmer by as much as 4°C (Walter, 1995).

Unlike climate change whose impact on Prunus africana distribution and abundance is not clearly understood, the role of legal and illegal commercial overharvesting on the decline in populations has been clearly evident and was documented (Stewart, 2003).
Annually, approximately 4000 tonnes of bark used to be harvested primarily from Cameroon (62%), Equatorial Guinea (7%), Kenya (7%) and Madagascar (20%) and exported to France, Italy and Belgium. In many countries, this over-harvesting was characterized by trees being girdled and left to die or felled to facilitate easier access to the bark (Cunningham & Mbenkum, 1993). Bark harvesting has caused serious damage to wild populations of African cherry including trees inside forests of high conservation value, leading to concerns on the long term sustainability of harvesting and conservation of this tree species. A study in Equatorial Guinea found that, 68% of exploited prunus africana were either dead or experiencing canopy dieback  (Burrows, 1994).
In most parts of Africa, Prunus africana bark, stem and branches, roots and leaves are used for various purposes by local people thereby threatening the few and small populations. In Ethiopia, the species is not threatened but local people harvest and use the bark, stem and branches for fuel wood, charcoal production and as timber (Betti, 2008). Recruitment is poor in Bale Mountains. The species is harvested for medicinal and other domestic purposes in Angola and Malawi, were it is listed in the IUCN Category status Vulnerable (VUA1cd) with Angola having small populations still remaining in Mt. Moco and the Bailundi Highlands with no effective control

measures put in place yet  (Neuwinger, 2000).
It is listed in IUCN Category status Endangered (C2Ad2) in Swaziland where it is locally harvested for medicinal purposes and traded internally and across border to markets in Johannesburg, South Africa. In South Africa, there is harvesting of the remaining small, vulnerable populations and there is internal commercial trade of Prunus africana bark for medicinal purposes. The traditionally dominant tribal group on Bioko, Equatorial Guinea, the Bubi, harvest the bark of the tree for a number of medicinal uses (Lowry, 2008). 

Habitat fragmentation and degradation are important drivers of biodiversity loss and can influence the life cycle of tropical tree species by lowering pollination, limiting seed dispersal, increasing seed predation and therefore affect population sizes and distribution. In Madagascar, deforestation has claimed about 90% of the island’s natural forest leaving fragments which provide a poor template for large-scale species range shifts. According to (Odeku, 2005) deforestation is rampant in Madagascar with only 18% of the original forest cover still remaining. Habitat destruction and fragmentation are also considered the biggest threats to Prunus africana in Sao Tome e Principe and Zimbabwe.

The clearance of vegetation to create space for pine (Pinus patula, Pinus taeda and Pinus elliotii), Eucalyptus (Eucalyptus cloeziana, Eucalyptus grandis and Eucalyptus camaldulensis) and Acacia mearnsii plantations in Nyanga and Chimanimani mountains was characterised by the destruction and fragmentation of the Prunus africana afromontane habitat leaving small and rare patches. In Ethiopia, Prunus africana habitat is destroyed by livestock, as well as clearance by the local inhabitants. Habitat loss through forest clearance for subsistence farming is considered a threat in Nigeria, Mozambique, Rwanda and Zambia (Butchart, 2010). In DRC, fuel wood harvesting by 0.5 million Rwandan refugees has been an issue near Kahuzi-Biega. Linked to habitat fragmentation and destruction through the establishment of forest plantations is the invasion by the established exotic tree species. Alien plants can alter the structure of native plant communities through competition with native plants and modification of fire regimes (Bronstein JL, 2004).
Invasive plants can out-compete native annual and perennial plants. Some deplete soil water faster and at greater soil depths, others utilize increased levels of soil nutrients faster than native species and thus, reduce their growth rates. These can significantly reduce native seedling biomass and species richness. Invasive alien species are generally known to negatively impact on native species diversity. Invasive alien species are known to be a threat to Prunus africana habitats in South Africa and Zimbabwe. Fire is problematic in forests throughout Africa. In Sudan, Angola, DRC, Lesotho, Zambia, and Zimbabwe, the afromontane forests were reported to be vulnerable to fire. Wildfires mainly interfere with regeneration, as it wipes out seedlings and saplings which cannot withstand the damage (CE, 2013).
2.5.2 Causes of loss of Albizia zygia
The ever-increasing demand for fuel, fodder, and timber leaves no option but to raise productive plantations with suitable species. Appropriate species need to be selected on the basis of different techno-economical parameters of the species, e.g., fast growing characters, demand wood market, proven adaptability, resistance against abiotic and biotic factors, etc. The government of Bangladesh has taken positive steps in conserving and protecting the natural forest as well as promoting homestead and agroforestry through implementation of scientific research and management modalities and temporary banning of clear felling of hill and inland forests. Massive reforestation programs for the denuded forest land and concerted afforestation of the coastal regions as well as land rural areas through intensive community and agroforestry programs has been launched. Along with seven other species, Albizia Iebbeck and A. procera have been found to be widely suitable almost all over the country with respect to soil and agroclimatic conditions and sufficiently acceptable vigor and growth (Bronstein JL, 2004).
Popularity and utilization of Albizia species are well known in Bangladesh both in the furniture industries and as domestic fuelwood, particularly in the upland areas. All three species have been widely used for decades in tea plantations as shade trees. In homestead areas A. Iebbeck and A. procera are popular, while A. chinensis is sparse in domestic villages. It was estimated by farming systems research scientists that on average 14 percent of the rural homesteads contained one or the other or both of these two species in the south and southwestern areas, where they are used as timber, poles, rafters in roofs, and fuelwood. However, general distribution of these trees is not uniform everywhere, and their predominance seemed to be associated with land and soil type (Burrows, 1994).
A knowledge of silviculture is very important in the artificial and natural regeneration of a species, particularly relating to botanical characters, climatic conditions, physiographic, edaphic, and biotic requirements, natural distribution of the species, and forest type, phenology, silvicultural characteristics, natural and artificial regeneration, and uses. Silvicultural characteristics of the three species are summarized in the following sections (Dadamouny M., 2009).
Description. It is a fast growing tree with feathery foliage and spreading crown. When grown in the open it looks remarkably like the raintree (Albizia saman). Compared to Albizia procera, it has darker green foliage, grayish bark, and larger pods. In the closed forest or in crowded plantings it produces a tall and straight pole. Distribution. It is native to Asia, Africa, Northern Australia and India. It is naturalized in Bangladesh, Myanmar, and Pakistan and is cultivated in the tropical and subtropical regions of North Africa, the West Indies, South America, and Southeast Asia. Extensive plantings have been established in Nepal and in central and south India. Habitat. It occurs scattered in mixed deciduous, semiever green, and evergreen forests, and is also planted in villages in many districts of Bangladesh (RM, 2003).
Climatic conditions. Many of its habitats are characterized by extremes of climate, e.g., long, hot, and dry summers and cold winters with mean temperatures ranging from 5 to 46°C. Mean annual rainfall is as diverse as 600 to 2500 mm. Physiographic, edaphic, and biotic requirements. The tree thrives well on a variety of soils, though it prefers moist conditions and grows best on well drained loamy soils. In India, it is planted along canals, roadsides, in waste lands, courtyards, village common lands, and as shade trees in tea and coffee plantations. The trees have proven to be tolerant of salt spray and grow well near the sea shore as well as at an altitude of 1500 m above mean sea level. This species fixes nitrogen through nodules on its roots  (Armsworth, 2011).
Silvicultural characteristics. It is a strongly light-demanding species. It grows moderately fast. In India, the plantation programs are managed through a 10-15-year rotation in which it produces about 5 m³/ha of wood. The tree is not wind-firm, because its root system is largely superficial. It is easily propagated by seeds and can also be propagated through stem cuttings. It coppices well and produces root suckers. The most unique feature of Earth is the existence of life, and the most extraordinary feature of life is its diversity (Loram, 2007). Approximately 9 million types of plants, animals, protists and fungi inhabit the Earth.  ago, at the first Earth Summit, the vast majority of the world’s nations declared that human actions were dismantling the Earth’s ecosystems, eliminating genes, species and biological traits at an alarming rate. This observation led to the question of how such loss of biological diversity will alter the functioning of ecosystems and their ability to provide society with the goods and services needed to prosper. But there are a number of issues threatening our planet's biodiversity, from climate change to invasive species. Some of the biggest threats facing biodiversity today, as well as what the world can do (and is doing) to keep them in check (Lowry, 2008).
Linked to habitat fragmentation and destruction through the establishment of forest plantations is the invasion by the established exotic tree species. Alien plants can alter the structure of native plant communities (Brooks, 2000) through competition with native plants and modification of fire regimes (Butchart, 2010).
Invasive plants can out-compete native annual and perennial plants. Some deplete soil water faster and at greater soil depths, others utilize increased levels of soil nutrients faster than native species and thus, reduce their growth rates. These can significantly reduce native seedling biomass and species richness. Invasive alien species are generally known to negatively impact on native species diversity. Invasive alien species are known to be a threat to Prunus africana habitats in South Africa and Zimbabwe. Fire is problematic in forests throughout Africa. In Sudan, Angola, DRC, Lesotho, Zambia, and Zimbabwe, the afromontane forests were reported to be vulnerable to fire (Butchart, 2010). Wildfires mainly interfere with regeneration, as it wipes out seedlings and saplings which cannot withstand the damage.
2.5.3 Causes of loss of Maeosopsis eminii
Maeosopsis eminii has been introduced for timber production and as a shade tree. Most people have little use for the wood as it is readily attacked by fungi and insects. However, in areas where timber is scarce, local people may consider Maeosopsis eminii an important timber tree. In Uganda, in addition to the naturally growing trees in the forests and woodlands, Maeosopsis eminii is widely grown in plantations and as individual trees and is very popular for general purpose timber  (Katende, 1995). The timber is strong and durable when it is harvested when the wood is mature. It is gaining more popularity as it has a fast maturation period comparable with introduced coniferous trees (pine and cypress) and it produces comparatively more wood per unit area.

Maeosopsis eminii can colonise forest gaps and become dominant in logged and disturbed forests. It can alter soil properties as follows:  upper organic soil horizons disappear; dense superficial root mat disappears; litter becomes thinner; pH increases; soil fauna changes in species composition to become more uniform; and a possible increase in the rate of soil erosion (Katende, 1995). These changes in the soil affect many native species. The plant produces many seeds which makes control difficult. Seedlings are shade-tolerant so can grow in undisturbed forest. The precise management measures adopted for any plant invasion will depend upon factors such as the terrain, the cost and availability of labour, the severity of the infestation and the presence of other invasive species. Some components of an integrated management approach are introduced below.

The best form of invasive species management is prevention. If prevention is no longer possible, it is best to treat the weed infestations when they are small to prevent them from establishing (early detection and rapid response). Controlling the weed before it seeds will reduce future problems. Control is generally best applied to the least infested areas before dense infestations are tackled. Consistent follow-up work is required for sustainable management. Trees can be cut down when there is little fruiting, but the bark must be removed from the stumps to kill the tree and prevent coppicing. Seedlings and saplings can be dug out. Mechanically removing trees should be accompanied by planting native pioneer species. Logging and disturbance of forest (other than removing Maeosopsis eminii) should be prevented, as the plant is likely to invade disturbed areas  (Krauss, 2010).

Herbicides can be used to kill trees, although the editors could not find any documentation of control methods. It is likely that cut stump or basal bark methods (painting herbicide onto the bark) using a suitable herbicide can be used on larger plants and foliar sprays can be applied to small plants. When using any herbicide always read the label first and follow all instructions and safety requirements. If in doubt consult an expert (Butchart, 2010). Changes in climate throughout our planet's history have, of course, altered life on Earth in the long run ecosystems have come and gone and species routinely go extinct. But rapid, manmade climate change speeds up the process, without affording ecosystems and species the time to adapt. For example, rising ocean temperatures and diminishing Arctic sea ice affects marine biodiversity and can shift vegetation zones, having global implications. Overall climate is a major factor in the distribution of species across the globe; climate change forces them to adjust. But many are not able to cope, causing them to die out. 
As a solution, Individuals can take various steps to fight climate change, such as reducing their carbon footprints, promoting education and contacting elected officials (Loram, 2007).
Human activities have increased the availability of nutrients in terrestrial and aquatic ecosystems. In grasslands, this eutrophication has caused loss of plant species diversity, but the mechanism of this loss has been difficult to determine. Deforestation is a direct cause of extinction and loss of biodiversity. An estimated 18 million acres of forest are lost each year, due in part to logging and other human practices, destroying the ecosystems on which many species depend. Tropical rainforests in particular, such as the Amazon, hold a high percentage of the world's known species, yet the regions themselves are in decline due to humans. But, the solutions to deforestation mostly lie in policy companies and corporations can adopt best practices and refuse to use timber and paper suppliers that contribute to deforestation. In the same vein, noted that conscious consumers can refuse to patronize companies that do, and put pressure on retailers that employ unsustainable manufacturing methods. Individuals can also participate in land preservation through charities and private corporations. Ultimately, however, international governments need to enact stronger, scientific forest protection laws (Stewart K. , 2003).
Overhunting, overfishing and over-harvesting contribute greatly to the loss of biodiversity, killing off numerous species over the past several hundred years. Poaching and other forms of hunting for profit increase the risk of extinction; the extinction of an apex predator or, a predator at the top of a food chain can result in catastrophic consequences for ecosystems. Conservation and continued awareness surrounding overharvesting, especially poaching and overfishing, are key. Governments need to actively enforce rules against such practices, and individuals can be more conscious of what they eat and purchase. Other solutions, such as removing subsidies granted to large-scale fisheries, can help (Bellard, 2012).
The introduction of non-native species into an ecosystem can threaten endemic wildlife (either as predators or competing for resources), affect human health and upset economies. According to the National Wildlife Federation, solutions include creating systems to prevent introduction of invasive species in the first place, effectively monitoring for new infestations and swiftly eradication newly detected invaders. Some scientists use more creative means, such as Google Street View  (Ingram V, 2009).
In line with pollution, the burning of fossil fuels (releasing dangerous chemicals into the atmosphere and, in some cases, depleting ozone levels) to dumping 19 billion pounds of plastic into the ocean every year, pollution completely disrupts the Earth's ecosystems. While it may not necessarily cause extinction, pollutants do have the potential to influents species' habits. For example, acid rain, which is typically caused by the burning of fossil fuels, can acidify smaller bodies of water and soil, negatively affecting the species that live there by changing breeding and feeding habits. To solve this issue, the average person can do a number of things to fight atmospheric and hydrologic pollution, such as recycling, conserving energy at home and using public transportation (Walter, 1995).
Whereas some progress has been made in recent years towards collecting information to aid environmental management, scientists still have only a limited understanding of the earth’s biodiversity resources. This is due to gaps in knowledge about species and the complex nature of ecosystem interactions. For example, of the 13 to 14 million species on earth, only 1.75 million (13 percent) have been scientifically described. The status of the 1.75 million described species have never been fully assessed (UNEP, 1995). There is also uncertainty about the rates of species extinction. It is estimated that about 500 animal species have become extinct since 1600 (Smith et. al, 1993). The majority of these extinctions have occurred among vertebrates, which constitute only a small fraction of the world's species. Therefore, it is possible that many more extinctions among small-bodied organisms such as insects have escaped our attention (Parrott, 1999). 

2.6 Socio economic and ecological effects of loss of Prunus africana, to environment   

Prunus africana is commonly known as Pygeum or African cherry and belongs to Rosaceae family. It is a medium to large, evergreen tree with a spreading crown of 10 to 20 m when mature. It can become quite huge in forests region, but is usually medium-sized in gardens. It is widely distributed in several provinces of Kenya and especially in Mount Kenya forest. This plant is used in Kenya traditional medicine to treat chest pain, malaria and fever. The stem barks are boiled in water and 2 glasses taken in the morning and in the evening. Other traditional uses are diarrhea, allergies, stomachache, prostrate gland disease and kidney disease. In modern medicine, stem bark water extract is used to manufacture products used for the treatment of prostate gland hypertrophy (enlarged prostate glands) and more serious conditions of benign prostate hyperplasia (BPH). This extracts have been patented and are being sold in a number of pharmacies  (Cunningham & Mbenkum, 1993).
Available literature indicates that that phytochemical study has lead to isolation of triterpenic acids including derivatives of ursolic and oleanolic acids. Some previous studies have been carried out on the biological properties of this plant dichloromethane and ethyl acetate extract of the bark (Stewart K. M., 2009).

Prunus africana is of great commercial interest due to the preparation of medicinal products from its bark, used to treat benign prostatic hyperplasia. The species also plays an important ecological role, providing food and home for pollinators and rare fauna, and supporting vascular and non-vascular canopy epiphytes. In addition to local use and trade, the collection and processing of the bark has created economic opportunities for rural communities. A vast literature describes the various uses and its importance in the preparation of medicinal products from its bark, marketed internationally. The species has a broad but highly fragmented distribution, spanning the African continent from South Africa to Ethiopia and west to Cameroon, but is limited to montane regions where it can be locally common (Department, 2000). Genetic considerations are particularly relevant for the management and conservation of Prunus africana, due to its close association with montane regions and low colonization potential. The species has hermaphrodite flowers pollinated by insects. Although self-fertile, it is usually outcrossing; fruits are dispersed by birds and monkeys. Unsustainable debarking of Prunus africana, disproportionately affecting and ultimately causing the death of large, reproductively mature individuals is likely to cause reduced seed dispersal and gene flow, increasing isolation and reducing viability of existing populations. Prunus africana has been reported as a pioneer or early successional species, associated with forest edges and disturbance  (Dadamouny & Schnittler, 2015).
Typically, the species is found where the annual temperature range is 18–26°C, mean annual rainfall ranges from 890 to 2,600 mm, and at an elevation between 900 and 3,400 m, with increasing elevation range towards lower latitudes. Its distribution range is limited by high temperatures and by insufficient precipitation during the warmest months. Moist conditions could trigger infestation of powdery mildew and occurrence of a stem borer, whose presence is indicated by resin exuded through small bore holes. Stem borers seem to be a serious problem when the species is planted in lowland areas, as observed in Cameroon (Dadamouny M, 2009).

Prunus africana bark harvesting has shifted from subsistence and local use to large-scale commercial use for international trade. Studies on the impacts of wild harvest on Prunus africana populations have shown that the practices adopted and the quantities extracted are not sustainable. Because of concerns for the sustainability of the trade, the species has been assigned a vulnerable conservation status on the IUCN Red List, and was proposed by Kenya for CITES in 1994, then listed in 1995 in CITES Appendix II. Import of the bark from Cameroon into the European Union was banned from November 2007 to December 2010, when CITES lifted the ban subject to a reduced quota of 150,000 kg for 2010 and 2011 compared to two million kg of bark in 2005, reduced to one million kg in 2008. In various African countries, policies have been established aiming to ensure the sustainable management of forests that contain Prunus africana stands. However, enforcement issues and control problems persist, and there is considerable urgency to identify and implement sustainable management options, including conservation and appropriate domestication measures (CE, 2013).

There is increasing demand for the bark of Prunus africana both locally and internationally in African countries for the production of herbal medicine for treatment of prostate cancer that is globally on the increase. In fact, Prunus africana has recently come under heavy pressure in most African countries because of wild harvesting for the medicinal plant trade. This important tree is unsustainably harvested since the bark of the entire tree is poorly harvested leading to the death of the tree. Consequently, Prunus africana has been added to Appendix II of the Convention on International Trade in the Endangered Species of Wild Fauna and Flora’s (CITES) list of endangered species, for the regulation of its trade from wild harvesting. Currently all exports of Prunus Africana are subjected to a CITES export permit to protect the tree from depletion in Africa (Cardinale, 2012).

The Prunus africana tree species has wide applications in African traditional medicine where its leaves, roots and stem bark are used, although the stem bark of the tree is the main part used for medicinal purposes by the indigenous African people since ancient times. The dull gray to brown bark is pulverized by the traditional healers and used to treat a number of health conditions including Benign Prostatic Hyperplasia (enlargement of the prostate) among males over 40 years old, erectile dysfunction, urinary tract disorders, kidney disease, male baldness, stomach upset, chest pain and inflammation. The bark is also used in the treatment of stomach ache and wound dressing. Apart from the bark, the leaves of Prunus africana are also used to treat some diseases. An infusion of the leaves is traditionally used to improve appetite, treatment of genital infection and hirsutism (a condition of unwanted, male-pattern hair growth) in women (Cunningham & Mbenkum, 1993).

Despite its medicinal uses, Prunus africana is important in charcoal and timber production as well. Its use as timber is popular in the mining industry as pit props, in railway sleepers in the railway industry, and in bridge and other heavy duty construction work industries. The multiple uses of Prunus africana for traditional medicine is not surprising since scientific studies have shown that it has various bioactive substances with anti-inflammatory, anticancer, antiviral, and antimicrobial effects. Some of the bioactive compounds identified in Prunus africana are triterpenes, sterols, coumarin, and flavanoids that have been known to have vital medicinal properties for the claimed health conditions. Because of it’s over harvesting for health benefits with less effort geared towards conservation, Prunus africana has been classified as a vulnerable species facing a high risk of extinction (Department, 2000).

There is increasing demand for the bark of Prunus africana both locally and internationally in African countries for the production of herbal medicine for treatment of prostate cancer that is globally on the increase. In fact, Prunus africana has recently come under heavy pressure in most African countries because of wild harvesting for the medicinal plant trade. This important tree is unsustainably harvested since the bark of the entire tree is poorly harvested leading to the death of the tree. Consequently, Prunus africana has been added to Appendix II of the Convention on International Trade in the Endangered Species of Wild Fauna and Flora’s (CITES) list of endangered species, for the regulation of its trade from wild harvesting. Currently all exports of Prunus Africana are subjected to a CITES export permit to protect the tree from depletion in Africa (Krauss, 2010).

For decades there has been intense debate about the ethical and ecological implications of forestry plant biodiversity loss, but, until recently, not much has been said outside specialist circles about the economic implications. According to Chapin et al (2000) when it comes to economics, we tend to think in terms of monetary flows or financial assets that ostensibly have little or no relation to biodiversity. However, we now know that the economy and society are highly dependent on ecosystems and the biodiversity that they contain. Ecosystems are not only the source of raw materials and energy the ‘economic metabolism’ requires producing goods and services; they also provide the sinks needed to absorb and process the pollution and waste generated by society. Furthermore, biodiversity plays a fundamental role in human welfare through the generation of so-called ecosystem services (Dunlop, 2008).
The results of a comparative analysis of international research examining the main impacts of changes in biodiversity relate to the built environment. Rapid or non-linear changes caused when ecosystem or biodiversity thresholds are reached will vary greatly from region to region. It is important, therefore, to understand the nature and timing of these changes from a local perspective when designing for a specific site (Stewart, 2009). While some of the impacts may appear to be less severe than climate change impacts because they are less direct in nature, the overall outcome of continued loss of biodiversity results in a threat to the continuation of human society in its present form. This is because humans not only negatively affect biodiversity, but are also affected by the health of ecosystems (made up of biodiversity), because humans are dependent upon ecosystem services for survival. Biodiversity loss that results in extinction of specific species is of course irreversible.

Economic impact studies document the many and substantial economic benefits generated by biodiversity. This guide identifies major studies, summarizes key findings of each and provides hyperlinks to the studies. To that effect, economists have developed a wide array of tools to estimate the value of natural and managed ecosystems and the market and non-marketed services that they provide. Although there are good estimates of society’s willingness to pay for a number of non-marketed ecosystem services, we still know little about the marginal value of biodiversity (that is, value associated with changes in the variation of genes, species and functional traits) in the production of those services. The economic value of biodiversity loss derives from the value of the affected services. Estimating this value requires calibration of ecosystem service ‘production’ functions that link biodiversity, ecosystem processes and ecosystem services. The derivative of such functions with respect to biodiversity defines the marginal physical product of biodiversity (for example, carbon sequestration or water purification), and when multiplied by the value of the service, yields the marginal value of biodiversity change (Parrott, 1999).
Recent research indicates that when critical thresholds are passed in ecosystems leading to biodiversity loss and possible collapse of certain ecosystem services, the impacts on humanity could be severe, potentially including widespread social unrest, economic instability and extensive loss of human life. Evidence suggests that global ecosystems may indeed be approaching a planetary-scale critical transition as a result of human influence. These factors could have correspondingly severe impacts on urban environments (Organization & NetLibrary, 2002).
Convention on Biological Diversity an intergovernmental agreement among 193 countries to support the conservation of biological diversity, the sustainable use of its components, and the fair and equitable sharing of benefits. Despite this agreement, evidence gathered in 2010 indicated that biodiversity loss at the global scale was continuing, often at increasing rates. This observation stimulated a set of new targets for 2020 (the Aichi targets) and, in parallel, governments have been negotiating the establishment of a new assessment body, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). The IPBES will be charged with conducting regional, global and thematic assessments of biodiversity and ecosystem services, and will depend on the international scientific community to assess trends and evaluate risks associated with alternative patterns of development and changes in land use (Gitay, 2002). 

The conservation tool organization (2017). Notes that agriculture, forestry and fisheries products, stable natural hydrological cycles, fertile soils, a balanced climate and numerous other vital ecosystem services depend upon the conservation of biological diversity. Food production relies on biodiversity for a variety of food plants, pollination, pest control, nutrient provision, genetic diversity, and disease prevention and control. Both medicinal plants and manufactured pharmaceuticals rely on biodiversity. Decreased biodiversity can lead to increased transmission of diseases to humans and increased healthcare costs. The outdoor tourism industry relies on biodiversity to create and maintain that which tourists come to see, as does the multi-billion-dollar fishing and hunting industry (Cardinale, 2012).

Global environmental changes have the potential to exacerbate the ecological and societal impacts of changes in biodiversity (RM, 2003). In many regions, land conversion forces declining populations towards the edges of their species range, where they become increasingly vulnerable to collapse if exposed to further human impact (JA, 2011). Warming allows the poleward spread of exotics and pathogens, such as dengue- and malaria-transmitting mosquitoes (Aedes and Anopheles sp.) and pests of key food crops, such as corn-boring insects. 

Global Warming can also exacerbate the impacts of water-consuming invasive plant species in water-scarce areas by increasing regional water losses. The Tamarix-invaded Colorado River in the United States currently has a mean annual flow that is 10% less than regional water allocations for human use. Warming by 4°C would reduce the flow of the Colorado River by more than 20%, further increasing the marginal costs of water losses to Tamarix. Similar impacts of global change in regions such as Sahelian Africa, which have less water and less well developed distribution mechanisms, might directly affect human survival. In many cases, accelerated biodiversity loss is already jeopardizing the livelihoods of traditional peoples  (Cunningham & Mbenkum, 1993). 

The combination of irreversible species losses and positive feedbacks between biodiversity changes and ecosystem processes are likely to cause nonlinear cost increases to society in the future, particularly when thresholds of ecosystem resilience are exceeded (Schlesinger, W. H. et al: 1990). For example, Imperata cylindrical, an aggressive indigenous grass, colonizes forest lands of Asia that are cleared for slash-and-burn agriculture, forming a monoculture grassland with no vascular plant diversity and many fewer mammalian species than the native forest. The total area of Imperata in Asia is currently about 35 million ha (4% of land area) (Garrity, D. P. et al: 1997). Once in place, Imperata is difficult and costly to remove and enhances fire, which promotes the spread of the grass. The annual cost of reversing this conversion in Indonesia, where 4% of the nation's area (8.6 million ha) is now in Imperata grasslands, would be over $400 million if herbicides are used, and $1.2 billion if labour is used to remove the grass manually. Farmers typically burn the fields because herbicides and labour are too expensive. Burning these grasslands, however, increases losses of soil nitrogen and carbon, which erode agricultural productivity, and enhances regeneration of Imperata. This positive feedback with nonlinear changes in land cover will probably continue in the future as lands are deforested for timber and agricultural purposes, causing further declines in regional biodiversity (Cunningham & Mbenkum, 1993).

Forestry Plant biodiversity species changes that have greatest ecological impact frequently incur high societal costs. Changes in traits maintaining regional climate constitute an ecosystem service whose value in tropical forests has been estimated at $220. The loss or addition of species that alter disturbance regimes can also be costly. The increased fire frequency resulting from the cheat grass invasion in the western United States has reduced rangeland values and air quality and led to increased expenditures on fire suppression. 
Loss of ecological interactions can impact a wide array of ecosystem processes (Bronstein, 2014). It has been argued that every species on Earth participates in one or more mutualisms (where mutualisms are defined as interactions with fitness benefits for both interacting partners) (Stewart K. M., 2009). As such, broken ecological interactions may by themselves impact global biodiversity, by threatening species that are otherwise unaffected by major drivers of environmental change such as habitat loss, climate change, biological invasions, and overharvesting. Such species are thus vulnerable because their partners are vulnerable, not because they themselves respond directly to broad scale environmental change. Species may be particularly affected by mutualism disruption because mutualisms are thought to evolve in response to stressful conditions or to help species overcome limiting factors (such as nutrient limitation, dispersal barriers, or predation). Declines in populations following mutualism loss have appeared in a growing number of case study organisms, such as vertebrate-dispersed trees in Peru. Biodiversity and its links to ecosystem properties have cultural, intellectual, aesthetic and spiritual values that are important to society. In addition, changes in biodiversity that alter ecosystem functioning have economic impacts through the provision of ecosystem goods and services to society (Cardinale, 2012).

Observed that changes in diversity can directly reduce sources of food, fuel, structural materials, medicinal or genetic resources. These changes can also alter the abundance of other species that control ecosystem processes, leading to further changes in community composition and vulnerability to invasion. Introduction of exotic species or changes in community composition can affect ecosystem goods or services either by directly reducing abundances of useful species (by predation or competition), or by altering controls on critical ecosystem processes  (CE, 2013). 

These impacts can be wide-ranging and costly. For example, the introduction of deep-rooted species in arid regions reduces supplies and increases costs of water for human use. Marginal water losses to the invasive star thistle, Centaurea solstitialis, in the Sacramento River valley, California, have been valued at US$16–56 million per year. In South Africa's Cape region, the presence of rapidly transpiring exotic pines raises the unit cost of water procurement by nearly 30% (Van, Cowling & Burgers: 1996). Increased evapotranspiration due to the invasion of Tamarix in the United States costs an estimated $65–180 million per year in reduced municipal and agricultural water supplies. In addition to raising water costs, the presence of sediment-trapping Tamarix stands has narrowed river channels and obstructed over-bank flows throughout the western United States, increasing flood damages by as much as $50 million annually  (Armsworth, 2011). 

Uncertainty related to positive feedbacks and nonlinear changes in land cover and biodiversity make social adaptation to change more difficult and costly. It may be more important from an economic perspective to understand the nature and timing of rapid or nonlinear changes in societal costs caused by loss of biodiversity and associated ecosystem services than it is to predict average consequences of current trends of species decline. By analogy, economic models of ecological 'surprises' in response to climatic change show that the information about the nonlinearities in damage from warming is worth up to six times more than information about current trends in damage levels (Peck & Teisberg: 1993). In the Imperata example, the costs of replacing the original ecosystem goods and services from the forest including timber products, fire stability and soil nutrients rise sharply as Imperata spreads. If these nonlinearities in the ecological and economic effects of this conversion had been anticipated, policies could have been implemented to encourage agro forestry instead of rice production or to reduce migration and settlement in the most vulnerable areas (MWE, 2007).  

In sum, the literature reviewed here indicates a tight coupling between altered species diversity, ecosystem function, societal costs and environmental effects. A pressing task for ecologists, land managers and environmental policy makers is to determine where and when such tight couplings exist. Policies to safeguard ecosystem services must be able to respond dynamically to new knowledge, the rapidly changing global environment, and evolving societal needs. Nonlinearity, uncertainty and irreversibility call for a more aggressive approach to mitigating changes in forestry plant biodiversity than is now being pursued so that future options are not foreclosed  (Armsworth, 2011).

2.7 Socio economic and ecological effects of loss of Albizia zygia to environment   
Albizia zygia is a deciduous tree 9-30 m tall with a spreading crown and a graceful architectural form. Bole tall and clear, 240 cm in diameter. Bark grey and smooth. Young branchlets densely to very sparsely clothed with minute crisped puberulence, usually soon disappearing but sometimes persistent. Leaves pinnate, pinnae in 2-3 pairs and broadening towards the apex, obliquely rhombic or obovate with the distal pair largest, apex obtuse, 29-72 by 16-43 mm, leaves are glabrous or nearly so. Flowers subsessile; pedicels and calyx puberulous, white or pink; staminal tube exserted for 10-18 mm beyond corolla. Fruit pod oblong, flat or somewhat transversely plicate, reddish-brown in colour, 10-18 cm by 2-4 cm glabrous or nearly so  (Bellard, 2012).

The seeds of A. zygia are smaller (7.5-10 mm long and 6.5 to 8.5 mm wide) and flatter than either of the other Albizia, but have the characteristic round shape, with a slightly swollen center.
For decades there has been intense debate about the ethical and ecological implications of forestry plant biodiversity loss, but, until recently, not much has been said outside specialist circles about the economic implications. According to Chapin et al (2000) when it comes to economics, we tend to think in terms of monetary flows or financial assets that ostensibly have little or no relation to biodiversity. However, we now know that the economy and society are highly dependent on ecosystems and the biodiversity that they contain. Ecosystems are not only the source of raw materials and energy the ‘economic metabolism’ requires producing goods and services; they also provide the sinks needed to absorb and process the pollution and waste generated by society. Furthermore, biodiversity plays a fundamental role in human welfare through the generation of so-called ecosystem services  (Bronstein JL, 2004).
The results of a comparative analysis of international research examining the main impacts of changes in biodiversity relate to the built environment. Rapid or non-linear changes caused when ecosystem or biodiversity thresholds are reached will vary greatly from region to region. It is important, therefore, to understand the nature and timing of these changes from a local perspective when designing for a specific site. While some of the impacts may appear to be less severe than climate change impacts because they are less direct in nature, the overall outcome of continued loss of biodiversity results in a threat to the continuation of human society in its present form. This is because humans not only negatively affect biodiversity, but are also affected by the health of ecosystems (made up of biodiversity), because humans are dependent upon ecosystem services for survival. Biodiversity loss that results in extinction of specific species is of course irreversible (Hall, Sinclair, & O'Brien, 2000).
Economic impact studies document the many and substantial economic benefits generated by biodiversity. This guide identifies major studies, summarizes key findings of each and provides hyperlinks to the studies. To that effect, economists have developed a wide array of tools to estimate the value of natural and managed ecosystems and the market and non-marketed services that they provide. Although there are good estimates of society’s willingness to pay for a number of non-marketed ecosystem services, we still know little about the marginal value of biodiversity (that is, value associated with changes in the variation of genes, species and functional traits) in the production of those services. The economic value of biodiversity loss derives from the value of the affected services. Estimating this value requires calibration of ecosystem service ‘production’ functions that link biodiversity, ecosystem processes and ecosystem services. The derivative of such functions with respect to biodiversity defines the marginal physical product of biodiversity (for example, carbon sequestration or water purification), and when multiplied by the value of the service, yields the marginal value of biodiversity change (Heal, 2005).

Recent research indicates that when critical thresholds are passed in ecosystems leading to biodiversity loss and possible collapse of certain ecosystem services, the impacts on humanity could be severe, potentially including widespread social unrest, economic instability and extensive loss of human life. Evidence suggests that global ecosystems may indeed be approaching a planetary-scale critical transition as a result of human influence. These factors could have correspondingly severe impacts on urban environments. (Bronstein, 2014).

Convention on Biological Diversity an intergovernmental agreement among 193 countries to support the conservation of biological diversity, the sustainable use of its components, and the fair and equitable sharing of benefits. Despite this agreement, evidence gathered in 2010 indicated that biodiversity loss at the global scale was continuing, often at increasing rates. This observation stimulated a set of new targets for 2020 (the Aichi targets) and, in parallel, governments have been negotiating the establishment of a new assessment body, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). The IPBES will be charged with conducting regional, global and thematic assessments of biodiversity and ecosystem services, and will depend on the international scientific community to assess trends and evaluate risks associated with alternative patterns of development and changes in land use  (Centre, 1998). 

The conservation tool organization (2017) notes that agriculture, forestry and fisheries products, stable natural hydrological cycles, fertile soils, a balanced climate and numerous other vital ecosystem services depend upon the conservation of biological diversity. Food production relies on biodiversity for a variety of food plants, pollination, pest control, nutrient provision, genetic diversity, and disease prevention and control. Both medicinal plants and manufactured pharmaceuticals rely on biodiversity. Decreased biodiversity can lead to increased transmission of diseases to humans and increased healthcare costs. The outdoor tourism industry relies on biodiversity to create and maintain that which tourists come to see, as does the multi-billion-dollar fishing and hunting industry (Armsworth, 2011).

In many regions, land conversion forces declining populations towards the edges of their species range, where they become increasingly vulnerable to collapse if exposed to further human impact. Warming allows the poleward spread of exotics and pathogens, such as dengue- and malaria-transmitting mosquitoes (Aedes and Anopheles sp.) and pests of key food crops, such as corn-boring insects. Global Warming can also exacerbate the impacts of water-consuming invasive plant species in water-scarce areas by increasing regional water losses. The Tamarix-invaded Colorado River in the United States currently has a mean annual flow that is 10% less than regional water allocations for human use. Warming by 4°C would reduce the flow of the Colorado River by more than 20%, further increasing the marginal costs of water losses to Tamarix. Similar impacts of global change in regions such as Sahelian Africa, which have less water and less well developed distribution mechanisms, might directly affect human survival. In many cases, accelerated biodiversity loss is already jeopardizing the livelihoods of traditional peoples (MWE, 2007). 

Loss of ecological interactions can impact a wide array of ecosystem processes  (Bronstein JL, 2004). It has been argued that every species on Earth participates in one or more mutualisms (where mutualisms are defined as interactions with fitness benefits for both interacting partners). As such, broken ecological interactions may by themselves impact global biodiversity, by threatening species that are otherwise unaffected by major drivers of environmental change such as habitat loss, climate change, biological invasions, and overharvesting. Such species are thus vulnerable because their partners are vulnerable, not because they themselves respond directly to broad scale environmental change. Species may be particularly be affected by mutualism disruption because mutualisms are thought to evolve in response to stressful conditions or to help species overcome limiting factors.
Biodiversity and its links to ecosystem properties have cultural, intellectual, aesthetic and spiritual values that are important to society. In addition, changes in biodiversity that alter ecosystem functioning have economic impacts through the provision of ecosystem goods and services to society.  (Bronstein JL, 2004) observed that changes in diversity can directly reduce sources of food, fuel, structural materials, medicinal or genetic resources. These changes can also alter the abundance of other species that control ecosystem processes, leading to further changes in community composition and vulnerability to invasion. Introduction of exotic species or changes in community composition can affect ecosystem goods or services either by directly reducing abundances of useful species (by predation or competition), or by altering controls on critical ecosystem processes. 

These impacts can be wide-ranging and costly. For example, the introduction of deep-rooted species in arid regions reduces supplies and increases costs of water for human use. Marginal water losses to the invasive star thistle, Centaurea solstitialis, in the Sacramento River valley, California, have been valued at US$16-56 million per year. In South Africa's Cape region, the presence of rapidly transpiring exotic pines raises the unit cost of water procurement by nearly 30% Increased evapotranspiration due to the invasion of Tamarix in the United States costs an estimated $65-180 million per year in reduced municipal and agricultural water supplies. In addition to raising water costs, the presence of sediment-trapping Tamarix stands has narrowed river channels and obstructed over-bank flows throughout the western United States, increasing flood damages by as much as $50 million annually (Bellard, 2012). 

In sum, the literature reviewed here indicates a tight coupling between altered species diversity, ecosystem function, societal costs and environmental effects. A pressing task for ecologists, land managers and environmental policy makers is to determine where and when such tight couplings exist. Policies to safeguard ecosystem services must be able to respond dynamically to new knowledge, the rapidly changing global environment, and evolving societal needs. Nonlinearity, uncertainty and irreversibility call for a more aggressive approach to mitigating changes in forestry plant biodiversity than is now being pursued so that future options are not foreclosed (Cardinale, 2012).
2.8 Socio economic and ecological effects of loss of Maeosopsis eminii to environment.
A species of moist forests, widely distributed in forest regrowth and secondary regrowth. In Africa, Maeosopsis eminii is very common in the ecozone between high forest and savannah. It is an early successional species, adept at colonizing grasslands and disturbed areas in the high forest. In the Budu Forest of Uganda, Maeosopsis eminii constitutes 80% of the trees. On Sese Island of Lake Victoria, it is found growing in association with Uapacaguineensis, Piptadeniastrum africanum and Canarium schweinfurthii. In the plain high forest or gallery forest of equatorial Sudan, it grows in association with Khaya grandifoliola, Chlorophora excelsa, Funtumia spp., Canarium spp and Entandophragma spp. It is remarkably long lived for a pioneer species, attaining over 150 years (Bellard, 2012).
Maeosopsis eminii is a species of tree in the family Rhamnaceae found in India and Africa and also known as the umbrella tree. It is often grown as a plantation tree, and as a shade tree in coffee plantations and other crops. Birds and monkeys may disperse the seeds. Since this tree grows fast it is often used for regeneration of destroyed forest lands. Its timber is used for construction and firewood and its leaves for animal fodder  (Bronstein JL, 2004).

Maeosopsis eminii is a large, fast-growing semi-deciduous tree growing to a height of about 30 m (100 ft). The trunk is straight with a clear bole for the lowest third. The bark is greyish-brown and deeply furrowed. The branches are mostly horizontal causing the crown to be flat, although it becomes more rounded as the tree ages. The leaves are simple and elliptic-lanceolate, with toothed margins, 6 cm to 15 cm × 2 cm to 5 cm (2.4 in to 5.9 in × 0.8 in to 2.0 in), glossy above, with a gland in each tooth. On the underside of the leaves there are domatia in the axils of the secondary nerves. The inflorescence is a many-flowered cyme up to 5 cm (2 in) long, each greenish-yellow flower having five calyx lobes that are longer than the corolla lobes and a single anther. The fruit is a drupe up to 3.5 cm (1.4 in) long, green at first, turning yellow and then purple-black as it ripens. It contains a large stone with one or two black seeds inside  (Butchart, 2010).

Maeosopsis eminii is native to much of West and Central Africa, its range extending from Liberia, the Congo and Angola to Uganda. It has become established in Sudan, Somalia, Ethiopia, Kenya, Tanzania and Zambia. It was introduced into the Usambara Mountains in eastern Tanzania between 1930 and 1970, where it became an invasive species in the submontane rainforest, now being the dominant species of tree there. It is a pioneer species, found in humid forests, colonising cleared areas and flourishing as secondary growth. It is often present in the border zone between savannah and forest  (Cunningham & Mbenkum, 1993).

Maeosopsis eminii is a useful timber tree. The sapwood is pale and the heartwood is olive-brown to deep red. It is used for poles, boxes and crates but is susceptible to damage by termites and to rotting when in continual contact with wet ground. The wood is used for fuel and the foliage for fodder. The tree is planted to provide shade for such crops as coffee, cocoa and cardamom, and is often grown domestically in gardens for the same purpose. This is why the plant is under threat as there is high demand for: Fodder: The leaves are used as fodder. Digestibility of the leaves by livestock is excellent and only slightly reduced by heating. The leaves have a dry-matter content of 35%. Fuel: Due to its fast growth, Maeosopsis. eminii is widely planted for fuelwood, Fibre: Sometimes cultivated for fibre, Timber: The sapwood is light coloured, heartwood brownish-olive to dark red, soft and light with a coarse grain. Wood density varies from 0.38 to 0.48 g/cubic cm. The wood dries rapidly, but logs have a tendency to split during felling and storage. The wood saws and machines easily, and its high absorbency makes it easy to treat with preservatives but difficult to finish. Maeosopsis eminii wood is used in poles, boxes, crates, millwork, plywood, corestock and lumber construction. Untreated wood is vulnerable to termites and decays in contact with the ground or continual moisture. Lipids: Analyses of Maeosopsis. eminii seed from Karnataka, India, indicate that they contain 40-50% of an edible oil, the main components of which are stearic acid, oleic acid and linoleic acid. Medicine: A strong purgative and diuretic can be made by soaking the bark in cold water. The root bark is beaten with clay and used to treat gonorrhea (Neuwinger, 2000).
Naturally, Maeosopsis eminii grows in rainforests, riverine forests, mixed swamp forests, shrub-dominated transition zones that separate forests from grasslands, between high forests and savannah, and lowland and submontane forests. In its natural occurrence, Maeosopsis eminii has been characterized as a subclimax forest species, being a long-lived pioneer species that can live for more than 150 years. It tolerates drought for up to 2–6 months. Commenting on soil type, said that Maeosopsis eminii tolerates a wide range of site conditions but grows best on deep, moist and fertile sandy loam soils with a neutral to acid pH. Maeosopsis eminii is, however, quite susceptible to attacks by species of butterﬂies of the Lepidoptera order: Hesperiidea (e.g. Eagris decastigma) and Nymphalidae (e.g. Charaxes achaemenes and Charaxes lactetinctus), beetles (Monohammus scabiosus), fungi (Fusarium solani,Volutella spp.), browsing animals such as elephants, termites (Isoptera) and spider mites (personal observation)  (Dunn RR, 2009). 
Maeosopsis eminii provides excellent timber and crop shade services and is often grown for these purposes. It has been reported to grow well on a range of altitudes and topographical ranges. Even though naturally it does not occur on steep slopes, when planted on such terrain, it grows well.

Human introduction of Maeosopsis eminii, for example in East Africa during the early 20th century for reforestation purposes, has brought Maeosopsis eminii outside of its natural range. Maeosopsis eminii has also been reported as a human introduced species outside of Africa, namely in Australia, Philippines, Bangladesh, Brazil, Costa Rica, Fiji, India, Malaysia, Samoa, Solomon Islands, Hawaii, Puerto Rico and Indonesia. Nevertheless, in this study, we focus on the African continent. Through introduction of Maeosopsis eminii in new regions within Africa, it has become invasive in several areas: in disturbed forests with large gaps and with a high litter turnover rate (Burrows, 1994) and in areas where climate has shifted for example in the case of the East Usambara, Tanzania, where occurring forest type changed from submontane to a more lowland type. 

(Armsworth, 2011) and others state that Maeosopsis eminii is one of the most widespread tree species in Africa’s tropical forests. However, they do not provide a spatially explicit description of its distribution over Africa. This is what we attempt to address in this article. We have in our study not considered the natural and introduced Maeosopsis eminii populations separately, but rather have sought to understand its general ecology through a functional description of this species by synthesizing published and unpublished data sets. Next to the literature, we speciﬁcally used unpublished empirical data from a historical provenance trial in Uganda and a phenological study from the forest population of Yangambi, DR Congo. Lastly, we gathered occurrence data of Maeosopsis eminii from multiple databases and linked these occurrences to the prevailing environmental conditions (i.e. climate and soil). The main objective of this analysis is to increase our insight into the ecology and speciﬁcally the spatial distribution of Maeosopsis eminii over the African continent.

The conservation tool organization noted that agriculture, forestry and fisheries products, stable natural hydrological cycles, fertile soils, a balanced climate and numerous other vital ecosystem services depend upon the conservation of biological diversity. Food production relies on biodiversity for a variety of food plants, pollination, pest control, nutrient provision, genetic diversity, and disease prevention and control. Both medicinal plants and manufactured pharmaceuticals rely on biodiversity. Decreased biodiversity can lead to increased transmission of diseases to humans and increased healthcare costs. The outdoor tourism industry relies on biodiversity to create and maintain that which tourists come to see, as does the multi-billion-dollar fishing and hunting industry.

In many regions, land conversion forces declining populations towards the edges of their species range, where they become increasingly vulnerable to collapse if exposed to further human impact. Warming allows the poleward spread of exotics and pathogens, such as dengue- and malaria-transmitting mosquitoes (Aedes and Anopheles sp.) and pests of key food crops, such as corn-boring insects. 

Global Warming can also exacerbate the impacts of water-consuming invasive plant species in water-scarce areas by increasing regional water losses. The Tamarix-invaded Colorado River in the United States currently has a mean annual flow that is 10% less than regional water allocations for human use. Warming by 4°C would reduce the flow of the Colorado River by more than 20%, further increasing the marginal costs of water losses to Tamarix. Similar impacts of global change in regions such as Sahelian Africa, which have less water and less well developed distribution mechanisms, might directly affect human survival. In many cases, accelerated biodiversity loss is already jeopardizing the livelihoods of traditional peoples (Bellard, 2012). 

The combination of irreversible species losses and positive feedbacks between biodiversity changes and ecosystem processes are likely to cause nonlinear cost increases to society in the future, particularly when thresholds of ecosystem resilience are exceeded  (Butchart, 2010). For example, Imperata cylindrica, an aggressive indigenous grass, colonizes forest lands of Asia that are cleared for slash-and-burn agriculture, forming a monoculture grassland with no vascular plant diversity and many fewer mammalian species than the native forest. The total area of Imperata in Asia is currently about 35 million ha (4% of land area) (Bronstein JL, 2004). Once in place, Imperata is difficult and costly to remove and enhances fire, which promotes the spread of the grass. The annual cost of reversing this conversion in Indonesia, where 4% of the nation's area (8.6 million ha) is now in Imperata grasslands, would be over $400 million if herbicides are used, and $1.2 billion if labour is used to remove the grass manually. Farmers typically burn the fields because herbicides and labour are too expensive. Burning these grasslands, however, increases losses of soil nitrogen and carbon, which erode agricultural productivity, and enhances regeneration of Imperata. This positive feedback with nonlinear changes in land cover will probably continue in the future as lands are deforested for timber and agricultural purposes, causing further declines in regional biodiversity.

Loss of ecological interactions can impact a wide array of ecosystem processes (Bronstein, 2014). It has been argued that every species on Earth participates in one or more mutualisms (where mutualisms are defined as interactions with fitness benefits for both interacting partners) (Armsworth, 2011). As such, broken ecological interactions may by themselves impact global biodiversity, by threatening species that are otherwise unaffected by major drivers of environmental change such as habitat loss, climate change, biological invasions, and overharvesting. Such species are thus vulnerable because their partners are vulnerable, not because they themselves respond directly to broad scale environmental change.
Species may be particularly be affected by mutualism disruption because mutualisms are thought to evolve in response to stressful conditions or to help species overcome limiting factors (such as nutrient limitation, dispersal barriers, or predation). Declines in populations following mutualism loss have appeared in a growing number of case study organisms, such as vertebrate-dispersed trees in Peru, bird-pollinated plants in New Zealand and Hawaii, and ant-tended trees in Africa (Cardinale, 2012).
Biodiversity and its links to ecosystem properties have cultural, intellectual, aesthetic and spiritual values that are important to society. In addition, changes in biodiversity that alter ecosystem functioning have economic impacts through the provision of ecosystem goods and services to society (Mugula BB, 2010). Observed that changes in diversity can directly reduce sources of food, fuel, structural materials, medicinal or genetic resources. These changes can also alter the abundance of other species that control ecosystem processes, leading to further changes in community composition and vulnerability to invasion. Introduction of exotic species or changes in community composition can affect ecosystem goods or services either by directly reducing abundances of useful species (by predation or competition), or by altering controls on critical ecosystem processes. 

2.7 Strategies of conserving  plant biodiversity 

(Le Roux, 2009) noted that by maintaining viable populations of threatened species like Shear butter trees (Vitellariaparadoxa subsp nilotica) rural communities have been sensitized by emphasizing the income generation aspects. In communities where land ownership is communal, participatory planning of the in situ conservation is crucial since decisions taken incorporate cultural values as well as people’s livelihood. In areas designated as national parks or reserves, the communities’ involvement in collaborative management of such areas enhances a sense of joint ownership thereby instilling a responsibility of sustainable harvesting. Such measures can only be achieved when the stakeholders are sensitized and act as members of a cohesive team. The wild crop relative and edible wild plants are components of the country’s natural resources and policies related to their management are set by Ministry of Natural Resources and Environment. However, presently there is need to develop the relevant policies since those in place are vague on Plant Genetic Resources for Food and Agriculture.

There is also an increasing interest in developing incentives to encourage land holders to take full account of the ecosystem services that are affected by their actions. The concept of ‘payments for ecosystem services’ has emerged as one tool for bringing market value to ecosystems. Our Review has emphasized that many ecosystem services ultimately depend on the variety of life forms that comprise an ecosystem and that control the ecological processes that underlie all services. Therefore, successful plans to use payments for ecosystem services will need to be founded on a solid understanding of the linkages among biodiversity, ecosystem functioning and the production of ecosystem services (Lengyel S, 2009). This will require that such plans explicitly manage for biodiversity change. 

Through holding stakeholders workshops the government ministries, NARO, Biodiversity International and other independent organizations (NGOs) have made efforts towards creating fora which allows the various stakeholders’ contributions to be taken into consideration in decision making for agricultural production. NGOs operating in rural areas can play a big role in promoting a minor crop to commercial status. For example CONVOL, an American NGO promoted Shear butter (Vitellaria paradoxa subsp nilotica) to commercial level in Northern, north-east and north-west districts (Lira, Gulu, Katakwi, Arua, etc.) especially empowering women processors and fruit gatherers. However, the boost was short lived as activities dwindled when financial assistance from donor subsided. The lesson learnt here is that whatever commercialization is initiated there is need to ensure that there is inbuilt capacity to financially sustain the enterprise (Centre, 1998). 

Natural regeneration of the logged over forests, and enrichment planting of degraded forests increases species richness and timber volumes. The conservation of the THF needs to incorporate forest plantation development to provide alternative sources of products to reduce the pressures on the remaining undisturbed areas of THFs. Furthermore, the THFs should be justified as optimum form of land use. The Forest Department (2000) in Uganda noted that low impact logging is necessary to improve the tropical forest management for production of timber, non-forest products and biodiversity conservation. Exploited forests contain many more tree species than un-exploited climax stages, suggesting that logging does benefit preservation of the natural forest ecosystems. Logging and removal of the tree canopies encourages regeneration and more species, for example Ficus spp that provide food sources for primates. Number of trees per hectare is also increased. However there are also negative impacts such as reduction or loss of species adapted to the closed canopy forest and the characteristic tree species as well as loss of the species breeding sites. Very little is still known and understood of those irreplaceable things that are lost and there is yet scarce information regarding the habitat requirements of many spp of animals and plants which depend on the forests (NFA, 2009).

According to (Gitay, 2002). Some plant biodiversity like Arundinaria alpine, Colocasia spp/ Xanthosoma spp, Cucumis figarei, Corchorus tridens, Crotararia ochroleuca, Hyptis spicigera have niche markets which can be encouraged and in doing so provide a source of income especially for the vulnerable groups like women and youth. However, their market chain is poorly developed. The undervaluing of local crop varieties, especially those of indigenous crops, used by rural communities has partly contributed to the loss in diversity in such crops as well as genetic erosion yet urban consumers are still willing to pay for these products of biodiversity. Better commercialization of products derived from local crop varieties products such as oil from Shear butter (Vitellaria paradoxa subsp) has promoted income generation for the rural poor and increased value and appreciation of this tree which was otherwise threatened in areas of its distribution. However, consistence in this promotion effort is essential as farmer communities have limitation in marketing large quantities destined to far off markets. The increased degree of entrepreneurship has had an impact on utilization of some crops. For example some rare varieties and excess produce of banana crop are converted into bottled juice and wine, products that have a longer shelf life and ensuring spread of use countrywide; while at the same generating income to both processors and farmers. Vegetable producers have embraced marketing of the products in dry form (e.g. Solanum anguivii fruits, Colocasia leaves, spp leaves, etc.) and this extends the shelf life of such vegetables and possibly stabilizing the pricing (Bronstein JL, 2004). 

Advocating that increasing density in urban forestry environments will mitigate the causes of declines in ecosystem health (and climate change) is controversial. Preventing unbounded urban sprawl is up to three times more beneficial in terms of limiting the loss of stored carbon as well as preventing conversion of agriculturally productive land. Densification may also: increase storm water flows and run-off caused by increased imperviousness; significantly increase the number of people living in potential flood zones; increase air pollution and urban noise; increase maximum urban temperatures; result in conversion of urban green and garden space resulting in loss of biodiversity, carbon sequestration potential, and ecosystem service provision and compete in some cases with ecosystem conservation efforts. Therefore it should not be assumed that a policy of increasing density in urban environments is necessarily the best way forward, particularly if densification will exacerbate other environmental issues (NFA, 2009).

The built environment also has a part to play in mitigating the causes of biodiversity loss aside from land-use change through: avoiding pollution of ecosystems; avoiding overharvesting (through unsustainable forestry, and collection of firewood); careful materials selection (for example, purchasing building materials with appropriate certification labels such as the Forest Stewardship Council’s FSC sustainable timber mark); reducing fire risk; and, perhaps most importantly, reducing GHG emissions due to the negative impact climate change will have on ecosystems. These interacting causes of change should be planned for to avoid negative cascading effects of multiple interacting drivers (Bellard, 2012).

Seed production and distribution of Plant Genetic Resources for Food and Agriculture are generally handled in the informal sector whereby individual farm households carry out most of the seed processing functions on their own with little or no specialization. I.e. they handle all species common on the farm. Normally, the high costs of seed production and distribution have to be met by effective demand but demand for rare species has been relatively low. About 60-70% of seed used by smallholders is saved on farm, and the remaining 20-30% is borrowed or purchased locally (Katende A. B., 1995). In 2006 the National PGRC started organizing farming communities in formation of community-based gene banks, though this process is still at its formative stage in one district. In 2005 two exploratory seed fairs were run in western region and small seed amounts of varieties of farmers’ choice were distributed. However, for this system to contribute effectively there is need to produce such desired varieties under a larger scale and this is dependent on funds secured. Victoria Seed Company is presently undertaking this type of work though at limited species level. 
The question still remains whether the seed produced under this commercial enterprise would be cost friendly to the intended users. As regards indigenous fruit trees the National Tree Seed Centre under its Commercial Tree Nursery currently undertakes seed production and its distribution on request or to supply to schools to popularize tree planting as a means of environment improvement and conservation of rare species through use. Species priorities setting has taken into account species’ ecogeographic distribution and threat to genetic erosion. (NFA, 2009). Urban environments typically include parks, playgrounds, vacant lots, roadsides, street plantings, residential backyards, community and botanical gardens and sports grounds, and tend to have relatively high levels of biodiversity. Managing the vegetation within these open or green spaces to assist native plants and fauna may make a significant contribution to biodiversity conservation or restoration. It may also contribute to connectivity strategies. 

Preserving rare species within urban environments through active management can also contribute to the protection of forestry plant biodiversity (Gitay, 2002). There is evidence that rare species occur in some urban environments at surprisingly high rates, and can be found most commonly in parks, cemeteries, by railway tracks, or in vegetated areas under power lines and in other public rights of way that are protected from development. Although it is not clear if this applies to all climates or types of urban areas, this highlights the importance of identifying which species exist in a particular place before green or brown field development is approved. 
In order to address the problem of plant biodiversity loss, the United Nations Conference on Environment and Development, held in Rio de Janeiro in 1992, promoted a Convention on Biological Diversity (CBD), which came into force a year after its ratification by 193 countries. Additionally, in 2002, these countries agreed to reduce rates of biodiversity loss by 2010, which was declared the International Year of Biodiversity by the UN. Eight years later, not only has the rate of loss failed to slow, but it has actually accelerated (Cunningham & Mbenkum, 1993). 

Addressing the decline in ecosystem health and loss of biodiversity in terms of both scale and scope needs many solutions to fit the vast variety of political, economic, cultural, climatic, and ecological conditions within which humans’ dwell. Much like climate change, it is an urgent task of great magnitude with uncertain outcome. Strategies that employ the medium of the built environment to effect change could be one such set of solutions. If the dominant economic philosophies and structures of human society and their resulting behaviors do not or cannot change in the short to medium term, it is doubtful that new or existing forms of design thinking and practice, or new technologies will alone be able to create significant change, before humanity is severely affected by the degradation of ecosystems and changes in climate (Mitchell, 2012; Turner, 2008). Loss of species: Seventy percent of the world's plants and animals live in forests and are losing their habitats to deforestation, according to National Geographic. Loss of habitat can lead to species extinction. It also has negative consequences for medicinal research and local populations that rely on the animals and plants in the forests for hunting and medicine (Ingram V, 2009).

Water cycle: Trees are important to the water cycle. They absorb rain fall and produce water vapor that is released into the atmosphere. Trees also lessen the pollution in water, according to the North Carolina State University, by stopping polluted runoff. In the Amazon, more than half the water in the ecosystem is held within the plants, according to the National Geographic Society (Loram, 2007). 

Soil erosion: Tree roots anchor the soil. Without trees, the soil is free to wash or blow away, which can lead to vegetation growth problems. The WWF states that scientists estimate that a third of the world's arable land has been lost to deforestation since 1960. After a clear cutting, cash crops like coffee, soy and palm oil are planted. Planting these types of trees can cause further soil erosion because their roots cannot hold onto the soil. "The situation in Haiti compared to the Dominican Republic is a great example of the important role forests play in the water cycle," Daley said. Both countries share the same island, but Haiti has much less forest cover than the Dominican Republic. As a result, Haiti has endured more extreme soil erosion, flooding and landslide issues. Life quality: Soil erosion can also lead to silt entering the lakes, streams and other water sources. This can decrease local water quality and contribute to poor health in populations in the area (Centre, 1998).

CHAPTER THREE

METHODOLOGY

3.1 Introduction

This chapter presents the research design, study areas and population, sampling frame and study instruments, data collection methods, management and analysis techniques, ethical consideration, limitations of the study.

3.2 Research design

The study used a cross-sectional survey design. This study employed both Quantitative and qualitative research methodologies. Quantitative data was collected using questionnaires. Qualitative data on the other hand were derived from open ended aspects of the questionnaire and interviews. The tools for data collection involved included use of observational checklist, structured questionnaires especially for Central Forest Reserve staff, and semi structured interviews for key informants such as Forestry policy makers, Environmental conservationists and officers from District Forestry Office.

3.3 Study Area

The study area for this research was Zirimiti Central Forest Reserve which is located in Mukono District Central Uganda located °14' 11.4" (0.2365°) north, Longitude:  32° 45' 52.7" (32.7646°) east, and is southwest of Kipayo, northwest of Kitenda and east of Kiyanja. Zirimiti Central Forest Reserve also has an elevation of 1,219 meters (3,999 feet).  The town of Mukono is about 21 kilometers (13 mi), by road, east of Kampala, the capital and largest city of Uganda (UBOS: 2009). The geographical coordinates of Mukono District are 00°28'50.0"N, 32°46'14.0"E (Latitude: 0.480567; Longitude: 32.770567). The study sampled a study population from Zirimiti Central Forest Reserve.

3.4 Study population

The study targeted the total population of Mukono district which according to National Population Housing Census (2014) is 596,804. It was from this total population that the study sampled 70 which turned up to be 54 after all questionnaires have been collected from the field. The target population for this study constituted of staff members in Zirimiti Central Forest Reserve, people from the local communities adjacent to Zirimiti Central Forest Reserve and district forest offices from Mukono district headquarters. A sample was drawn so as to get a representative of the study population for this research. 
3.5 Sample size

A sample is a collection of some (a subset) elements of population (Amin: 2005). It was carefully selected using Krejcie and Morgan (1970) table of sample size selection as indicated in table 1 below.  After using Krejcie and Morgan sample selection table, individual elements were selected using purposive, random sampling and stratified sampling methods.   

Table 1: Sample size 

	Category of respondents
	Study

Population
	Selected Sample size
	Sampling Technique

	Range Manager 
	01
	01
	Purposive sampling

	Forest Sector manager
	01
	01
	Purposive sampling

	Forest Supervisors
	05
	05
	Purposive sampling

	Environmental Police 
	07
	05
	Purposive sampling

	District Forestry Office 
	06
	05
	Purposive sampling

	Forestry Patrol Men
	04
	04
	Purposive sampling

	Environmental conservationists/NGO’s 
	05
	05
	Purposive sampling

	Political Leaders
	10
	08
	Simple Random sampling

	Local Community members
	30
	20
	Simple Random sampling

	Total 
	70
	          54


3.6 Sampling Techniques 

Sampling as the selection of some parts of aggregate of the totality based on which judgment about the about the aggregate is done. The researcher employed a combination of techniques ranging from simple random sampling, purposive sampling, Quota sampling and convenience sampling to select respondents who participated in the study in order to eliminate bias Kothari (2006).

Political leaders and members of the local community were selected using simple random sampling technique because it allows individual in the defined population to have an equal and independent chance of being selected for the sample. Simple random was probability-based sampling method in which every unit of the target population has an equal chance of being selected.
Purposive sampling was used to select Range Managers, Forest Sector manager, Forest Supervisors, Environmental Police, District Forestry Office, Forestry Patrol Men and Environmental conservationists/NGO’s because they are the key informants with specific information needed for the research due to the nature of their work, experience or knowledge. 

3.7 Data Collection Methods

The following data collection methods were used during the study.

Both primary and secondary data were obtained. Primary data was got directly from respondents while secondary data was got from Zirimiti Central Forest Reserve conservation reports, District Forestry reports, and environmental annual audit reports among others relevant documents.

Primary data source; this was comprehensively carried out in order to provide data about the threats to plant biodiversity in Uganda at Zirimiti Central Forest Reserve. It is simply much based on its emphasis on the data to be collected from that source to make conclusions. Questionnaires were distributed to respondents.

Secondary data source; this was used to provide supplementary data that formed a basis for the study and one way of documentary analysis. Literature journals, newspapers, the internet and magazines were reviewed.

3.8 Data collection tools

The instruments of data collection the researcher used were questionnaires, interview guide, and documentary review. 

3.8.1 Self-Administered Questionnaires

A self-administered questionnaire (Appendix 1) with open ended questions were developed and administered to the respondents to extract information on their opinions on the threats to forestry plant biodiversity in Uganda at Zirimiti Central Forest Reserve. According to Amin (2005) the reason for selecting the questionnaire is it’s an appropriate method for collecting data on the research variables because it offers greater assurance of anonymity, could be filled at the respondent’s convenience and hence increasing chance of getting valid information and it is a cheap way of collecting data from a wide geographical area 
3.8.2 Interview guide

According to He & Wang (1995) personal interviews are used to collect data from the key informants. This was conducted to the specialist persons with information on the threats to plant biodiversity in Uganda.  This method is preferred as it gives an opportunity to probe the respondents on the threats to forestry plant biodiversity in Uganda at Zirimiti Central Forest Reserve. Some of the questions that were asked in the questionnaire were asked in the interview guide. This enabled the researcher to triangulate the data collected and facilitate the collection of both qualitative and quantitative   primary data. 

3.8.3 Documentary review

This includes reviewing existing literature, publications of other researchers, text books, journals and other correspondences, Zirimiti Central Forest Reserve annual reports, environmental audit reports, will be reviewed to back up primary findings. 

3.9 Data processing and analysis

Data from the filled questionnaires was compiled, sorted, classified and then entered into the computer for analysis. At the end of the data collection and entry processes, data analysis was done using SPSS. Frequency tables were generated and cross tabulation was made between relevant variables. Selected photography was also used to produce informative plates to enrich the data from the other tools. 

3.10 Data Quality assurance

Data Quality assurance involves the test for validity of data collected and reliability of data. 

3.10.1 Validity

Validity is the accuracy and truth of the data and findings.  In order to ensure the validity and reliability of the data collection instruments, the researcher after designing the instruments, they were presented to the supervisor for comments so that possible amendments would be made on them. Additionally, errors that would have been left out unidentified were detected and removed through pre-testing of instrument by undergoing a pilot study.  

3.10.2 Reliability

According to Mugenda (1999), reliability is a measure of the degree to which a research instrument yields consistent results or data after repeated trials. The reliability of instruments was established based on the preliminary results derived from the pilot study. On the reliability issue, 15% of the questionnaires were selected randomly and pre-tested to the few respondents in order to evaluate data collected, and then any possible amendments were done. 

3.10.3 Ethical consideration

The purpose of this research is to promote the aims of this study, such as knowledge. For example, prohibiting against fabrication of data, plagiarism, falsifying, and code of conduct and misrepresenting the research findings. Issues do to with honesty, objectivity, confidentiality and integrity during data collection and reporting research findings was abided to by the research and the selected research assistants during the whole process. Clearance was sought from the university while consent of the respondents were sought from them before administering to them the questionnaires and interviews.
CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Demographic Information

Results showed that the majority of respondents were male (63%) simply because most male are employed as forest rangers who are strong and flexible to do forest patrols than their 37% female counter parts. The study also showed that most respondents are in between the age category of 25-40 which is a youth full working age category still strong and desires to work for their future (Table 2).

Table 2: Demographic Information 

	Gender
	Frequency
	Percentage

	Male
	34
	63.0

	Female
	20
	37.0

	Age category
	
	

	20-25
	0
	0.0

	25-30
	18
	33.3

	30-35
	10
	18.5

	35-40
	12
	22.2

	40-45
	6
	11.1

	Above 45
	8
	14.8

	Working Duration
	
	

	Less than 1 year
	2
	3.7

	2-4 years
	16
	29.6

	5-7 years
	15
	27.8

	7 years and above
	20
	37.0

	
	
	

	Position 
	
	

	Range Manager
	1
	1.9

	Forest sector support division MWE
	2
	3.7

	Forest supervisor
	2
	3.7

	District forestry officer
	1
	1.9

	Forestry patrol men
	3
	5.6

	Environmental conservationist (NGOs)
	2
	3.7

	Political leaders
	3
	5.6

	Local community members
	12
	22.2

	Environmental Police
	3
	5.6


Source: Primary Data (2019)

Furthermore, the study aimed to establish the distribution of respondents’ gender. According to the study findings, most 63.0% of the respondents were male while the rest 37.0% were female. This implies that the majority of most of the employees in regulatory bodies are male while their counterpart occupies only small portion. 

From the study 33% of the respondents aged 25-30 years, 22.2% of aged above 35-40 years, 18.5% aged 30-35 years, 14.8% were aged above 45 years while 11.1% of the respondents were aged between 40-45 years. This depicts that majority of the employees were aged between 25-46 years as shown by a total of 100% within the categories further indicating that data collected from this age group was reliable with prior knowledge of maturity.

Table 2 showed that most 29.6% of the respondents had worked in the organization for a period of 2-4 years, 27.8% had worked for a period of above 5-7 years, and 37.0% had worked for a period of more than 7 years while the rest 2% had served in the industry for a period less than 1 years. This suggests that most of the respondents of this study had worked for an abundant time inside the association therefore they were familiar of the data that the study looked for relating to the association.
Findings in table 2 indicate that the study interview different categories of respondents ranging from 1(1.9%) range manager, 2(3.7%) forest sector support division, 2(3.7%) forest supervisors, 11(1.9%) district forest officer, 3(5.6%) forestry patrol men, 2(3.7%) environmental conservationists, 3(5.6%) political leaders, 12(22.2%) local community members and 3(5.6%) environmental police officers. All these groups of respondents were interviewed because of their attachment and responsibility in forest conservation activities.

4.2  Loss of  forestry Prunus africana, Albizia zygia and Maeosopsis eminii in Zirimiti Central Forest Reserve 

Results showed that the major causes of Prunus africana, Albizia zygia and Maeosopsis eminii loss in Zirimiti Central Forest Reserve especially with focus on Prunus africana, Albizia zygia and the Maeosopsis eminii tree species. Results from the field was summarized and presented into three categories in line with the tree species investigated in this study. The categories include; Prunus africana, Albizia zygia and Maeosopsis eminii were investigated and results tabulated as shown in table 3.
Table 3: Causes of Prunus africana, Albizia zygia and Maeosopsis eminii Loss in Zirimiti Central Forest Reserve. 
	 

Causes of loss of tree species
	Tree species

	
	Prunus africana
	Albizia zygia
	Maeosopsis eminii

	
	Frequency
	percentage
	Frequency
	percentage
	Frequency
	percentage

	Harvesting of leaves
	10
	11.1
	16
	17.8
	0
	0.0

	Large-scale bark harvesting
	5
	5.6
	4
	4.4
	0
	0.0

	Demand for fuel wood
	11
	12.2
	21
	23.3
	16
	17.8

	Unsustainable harvesting
	13
	14.4
	8
	8.9
	5
	5.6

	Clearance of forests for farming
	12
	13.3
	18
	20.0
	10
	11.1

	Lack of protection against encroachment
	6
	6.7
	17
	18.9
	19
	21.1

	Timber harvesting
	17
	18.9
	2
	2.2
	22
	24.4

	Infrastructure Development
	16
	17.8
	4
	4.4
	18
	20.0


Source: Primary Data 2019
Harvesting of leaves 

The study investigated whether increased harvesting of leaves has led to biodiversity of some forest plants in Zirimiti Central Forest Reserve and findings of the study in shown in table 3
Table 3 indicate that harvesting of leaves from forest trees has contributed to forest plant biodiversity in Zirimiti Central Forest Reserve due to beliefs that some of the tree species are medicinal. This was agreed upon by a total number of 93% respondents. According to the interviews with Mr. Ouma, a forest patrol officer mentioned that some tree species such as Prunus africana and Albizia zygia are medicinal that is why people tamper with them. Response also indicate that these leaves and stem covers are extracted by herbalists who believe that they are capable of curing some types of cancer such as breast cancer in women; sexually transmitted disease, cough and many more unmentioned diseases. The study also interviewed a senior forest officer at the ministry of Water and Environment on why there is increase harvesting of forest plant leaves, he also mentioned that some of these trees are capable of healing some disease making them prone to harvesting and uncontrolled harvesting of leaves can completely kill the tree. According to Matt (2015), over-harvesting contributed greatly to biodiversity loss, killing off numerous forest tree species over the past several hundred years. Harvesting leaves and other forms of deforestation for profit, increase the risk of extinction of these forest tree species. Governments need to actively enforce rules against such practices, and individuals can be more conscious of what they harvest, how they harvest and what quantity they harvest so that these tree species do not get completely destroyed. 

Large-scale bark harvesting
Findings in table 3 indicate that 93% of respondents agreed that large scale bark harvesting of Prunus africana has contributed to the biodiversity of the specie within the Zirimiti Central Forest Reserve. According to a forest patrol man attached to Zirimiti Central Forest Reserve, he reported that when the tree bark is over explored, it definitely leads to the drying of the tree hence its loss. When asked why the bark of the tree is exploited.  The forest ranger said that since Prunus africana is medicinal, herbalist exploit their barks to get herbal medicine. He also added that the Prunus africana is capable of curing many disease such as breast cancer and some sexually transmitted disease. According to the literature reviewed, Prunus africana has emerged as the main raw material for the international pharmaceutical trade in BPH treatments. Some 3% mentioned that the bark of Albizia zygia is also exploited but for it leaves are majorly the source of herbs. None of the respondents mentioned Maeosopsis eminii simply because it is not medicinal like the other species. In 2007 it was the most commonly used medicine in France for BPH treatment. At least 40 brand-name products used Prunus africana bark extracts in 2007, which are marketed directly in 10 countries and globally through the internet. Tadenan produced and marketed by Fournier Laboratory in France, and Pygenil produced by Indena spa in Italy are the most popular pharmaceutical brands using Prunus africana extracts (Cunningham et al, 2002).

According to the Southwest website (https://www.southworld.net/prunus-africana-a-wonder-medicinal-plant), the loss of Prunus africana tree species has wide applications in African traditional medicine where its leaves, roots and stem bark are used, although the stem bark of the tree is the main part used for medicinal purposes by the indigenous African people since ancient times. The dull gray to brown bark is pulverized by the traditional healers and used to treat a number of health conditions including Benign Prostatic Hyperplasia (enlargement of the prostate) among males over 40 years old, erectile dysfunction, urinary tract disorders, kidney disease, male baldness, stomach upset, chest pain and inflammation. The bark is also used in the treatment of stomach ache and wound dressing. Apart from the bark, the leaves of Prunus africana are also used to treat some diseases. An infusion of the leaves is traditionally used to improve appetite, treatment of genital infection and hirsutism (a condition of unwanted, male-pattern hair growth) in women.

Plate 1: Showing debarked Prunus africana tree
[image: image1.emf]
The bark of prunus africana is also sought as an aphrodisiac to enhance vitality and sexual power especially among the males. Despite its medicinal uses, Prunus africana is important in charcoal and timber production as well. Its use as timber is popular in the mining industry as pit props, in railway sleepers in the railway industry, and in bridge and other heavy-duty construction work industries. The multiple uses of Prunus africana for traditional medicine is not surprising since scientific studies have shown that it has various bioactive substances with anti-inflammatory, anticancer, antiviral, and antimicrobial effects. Some of the bioactive compounds identified in Prunus africana are triterpenes, sterols, coumarin, and flavanoids that have been known to have vital medicinal properties for the claimed health conditions. Because of its over harvesting for health benefits with less effort geared towards conservation, Prunus. africana has been classified as a vulnerable species facing a high risk of extinction.

There is increasing demand for the bark of Prunus africana both locally and internationally in African countries for the production of herbal medicine for treatment of prostate cancer that is globally on the increase. In fact, Prunus africana has recently come under heavy pressure in most African countries because of wild harvesting for the medicinal plant trade. This important tree is unsustainably harvested since the bark of the entire tree is poorly harvested leading to the death of the tree. Consequently, Prunus africana has been added to Appendix II of the Convention on International Trade in the Endangered Species of Wild Fauna and Flora’s (CITES) list of endangered species, for the regulation of its trade from wild harvesting. Currently all exports of Prunus Africana are subjected to a CITES export permit to protect the tree from depletion in Africa.
Timber harvesting

Results indicated that much as trees have been harvested for timber, there are some species that have been mostly affected due to the durability of timbers extracted from such trees such as the Maeosopsis eminii found at Zirimiti Central Forest Reserve. 

Findings in table 3 indicate that 69% agreed that timber harvesting has contributed to forest tree biodiversity in Zirimiti Central Forest Reserve in Mukono District especillay with the Maeosopsis eminii and the Prunus Africa tree species. The study interviewed the OC in charge of Zirimiti Central Forest Reserve who revealed that tree species like Maeosopsis emini is prone to harvesting by human due to the high quality timber it presents and at a high economic value. This findings was supported by the views of the range managers, forest sector managers, forest supervisors, environmental police and the district forest officers who mentioned that this tree species provide good timber if harvested when mature that is why the majority of people like it so much. 

Findings in table 3 indicate that the majority of respondents 69% agreed that timber harvesting has caused loss of Maeosopsis eminii Zirimiti Central Forest Reserve. Related studies indicate that Maeosopsis eminii is under threat by human beings who harvest timber from Maeosopsis eminii. This tree species provide good timber and poles for construction. Stewart (2009) highlighted similar findings in that Maeosopsis eminii is a useful timber tree. The sapwood is pale and the heartwood is olive-brown to deep red. It is used for poles, boxes and crates but is susceptible to damage by termites and to rotting when in continual contact with wet ground. The wood is used for fuel and the foliage for fodder.

Demand for Fuel wood

The study investigated whether Prunus africana, Albizia zygia and the Maeosopsis eminii tree species loss in Zirimiti Central Forest Reserve in Mukono District is attributed to the need for fuel wood. Findings from the field study indicate that, due to the human settlement around the gazette protected forest land, people go into the forests in search for firewood used for cooking. The area chairman LC1 stated that other human activities like brick burning has also demanded for firewood from the Central Forest Reserve which has contributed to the loss of the forest tree species in Zirimiti Central Forest Reserve. Findings in table 3 indicate that the majority 45% of the respondents agreed that the loss of tree species at Zirimiti Central Forest Reserve is attributed to demand for firewood of Prunus africana while 15% use Albizia zygia and 40% stated that people demand fuel from Maeosopsis eminii tree species causing its loss in of the respondents were not sure about the statement. The implication of the finding in table 8 is that communities around the area has cut down trees for firewood hence destroying the tree species. The study investigated whether Maeosopsis eminii tree species loss in Zirimiti Central Forest Reserve in Mukono District is attributed to the need for fuel wood. Findings from the field study indicate that, due to the human settlement around the gazetted protected forest land, people go into the forests in search for firewood used for cooking as well as charcoal. The area chairman LC1 stated that other human activities like brick burning has also demanded for firewood from the Central Forest Reserve which has contributed to the loss of the forest tree species in Zirimiti Central Forest Reserve. Findings in table 3 indicate that the majority 40% of the respondents agreed that the loss of Maeosopsis eminii tree species at Zirimiti Central Forest Reserve is attributed to high demand for fuel wood.

Plate 3: Charcoal burning  
Primary Data (2019)

Unsustainable harvesting

The study was conducted to investigate whether Prunus africana, Albizia zygia and the Maeosopsis eminii tree species loss in Zirimiti Central Forest Reserve is due to large scale unsustainable harvesting by the human settlement around the Central Forest Reserve. The study found out that most of these trees are harvested for multiple purposes such as firewood, charcoal and building since trees such as Maeosopsis eminii provide long branches that can be used for firewood as well as building. 

Findings in table 3 indicate that respondents agreed that Prunus africana, Albizia zygia and the Maeosopsis eminii tree species loss at Zirimiti Central Forest Reserve is due to large scale unsustainable harvesting by the communities around the reserve. This implies that some of these trees like Maeosopsis eminii are actually harvested without any intension while 20% of respondents were not sure about the statement which also imply that Prunus africana, Albizia zygia and the Maeosopsis eminii tree species loss at Zirimiti Central.
Plate 4.2 Unsustainable tree harvesting

Central Forest Reserve is due to large scale sustainable harvesting by the humans who are settled around Zirimiti Central Forest Reserve. 

[image: image2.jpg]



Plate 4.2: Author observation unsustainable harvesting of trees in Zirimiti Central Forest Reserve.

Primary Data (2019)

In order to attain quality information from the field, an interview was conducted by the study between there researcher and some of the community members at Zirimiti Central Forest Reserve. Response got indicate that most people unintentionally cut the trees which leads to loss of these tree species. Albizia zygia is one of the tree species that has been on demand due to different factors which has contributed to its loss in Zirimiti Central Forest Reserve. In a bid to find out why this tree species is disappearing gradually, the study collected data on the causes of Albizia zygia loss. The study thought to know whether the number of Albizia zygia tree species is declining and below are the results.

Under threat from clearance of forests for farming
The study investigated whether agriculture contributes to loss of Albizia zygia in Zirimiti Central Forest Reserve. Results obtained from the field is discussed in table 3
The study thought to investigate whether Albizia zygia at Zirimiti Central Forest Reserve is under threat from clearance of forests for farming. Agriculture is the cultivation of land and breeding of animals and plants to provide food, fiber, medicinal plants and other products to sustain and enhance life. Agriculture is one of the primary drivers of deforestation both in modern times and in ancient times. The vast old-growth forests that once covered much of the world have largely been cut and burned down because of agriculture. Even when such agricultural-land is reclaimed by nature it generally lacks the great biodiversity that was found there previously, being replaced largely by fast-growing plants and ‘weeds’ that favor the depleted soil. Subsistence-farming accounts for 48% of deforestation, and commercial agriculture for a further 32% of deforestation, according to the United Nations Framework Convention on Climate Change. Even the most efficient agricultural systems and practices inevitably lead to nutrient loss unless supplemented with fertilizer brought in from elsewhere this nutrient-loss is especially pronounced with GMO (genetically modified food) agriculture. And this, along with the soil erosion that accompanies the loss of large vegetation, further contributes to the soil erosion and desertification that seems to almost inevitably follow deforestation in the long term.
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Plate 5 Aagricultural activities in Zirimiti Central Forest Reserve
Primary Data (2019)

According to a respondent interviewed by the study, he said that “Most of the forest land was cleared by the communities within for agricultural purpose”. This is due to the shortage of land that resulted from the population pressure in quest for agricultural land. He also added that, due to the poor farming activities, the soils have become barren and now the same impact is being shifted to the forest affecting forest species.

Lack of enforcement against illegal harvesting

Findings in table 3 indicated that the majority of the respondents 45% agreed that Zirimiti Central Forest Reserve do not have enough forest law enforcement team that oversee the forest against illegal harvesting of trees. According to a forest supervisor at the site, the reserve only has one patrol vehicle that has to be used to monitor the central forest reserve yet it is also assigned other duties. He added that there should have been at most 3 vehicles to cover the all reserve through immediate quick response while 20% did not agree with the statement indicating that there are enough law enforcers. However, according to the responses, the study therefore concludes that lack of law enforcement is a big problem yet Uganda has plenty of laws governing agriculture, land use and the environment. What it lacks is active law enforcement. Cases of illegal encroachment on forest lands, illegal granting of plantation permits, illegal fires, illegal forest clearance on concessions are routinely reported by NGOs but rarely acted on in any vigorous manner by the authorities.

Results from the field indicate that over the years, millions of hectares of forest land that belong to the national forest authority, have been illegally granted plantation permits by local authorities. Many of these areas have also been cleared of trees, with the central government losing billions of dollars in lost timber revenue. Findings also revealed that Uganda lacks a near real-time satellite monitoring system that can detect illegal forest clearance.

For those caught in the act, the government must ensure all cases are fully prosecuted and those found guilty are punished with fines or jail time, or both. In the past, many cases failed to make it to court or mysteriously never reached a verdict. Non-governmental organizations and the media should monitor all fire-related cases, charcoal burning, farming activities around the reserve, tree logging and harvesting for timber to hold the judiciary and the local governments fully accountable.

Lack of protection against encroachment

Findings in table 3 indicate that the majority of the respondents 51(94%) of the respondents disagreed with the statement that lack of protection against encroachment has cause loss of Albizia zygia while those who agreed were 3(6%) which implies that the central forest reserve has protection against encroachment only that is never been fully implemented due to inadequate resource.  According to John (2008) Encroachment refers to unlawful entering (gradually and without permission) upon the forest land or illegal extension beyond the legal boundaries of the forest land majorly due to population pressure and poverty factors stimulating forestland encroachment. Forests provide new areas for agriculture and a range of subsistence products. With increasing population, more families search land for agriculture or look for fuel wood or timber. 
Much as there are laws governing forest encroachment, these laws have not been implemented due to various factors which has given people the mandate to encroach further into the central forest reserve and they have gone as far as claiming title land ownership of land within the forest reserves which has resulted into loss of forest tree species like the Albizia zygia in Zirimiti Central Forest Reserve. 

Findings in table 3 indicate that 3% of the respondents mentioned that lack of protection against encroachment has cause loss of Maeosopsis eminii which implies that the forest reserve has protection against encroachment only that is never been fully implemented due to inadequate resource. John (2008) defined as encroachment unlawful entering gradually and without permission upon the forest land or illegal extension beyond the legal boundaries of the forest land majorly due to population pressure and poverty factors stimulating forestland encroachment. Forests provide new areas for agriculture and a range of subsistence products. With increasing population, more families search land for agriculture or look for fuel wood or timber. Much as there are laws governing forest encroachment, these laws have not been implemented due to various factors which has given people the mandate to encroach further into the forest reserve and they have gone as far as claiming title land ownership of land within the forest reserves which has resulted into loss of forest tree species like the Maeosopsis eminii in Zirimiti Central Forest Reserve. 

Loss of Albizia zygia caused by farming
The study investigated whether farming is one of the activities causing the loss of Albizia zygia loss in the central forest reserve at Zirimiti Central Forest Reserve.

Findings in table 3 indicate that the majority of respondents 100% of the respondents agreed that farming has caused loss of Albizia zygia loss at Zirimiti Central Forest Reserve. Related studies indicate that most of the forest reserve is cleared for farming activities. Stewart (2009) highlighted similar findings in Kilum forest, that the largest and oldest trees were more susceptible to damage from harvest. Though this finding was generally true at all sites across Uganda, it was most accentuated at Nsoung, Mount Kupe Muanengouba, where the largest trees were within the 50-60 class and more than 30 large dead Prunus africana trees were found in the forest, as shown in plate 2. Tree mortality might also have been caused by overharvesting or uncontrolled bush fires which were reported to be rampant in the area resulting from slash and burn clearance for farming.

Increased harvesting of leaves (incase its medicinal)

Findings in table 3 indicate that harvesting of leaves from forest trees has contributed to forest plant biodiversity in Zirimiti Central Forest Reserve due to beliefs that some of the tree species are medicinal. However, it is not the same case with Maeosopsis eminii which is not medicinal as indicated by the majority of respondents who disagreed with the statement of 93% respondents. According to quality information obtained through interviews, Maeosopsis eminii is not medicinal but there are other various benefits that is why it is under threat from the population. 

Clearance of forests for farming
The study thought to investigate whether Maeosopsis eminii at Zirimiti Central Forest Reserve is under threat from clearance of forests for farming. Agriculture is the cultivation of land and breeding of animals and plants to provide food, fiber, medicinal plants and other products to sustain and enhance life. Agriculture is one of the primary drivers of deforestation both in modern times and in ancient times. The vast old-growth forests that once covered much of the world have largely been cut and burned down because of agriculture. Even when such agricultural-land is reclaimed by nature it generally lacks the great biodiversity that was found there previously, being replaced largely by fast-growing plants and ‘weeds’ that favor the depleted soil. Subsistence-farming accounts for 48% of deforestation, and commercial agriculture for a further 32% of deforestation, according to the United Nations Framework Convention on Climate Change. According to Mr. Kalema, a respondent interviewed by the study, he said that “Most of the forest land was cleared by the communities within for agricultural purpose. This is due to the shortage of land that resulted from the population pressure in quest for agricultural land. He also added that, due to the poor farming activities, the soils have become barren and now the same impact is being shifted to the forest affecting forest species.
Slow rate of reforestation.

The study sought to investigate whether the loss of Maeosopsis eminii is linked to the slow rate of reforestation. Findings from the field is summarized in table 3. Findings in table 3 indicate that the majority of respondents agreed that slow rate of reforestation has contributed to a large extend the loss of Maeosopsis eminii. Reforestation is the natural or intentional restocking of existing forests and woodlands (forestation) that have been depleted, usually through deforestation. Reforestation can be used to rectify or improve the quality of human life by soaking up pollution and dust from the air, rebuild natural habitats and ecosystems, mitigate global warming since forests facilitate bio sequestration of atmospheric carbon dioxide, and  harvest for resources, particularly timber, but also non-timber forest products.
Table 4: Socio economic and ecological effects of loss of Prunus Africana, Albizia zygia and Maeosopsis eminii.
The study investigated socio economic and ecological effects of loss of Prunus africana, Albizia zygia and Maeosopsis eminii. Findings of the study is indicated below;

	Social economic and ecological effects
	Tree species

	
	Prunus africana
	Albizia zygia
	Maeosopsis eminii

	
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage

	Affected the livelihood of birds and wild life.
	3
	3.3
	16
	17.8
	7
	7.8

	Quantity of fruit produced is limited has part of the diet of bird and mammal species.
	8
	8.9
	12
	13.3
	16
	17.8

	The forest bio-diversity has also been affected
	12
	13.3
	8
	8.9
	22
	24.4

	Reduced medicinal leaves
	10
	11.1
	12
	13.3
	2
	2.2

	Change in ecosystem services
	13
	14.4
	12
	13.3
	12
	13.3

	Threat to energy sector economic growth.
	16
	17.8
	9
	10
	15
	16.7

	Reduced timber wood
	3
	3.3
	5
	5.6
	11
	12.2

	Leads to climate change
	3
	3.3
	16
	17.8
	7
	7.8


Source: Primary Data 2019
Table 4 indicate that harvesting Prunus africana has led to the destruction of livelihood of birds and wild life since this tree species provide good habitat for birds and wild animals due to the large branches and the wide leaves that provide shade and shelter. According to the interview data obtained from field during interviews, it was stated that, some of the birds that used to live on Prunus africana, Albizia zygia and Maeosopsis eminii because of the height are no longer there because the trees have been destroyed. 56% of the respondents agreed that cutting down Prunus Africana, 30% mentioned that harvesting Albizia zygia would lead to loss and destruction of livelihood of birds and animals while 14% mentioned Maeosopsis eminii.
Findings in table 4 indicate that the destruction of these tree species has reduced on the number or amount of fruits produced by the trees for the birds and some of the animals like monkeys that feed on some of these fruits. This has affected the livelihood of these birds and animals since they no longer have enough food to feed. 40% of the respondents agreed that destruction of these trees reduces the quantity of fruit produced is limited has part of the diet of birds and mammal species. 30% mentioned Albizia zygia and 30% Maeosopsis eminii stating that fruits of this tree spp are highly favored by gorillas." East African Mammals reports that stands of Pygeum are the habitat of the rare Carruther's mountain squirrel and asserts, "This forest type tends to have a rather broken canopy with many trees smothered in climbers and dense tangles of undergrowth.
Findings in table 4 indicate that the majority 45% of respondents agreed that the loss of Prunus africana has affected forest biodiversity in Zirimiti Central Forest Reserve. 15% for Albizia zygia and 40% for were not sure whereas none of the respondents disagreed. Forest biological diversity is a broad term that refers to all life forms found within forested areas and the ecological roles they perform. As such, forest biological diversity encompasses not just trees, but the multitude of plants, animals and micro-organisms that inhabit forest areas and their associated genetic diversity. The implication of the findings is that forest biological diversity can be considered at different levels, including the ecosystem, landscapes, species, populations and genetics. Complex interactions can occur within and amongst these levels. In a related study, biologically diverse forests, this complexity allows organisms to adapt to continually changing environmental conditions and to maintain ecosystem functions. “Forest biological diversity results from evolutionary processes over thousands and even millions of years which, in themselves, are driven by ecological forces such as climate, fire, competition and disturbance. Furthermore, the diversity of forest ecosystems (in both physical and biological features) results in high levels of adaptation, a feature of forest ecosystems which is an integral component of their biological diversity. Within specific forest ecosystems, the maintenance of ecological processes is dependent upon the maintenance of their biological diversity.”

The study investigated socio economic and ecological effects of loss of Albizia zygia tree species in the forest reserve. Findings of the study is summarized below;

Findings indicate that the majority of the respondents agreed that loss of Prunus africana has reduced on the availability of medicinal leaves from the forest reserve due to uncontrolled leaf harvesting. According to a respondent from the field, some people harvest leaves and leave the tree completely without leaves making it prone to trying because the trees need leaves to make food. Since the leaves of Prunus africana is medicinal, and most people prefer herbs to modern medicinal, it has affected them so much also industries that use these trees as raw material for manufacturing modern medicine has also ran out of raw materials for the industry hence reducing the revenue collected within and abroad.

Findings indicate that most of the respondents 45% agreed that loss of Prunus africana, 32% Albizia zygia and 23% Maeosopsis eminii has caused change in ecosystem. This implies that harvesting trees is one of the drivers affecting ecosystem services and human well-being range from local to global and from immediate to long-term, which makes both their assessment and management complex. Climate change may operate on a global or large regional scale; political change may operate at the scale of a nation or a municipal district. Socio-cultural change typically occurs slowly, on a time scale of decades, while economic changes tend to occur more rapidly. As a result of this spatial and temporal dependence of drivers, the forces that appear to be most significant at a particular location and time may not be the most significant over larger, or smaller, regions or time scales.

Findings in table 4 indicate that the majority 48% of respondents agreed that loss of the tree species has affected the energy sector in Uganda. 21% mentioned Albizia zygia and 31% mentioned Maeosopsis eminii. Energy got from the forest include; Biofuels use only part of the plant, resulting in a large amount of unused resources. Biofuels are also typically blended with petroleum-based fossil fuels. Bioelectricity consumes the entire material but converts at only 21% efficiency. Biothermal energy consumes the entire raw material and converts at 80 – 90% efficiency. According to previous study, over 100 years ago, wood provided almost 90% of our energy needs. The convenience and low prices of fossil fuels, however, gave way to energy derived primarily from coal and oil. By the late 1990′s, the United States imported more oil and refined products from other countries than we produced. But society is now recognizing the negative effects of fossil fuel consumption. Greenhouse gases, global warming, energy dependence, wildfires and carbon emissions are just some of the forces paving the way for renewable energy sources once again, like biomass. And with pellet fuel, renewables are far more convenient. Findings in this study indicate that energy is already getting lost affecting economic growth. The timber provided by this tree species is a hardwood employed in the manufacture of axe and hoe handles, utensils, wagons, floors, chopping blocks, carving, bridge decks, and furniture. The wood is tough, heavy, straight-grained, and pink, with a pungent bitter-almond smell when first cut, turning mahogany and odorless later. Therefore, its loss will affect the beneficiaries of the products from this tree as well as returding economic development which would result from the revenues obtained from this type of forest tree species. The species has a long history of traditional uses. The bark is used in an attempt to treat fevers, malaria, wound dressing, arrow poison, stomach pain, purgative, kidney disease, appetite stimulant, gonorrhea, and insanity. The pharmacology and traditional uses of the species are reviewed in Stewart (2003) so as people continue to remove the bark of these trees it eventually dries premature which in the end, cause its loss. 
Table 5: Strategies to controlling loss of Prunus africana, Albizia zygia and Maeosopsis eminii
	 

Strategies to controlling loss of Prunus africana, Albizia zygia and Maeosopsis eminii
	Tree species

	
	Prunus africana
	Albizia zygia
	Maeosopsis eminii

	
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage

	Issue quotas and developing regulations for legalized harvesting
	5
	5.6
	16
	17.8
	5
	5.6

	Enriching planting and plantations of indigenous trees
	16
	17.8
	11
	12.2
	5
	5.6

	Developing alternative source of bark or methods of bark extraction
	7
	7.8
	0
	0
	0
	0

	Improved tree management practices for the species
	11
	12.2
	16
	17.8
	12
	13.3

	Establishing collaborative forest management with local communities
	15
	16.7
	16
	17.8
	18
	20

	Assessing conservation status of tree species
	14
	15.6
	9
	10
	21
	23.3


Source: Primary Data 2019
Findings in table 5 indicate that the majority of respondents mentioned that issuing of quotas and developing regulations for legalized harvesting of Prunus africana for example the bark should be put in place. This implies that the bark is used unsustainably in an attempt to treat fevers, malaria, wound dressing, arrow poison, stomach pain, purgative, kidney disease, appetite stimulant and gonorrhea. The collection of mature bark for its use in traditional medicine and other uses has resulted in the species becoming endangered. However, the over harvesting of the bark is caused by high demand by traditional doctors. The growing demand for the bark has led to extinction of the tree species. According to quality data from the field, the LC1 of Lwetega village mentioned that there should be guided bark extraction of the tree barks to regulate the extraction.

Findings in table 5 indicate that respondents agreed that issuing of quotas and developing regulations for legalized harvesting of Albizia zygia should be put in place. The collection of mature bark for its use in traditional medicine and other uses has resulted in the species becoming endangered. However, the over harvesting of the bark is caused by high demand by traditional doctors. The growing demand for the bark has led to the extinction of the tree species.

Findings in table 5 indicate that issuing quotas and developing regulations for legalized harvesting of Maeosopsis eminii for timber production should be put in place. The conversion of maeosopsis eminii into timber should be regulated by issuing licenses to timber dealers who deal in this kind of business.  However, over harvesting of Maeosopsis eminii in Zirimiti Central Forest Reserve has made the species endangered and soon it will be depleted.
Findings indicate that replanting, planting and plantation of indigenous trees helps in conserving Prunus africana, Albizia zygia and Maeosopsis eminii tree species in Zirimiti Central Forest Reserve. Enrichment planting is commonly used for increasing the density of desired tree species in secondary forests often characterized by a prevalence of low commercial species. The objectives of the study were to identify the optimal enrichment planting method vis-à-vis gap and line planting. In related studies. According to Key respondent of Lwetega village, enrichment planting is one of the important techniques used in forest rehabilitation. In related studies by Montagnini (2010) he defined enrichment planting as the introduction of valuable species to degraded forests without the elimination of valuable individual which already existed at that particular site. While for secondary forest, it is a forest area which has regrown trees after major disruption and disturbance such as fire and deforestation. Normally, the regeneration of plants species in secondary forests are done naturally by itself without any forest treatment given for a period of long time till the effect of disturbance is no longer noticed.

Findings indicate that Albizia zygia 16(17.8%), Prunus africana 5(5.6%) while 5(5.6%) for Maeosopsis eminii respondents agreed that enrichment planting and plantation of indigenous trees helps in conserving the tree species in question. Enrichment planting is commonly used for increasing the density of desired tree species in secondary forests often characterized by a prevalence of low commercial species. While for secondary forest, it is a forest area which has regrown trees after major disruption and disturbance such as fire and deforestation. Normally, the regeneration of plants species in secondary forests are done naturally by itself without any forest treatment given for a period of long time till the effect of disturbance is no longer noticed. Findings indicate that respondents agreed that enrichment planting and plantation of indigenous trees helps in conserving Prunus africana, Albizia zygia and Maeosopsis eminii tree species at Zirimiti Central Forest Enrichment planting is commonly used for increasing the density of desired tree species in secondary forests often characterized by a prevalence of low commercial species. The objectives of the study were to identify the optimal enrichment planting method vis-à-vis gap and line planting. 

The study investigated whether developing other methods of bark extraction would help in conserving Prunus africana forest tree species at Zirimiti Central Forest Reserve. Table 5 indicate that bark extraction is the major cause of loss of Prunus africana tree species in Zirimiti Central Forest Reserve, the methods used in extraction has endangered these tree species. This is shown by the majority 60% of the respondents who agreed with the statement. 
The study investigated whether improved tree management practices of Prunus africana, Albizia zygia and Maeosopsis eminii is a conservation method that should be implemented to protect the tree species. Findings in table 5 indicate that 100% of respondents agreed that improved tree management practices of Prunus africana, Albizia zygia and Maeosopsis eminii can help in conservation of the tree species in Zirimiti Central Forest Reserve.
The study investigated whether establishment of Collaborative Forest Management with local communities would help in conserving the Prunus africana, Albizia zygia and Maeosopsis eminii forest tree species in Zirimiti Central Forest Reserve. Findings in table 5 indicate that 96% of respondents agreed that establishment of Collaborative Forest Management with local communities would help in conserving forests. In Uganda, the form of Participatory Forest Management approaches adopted for managing forest resources include Collaborative Forest Management (CFM), Community Forests (CFs) and Private Forests (PFs) (Strengthening and Empowering Civil Society For Participatory Forest Management in East Africa (EMPAFORM 2008). CFs is the forest management approach where communities register as legal entities for purpose of seeking gazettement of a forested communal land as a Community Forest and henceforth manage it for the common good of the community. PFs is the forest management approach where local community members manage own trees on private land or participate in the management of private natural forests, private plantations, forests owned by cultural and traditional institutions.
The study investigated whether improved tree management practices of Prunus africana, Albizia zygia and Maeosopsis eminii is a conservation method that should be implemented to protect the tree species. Findings in table 5 indicate that the majority 50% of respondents agreed that assessing conservation status of Prunus africana, Albizia zygia and Maeosopsis eminii can help in conservation of the tree species in forest reserve. 68% of the respondents stated that assessing conservation status of Albizia zygia and 70% stated that assessing conservation status of Maeosopsis eminii would help in controlling their loss. The conservation status of a group of trees (for instance, a species) indicates whether the group still exists and how likely the group is to become extinct in the near future. Many factors are taken into account when assessing conservation status: not simply the number of individuals remaining, but the overall increase or decrease in the population over time, breeding success rates, and known threats. Various systems of conservation status exist and are in use at international, multi-country, national and local levels as well as for consumer use.
CHAPTER FIVE

SUMMERY, CONCLUSION AND RECOMMENDATION

5.1 Summery

The study investigated the major causes of forest plant biodiversity loss in Zirimiti Central Forest Reserve especially with focus on Prunus africana, Albizia zygia and the Maeosopsis eminii tree species. Results from the field was summarized and presented into three categories in line with the tree species investigated in this study. 

Findings indicate that harvesting of leaves from forest trees has contributed to forest plant biodiversity in Zirimiti Central Forest Reserve due to beliefs that some of the tree species are medicinal. According to quality information obtained through interviews, a forest patrol officer mentioned that some tree species such as Prunus africana and Albizia zygia are medicinal that is why people tamper with them. Response also indicate that these leaves and stem covers are extracted by herbalists who believe that they are capable of curing some types of cancer such as breast cancer in women, sexually transmitted disease, cough and many more unmentioned diseases. The study also interviewed a senior forest officer at the ministry on why there is increase harvesting of forest plant leaves, he also mentioned that some of these trees are capable of healing some disease making them prone to harvesting and uncontrolled harvesting of leaves can completely kill the tree.

The study sought to investigate whether Albizia zygia in Zirimiti Central Forest Reserve is under threat from clearance of forests for farming. Agriculture is the cultivation of land and breeding of animals and plants to provide food, fiber, medicinal plants and other products to sustain and enhance life. Agriculture is one of the primary drivers of deforestation both in modern times and in ancient times. The vast old-growth forests that once covered much of the world have largely been cut and burned down because of agriculture. Even when such agricultural-land is reclaimed by nature it generally lacks the great biodiversity that was found there previously, being replaced largely by fast-growing plants and ‘weeds’ that favor the depleted soil. 

Findings indicated Zirimiti Central Forest Reserve do not have enough forest law enforcement team that oversee the forest against illegal harvesting of trees. Forest Supervisor in Zirimiti Central Forest Reserve stated that, the reserve only has one patrol vehicle that has to be used to monitor the forest reserve yet it is also assigned other duties. However, according to the responses, the study therefore concludes that lack of law enforcement is a big problem yet Uganda has plenty of laws governing agriculture, land use and the environment. What it lacks is active law enforcement team. Cases of illegal encroachment on forest lands, illegal granting of plantation permits, illegal fires, illegal forest clearance on concessions are routinely reported by NGOs but rarely acted on in any vigorous manner by the authorities.

5.1.2 Causes of Maeosopsis eminii loss

Maeosopsis eminii is a species of tree in the family Rhamnaceae found in India and Africa and also known as the umbrella tree. It is often grown as a plantation tree, and as a shade tree in coffee plantations and other crops. Birds and monkeys may disperse the seeds. Since this tree grows fast it is often used for regeneration of destroyed forest lands. Its timber is used for construction and firewood and its leaves for animal fodder. However, this tree species is gradually getting lost year after year due to various human activities as investigated by the study.

The study found out that harvesting of Maeosopsis eminii for timber production in Zirimiti Central Forest Reserve has endangered the species and soon will be depleted.

5.1.3 Socio economic and ecological effects of loss of Prunus africana
Findings indicate that the destruction of Prunus africana tree species has reduced on the number or amount of fruits produced by the trees for the birds and some of the animals like monkeys that feed on some of these fruits. This has affected the livelihood of these birds and animals since they no longer have enough to eat.
Plant biological diversity is a broad term that refers to all life forms found within forested areas and the ecological roles they perform. As such, forest biological diversity encompasses not just trees, but the multitude of plants, animals and micro-organisms that inhabit forest areas and their associated genetic diversity. The implication of the findings is that plant biological diversity can be considered at different levels, including the ecosystem, landscapes, species, populations and genetics. 

Findings indicate that the majority of the respondents agreed that loss Prunus africana has reduced on the availability of medicinal leaves from the forest reserve due to uncontrolled leaf harvesting. According to a respondent from the field, some people harvest leaves and leave the tree completely without leaves making it prone to trying because the trees need leaves to make food. Since the leaves of Prunus africana is medicinal, and most people prefer herbs to modern medicinal, it has affected them so much also industries that use these trees as raw material for manufacturing modern medicine has also ran out of raw materials for the industry hence reducing the revenue collected within and abroad.

Findings indicate that loss of Albizia zygia has led to the loss of timber production and bark extraction as agreed by the majority of the respondents. The timber provided by this tree species is a hardwood employed in the manufacture of axe and hoe handles, utensils, wagons, floors, chopping blocks, carving, bridge decks, and furniture. The wood is tough, heavy, straight-grained, and pink, with a pungent bitter-almond smell when first cut, turning mahogony and odorless later. Therefore, its loss will affect the beneficiaries of the products from this tree as well as returding economic development which would result from the revenues obtained from this type of forest tree species. The species has a long history of traditional uses. The bark is used in to treat urinary tract infections (UTIs). The pharmacology and traditional uses of the species are reviewed in Stewart (2003) so as people continue to remove the bark of these trees it eventually dries premature which in the end, causes its loss.

5.1.4 Strategies for conserving Prunus africana, Albizia zygia and Maeosopsis eminii 

Findings indicate that issuing quotas and developing regulations for legalized harvesting of Prunus africana, Albizia zygia and Maeosopsis eminii should be put in place to conserve the tree species since over harvesting of the bark is unsustainable for Prunus africana and Albizia zygia whereas the growing demand for the bark has led to the extinction of the tree species. 

Findings indicate that enrichment planting and plantation of indigenous trees helps in conserving Maeosopsis eminii tree species in Zirimiti Central Forest Reserve. Enrichment planting is commonly used for increasing the density of desired tree species.
5.2 Conclusion

From the empirical data, it was discovered that; 
· Prunus africana and Albizia zygia are medicinal species therefore; the local communities harvest the leaves and their barks to treat diseases such as prostate cancer in men and cancer of the breast in women. It also treats impotence in men, Sexually transmitted Diseases such as gonorrhea, syphilis, fevers, malaria, wound dressing, stomach pain, purgative, kidney disease and appetite stimulant.
· Maeosopsis eminii is used as an agro-forestry tree species for providing shade in coffee plantation as well as timber production. Its timber has fine grains with good finishing products and hardly cracked by nails.
· The timber provided by Albizia zygia tree species is a hardwood employed in the manufacture of axe and hoe handles, utensils, wagons, floors, chopping boards, carving, bridge desks, and furniture. The wood is tough, heavy, straight-grained, and pink, with a pungent bitter-almond smell when first cut, turning mahogony and odorless later. Therefore, its loss will affect the beneficiaries of the products as well as returding economic development which would result from the revenues obtained from this type of forest tree species. The species has a long history of traditional uses such as treatment for Sexually transmitted disease and Urinary truck infections (UTIs).
5.3 Recommendations 

Implementing a new regime to manage and exploit Prunus africana sustainably is a challenge for all actors involved in the chain; communities, community forest institutions, traditional authorities, harvesters, nurseries, tree and plantation owners, permit holders, processing and export enterprises, the pharmaceutical and health industry, the government and regulators such as CITES and the EU, research and support organizations. 
The following specific recommendations were made by the study;

1. Alternative measures of bark harvesting should be put in place to save the prunus africana tree species.
2. Combined efforts in monitoring and controlling harvesting of leaves should be implemented to avoid over harvesting in order to preserve the Prunus africana and Albizia zygia whose leaves and bark is believed to be medicinal. 
3. The study also recommended that carbon sequestration and avoided deforestation funds from Prunus africana, Albizia zygia and maeosopsis eminii resources plantations should be explored as potential source of funding for farmers and the government.

4. The study recommends that securing land title and protecting Prunus africana, Albizia zygia and maeosopsis eminii resources in none permanent forests needs to be addressed.

5. Certification of Prunus africana, although not unsuitable for the pharmaceutical market, maybe an option for the health and botanical products market.
6. The study recommended that exchange of information on preservation techniques between harvesters, nurseries and government, community forests, private owners should be promoted to control demolition of Albizia zygia, Maeosopsis eminii and Prunus africana tree species.

5.4 Areas of further research

The following research needs have been mentioned in the selected forest tree species in Zirimiti Central Forest Reserve. Prunus africana, Albizia zygia and Maeosopsis eminii platforms, meetings and consultations and in literature (Ndam and Asanga 2008, Cunningham 2002); 

1. Selection of fast growing, high active ingredient yielding varieties for domestication- taking into account pharmaceutical and health product industries requirements. 

2. Research into alternatives to bark harvesting e.g. berries, roots, leaves and yields 

3. Research into how to differentiate planted from wild tree species (e.g genetic markers) 
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APPENDIX I: QUESTIONNAIRE

Dear Respondent,






Date: ………………………

My name is MUBHOKISA ROBERT index number 2015/AUG/MNRM/M219022/WKD. I am a student of Nkumba University. I am requesting you to fill this questionnaire, which is aimed at collecting data on assessing the threats to Prunus Africana, Albizia zygia and the Maeosopsis emini forestry biodiversity loss in Zirimiti Central Forest Reserve Mukono District. You have been selected to be one of my respondents in this study. Information provided shall be treated with strict confidentiality and shall not be used for any other purpose except for academic purposes.

Thank you very much for your corporation  

SECTION A: Respondents’ background information (please tick was appropriate).

1. Sex of respondents

Male 



Female          

2. Respondents Education level 

Diploma                       Degree

Masters degree 
Others specify..………………………

3. Age of respondents 

18-24   

 25-30  

31-35   

36-40 

41-45 


 46-above

4. Period of stay around Zirimiti Forest Reserve

Less than 1 year   
       2-4 years  
                     5-7 years                    7 years and above  

5. Category of respondents

Range Manager 






Forest Sector Support Division MWE  

Forest Supervisors 

Environmental Police 

District Forestry Office

Forestry Patrol Men 

Environmental conservationists/NGO

Political Leaders

Local Community members

OBJECTIVE ONE: Causes of Prunus africana, Albizia zygia and the Meospsis emini loss in Zirimiti Central Forest Reserve 

Causes of Prunus africana Loss 
1) Do you think the number of Prunus africana tree species is declining? ….. Yes      No

2) If Yes/No what are the causes? ………………………………………………………. 

1= Increased harvesting of leaves (incase its medicinal)  

2= Large-scale bark harvesting  

3=Timber harvesting    

4= Fuel wood   

5= large-scale unsustainable harvesting          6= other specify …………………………

3) Please could you rank the above causes of decline? 1…….………………..……








2…………..…………………….……








3……………………………….………








4……………………………..………..

     






5………………………………………

Causes of Albizia zygia Loss  
1. Do you think the number of Albizia tree species is declining? ….. Yes      No

2. If Yes/No what are the causes? ………..  

1= Increased harvesting of leaves (incase its medicinal)  

2= Under threat from clearance of forests for farming  
3= Lack of enforcement against illegal harvesting 

4= Lack of protection against encroachment 

5= Farming                              6= other specify ……………….………

3. Please could you rank the above causes of decline? 

                                                                        1……………..………..……








2………………….……………………








3…………………..…………….……








4……………………………….……..








5……………………………….……… 

Causes of Measopsis emini Loss 
1. Do you think the number of Measopsis emini tree species is declining? ….. Yes      No

2. If yes/No what are the causes? ………..   

1= Increased harvesting of leaves (incase its medicinal)  

2= Slow rate of reforestation 

3=timber harvesting    

4= Fuel wood   

5= Infrastructure development 

6= other specify …………

3. Please could you rank the above causes of decline? 

1……………………………




2……………………………




3…………………………..…




4………………………….…..




5……………………………..……

 In your view what would you recommend to be done in order to stop the decline? For each of the tree species

a) Prunus africana

………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………

b) Albizia Zygia

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

c) Maeosopsis emini

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

OBJECTIVE TWO: Socio economic and ecological effects of loss of Prunus africana, Albizia zygia and the Measopsis emini forestry plant to environment in Zirimiti Central Forest Reserve 
Socio economic and ecological effects of loss of Prunus Africana 
1. Do you think the loss of Prunus Africa tree species has affected the ecology of forest reserves? ….. Yes …………………      No ………………….

2. If yes/No what are the Socio economic and ecological effects of loss Prunus Africa tree species in forest reserves? ………..  

1= Cutting down these trees has affected the livelihood of birds and wildlife

2= Quantity of fruit produced is limited as part of the diet of bird and mammal species. 

3= Afromontane forest 'islands have been affected     

4= The forest bio-diversity has also affected

5= Reduced commercial harvesting of Prunus africana bark 

6= other specify …………

3. Please could you rank the above Socio economic and ecological effects of loss?       

1…….…………………………..……




2…………..…………………….……




3……………………………….………



  
4……………………………..………..




5……………………………………….

Socio economic and ecological effects of loss of Albizia zygia
1. Do you think the loss of Albizia tree species has affected the socio economic and ecological factors? ….. Yes ………………      No ……………………..

2. If yes/No what are the Socio economic and ecological effects of loss of Albizia zygia tree species in forest reserves? (Tick where applicable)

1= Reduced medicinal leaves supply

2= Changing ecosystem services 

3=Presents a threat to energy sector economic growth     

4= Limited supply of Timber wood   

5= Increased vulnerability to climate change by forest inhabitants

6= other specify …………

3. Please could you rank the above causes of decline?
                                                                        1…………








2…………








3…………








4…………..








5…………… 

 Socio economic and ecological effects of loss of Measopsis emini 
1. Do you think the loss of Measopsis emini tree species has been affected by socio economic and ecological factors? ….. Yes ………………     No …………………….

2. If yes/No what are the Socio economic and ecological effects of loss of Measopsis emini tree species in forest reserves? (Tick where applicable )

1= Increased harvesting of leaves (incase its medicinal)  

2= Indiscrimate burning    

3=Reduced supply of soft wood for timber 

4= Fuel wood   

5= Infrastructure development 

6= other specify …………

3. Please could you rank the above causes of decline? 

4.                                                                         1…………








2…………








3…………








4…………..








5……………

OBJECTIVE THREE: Strategies of conserving the Prunus africana, Albizia zygia and the Measopsis emini endangered indigenous forestry tree species  
Strategies of conserving the Prunus Africana 

1. Do you think conservation of Prunus Africa tree species has been conducted in forest reserves? ….. Yes …………………      No ………………….

2. If yes/No what have been the strategies of conserving the Prunus Africana tree species in forest reserves? ………..  
1= Issue Quotas and developing regulations for legalized harvesting Prunus africana bark 

2= Enrichment planting and plantations of indigenous trees
3= Establishing Corroborative Forest Management with local communities 

4= Developing alternative sources of bark 

5= Improved Tree management practices of Prunus. africana
6= other specify …………

3. Please could you rank the above strategies of conserving  Prunus africana 

1…….…………………………..……




2…………..…………………….……




3……………………………….………



  
4……………………………..………..




5………………………………………. 
Strategies of conserving the Albizia zygia

1. Do you think conservation of Albizia zygia tree species has been conducted in forest reserves? ….. Yes …………………      No …………………. 

2. If yes/No what have been the strategies of conserving the Albizia tree species in forest reserves? ………..  
1= Paying special attention to species living in one particular type of plant community 

2= Enrichment planting and plantations of indigenous trees
3= Legislation should be passed to prevent logging 

4= Guidelines needed for cost-effective strategies for genetic conservation of timber species. 

5= Management of genetic resources     6= other specify …………

3. Please could you rank the above strategies of conserving the Albizia tree species 
1…….…………………………..……




2…………..…………………….……




3……………………………….………



  
4……………………………..………..




5………………………………………. 
 Strategies of conserving the Measopsis emini tree species 
1. Do you think conservation of Meapsopsis eminii tree species has been conducted in forest reserves? ….. Yes …………………      No …………………. 

2. If yes/No what have been the strategies of conserving the Measopsis eminii tree species in forest reserves? ………..  
1= Development of sustainable harvest action plans 

2= Incentive schemes for forest reserve communities
3= Cultivation on small commercial scales  

4= Ex situ and in situ conservation with a focus on recovery and restoration of timber species. 

5= Assessing the conservation status of selected species 6= other specify …………

3. Please could you rank the above strategies of conserving the  Measopsis eminii tree species 
1…….…………………………..……




2…………..…………………….……




3……………………………….………



  
4……………………………..………..




5………………………………………. 

THANK YOU FOR YOUR COOPERATION

APPENDIX II: INTERVIEW GUIDE
Causes of Prunus africana, Albizia zygia and the Meospsis emini loss in Zirimiti Central Forest Reserve 

1 Do you think the number of Prunus africana tree species is declining? 

2 Do you think the number of Albizia tree species is declining?

If Yes/No what are the causes? 

3 Do you think the number of Measopsis emini tree species is declining? ….. Yes      No

a. If yes/No what are the causes? ………..   

Socio economic and ecological effects of loss of Prunus africana, Albizia zygia and the Measopsis emini forestry plant to environment in Zirimiti Central Forest Reserve 

1. Do you think the loss of Prunus Africa tree species has affected the ecology of forest reserves? 

If yes/No what are the Socio economic and ecological effects of loss Prunus Africa tree species in forest reserves?

2. Do you think the loss of Albizia tree species has affected the socio economic and ecological factors?

If yes/No what are the Socio economic and ecological effects of loss of Albizia zygia tree species in forest reserves? (Tick where applicable)

3. Do you think the loss of Measopsis emini tree species has been affected by socio economic and ecological factors?

If yes/No what are the Socio economic and ecological effects of loss of Measopsis emini tree species in forest reserves? (Tick where applicable )

Strategies of conserving the Prunus africana, Albizia zygia and the Measopsis emini endangered indigenous forestry tree species
4. Do you think conservation of Prunus Africa tree species has been conducted in forest reserves? 

If yes/No what have been the strategies of conserving the Prunus Africana tree species in forest reserves?

5. Do you think conservation of Albizia zygia tree species has been conducted in forest reserves? 

If yes/No what have been the strategies of conserving the Albizia tree species in forest reserves? 

4. Do you think conservation of Meapsopsis eminii tree species has been conducted in forest reserves? 

If yes/No what have been the strategies of conserving the Measopsis eminii tree species in forest reserves?
Agriculture activities


Infrastructure development


Harvesting for herbs


Demand for charcoal


Harvesting for timber


Human settlement





Prunus africana, Albezia zygia and maeosopsis eminii





Government policy


Awareness programs/education


Enforcement of  forest Law


Prosecuting culprits


Collaborative Forest Management (CFM)


Civil society activists


Better conservation practices














Conservation practices





Plate 2: How prunus africana tree looks like after debarking.


Primary Data (2019)





Plate 1: Freshly debarked prunus africana tree


Primary Data (2019)
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