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[bookmark: _Toc112684992][bookmark: _Toc116498732]ABSTRACT
The riparian vegetation of the Black Volta Basin in the Lawra Municipality have tremendous significance ranging from physical, biological/ecological, chemical to social which cannot be overemphasized. Globally, the riparian vegetation provides a range of ecosystem services for the enhancement of the socio-economic well-being of settlers along the riparian zones just like what is experienced by settlers of the Black Volta Basin in the Lawra Municipality. However, livelihood activities adversely affect the natural resources along the Basin and these activities have the potential to rein the continuous existence of the riparian resources. Despite the ramifications of these livelihood activities, not much has been studied about the effects of livelihood activities on the riparian vegetation. This study therefore sought to examine the effects of livelihood activities on the riparian vegetation of the Black Volta Basin in the Lawra Municipality. The study resorted to the mixed methods research approach in data collection, analysis and presentation. The study also relied on methods such as questionnaires administration, key Informants Interviews, quadrat and direct observation to examine the composition and importance of the riparian vegetation of the Black Volta Basin in the Lawra Municipality, livelihood activities of human settlements in proximity to the Black Volta Basin in the Lawra Municipality, effects of livelihood activities on the riparian vegetation of  the Black Volta Basin in the Lawra Municipality , and measures put in place to effectively ameliorate the effects of  livelihood activities on the riparian vegetation of  the Black Volta Basin in the Lawra Municipality.  The study reveals that, the riparian vegetation of the Lawra Municipality is composed of herbs, shrubs and trees. The study also revealed that, crop farming and fishing are the most dominant livelihood activities of settlements in proximity to the Black Volta Basin in the Lawra Municipality.  Consequently, the study revealed the ramifications of livelihood activities to include; low growth and productivity of riparian vegetation, reduction in species richness and relative abundance of riparian flora species, extinction of native riparian flora species, reduction in riparian ecological functions amongst others. Over cultivation and increasing pollution of water through farming and domestic waste were equally seen as threats to the survival and sustainability of riparian resources. The study also found complete ban of farming activities within the riparian zone to be the most effective way to restore the riparian vegetation. The study recommends that Government, NGOs and CSOs should sensitize the masses on the significance of the riparian vegetation so as to curtail exploitation. 
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[bookmark: _Toc112684998][bookmark: _Toc116498740]INTRODUCTION
[bookmark: _Toc112684999][bookmark: _Toc116498741]1.1 Background
Riparian vegetative cover, river ecosystem and the protection of biodiversity have diverse significance such as biophysical, socio-economic and ecological functions that cannot be overemphasised worldwide. Riparian vegetation is known to be found between land-dwelling and river ecosystems (Gregory et al, 1991). Riparian vegetation has several benefits ranging from the provision of homes and food for native angulates, control of nutrients and sediment deposition, regulation of thermal temperature and shade, acting as corridors for the movement of biota as well as the maintenance of river banks (Naiman & Décamps, 1997; Ewel et al 2001; González del Tánago & García de Jalón, 2007). Additionally, riparian environments serve as places for recreation (Naiman et al, 2005). Whereas riparian areas remain amongst the complex and diverse biophysical environments (Naiman et al, 1993), they are heavily affected by other land use activities (Charron et al, 2008). Modification of native vegetation as a result of other land use activities is a significant sign of human disruption of the ecosystem’s condition (Wardrop et al. 2005). Indeed, the reaction of ecosystems to such alterations can differ based on the type of land use change taken into cognizance spatial and temporal scales (Defries et al. 2004). In Benin, the rapid changes in land use through human settlement have ultimately contributed to the destruction and fragmentation of riparian vegetation (Natta e’tal 2002). According to Measen e’tal (2002), the main causes of the decline in the riparian vegetation in Benin was due to anthropogenic factors such as shifting cultivation, construction of houses, roads and dams, coupled with discerning extraction of some important economic tree species and overexploitation of other forest products to satisfy the populace at the country site. The over use of riparian vegetation is widespread and growing; as such they are classified as endangered ecosystems (Natta e’tal 2002). This approach implied that, urbanization does not only affect the physical structure and that it equally affects the biotic constituents of the ecosystems (McDonnell & Pickett 1990). It is important therefore to study riparian vegetation in urban-rural context just like what happened in the Sabinal River Basin in Southern Mexico. This watershed has undergone significant alterations in its riparian vegetation due to fragmentation and changes in land use (Pineda-López et al. 2015).  Characteristically, in Ghana, riparian vegetation is often located along the river banks and streams in contact with but not the flow water like many other places. They are often a combination of mesic territorial vegetation, dependent animals’ life, local microclimate and dynamic water and soil processes. Coupled with these mesic trees are mesic understorey, shrubs and ground cover species (Sinsin e’tal 2002). Due to their multiple functions, they often suffer from human pressure. Indeed, riparian vegetation serves as home to many plant species as it is often easier for plant succession to take place. Some of the extinct plants that can be found abundantly in such areas include Khaya senegalensis, Voacanga African et, and Rauvolvia vomitoria (IUCN, 2001).  Most of these plants are of medicinal value but due to human activities they are getting extinct. Although the rate of deforestation, at the global scale, has started to decrease slightly, it is alarmingly high in several regions (FAO, 2010). Livelihood activities of human beings have played a pivotal role in the depletion of riparian vegetation across the entire continent thereby affecting the functionality of water bodies. As part of frantic efforts to curb this menace, heads of states through formulation of policies and conventions have enacted laws that sought to protect and conserve our water bodies and their surrounding resources. Some of the international conventions include; the Kyoto Protocol (1998) , Montreal Protocol(1987) and the United Nations Framework Convention on Climate Change (UNFCCC- 1994) which sought  to safeguard a macroclimate –resilient and climate-compatible economy whiles attaining justifiable financial growth through reasonable low carbon economy for countries that took part (NCCP-2013). The economy of Ghana like other developing countries is highly prone to the effects of climate change and as such, key sectors such as health, energy, agriculture, infrastructure, water resources, land, fisheries and forestry are mostly impacted (National Climate Change Policy; NCCP- Pp.1). It is also imperative to remark that the vegetative cover at headwaters and banks of streams and rivers in the upper West Region of Ghana serve as home to many species of wildlife. They also provide socio-economic needs to many communities as they serve as sources of raw materials for various local industries and serve as places where both tourism and eco-tourism takes place. They also protect our natural environment from been depleted by wind and other factors. In spite of all these, climate change has affected the vegetative cover along river bodies. But the key factor that has drastically degraded the riparian vegetation in recent times is livelihood activities such as high demand of forest land for agricultural purposes, illegal mining, human settlement, urbanization, uncontrolled logging etc. According to Food and Agriculture Organisation (2010), the tropical forests are under serious threat as a result of logging and clearing for agricultural purposes. These poor and unsustainable activities have jeopardized the ambient superiority of the physical atmosphere, as well as the hydrological and biological systems and livelihood of communities along these water bodies. As a matter of fact, these activities have further open the Black Volta Basin and other water bodies to the vagaries of the weather, and possibly account for many streams and rivers that used to be perennial now experiencing periodic dry up. Ghana’s Governments over the years have shown commitment through enactment of policies such as the Ghana National Land policy (GNLP, 1999) which targets at the prudent utilisation of the Nation’s land and all its natural resources by all sectors of the Ghanaian Society who are in support of various socio-economic activities undertaken in accordance with sustainable resource management principles and in maintaining viable ecosystems (GNLP, 1999). Additionally, Ghana’s Forest and Wildlife Policy (GFWP-1994), also aims at protecting our forest cover and wildlife species. However, it is obvious that poor institutional collaboration has affected the effective implementations of most of these policies. In spite of these efforts, the policies are undermined by livelihood activities of human beings.  It is therefore not uncommon to find precious natural resources which have the potential of contributing immensely to the socio-economic wellbeing of the people been mismanaged while appropriate authorities are either not aware or are reluctant in curbing the situation from going out of hands. For instance, aesthetic ornamentals such as Thunbergia atacorensis (Acanthaceae) is rare endemic species in wetland areas at hill’s feet, valuable Dissotis anthennina(Melastomataceae) is vital in medicine, whiles Pentadesma butyraceae(Sapotaceae) and Xylopia aethiopica(Annonaceae) are key non-timber forest product in Africa (IUCN 2001) ,but these species are seriously been destroyed for just some few economic gains. Indeed, the vegetative cover within the Black Volta Basin and its main streams in the Lawra Municipality have contributed significantly to saving these rivers which serves as major sources of water to the Jambusi Water Project which supply drinking water to Wa Township, the Bui Dam for hydroelectric power and the Sea as well. It equally serves as home to many aquatic lives which the inhabitants depend on for their livelihood (LMA-Profile 2015). However, livelihood activities of human beings along this Black Volta Basin and its main tributaries in the Lawra Municipality has over the years affected the vegetative cover along the river leading to sedimentation and siltation of some portion of these rivers and leaving the banks bare too. Indeed, taking to cognisance the population growth of these communities and government declaration of his intention to construct a bridge across the Dikpe- Burkina Site of this river with its accompanying social services and infrastructure, most members of the farther communities are migrating towards this water body due to their livelihood activities which eventually leads to more depletion of the vegetative cover and increase pollution levels around this water body. The expansion of rural/urban areas due to livelihood induced migration has greater impact as it lessens woody trees species richness and diversity, fluctuating species constituents and augmenting soil compaction and bank erosion, which results in reduction of riparian value (Erica et al 2017). This study therefore sought to examine the effects of livelihood activities on riparian vegetation of the Black Volta Basin in the Lawra Municipality. 
[bookmark: _Toc112685000][bookmark: _Toc116498742]1.2 Problem Statement 
Riparian zones are multifaceted ecosystem and continuously changing as a result of the extraordinarily vibrant fluvial systems in which they occur (Svejcar, 1997a; Karr, 1999). This is evident as riparian ecosystems display both local and regional differences as they have been exposed to several disturbances by human occupation of the Western North American landscape (Svejcar, 1997b). In the Lawra Municipality, there have been a lot of unsustainable human induced activities such as crop farming, logging, bush burning, rose wood harvesting, tobacco farming etc. along the Black Volta Basin and its main tributaries (Kangbaa River) of recent. This is due to the increasing human population around this river as a result of livelihood induced migration. All Waters Consult Limited (2014), opined that the population density in the basin ranges from 8 to 133 persons/ km square. Bouna District in Cote d’Ivoire and Sissala District in Ghana both have the lowest of 8 persons /km square and the then Lawra district in Ghana has the highest of 133 person/km square. The average population density is 43- persons/km square (GSS, 2010; All Waters Consult Limited, 2012). In the Lawra Municipality, the lands are highly ruined both in terms of physical status and soil fertility levels as such, they barely support crop farming which contribute to low crop yield (Barry et al, 2005). 
Activities such as farming, illegal mining and chain saw operation on rose wood, charcoal production, and livestock watering around the basin of the Black Volta amongst others have affected the vegetative cover along the rivers. Without prejudice, these activities are conspicuously clear by direct observation when one visits the study site. According to Derkyi (2012) the main problems associated with forests are illegal farming, chainsaw logging and in some areas artisanal and small-scale mining. The river water level has equally dwindled due to the absence of vegetative cover. (Lawra Monthly Flow, 1952-2009). The mean overflow in the Black Volta is estimated at 7km3 per annum. Andreini et al. (2000), opined that the driest and wettest months are March and September respectively. Some of the livelihood   activities have equally caused sedimentation and siltation of some parts of the Black Volta. Additionally, these unsustainable activities have contributed to decline in the ecological function and biodiversity. It has also affected generation of   food, raw materials, income and foreign exchange for the local communities (GNCCP-2013). The inhabitants along the river depend very much on the significance of this river for their livelihoods ranging from dry season gardening to livestock watering and fishing including extraction of other non-timber products (All Waters Consult Limited, 2012). However, their personal activities are very detrimental to the natural buffer system along this river body and this increases the susceptibility of communities to storms and inundating events. Additionally, the unsustainable natural resource management related to over extraction of resources from the riparian vegetation (shrubs and woodlot) reduces ecosystem service provision in the long run (Marloes e’tal, 2017). Moreover, despite all these anthropogenic activities, previous studies such as Ecosystem-based management of riparian forest resources towards a participatory development of a five-year forest management plan for Volta River in Nandom Municipality (Peprah, 2022) have given inadequate attention to protecting the riparian vegetation of the Black Volta in the Lawra Municipality and their associated benefits. These important resources have therefore not been managed properly and this posed potential threat for their existence. The maintenance and reinstatement of the riparian vegetation of the Black Volta   is essential for the enhancement of ecosystem protective services (GNCCP, 2013). In order to improve the environmental superiority, preserve the river and its vegetation to satisfy the needs of both the present and future generations, there is the urgent need, more than ever before to ensure the wise use of the riparian vegetation based on sound principles of resource management through striking a meaningful balance amongst the competing demands of the very economic activities, which support human livelihood and survival. It is mind boggling to withstand the side-effects of the deterioration of the vegetation. It is also difficult to reconcile whether the implications of livelihood activities of human beings are understood by the inhabitants perpetuating these activities. The study therefore sought to fill the identified knowledge gaps by examining the effects of livelihood activities on the riparian vegetation of the Black Volta in the Lawra Municipality.  
[bookmark: _Toc112685001][bookmark: _Toc116498743]1.3 Research Questions
The research questions of the study are classified into main and sub questions.
[bookmark: _Toc112685002][bookmark: _Toc116498744]1.3.1 Main Research Question
What are the implications of livelihood activities on the riparian vegetation of the Black Volta Basin in the Lawra Municipality?
[bookmark: _Toc112685003][bookmark: _Toc116498745]1.3.2 Sub Research Questions
1. What is the composition and importance of the riparian vegetation of the Black Volta Basin in the Lawra Municipality?
2.  What are the livelihood activities of residents in proximity to the riparian vegetation of the Black Volta Basin in the Lawra Municipality?
3. How is the riparian vegetation of the Black Volta Basin in the Lawra Municipality affected by livelihood activities? 
4. What measures are put in place to restore the riparian vegetation of the Black Volta Basin in the Lawra Municipality?
[bookmark: _Toc112685004][bookmark: _Toc116498746]1.4 Research Objectives
The study objectives are classified into main and sub objectives.
[bookmark: _Toc112685005][bookmark: _Toc116498747]1.4.1 Main Research Objectives
To assess the implications of livelihood activities on the riparian vegetation of the Black Volta Basin in the Lawra Municipality.
[bookmark: _Toc112685006][bookmark: _Toc116498748]1.4.2 Sub Research Objectives
1. To evaluate the composition and importance of riparian vegetation of the Black Volta Basin in the Lawra Municipality
2. To assess livelihood activities of residents in proximity to the riparian vegetation of the Black Volta Basin in the Lawra Municipality.
[bookmark: _Hlk110510606]3. To examine the effects of livelihood activities on the riparian vegetation of the Black Volta Basin in the Lawra Municipality. 
4. To assess measures put in place to restore the riparian vegetation of the Black Volta Basin in the Lawra Municipality.
[bookmark: _Toc112685007][bookmark: _Toc116498749]1.5 Scope of the Study
Geographically, the study is restricted to three fringe communities along the Black Volta Basin in the Lawra Municipality (Bagri, Dikpe and Mettow). Contextually, the study is focused on effects of livelihood activities on the riparian vegetation, composition and mitigation measures for sustainability of the resources. The time frame of the study is 2021-2022.
[bookmark: _Toc112685008][bookmark: _Toc116498750]1.6 Significance of Study
The riparian vegetative cover in the Upper West Region of Ghana is rapidly deteriorating as a result of anthropogenic factors. The inhabitants of communities along the Black Volta Basin aside food crops faming on arable lands, are also engaged in other unsustainable activities of forest harvesting, charcoal production, dry season gardening on the banks of the Black Volta which have the potential of wiping away the riparian vegetation and polluting the river body leading to loss of aquatic lives and even siltation of the river. As such, researching into the activities carried out by the settlers will help unearth the menace of their activities on the riparian resources for redress. The study will equally create room to come to light with the composition of riparian species in the study area as well as propose mitigation measures for the sustainability of the riparian vegetation taken into cognizance the significance and prospects of the riparian vegetation for the study communities and the nation as a whole.  Additionally, determining how effective and sustainable their activities are, will help avoid future effects of deforestation, and take appropriate local, and national actions needed to meet these challenges which require taking into account the local needs and priorities.
It is imperative to note that, very meagre data is available on the effects of livelihood activities and its associated consequences amongst people living in local communities with respect to riparian resources conservation and management in the Upper West Region. Particularly, on the socio-economic effects of these practices to the Black Volta Basin and the people as a whole. It is believed that, discoveries of this study will provide  invaluable information  on   local  people’s  views  regarding the effects of their activities on riparian vegetation, participation, and awareness creation and compliance to sustaining the resources within the Black Volta Basin and draw in development partners working with the communities  to  find  practical  approaches to halting any breach to the laid down conservation practices of the river resources. The findings of this study will also fill in any identified knowledge gaps on the subject matter. 
Moreover, poverty reduction and rural development practitioners of governmental and the Non-governmental Organisations (NGOs) as well as other researchers and students of Simon Diedong Dombo University of Business and Integrated Development Studies (SDD-UBIDS) and other Universities in Ghana and all around the world could be beneficiaries of this study. Finally, results of this academic work and findings, would supplement the increasing body of knowledge on the effects of livelihood activities on riparian vegetation and the need to conserve, protect or mitigate and manage the effects of livelihood activities on riparian zones in Ghana and elsewhere in the world.
[bookmark: _Toc112685009][bookmark: _Toc116498751]1.7 Structure of the Thesis
The thesis is structured into five chapters. The first chapter provides a background overview of the study, problem statement, research questions, research objectives, scope, and significance of study. The second chapter presents review of relevant literature in terms of definitions of key concepts related to the topic, theoretical review, empirical review and conceptual framework. Chapter three outlined the profile of study area and methodology.  Chapter four presents the results and discussions, and finally, the fifth chapter, presents the summary of major findings, conclusions and recommendations.












[bookmark: _Toc112685010][bookmark: _Toc116498752]CHAPTER TWO
[bookmark: _Toc112685011][bookmark: _Toc116498753]LITERATURE REVIEW
[bookmark: _Toc112685012][bookmark: _Toc116498754]2.0 Introduction
This chapter is focused on definition of key concepts, theoretical review, empirical review, and conceptual framework.
[bookmark: _Toc112685013][bookmark: _Toc116498755]2.1 Definition of Key Concepts 
Key Concepts of the study are defined as follows:
[bookmark: _Toc112685014][bookmark: _Toc116498756]2.1.1 Livelihood Activities 
Livelihood refers to means of securing the necessities of life (OXFAM-GB, 2015). In other words, livelihood implies means of living and encompasses people competences, assets, income and activities required to secure the necessities of life (IFRC, 2018). The concept livelihood activities therefore refer to any activity that contributes to the socio-economic needs of the one engaged in it. Some of these activities are but not limited to petty trading, soap making, Shea and dawadawa processing, farming, fishing, mining, forest harvesting and any form of venture which could contribute to the amelioration of the basic and economic needs of the people. According to the International Federation of Red Cross and Red Crescent Society (IFRC,2018), they said a livelihood activity is beneficial to both current and future generations when it is able to assist people recover or withstand negative externalities such as natural disasters and economic or social upheavals without compromising the environment or resource base of the community.  
[bookmark: _Toc112685015][bookmark: _Toc116498757]2.1.2 Vegetation
Vegetation is a congregation of plant species and the ground cover they provide (Burrows et al, 1990). It generally does not refer specifically to any particular taxa, life forms, organization, spatial extent, or other unique flora or fauna. It is widely defined than the term "flora", which defines the structure of the species. The term sometimes refers to plant community. However, the term also refers to a wide range of spatial scales than flora. Also, incorporated in the term vegetation are global primeval redwood forests, coastal mangrove stands, sphagnum bogs, desert soil crusts, roadside weed patches, wheat ﬁelds, cultivated gardens and lawns (Burrows et al, 1990).
[bookmark: _Toc112685016]2.1.2.1 Types of Vegetation
The term vegetation comprises of trees, shrubs and grasses. Vegetation is categorized into two namely; Primary vegetation which includes any vegetation that has maintained its ambient quality in a particular region. This vegetation type has not been disturbed by humans. Secondary vegetation refers to the vegetation type that has been influenced by anthropogenic activities. The vegetation type is characterized by dominant species and are also defined by a characteristic of the grouping, such as a common elevation range or environmental feature (Robert et al, 2003). More uncertainty surrounds the definition of "vegetation type." The definition of a particular vegetation type might take into consideration the habitat and floristic factors as well as the physical attributes (Eiten, 1992; Walter, 2006). Additionally, the relationship of plants, which is defined by flora, is a fundamental unit of the phytosociological approach to the study of vegetation (Razzini, 1997).
In Ghana there are several types of vegetation and these include: 
a) Strand and Mangrove: This vegetation type is often found near the coast or in lagoons, where the soil is generally salty and saturated throughout the year. In fact, the most common plants found in these areas are creeping plants, mangrove trees, and grasses. The mangrove trees are normally of heights between 10 to 15 meters. In these places, raffia is broadly available for use in making baskets (Paige Educational Consult; 2014).
b) Moist semi-deciduous forest: This botanically refers to plants that lose their leaves briefly as the old ones fall off and new ones begin to surface. The southern part of Ghana is home to the majority of this type of vegetation. The annual rainfall varies from 125 to 175 cm in this particular region (Paige Educational Consult; 2014).
[bookmark: _Hlk96595264]c) Savannah vegetation: This vegetation type comprises of Guinea savannah and Sudan savannah. These are often characterized by scattered trees and are mostly located near river corridors and the edge of forest. The savannah vegetation is the largest of the vegetation types in Ghana. Common trees found in these areas include baobab, dawadawa, and Shea trees (Paige Educational Consult; 2014). The word Savannah means grassland. Thus, the emphasis on savannah vegetation should be on grasses and shrubs found in a given geographical location.
d) Tropical rain forest: This vegetation type is found in the South-western part of Ghana. The vegetation is characterized by trees with a height of about 10 to 50 meters. In addition, high rainfall is a major characteristic of this particular vegetation type. Also, the trees are often fresh and green throughout the year (Paige Educational Consult; 2014).
e) Coastal shrub and grassland: The south-east coastal plains of Ghana are home to the coastal grassland. There is least form of rainfall in this region. Africa's including that of Ghana western coastline is characterized by dense shrub land devoid of grass. It is a grassy, shrubby area with a few trees to the east of Accra (Paige Educational Consult; 2014).
[bookmark: _Toc112685017][bookmark: _Toc116498758]2.1.3 Riparian Vegetation
Riparian vegetation refers to all vegetation components along river networks that relate to elements of the fluvial system and the environment in terms of their functionality, irrespective of their physical characteristics or origin (Dufour and Rodríguez-González 2019). Although riparian zones are difficult to distinguish from other parts of the landscape, they are made up of diversity of landforms, communities, and environments (Gregory et al, 1991). The widths of riparian zones vary in size due to differences in the geomorphology of fluvial systems of each river. Large rivers like the Colorado and Yellowstone may have riparian zones that are narrow in the case of the Colorado River or wide in the case of the Yellowstone River (Boris et al., 2012). They could be forested riverbanks in the Pacific Northwest (Obedzinki and others 2001). They can be found near ephemeral stream channels, such as those in the Southwest that only receive water during heavy rain or snowmelt events, as well as near perennial streams and flood plains that are covered in thick vegetation. According to Boris et al. (2012), this vegetation can range from extensive conifer forests to aquatic graminoid-sedge wet meadows. 
Riparian buffer zones are portions of land that contain thin lines of green vegetation, which is located adjacent to streams, and strongly influenced by the presence of water and may include flowers, shrubs, trees and native grasses (USDA Forest Service, 2017). According to Naiman et al (2005), there exist three dimensional zones between uplands and aquatic ecosystems that extend from the edge of water courses to the edge of uplands, thereby forming an interface between the land and a river or stream (Naiman et al., 2005; Malard et al., 2006). They added that riparian areas are found at all elevations and landforms and their characteristics differ depending on local physical conditions (water, soil, temperature) and location (valleys, canyons) (Pratt, 2014). This opinion of Naiman is supported by Teckner et al (2006). They are of the view  that  riparian vegetation are broadly classified into three habitat types which include bare sediment surfaces, vegetated islands and riparian forests (Tockner et al., 2006). They have been demonstrated to be open and dynamic systems and are known to be linked longitudinally, laterally and vertically by hydrologic and geomorphic processes and vegetation succession (Gregory, 1991). 
[bookmark: _Toc112685018]2.1.3.1. Influencing Factors of Vegetation      
[bookmark: _Toc111580606]The influencing factors of vegetation are climate, soil, and human activities. They are operationalized as follows:                          
i. Climate: The most dominant factors that influence the distribution of vegetative cover are rainfall and temperature. Places that record low rainfalls are often characterized by savannah vegetation whereas those with high rainfall experience evergreen rainforest. Additionally, high temperatures also influence the distribution of vegetation because plants generally need sunlight for photosynthesis. For example, plants such as Oak and Cedar do not grow in Ghana due to high temperatures (Paige Educational Consult; 2014).
ii. Soil: It plays a significant role in the determination of the type of vegetation found in a place. Soils that are rich support forest vegetation. However, soils that are salty and water-logged in nature mostly support the growth and development of mangroves and swamps (Paige Educational Consult; 2014).
iii.  Human Activities: The vegetation of every geographical location is often influenced by a variety of human activities that takes places within the locality. Some of these activities include; periodic bush burning for hunting, uncontrolled livestock grazing, construction works, farming, logging, etc. These activities contribute to the destruction of the vegetation. However, places where human habitations are absent are often endowed with vegetation (Paige Educational Consult; 2014)
[bookmark: _Toc112685019][bookmark: _Toc116498759]2.2 Theoretical Review
The study hinges on two theories. They are Common Property Theory (CPT) and Forest Transition Theory (FTT).
[bookmark: _Toc112685020][bookmark: _Toc116498760]2.2.1 The Common Property Theory 
The Common Property Theory (CPT), was postulated by Bob Pokrant (2011) to understand the problems of managing common-pool resources. In this context, Common-Pool Resources are valuable resources that are available to all and are managed by the principle of difficulty of exclusion of users... It should however be noted that an extensive use of the resources by one person will lead to a reduction in the quantity of the resource available to others thus running the risk of overuse and degradation (principle of subtractability or rivalry) (Pokrant, 2011). This theory has been used in cross-disciplinary studies to examine historical and contemporary institutional governance and management of valued resources ranging from fisheries and forests to atmospheric sinks, oceans, and genetic materials.
The two major constructs of the common property theory are the principle of the difficulty of exclusion of users and the principle of subtractability or rivalry. Natural products like trees, water, wildlife, are subtractable and in most cases exclusion will be problematic and costly.  If one individual use more, less remains for the others.  According to Varughese (1998), resources like these are always potentially subjected to destruction as well as use which endangers sustainability of the resource (Varughese, 1998). Common-property resources are defined as a class of resources for which one user cannot exclude the other. However, joint use involves subtractability (Berkes and Farer 1988). Hence, these resources can be referred to as public goods.  Common property resource is defined by Feeny et al. (1998) as the resource held by a common group of individual users in which these users exclude outsiders and also regulate the resource use by members of the local community.  For these resources, rights to the resources within a community are neither exclusive nor transferable. All individual in the community have equal rights or access (Feeny et al., 1998). Rights of individuals to common property resources may be recognised legally or in some cases may be de facto rights. The assumption that common property is the same as open access is what accounted for the misunderstandings found in the literature. It is based on this assumption that Hardin’s predicted the in-evitability of overexploitation (Feeny et al, 1998; Bhim Adhikari, 2001).
Interest and debate on the special characteristics of common-pool resources and the problems of their management are found throughout history. However, such resources have significance in contemporary times as a result of overexploitation. As such the riparian vegetation of the Black Volta Basin in the Lawra Municipality has suffered similar extractability with the potential of complete degradation or decline in their functionality.
Common-pool resources are considered scares and finite as they are shared and available to everyone. These are referred to as goods that combine elements of both public and private goods. They are open-access resources and are vulnerable to overuse and destruction as each individual desires to satisfy his/her selfish-interest (Adams Hayes, 2021). Common-pool resources, public and private goods share essential characteristics as they are non-excludable (Investopedia, 2020). In contrast to public goods, which are cooperative in form, the commons are rivalrous in nature, much like private goods, or the typical items that we buy and sell in the markets. All three categories of economic products are also limited in supply, as such people make careful decisions about how to utilize and consume them. 
Their rivalrous nature means that the consumption of a component of the good makes it unavailable for other consumers. This is because; all consumers are rivals and thus competing for goods. As such, the consumption of a unit of good by one individual consumer subtracts it from the total stock of goods available (Garrett, 2021). The economic relevance of common-pool resources lies on their scarcity. Therefore, a non-scarce good cannot compete with a scarce good in terms of consumption, and since a non-scarce item is by definition not an economic good, a good that cannot be excluded indicates that no individual can preclude others from using it. 
Common-pool resources are vulnerable to overuse and traffic jams because of their non-excludability in supply and competitive character in consumption. The desires of individuals or groups are not known to each other. As such, they mistrust one another, and each party endeavours to gain very much from common-pool resources and by so doing destroy the resources without considering the cost to society. They are therefore vulnerable to the tragedy of the commons when everyone strives to get the most out of a resource (Hardin, 2021). Regardless of the flaw of this theory, negative externalities on the resources are prevented as the people will not allow external people to exploit the resource.
[bookmark: _Toc112685021][bookmark: _Toc116498761]2.2.2 Forest Transitional Theory (FTT)
Ghana uses the Forest Transition Theory (FTT) to help save forests. It is possible for a nation or region to go from a falling forest cover to an increasing forest cover over time via the process known as Forest Transition (FT) (Meyfroidt and Lambin, 2011; Angelsen and Rudel, 2013). As a result of reasons such as population development, agricultural expansion, and demand for timber and wood fuel, deforestation is initially fast and the forest area diminishes. Nevertheless, when a nation or region's socio-economic status improves, modernizes and industrializes the value of its forests rises, and political pressure to conserve and regenerate it as well as construct new forest plantations increases. As a consequence of higher agricultural output, the need for more farmlands may decrease.
According to Lambin and Meyfroidt (2011), there are five possible routes for a forest transition. They are economic growth, scarcity of forests, globalization, state forest policy, and intensification of land use based on trees by smallholders.
Farmers are forced to vacate their property as a result of the economic growth route, resulting in forest regeneration and the conversion of marginal areas into forests. Labour force shifts from rural to urban locations as the service economy grows and industrialization advances. Food production increases in the most favourable locations, causing depopulation and agricultural declines in the less suitable areas (Meyfroidt and Lambin, 2011).
To counteract the negative effects of deforestation and/or diminishing forest ecosystem services, the forest scarcity route sees an increase in the amount of forest. As forest products become scarce, governments and property owners begin planting trees or establishing afforestation programs in order to improve their value. As a result, governments are also encouraged to enact regulations that limit forest extraction and create protected areas, promote sustainable management methods and fuel wood substitution, and engage in research and replanting programs (Meyfroidt and Lambin, 2011).
International markets and ideologies have a significant impact on the economies of countries as they grow more intertwined. It is possible for the globalization road to take other forms, such as exporting forest products from rural regions or implementing international environmental accords that pertain to the practice of forest management. Remittances sent back to marginalized rural regions by the rural poor might also be an example of how globalization is manifesting itself in marginalized communities (Farley, 2010; Lambin and Meyfroidt, 2011).
Forest transition is facilitated by the "government-led road" of state forest policy, which Bae et al. (2012) refer to as the "government-led path" since it is driven by causes both outside and inside the forestry industry. State forest policy differs from the forest scarcity pathway in the sense that its fundamental motives, which are frequently external to the timber industry include the desire to modernize the economy, engage socially excluded people, attract tourism or foreign investment by promoting the country's image as environmentally friendly, and exert sovereignty over the land through the establishment of protected natural areas or well-managed state forests. The policies may be triggered in part by elements of the forest scarcity pathway (Lambin and Meyfroidt, 2011).
Woodlot expansion and agroforestry systems, as well as secondary succession on fallow land enriched with timber species are hallmarks of the smallholder tree-based land use intensification route. Agriculture and rural populations have not declined as a result of this course. There are several reasons why smallholders may be interested in increasing their resilience to economic and ecological shocks and securing a long-term source of income. This route is thought to be more likely to have indigenous species, although being different in composition and structure from primary forests to have conservation importance and to contribute substantively to the supply of ecosystem services (Lambin and Meyfroidt, 2011).
Using quantitative data, this theory will assist in analysing the assumptions and theoretical underpinning of the effects of livelihood activities on the riparian vegetation of the Black Volta Basin and recommend sustainable mitigation measures for the management of riparian resources in the study area.
[bookmark: _Toc112685022][bookmark: _Toc116498762]2.3. Empirical Review 
[bookmark: _Toc112685023][bookmark: _Toc116498763]2.3.1. Composition and Importance of Riparian Vegetation
[bookmark: _Toc112685024]2.3.1.1 Composition of Riparian Vegetation 
Vegetation composition defined by genus and species provides floristic data that are valuable and highly diagnostic components of any vegetation description and analysis. Information on the type and distribution of native versus exotic vegetation in riparian zones is critical for understanding riparian vegetation condition and management (LWRRDC, 1999b). Knowledge concerning species distribution of vegetation may also be important when measuring Percentage Foliage Cover (CPFC), Leaf Area Index (LAI) and tree height (Dowling and Accad, 2003; Nagler et al., 2000; Witte et al., 2001) and canopy size as these parameters vary according to species. Application of allometric equations for estimating structural properties is always based on individual species. There are different species when it comes to species composition of riparian vegetation. Along the riparian zones of Keelbottom Creek, vegetation species found in proximity to the stream banks are Lophostemon grandiflorus, Eucalyptus camaldulensis, Casuarina cunninghamiana, and Melaleuca trichostachya. Ficus opposita and Pleigynium timorense are often found within the riparian zone, whereas Eucalyptus crebra and Eucalyptus tessellaris are common species located in the peripheral areas of the riparian zones and extending into the savannah vegetation (Dowe, 2003). Shenoy (2003), revealed that the encroachment of riparian vegetative cover of the Cauvery River in Karnataka was as a result of the enlargement of farmlands along the river banks. Furthermore, Cincotta & Engelman (2000) attributed such encroachments to population growth. 
[bookmark: _Toc112685025]2.3.1.2 Biography of Riparian Vegetation
 Cooper et al. (2003) opined that the various vegetation found in a riparian zone are affected by the regional climatic pattern, the regional pool of species available including the hydrological, geomorphological and the various anthropogenic disturbances (Naiman et al., 1993; Décamps et al., 1995; Shafroth et al., 2002; Cooper et al., 2003). Another view point is that, riparian vegetation is mostly dominated by woody floras which are sometimes grouped on the basis of structure as shrub land, woodland and forest land in many parts of the world (Décamps et al., 1995). It is believed that, riparian zones where the climatic conditions, hydro geomorphology or disturbance regime are unfavourable herbaceous species dominate, especially in areas that are too cold (at high latitudes and altitudes), too swampy, or that burn too regularly to permit shrubs and tree persistence. In order to determine whether shrub land or woodland vegetation develops in riparian areas, one must take into consideration the hydrology, especially the degree of seasonal drought (Cooper et al, 2003). Riparian plants as parts of their nature are capable of exploiting the water resource of a regularly disturbed water course. Species of this nature are often capable of withstanding areas that are mostly disturbed. They also have some special morphological features that aid them to withstand flooding, sediment deposition, physical abrasion, and stem breakage (Naiman et al., 1998). These special features of riparian vegetation make them to act as ecological filters in their habitat and thereby distinguishing them from other adjacent terrestrial vegetation (Ellenberg, 1988). 
[bookmark: _Toc112685026]2.3.1.3 Determinants of Riparian Vegetation Composition and Structure
As part of the general principle, all rivers and streams are always vibrant non-equilibrium aquatic ecosystems which are often affected by the various anthropogenic disturbances which impact on the vegetation structure (Naiman & Decamps, 1997). The major determinants of the composition and distribution of the riparian vegetation are the fluvial and hydrological processes that take place within the riparian zone (Hupp & Osterkam, 1996; Stromberg et al, 1996). The fluvial erosion deposition events often provide a new habitat for the colonisation of riparian plants whereas the hydrology stimulates the vegetation through flooding, drought and fluctuations of the water table. In many riverine areas, riparian vegetation availability and distribution has often shown lateral and vertical gradient as a sign of strong flooding (Coller et al, 2000). This is evident because, most of the riparian vegetation structures, especially those in high-order streams often vary frequently. Some of these species are either uprooted, damaged or suffer from inundation, death or stunted growth as a result of flooding. It can even collapse the river banks destroying the entire plant assemblage while the sediments deposited act as a new habitat for colonisation. It is important to note that the availability of water in the water table of a riparian zone is critical as it influence the establishment, maintenance and the general survival of woody riparian flora species whose roots are found in the water table (Rood & Mahoney, 1990; Ellery et al, 1993; Auble et al, 1994). Additionally, variations of the groundwater level of the riparian zone are often directly attributed to variation in the river water level, especially when the floodplain sediments are rough and more permeable (Mackenzie et al, 1999). Other activities such as water diversion, ground water pumping or water impoundment as well as drought can heavily affect the water table in a riparian zone (Auble, 1994). There are other life-long strategies that can also influence where and when a riparian flora species can colonize. It is also evident that the merits of sexual versus vegetative propagation and seed banks versus seed dispersal in many parts of the region are not very well understood in the maintenance of riparian ecosystems. Any of these methods is an effective way of ensuring the continuity of riparian vegetation. According to Nilsson et al (1991) & Johansson et al (1996) the use of water (hydrochory) to spread propagules is an essential way of ensuring species richness in the riparian corridors. Vertebrate and wind equally play a significant role in plant dispersal at riverine areas (Charalambidou & Santamaria. 2002; Imbert & Lafevre, 2003). Other factors which can contribute immensely to riparian flora growth and distribution includes; soil moisture level, light penetration, temperature variation or some environmental factors like fire are necessary (Van Der Valk, 1992). Human alteration of riparian areas equally affects the composition and distribution of the riparian resources.
[bookmark: _Toc112685027]2.3.1.4 Importance of Riparian Vegetation
Riparian vegetation is an integral part of the fluvial system as it serves several socio-economic purposes (Malanson, 1993; National Research Council, 2002; Naiman et al., 2005). Indeed, their functions range from physical, chemical, biological and to social. Riparian environments play pivotal roles when it comes to the filtration of sediments and other forms of pollutants (Baker and others 2004). However, the watershed level function is used to measure the health of such an environment. In a similar manner, riparian vegetation promotes trophic interactions like the change between marine and surface-dwelling zones, light infiltration, as well as air and water temperatures (Boris et al., 2012). The presence of great woody debris and litter which characterized riparian environment are essential for productive fish habitat. Besides, they impact the physical and biochemical characteristic of riparian vegetation as well as the stream ecosystems (Naiman and Decamps 1997). According to Hood & Naiman (2000), Riparian vegetation promotes several ecological functions with regards to the aquatic habitats, including the provision of food, moderation of stream water temperature via evapotranspiration and shading, providing a buffer zone that filters sediments and controls nutrients, and the stabilization of stream banks. Additionally, riparian zones act as corridors for the movement of biota (Naiman & Décamps, 1997). They also serve many important roles for humans (Kemper, 2001). In a broader spectrum, the importance of riparian vegetation can be categorized into physical, biological, chemical and even social.
(i) Physically, riparian vegetation changes the physical characteristics of sedimentary procedures and flow conditions in rivers by taking possession of deposits, defending banks, supplying substantial amounts of woody debris, etc (Gurnell and Petts, 2006; Corenblit et al., 2007; Gurnell, 2014). In accordance with morphology, this influence may be potent enough to result in river metamorphosis (Tal et al., 2004).
(ii) Chemically, riparian vegetation aids the biogeochemical cycles of a river system. The state of the water in agricultural watersheds that are impacted by non-point-source pollution, for example, is improved by its buffering effect (Sabater et al., 2003; Mander et al., 2005).
(iii) Biologically, riparian vegetation is diverse and increases local biodiversity (e.g. Pautou et al, 1997; Jobin et al, 2004; Sabo et al, 2005; Schnitzler-Lenoble, (2007). Seymour and Simmons (2008); Schnitzler-Lenoble (2007); Roshan et al., (2017) and de la Fuente et al, (2018) emphasize on this biotic role of riparian vegetation as it is related to habitat and corridor functions. However, riparian vegetation has influence on temperature and organic matter inputs of aquatic ecosystems (Miura and Urabe, 2015, Ferreira et al., 2016; Astudillo et al, 2016; Wawrzyniak et al, 2017; Dugdale et al, 2018). It is crucial to remember that some of these functions, such as the thermal characteristics of streams, have been recognized as crucial for modifying local effects of global changes (Kristensen et al, 2015; Trimmel et al., 2018).
(iv) Socially, riparian vegetation provides important cultural services by enhancing the identity of the landscape it inhabits (e.g. Recreation, spirituality, inspiration etc.). Many of these functions are seen as beneficial on a larger scale since they improve human welfare by supplying ecosystem services like recreation areas, raw materials (like wood and energy), and improved water quality (Recchia et al., 2010; Flores-Díaz et al, 2014). Riparian vegetation plays important roles, but they also have some limitations which can lead to some unfavourable perceptions, particularly in relation to extreme hydrological events. Riparian vegetation shades the river channel during periods of low flow which reduces evaporation but also uses water (Pivec, 2002; Lamontagne et al., 2005; Salemi et al., 2012; Irmak et al., 2013; Flanagan et al., 2017), even if the amount of water used varies, depending on the type of vegetation. For instance, native vegetation may use less water than invasive species (Ehrenfeld, 2003), which may conflict with human demands. During floods, riparian vegetation may have opposing effects on flood hazards. Locally, roughness can raise the water level for a specific discharge while also reducing floods from the floodplain to the channel (by lowering water velocity, erosion, and damage to human infrastructure). Riparian vegetation makes woody debris by holding water upstream, which can both worsen flood damages and reduce flood peaks. Riverine people may have a negative perception of one component of place identity, woodland development which occurs from land use changes (such as giving up grazing or agriculture) and impacts the cultural landscape and subsequently place identity (Schnitzler & Génot, 2012). Given all the socio-ecological aspects riparian vegetation plays in fluvial systems, it is regarded as a scientific and practical item addressed in a substantial body of management and research literature. Talking less about their negative effects, it is clear that they contribute more favourably to the health of the river ecology, which in turn supports the overall wellbeing of people. As a result, it is not surprising that many names for the vegetation that populates river borders have been given names such as "alluvial swamp forests," "gallery forests," "floodplain forests".
Riparian buffer zones are effective in holding runoff water; increasing the amount of time it takes for runoff to reach streams and increasing opportunities for water filtration and purification (Arora et al., 1996; Lee et al., 2003). These zones help to mitigate pollutants and, in most cases significantly reduce their quantities before the runoff water joins stream waters (Mayer et al., 2007). For this reason, the protection and construction of riparian buffer has been widely recommended as a key and front-line strategy for protecting stream water from degradation (NRC, 2002). 
Riparian buffer zones rely on above ground vegetative parts (stems, leaves, twigs) to prevent excessive sediment input from land uses that occur across watershed catchments and to reduce the exposure of soil on stream banks to soil erosion during windstorms and heavy precipitation. Their below-ground vegetative parts (roots) reduce sub-surface nutrient and sediment flows by filtering pollutants out of runoff waters before the waters enter streams, and as well enhance bank stability (Svejcar,1997; Mckergrow et al., 2006; Knoepp & Clinton,2009).
[bookmark: _Toc116498764]2.3.2 Livelihood Activities of residents in Proximity to Riparian Vegetation along River Banks
2.3.2.1 Crops Farming
[bookmark: _Toc112685029]Even before the arrival of the Europeans, Native Americans used riparian ecosystems for agricultural purposes (National Academy of Science, 2002). Riparian zones underwent extensive development and change as a result of the settlement of the West in the second half of the 19th century. This practice still occurs today along bigger rivers, such as the lower Colorado River in Arizona and California, the Sacramento River in California, the Columbia River in Oregon and Washington, as well as along smaller rivers, like the Verde River in Arizona, are extensive alluvial plains. According to Dillaha et al (1989), farming is perhaps the primary provider to the waning of riparian area eminence and functioning nationwide. It is believed that, soils in riparian zones are often fertile, hence often converted into croplands. Also, riparian zones are convenient source of water for the purposes of irrigation farming and stream water withdrawal even though this affects the water table which in consequent alters the riparian structure and functioning. The fertility of the riparian zones has therefore influenced many farmers to encroach on the riparian zones in their quest to gain more farmlands. In riparian zones where farming is intense, such as the Midwest, these activities have transformed loads of acres of innate grasslands and swamplands, including riparian zones, into croplands (IUCN, 2014). Additionally, According to Dudgeon (2000), riparian landscapes all over the world tend to encourage agricultural automation and animal husbandry (Burkhart et al. 1994; Dudgeon, 2000). This assertion is supported by Gopal et al. (2002), who state that, farming is a common practice along riverbanks that has an adverse impact on ecological processes of wetlands and hampers riparian ecology and ecosystem services (Gopal et al, 2002). Consequently, according to Johnson and Haight (1984), water quality issues and groundwater depletion are caused by the pumping of groundwater from alluvial riparian plains and rivers for agricultural irrigation (Johnson and Riley 1984; Johnson and Haight 1984; National Academy of Science 2002). Additionally, Aguiar and Ferreira (2005) argue that, the disturbances brought on by intensive riparian zone agricultural land use have resulted in significant values of the reported native species richness, composition, and productivity estimates (Gopal et al, 2002; Corbacho et al, 2003; Aguiar & Ferreira 2005; Smakhtin & Anputhas 2006). These disturbances not only lead to biodiversity loss but also affect the community structure (Sultana et al. 2014). This pollutes streams (Schultz et al. 2004; Bere & Mangadze 2014) and adversely affects the hydrological cycle with consequent effects on human livelihood activities in the downstream by accelerating floods in the event of heavy rainfall and reduced water availability during the summer (Barthelemy et al, 2015; Fualing et al. 2009; USAID 2008). The eighth-largest river in tropical Asia is the river Cauvery. It is plagued by rapid population burdens in its basin because it has the highest population density in the world-350 people per km-2 (Smakhtin et al. 2007). The river corridor is characterized by anthropogenic pressures due to agricultural expansion (Sunil et al. 2010), increased commercial mining, tourism, plantations, and other activities which poses a serious threat to the region's extensive riparian ecosystem (Cincotta & Engelman, 2000; Smakhtin & Anputhas, 2006).


2.3.2.2 Extensive Livestock Rearing  
The grazing of animals in riparian areas is a common practice by most farmers and herdsmen especially during the dry season since riparian areas provide abundance of water and forage to the livestock. Neary & Medina (1996) opined that, riparian zones play a critical role in the provision of forage for grazing animals in many parts of the world. However, domestic livestock are not the only animals that graze in western riparian zones. The riparian vegetation and soils have been significantly impacted by native ungulates like deer and elk (Medina 1996; Neary & Medina 1996). Kaufmann and Krueger (1984) also asserted that grazing in riparian areas has also significantly impacted the western riparian ecosystems. Mat Haan (2010), also said that improper grazing management in riparian zones has the tendency to decrease the productivity and environmental functions of riparian zones (Mat Haan 2010). However, Ambrose et’al (2015), opines that, with careful management coupled with the unique characteristics of riparian areas, riparian grazing can be done without long-term degradation .This argument is backed by the assertion of Norine et al, (2015) that grazing that maintains or increases riparian health is an art and a science, and requires the determination of appropriate stocking rate and grazing period for the available forage, controlling access to water, allowing for adequate rest periods, and introducing livestock only when soil moisture conditions are acceptable (Norine et’al, 2015).
[bookmark: _Toc112685030]2.3.2.3 Forest Harvesting 
Riparian flora species extraction by forestry professionals has the potential to alter the long-term structure and aesthetics of riparian forests, and subsequently the composition and functions of these systems (Ralph et al, 1994). According to Johnson and Haight (1984), forest harvesting in combination with animal grazing, has a tendency of reducing riparian woody vegetation by five percent as indicated by Johnson and Haight (1984). This is in comparison with what could have been initially established in the beginning of the western settlement. This is in agreement with the assertions of DeBano & Schmidt (1989), who are of the opinion that the Western riparian vegetation is affected by logging activities such as felling of trees, log skidding and other developmental construction activities. Similar seems to be the case in the Ghanaian context where there are activities of removal of vegetative coverings (DeBano & Schmidt, 1989). The constant removal of vegetative covers in Ghana has led to many unwanted effects on Ghana’s riparian land such as; increased soil erosion, depression of growth, and stress on residual vegetation (Ashaley, 2013). These in turn has led to alteration of the thermal systems, aggravate soil loss, decline in ecological morphology such as physical variety, species composition and equally enhances site conditions which leads to colonization by non-native plants and other biota (DeBano & Schmidt, 1989; Ashaley, 2013). This assertion has been supported by Sedell & Beschta (1991) as they opined that, the delineation of riparian vegetation does not only reduce the binding effect of their roots, but also affect the hydraulic roughness of the river banks and subsequently increases the flow velocity close to the river bank (Sedell & Beschta, 1991).  Consequently, a situation like these brings about accelerated channel erosion during high peak flow season. Although cutting of trees, cultivation, and foraging may often be undone, other activities such as drainage alterations and urban constructional growth often result to permanent changes in riparian areas over extended periods of time. The effects on riparian regions can be seen in the water quality of nearby bodies of water all around the country. According to Benke (1990), only approximately 2% of the country's streams and rivers are deemed to have good water quality.
 
[bookmark: _Toc112685031]
2.3.2.4 Mining
Riparian ecosystems in Western and North America are impacted due to the deposition of minerals within or along riparian zones, which attracts many humans to move towards these areas to extract them. Mining has actually contributed immensely to the decline of riparian vegetation in many parts of the world since the operation involves the clearing of the vegetative cover and even the use of dangerous chemicals such as mercury which even affects both flora and fauna. (Andrews et al, 1985; Heifner, 1978). Moreover, mining by settlers has significantly impacted the quality of water as well as fish habitats (Martin & Platts, 1981).
[bookmark: _Toc112685033][bookmark: _Toc116498765]2.3.3 Effects of Livelihood Activities on Riparian Vegetation along the Black Volta Basin in the Lawra Municipality
The effects of livelihood activities on riparian vegetation are numerous and therefore cannot be overemphasized. The threats identified herein range from cultivation of food crops, extensive livestock rearing, forest harvesting, mining, as well as hunting. 
[bookmark: _Toc112685034]2.3.3.1 Direct Effects of Livelihood Activities on Riparian Vegetation 
[bookmark: _Toc112685035]2.3.3.1.1 Crops Cultivation 
[bookmark: _Toc112685036]In terms of agriculture, many people migrated towards riparian areas because of the perception that soils around these zones are always rich in nutrients for the growth of plants. The National Academy of Science (2002) asserted that riparian ecosystems serve as areas for agriculture even before the arrival of the Native Americans settlers. However, there are debilitating effects produced by agricultural activities. Farming is a major activity along the corridors of rivers of riparian zones and this affects the services provided by the riparian ecology as well as the ecological functions of wetlands (Gopal et al. 2002). Additionally, Aguiar & Ferreira (2005) indicated that, the stated values of native species richness, composition, and productivity have seen significant regional variation due to disruptions brought on by intensive use of riparian zones for agricultural operations. (An et al. 2002; Gopal et al. 2002; Corbacho et al. 2003; Aguiar & Ferreira 2005; Smakhtin & Anputhas 2006). This disturbance does not only affect the community structure but also cause a loss of biodiversity (Sultana et al. 2014) and streams pollution (Schultz et al. 2004; Bere & Mangadze 2014) and have an impact on the hydrological cycle, which in turn has an impact on human livelihood activities (Barthelemy etal.2015; Fualing et al. 2009; USAID 2008). Based on Smakhtin et al. (2007) idea, the River Cauvery, which is the eighth-largest river in tropical Asia, is under increasing pressure from population growth in its basin which has the highest population density in the world at 350 people per km2 (Smakhtin et al. 2007). As a result, it is under significant anthropogenic pressure from expanding agriculture (Sunil et al. 2010, increased commercial plantations, mining, tourism, etc.), which poses a serious threat to the region's extensive riparian ecosystem (Cincotta & Engelman, 2000; Smakhtin & Anputhas, 2006).
2.3.3.1.2 Extensive Livestock Rearing 
[bookmark: _Toc112685037]Kauffman and Pyke (2001), opined that, historically the browsing by domestic animals in many parts of the world has triggered destruction of momentous native plant species (Chaney et al., 1990; Kauffman & Pyke, 2001). This opinion is supported by NRG (2002), that despite the beneficial role played by domestic animals in human society for several years providing food, fuel, fertilizer, transport, and clothing, they equally have had a dramatic negative impact on global biodiversity. They emphasized that the principal effects of browsing include the eradication of vegetation, the trampling of vegetation, the destruction of biological soil crusts, the compaction of underlying soils, the redistribution of nutrients, and the dispersal of pathogens and exotic plant species. This assertion is consistent with Medina's (1996), that elk, sheep, and cattle have all made substantial contributions to the geomorphic changes to riparian ecosystems. Grazing alters the vegetation and soil matrix by means of hoof   action which together with the cumulative effect of herbivores disrupts aggradation processes in riparian ecosystems (Neary & Medina, 1996). The use of herbage by domestic or wild grazers may change the structure and species composition of the vegetation, changing its ecological character (Kauffman & Krueger, 1984). The distribution, abundance, and intensity of various herbivore types have contributed to this change. Kauffman & Krueger (1984) indicates that riparian overgrazing and site degradation favoured the replacement of native bunch grasses with Kentucky bluegrass (Poa pratensis) in North-Eastern Oregon. Grazing and trampling by domestic livestock are known as the most significant cause of the unsuccessful riparian plant reproduction (Ehrhart and Hansen, 1997). The destructions of substrates that protect channel bottoms and cause channel incisions results from the loss of riparian vegetation, which also weakens stream banks.
2.3.3.1.3 Forest harvesting
[bookmark: _Toc112685038]Forest harvesting is another livelihood activity which has eminent potential of damaging riparian vegetation. The removal of woody riparian vegetation as a result of Western settlement in the 19th century resulted in the decline ecosystems. According to Sands and Howe (1977), California had riparian woodlands covering about 300,000 ha in the first half of the 19th century. By the close of that century, these woodlands had been significantly reduced for use as fuel, building materials, fence posts, and agricultural land. Only 4,725 ha of the 19th-century riparian woodlands were still standing in 1977.
2.3.3.1.4 Hunting
[bookmark: _Toc112685039]In most instances, bushfires are attributed to hunting. The role of bushfires when it comes to riparian zone management is not well understood (Dwire & Kaufmann, 2003). Riparian areas are occasionally burnt during dry season for example, the Gila River in the Southwest (Baker et al, 2004). It is said that tree-dominated riparian woodlands in the Great Plains may be somewhat constrained by fire (Boldt et al, 1978). Many obligate riparian tree species germination and establishment can be impacted by fire. Fires play significant role when it comes to shaping of riparian ecological characteristics in recent times (Petit & Naiman, 2007).  Previous studies (Busch & Smith, 1995; Smith et al, 2009b) explored the relationship between local and exotic plants species. Busch & Smith, 1995 discovered that in terms of water intake, willow coppice sprouts are at a disadvantage compared to tamarisk sprouts. The build-up of flammable tamarisk leaf litter may also be a factor in the occurrence of intermittent fires that wipe away native tree species like willows (Smith et al, 2009b). Wild land fires can affect the amount of sediment that reaches streams, alter the loadings of coarse woody debris into riparian areas, and can significantly affect the vigour and type of riparian vegetation (Baker et al, 2004). Prescribed fires and wildfires of low-to moderate severity usually do not cause much post-fire sedimentation. The amount of sediments produced by severe fires frequently exceeds the ability of streams to transport it. Short-term ecological benefits for aquatic habitats may result from this, but long-term disruptions of biological, sedimentary, and fluvial processes may result from the same debris.




[bookmark: _Toc116498766]2.3.4. Measures Put in Place to Refurbish Riparian Vegetation
[bookmark: _Toc112685040]2.3.4.1 Ecological Restoration
[bookmark: _Toc112685041]According to National Academy of Science (2002), riparian environments that suffer from alteration have the potential of been restored and managed to enhance its functions. However, they are not immune to the negative effects of negligent preservation and exploitation of the natural environment. Williams et al (1997), emphasized that the fundamental objective of refurbishment is to change the direction of a destructed area in terms of both its structure and function. As such, it is imperative to restore degraded riparian zones like the Black Volta Basin in the Lawra Municipality. In fact, there are differences in the size, severity, and proximity of riparian areas to streams and other water bodies. The restoration of these areas will require more than just an understanding of the behaviour of a small area of land next to a stream, river, or other body of water. Kershner (1997) asserts that when carrying out restoration efforts aimed at enhancing streamside, an understanding of the watershed context is frequently crucial.
2.3.4.2 Creation of Buffer Zones
Buffer zones serve and mediate directly between terrestrial and aquatic ecosystems to provide a wide range of ecosystem services which include abating pollution of streams and controlling changes in stream water quality (Wiseman et al, 2014; Li et al, 2009). They accomplish the pollution abatement and water quality control function through primary vegetative production, stream bank protection, stream sediment trapping, enhancement of water absorption and storage, ground water recharge and stream flow regulation (Dwire & Lowrence, 2006, Anbumozhi et al, 2005). The effectiveness of riparian vegetation in protecting the chemical quality of water in the streams is influenced by numerous factors. Some of these factors include; the species composition of the vegetation, that is whether it is forest or herbaceous, the age, the width of riparian zone, that is the area of the buffer zone, its status with respect to damage and restoration and the shading effect of the vegetation on stream water (Ding et al, 2013). According to NRC (1999), watersheds are the "optimal organizing units" for managing water and related resources, such as riparian areas, because of their geographical areas (NRC, 1999). Watersheds inherent borders (and their riparian systems) also provide a patchwork of political and legal jurisdictions across the landscape and they also rarely coincide with those of a city, country, state, or federal jurisdiction. Therefore, the need for a sustainable strategy for riparian restoration will compel the involvement of many landowners, from various political and institutional representations, as well as alliances of special interest groups (National Academic of science, 2002). In Ghana, the government institution in charge of land and water resources have formulated policies which seeks   to protect the water bodies and their associated resources and the buffer zone policy of 2013 is an explicit example. Indeed, the National Buffer Zone policy of Ghana is envisaged to safeguard, restore and maintain the native vegetation in riparian buffer zones in order to enhance water quality by instituting proper procedures for managing and controlling the activities of the buffer zones. The policy documents amongst other things seek to elucidate the requirements for water quality and quantity, outline a national policy on buffer zones as part of managing Ghana’s river basins in an integrated manner and also to harmonize traditional and existing public institutional standards on buffer zones in Ghana. (Buffer Zone Policy, 2013).
It is equally important to note that, under the Water Resources Commission (WRC) Act 522 (1996) section 35(f), the WRC, may by law enact rules and regulations that will enable it perform it mandatory functions. As such, the buffer zone policy needs the politically and administratively support in the form of enactments of appropriate legislative instruments (LI) to ensure compliance of the provisions in the policy, and consequently aim at correcting conditions, which adversely affect the water quality and quantity as a result of the riparian degradation. (WRC, 2013). By implication, there is lack of political will in enforcing the buffer zone policy of Ghana. It is also obvious that implementation of the policy has been bedevilled with the following challenges; 
(i) The idea of using vegetation to protect priceless aquatic resources from the effects of nearby human land use is not widely accepted. 
(ii) It is extremely difficult to create realistic buffer zones that are wide enough along the targeted river/stream courses and water bodies, especially in densely populated areas where this study was conducted and other commercial activities have long been established. 
(iii) Riparian vegetation destruction in some areas is associated with poverty and demographic pressure and as such, resettlement of people living in such areas is not without huge cost. 
[bookmark: _Toc112685042]2.3.4.3 Creation of by-laws 
As a management strategy, the protection of riparian zones from human induce alteration require more efforts. For example, to maintain the natural characteristics and function of riparian zones such as prescribedBottom of Form fire, management of exotic species invasions, and large herbivore management may be necessary to sustain them over time. (NAS-2002).  This is because degraded riparian zones are so predominant in many parts of the nation, protecting any that remain relatively not influenced  by human perturbations should be a top-most   priority. Indeed, there are other easy ways to protect undisturbed riparian areas rather than refurbishment of degraded riparian systems (NRC, 1992; Cairns, 1993). Therefore, the earlier protection of the riparian vegetation of the Black Volta Basin in the Lawra Municipality would save the riparian vegetation from further depletion or minimise the devastation that is on-going. This could be done through the formulation and implementation of by-laws within the area. Top of FormBottom of Form
[bookmark: _Toc112685043][bookmark: _Toc116498767]2.4. Conceptual Framework
[bookmark: _Toc112685044][bookmark: _Toc116498768]2.4.1 Introduction
The conceptual framework for this study is based on the objectives of the study on the topic ‘‘Effects of livelihood activities   on riparian vegetation of the Black Volta basin in the Lawra Municipality’’. From the review of literature, livelihood activities   such as; crops farming, extensive livestock rearing, forest harvesting, dry season gardening, mining and fishing adversely affect the riparian vegetation. According to the NRG (2002), riparian vegetation plays a pivotal role in the maintenance of water quality for both agricultural and domestic purposes because of their ability in trapping sediments, nutrients, and other pollutants. Additionally, they help in stabilizing stream channels and encourage overland flow infiltration. By enhancing groundwater recharge in declining streams, they increase groundwater resources. Along with protecting livestock, wildlife, and buildings from strong winds, riparian vegetation also reduces wind erosion, snow drifting, and noise associated with some agricultural activities. Additionally, the use of riparian areas for timber and biomass production, as well as fishing and hunting can be a potential source of income. Unfortunately, it believed that these benefits have historically not played a significant role in agricultural management of riparian lands. Again, despite these benefits that can be derived from riparian zones, the identified livelihood activities probably could have negative effects on the riparian vegetation along the Black Volta Basin as seen elsewhere?  (Schnitzler & Génot, 2012).
In literature, the direct effects of livelihood activities are that they threaten the existence of the riparian flora species. The cultivation of crops in riparian areas has affected their ecology and services they provide due to their predominant nature (Gopal et al. 2002). Aguiar & Ferreira (2005) demonstrated that the reported native species richness, composition, and productivity have undergone significant spatial variation as a result of disturbances brought on by intensive use of riparian areas for agricultural activities (An et al, 2002; Gopal et al, 2002; Corbacho et al, 2003; Aguiar & Ferreira 2005; Smakhtin & Anputhas 2006). Notwithstanding affecting the community structure, the disturbances from agricultural activities have also led to biodiversity loss (Sultana et al. 2014). 
Also, it is historically evident that the browsing by domestic animals in many parts of the world has also brought significant destruction of local plant populations (Chaney et al, 1990; Kauffman & Pyke, 2001). They opined that, though domestic animals play a beneficial role in society over the years by supplying clothing, food, and fertilizer, as well as transportation, they however, have intense adverse impacts on global biodiversity (NRG, 2002). Additionally, forest harvesting which deals with the cutting of riparian flora species by forestry operations has the tendency to change the long-term composition and attractiveness of riparian forests, and thus the assemblage and purpose of these systems (Ralph et al., 1994). According to Johnson and Haight (1984), forest harvesting in amalgamation with animal browsing, has a tendency of reducing riparian woody vegetation by five per cent. Some economic trees and herbs could highly be extracted which might lead to their extinction. Mining activities in riparian zones also has influence on vegetative cover during the process of clearing the land and the use of dangerous chemicals like mercury which affect both soil flora and fauna. (Wauchop, 1978; Baker, 1983).
Indeed, differences in the size, severity, and proximity of riparian areas to streams and other bodies of water exist. The restoration of these areas will require more than just an understanding of the behaviour of a small area of land next to a stream, river, or other body of water. The fundamental objective of restoration is to change the course of a degraded area in relation to both its assemblage and purpose (Williams et al, 1997). Additional to restoration as a measure, is the creation of a buffer zone. Buffer zone serves and mediates directly between terrestrial and aquatic ecosystems to provide wide range of ecosystem services which include abating pollution of streams and controlling changes in stream water quality (Wiseman et al., 2014; Li et al., 2009). The creation of by-laws has also been cited in literature to be efficient way of restoring riparian vegetation. Other measures such as the promotion of the concept of natural regeneration and ban on indiscriminate logging are equally significant for conserving, managing and utilizing riparian vegetation nationally and in the global perspectives.
Following from the above one could see the debilitating effects that could emanate from livelihood activities of human beings in riparian zones. As such, this study sought to establish the facts about the likely effects of livelihood activities on riparian vegetation of the Black Volta Basin in the Lawra Municipality. Figure 2.1 is conceptual framework illustrating the effects of livelihood activities on riparian vegetation. 



[bookmark: _Toc112685045][bookmark: _Toc116498769]2.4.2 Conceptual Framework
Figure 2.1 is a conceptual framework showing alteration caused by livelihood  activities on riparain vegetation. 
[bookmark: _Toc111660480]  Crop farming
Extensive Livestock Rearing 
 Dry season gardening
Forest harvesting
Mining and fishing
· Extinction of native riparian flora species
· Reduction in the bio-geochemical cycle
· Loss of riparian flora and fauna
· Loss of habitats in riparian zone
· Reduction in species richness and relative abundance
· reduction in services of riparian ecosystem
· Affect growth and productivity of riparian vegetation
· Adversely affect the riparian ecology

· By-laws creation
· Creation of buffer zone
· Promotion of the concept of  natural regeneration
· Ban on farming activities in riparian zone
· Upstream relocation of settlements 
· Formation and animation of fire volunteer squads
· Upstream irrigation farming


Livelihood Activities
Mitigation measures
Direct effects on riparian vegetation

[bookmark: _Toc116554217]Figure 2.1 Conceptual Framework of Study
Source:  Modified from García et al, 2013
[bookmark: _Toc112685046][bookmark: _Toc116498770]2.5. Summary of Literature 
Riparian vegetation refers all vegetation components along river networks, functionally connected to other fluvial system elements and the environment, irrespective of their physical characteristics or origin (Dufour and Rodríguez-González 2019). Although, riparian zones are difficult to distinguish from other parts of the landscape, they are made up of a diversity of landforms, communities, and environments (Gregory et al, 1991).
According to Naiman et al (2005) “there exist three dimensional zones between uplands and aquatic ecosystems that extend from the edge of water courses to the edge of uplands, thereby forming an interface between the land and a river or stream” (Naiman et al., 2005; Malard et al., 2006). They added that, riparian areas are found at all elevations and landforms and their characteristics differ depending on local physical conditions (water, soil, temperature) and location (valleys, canyons) (Pratt, 2014). Their functions comprise physical, chemical, biological and social. The riparian forest has been recognized as “keystone ecosystem”, because it harbours certain unique habitats which are highly influenced by water (Goebel et al. 2003). In general, mechanized agriculture and animal husbandry are encouraged by riparian landscapes around the world (Burkhart et al. 1994; Dudgeon 2000).
The cultivation of crops in riparian areas has affected their ecology and services they provide due to their predominant nature (Gopal et al, 2002). Aguiar & Ferreira (2005) revealed that natural species richness, composition, and productivity as described have undergone significant spatial variation as a result of disturbances brought on by intensive use of riparian areas for agricultural activities (An et al, 2002; Gopal et al, 2002; Corbacho et al, 2003; Aguiar & Ferreira, 2005; Smakhtin & Anputhas, 2006). This disturbance does not only affect the community structure but also lead to biodiversity loss (Sultana et al. 2014) and pollution of streams (Schultz et al. 2004; Bere & Mangadze 2014) and have an impact on the hydrological cycle, which in turn has an impact on human livelihood activities downstream by accelerating floods in the event of heavy rainfall and decreasing water availability during the summer (Barthelemy etal.2015; Fualing et al. 2009; USAID 2008). It is noted that, global climate change processes are likely to aggravate threats to and stresses on riparian ecosystems rather than ameliorate them. The Academy acknowledged that, most human development and land-use activities have cumulative effects on riparian ecosystems, but those impacts are rarely considered during land use planning or management (National Academy of Science, 2002). However, to what extend can we say the riparian vegetation of the Black Volta Basin has been affected? This cannot be substantiated.
According to Smakhtin et al. (2007), the eighth-largest river in tropical Asia is the River Cauvery which is characterized by increasing pressure from population growth in its catchment with the utmost population density in the world of 350 people per km2 (Smakhtin et al. 2007). Because of the expansion of agriculture, the river is under significant anthropogenic pressure (Sunil et al. 2010). The extensive riparian ecosystem in the area is seriously threatened by the increased commercial plantations, mining, tourism, etc. along this river (Cincotta & Engelman 2000; Smakhtin & Anputhas 2006). 
Following from the above assertions on the significance and disturbances associated with riparian vegetation, it is obvious that much is known about riparian vegetation in other parts of the world. This is supported by Scott et al. (2009) who noted that riparian forests have attracted significant attention and concerns internationally in recent years (Scott et al. 2009). In Ghana, there have been attempts to protect riparian zones through the formulation of Buffer Zone policy (2013) which seeks to protect riparian resources. However, the effects of livelihood activities on the riparian Zone of the Black Volta in the Lawra Municipality are not well known. Though, All Water Consult have done some piece of work, it has not established the extent of damages caused in term of composition flora species of the riparian zone by livelihood activities and their potential effects on the riparian zone. As such this research sought to address these gaps by trying to establish the composition and importance of the riparian vegetation of the Black Volta basin in the Lawra Municipality; livelihood activities of settlements in proximity to the Black Volta Basin in the Lawra Municipality; effects of livelihood activities on the riparian vegetation of  the Black Volta Basin in the Lawra Municipality ; and measures put  in place to restore the degraded riparian vegetation of the Black Volta basin in the Lawra Municipality.





































[bookmark: _Toc112685047][bookmark: _Toc116498771]CHAPTER THREE 
[bookmark: _Toc112685048][bookmark: _Toc116498772]STUDY AREA AND METHODOLOGY 
[bookmark: _Toc112685049][bookmark: _Toc116498773]3.1 Introduction
[bookmark: _Toc112685050]This chapter provides evidence of highlights about the study area in terms of location and size, climate, topography, relief and drainage, geology, soil, vegetation and environment. It also takes into account the methods that were used in the study, including the research design, data sources, sampling techniques and sample size determination, methods and tools for gathering data, techniques for data analysis and presentation, ethical considerations, and problems with accuracy, validity, and reliability.
[bookmark: _Toc116498774]3.2 Profile of the Study Area
[bookmark: _Toc112685051][bookmark: _Toc116498775]3.2.1 Location, Size and Population
The study was conducted in selected communities along the Black Volta Basin in the Lawra Municipality of the Upper West Region of Ghana. Lawra Municipal lies in the North-western corner of the Upper West Region. It lies between longitudes 2°51"W and 2°34"W and latitudes 10°31"N and 10°43"N. It is bounded to the North by the Nandom Municipal, to the East and South by Lambusie/Karni District and Jirapa Municipal and to the West by Burkina Faso (Ivory Coast) with the Black Volta serving as the boundary.  The total landmass of Lawra Municipality is estimated as 525.2 square kilometres constituting 2.6% of the total landmass of the Upper West region of 18,476 square kilometres (GSS, 2021). The Black Volta takes its source from Burkina Faso through the Nandom Municipal to the Lawra Municipal and run through several districts until it joints the Bamboi main river in the Bole-Bamboi District in the Savannah Region of Ghana. The population of the Municipality stands at 58433 (constituting 28,325 males and 30,108 females) living in four major towns namely Lawra, Eremon, Babile and Zambo) and with about 157-communities (FOA, 2021). The people of Lawra are largely Dagaabas with few other ethnic groups like Birifoh, Akans, Fulanis and Moshies. The major languages spoken by the people include Dagaare, Waali, English, Hausa, Birifoh. Traditionally, the Municipality is ruled by the Paramount Chief of Lawra with eight (8) divisional and eight (8) sub-chiefs and ‘‘Pognamine’’. The Tendaana’s are actually the custodians of the land and they perform all rituals associated with the release and use of land. 
[image: C:\Users\AUGUSTINE LIEBO\IMG-20220307-WA0006.jpg]
[bookmark: _Toc116554218]Figure 3.1: Map of Lawra Municipality Indicating the Study Communities
Source: GIS -Field Survey Map, 2022
[bookmark: _Toc112685052][bookmark: _Toc116498776]3.2.2 Topography 
The landscape of the Municipality is generally flat and low-lying. The land rises between 180 and 300 metres above sea level with isolated round hills (inselbergs) dotting the landscape. The area is characterized by Birimian rocks which are high in minerals deposits. There are also strips of alluvial soils along the flood plains of the Black Volta as well as sandy loamy soils along some of its tributaries. The Black Volta is the main river in the Municipality, with Kambaa, Dangbal, Nawer and Kokoligu – Baa rivers, as its tributaries (FOA, 2021).
[bookmark: _Toc112685053][bookmark: _Toc116498777]3.2.3 Relief and Drainage 
The Municipality is gently rolling with a few hills ranging between 180 and 300 metres above sea level. It is drained by the Black Volta River, to the west forming a boundary between the Municipality and the Republic of Burkina Faso (Osmanu et al, 2016). The Black Volta River has numerous watercourses in the Municipality. Key amongst them are the Kamba/Dangbang, Nawer and Duodaa. If these water bodies are utilised for irrigation agriculture, it could offer an agro-based employment for the youth who migrate to southern Ghana in search of non-existing jobs during the dry season (GSS, 2014)
[bookmark: _Toc112685054][bookmark: _Toc116498778]3.2.4 Geology
The rock formation in the Municipality is principally brimian with scattered outcrops of granite. The mineral potential of the Municipality is largely unexplored. Some reconnaissance work shows the availability of minor occurrences of manganese, as well as traces of gold, diamond, iron ore and clay in many communities.
As a result of a well- developed fracture pattern of the rocks, the Municipality has a very great potential for obtaining ground water.  Borehole drilling activities in the early 1980s confirmed the existence of the granite and birimian rocks in the district. (GSS, 2014).
[bookmark: _Toc112685055][bookmark: _Toc116498779]3.2.5 Soils
The soils of the Municipality are predominantly laterite. These soils originate from the parent rocks (birimian and granite) that underlie the area. There are also strips of alluvial soils along the flood plains of the Black Volta as well as sandy loams along some of its tributaries. The general nature of the soils, coupled with the traditional land use practices and type of rainfall, tend to have adverse effects on crop production. This compels the youth to look for sustenance elsewhere at the expense of their lives or health especially during the dry season (GSS-2014).
[bookmark: _Toc112685056][bookmark: _Toc116498780]3.2.6 Climate
[bookmark: _Toc112685057]The mean annual temperature in the Municipality ranges from 27°C to 36°C, making it a tropical continental climate. The hottest time of year is between February and April. Climate variation has an impact on weather patterns. 
Rainfall in the Lawra Municipality commences in April and ends in October as a result of the South West Monsoon winds (Tropical Maritime Air Mass) which originates from the Atlantic Ocean. It is however noted that annual rainfall in the Lawra Municipality is less than 1100 mm.
Annual relative humidity in the Municipality ranges from 70% to 90% in the rainy season but reduces to 30% in the dry season.

By virtue of the fact that the Municipality is within the high thermal zones of Ghana, average daily sunlight in the Municipality is greater than 150 lux. There is the need for development of a technology to harness the abundant solar intensity in the Municipality which can serve as an alternative source of energy/power (GSS, 2010; GSS, 2014).
[bookmark: _Toc116498781]3.2.7 Vegetation
[bookmark: _Toc112685058]The vegetation of the Municipality is the guinea savanna grassland with medium size trees. These consist mainly of drought and fire-resistant trees such as baobab, dawadawa, shea-trees, acacia, mango trees, neem trees, teak trees, eucalyptus species, akee apple trees, and blighia sapida. The vegetation is suitable for livestock production (cattle, sheep, goats, pigs and poultry), and this contributes significantly to household incomes in the Municipality (Osmanu et al., 2016). The prolonged dry season has the greatest impact on the vegetation. During this time, the grasses dry up and the area becomes mostly bare and patchy as a result of bush burning. As a result, the early heavy rains significantly increase soil erosion. Since most farmers rely on rain-fed agriculture, bush fire lowers the amount of vegetation and transpiration, which disturbs the average annual total rainfall and results in poor crop yields. The activities of the inhabitants such as bush burning, tree cutting for fuel, improper farming methods, overgrazing by livestock, and gravel mining, among others, have a negative impact on the vegetation GSS (2010) and GSS (2014).
[bookmark: _Toc116498782]3.2.8 Environmental Situation
There are 127 hectares of forest reserves in the Lawra Municipality, of which 39.5 hectares have been turned into protected areas with an overall boundary of 5.2 kilometres (LMA-Profile 2015). Over time, the Municipality's natural environment has seen various forms of deterioration to the point that the amount of vegetation has decreased and the quality of the soils has deteriorated (FAO, 2020). This is due to anthropogenic factors ranging from pervasive bushfires which are considered as yearly customs practiced in all societies. Charcoal production, inappropriate farming practices, sand, gravel and stone winning, over grazing by livestock and soil erosion are other factors of environmental deterioration in the Municipality (GSS-, 2010). These activities serve a variety of goals, such as preserving cultural beliefs, obtaining food, and looking for sustainable means of subsistence. However, some few communities in the Municipality such as Dazuuri are adapting to non-burning culture. Others such as Dikpe, Tanchara, Naburnye, Eremon-Dazuuri, Zambo, Baazing, Lyssah, Eremon-Buree, Eremon Yagra and Bonpare-Toto communities have also embraced the plantation project set-up by the Forestry Commission under government directive in 2010. (FAO, 2020). 
[bookmark: _Toc112685059][bookmark: _Toc116498783]3.3. Methodology
[bookmark: _Toc112685060]The methodology of the study takes into account the following factors: the research approach; data sources; sampling techniques and sample size estimation; methods and tools for gathering data; techniques of data analysis and presentation; ethical considerations; and accuracy, validity, and reliability.
[bookmark: _Toc116498784]3.3.1 Research Approach
Research approach gives the highlights and interconnections of the different components of the study in a coherent and logical manner, to ensure that the research problem is effectively addressed (Creswell, 2014 cited in Bayorbor, 2019). The study employed mixed-methods approach by taking into consideration, composition and importance of riparian vegetation, livelihood activities of settlements in proximity to the riparian vegetation of the Black Volta basin in the Lawra Municipality, effects of livelihood activities on the riparian vegetation of the Black Volta basin, and measures to restore the riparian vegetation. Mixed methods research approach at its simplest level involves mixing both qualitative and quantitative methods of data collection and analysis in a single study (Creswell, 1999, Creswell & Plano Clark, 2007).  It was appropriate using this method in this study since it involves the generation of data in a quantitative form which were subjected to rigorous quantitative analysis in a formal and rigid fashion and which as well promote qualitative assessment of attitudes, opinions and behaviour of humans. (Kothari, 2004). Additionally, because all methods of data collection have limitations, the use of multiple methods helps to neutralize or cancel out some of the disadvantages of certain methods (e.g., the detailed qualitative data provided insights not available through general quantitative surveys) (Jick, 1979). Besides, there was also a wide range of consensus that, mixing different types of methods strengthen a study (Greene & Caracelli, 1997). Again, mixed methods approach was also useful in this study because it achieves the logic of triangulation since no single method could capture all the relevant features of any study and maximizes the strengths of the quantitative and qualitative data and minimizes their weaknesses (Neuman, 2014 cited in Bayorbor A. S., 2019). 
[bookmark: _Toc112685061][bookmark: _Toc116498785]3.3.2 Sources of Data
The study resorted to the used of both primary and secondary sources of data. That is to say, apart from generating data originally from the field directly from community members, opinion leaders, field observation and quadrat study, the study equally resorted to published articles, text books, magazines, published thesis, journals and other documented sources for supplementary data. For the avoidance of doubt, data that was collected originally from the field was resorted to because of its reliability, authenticity and objectivity (Kothari, 2004). Secondary data on the other hand were gathered from previously documented literature. These data reduce the hassle of data collection and are less expensive. Again, secondary data helps in cross validation of data obtained in the field. They serve as easy source of obtaining additional information about the problem studied. (Kothari, 2004).
[bookmark: _Toc112685062][bookmark: _Toc116498786]3.3.3 Sampling Techniques 
The study employed the simple random sampling technique as well as the purposive sampling technique to select respondents for data collection. Simple random sampling was used to select respondents from the sampled study communities whereas purposive sampling was used to choose the three study communities as well as key informants.
[bookmark: _Toc112685063]3.3.3.1 Simple Random Sampling 
The study employed simple random sampling specifically, the lottery method in selecting settlers of riparian vegetation zones in the Lawra Municipality for the purposes of questionnaires administration. Simple random sampling is the most rudimentary and customary kind of sampling method used mostly in quantitative scientific disciplines and research works. The strength of simple random sampling is that, it needs only a minimum knowledge of the study group in advance, it is suitable for data analysis which includes the use of inferential statistic, there are no thoughts as to the units to be selected, and it is totally free from bias. In other words, it gives each member of the population an equal opportunity of being selected for the study (Kothari, 2004). Consequently, it pledges that the sample chosen is representative of the entire population. There are several ways of conducting simple random sampling these includes; the lottery method, random number table, computer-aided method, and sampling with or without replacement. However, in this study, the lottery method was used to select the interviewees with target been the family heads/representative of every house or hamlets. The house numbers of the sampled communities were jotted on papers, folded and placed in a box for random selection. A household was then randomly chosen for interaction from the sampled houses.  The weakness associated with simple random sampling include a whole frame (an inventory of all units within the entire population) is needed; the cost of obtaining the sample will be very high if the unit is geographically widely dispersed; and also, the standard errors of the estimators can be very high as posited by Ghauri and Gronhaug (2005).
[bookmark: _Toc112685064]3.3.3.2 Purposive Sampling Technique (PST)
This technique was used to select key informants which have broad knowledge about the topic for the study within the Municipality. Such Key Informants are the Municipal Officer of EPA, Municipal Officer of Forest Services Division, Community Water and Sanitation Agency (CWSA), Volta River Authority (VRA), Assembly Members and Chiefs of the selected study communities. Purposive sampling allows the selection of a sample which yields favourable results (Kothari, 2004, Patton, 2002). These people offer adequate and useful information that give a clearer picture on the effects of livelihood activities on riparian vegetation in the Black Volta Basin. The relative benefit of time and money inherent in this sampling method, as mentioned by Kothari (2004) was what influence its adoption for this study.
This sampling technique was also helpful in selecting the three sampled communities namely Bagri, Dikpe, and Metaw for the study. Bagri was chosen because it is the largest community closer to the Black Volta with multiple livelihood   activities (dry season gardening, fishing, charcoal production, farming etc.) both in the wet and dry seasons that accelerates the depletion of the riparian vegetation. Dikpe community was also chosen because it serves as an exit point for local and international business trade by many people and as such many people are interested in trying to acquire land in this community for settlement as it has been earmarked by government for the construction of a bridge with ancillary facility to promote Trans-Ecowas trade between Ghana and Burkina Fasso. Lastly, the Metaw   community was also chosen because of its proximity to the river with a number of irrigation activities on-going in this community especially during the dry season.
[bookmark: _Toc112685065]3.3.3.4 Sample Frame and Sample Size Determination
Inference from the Ghana Statistical Service report (2021) on the population and housing census brings forth the respective populations of the three study communities (Bagri, Dipke and Metaw) as 1053, 524 and 487 respectively. These figures therefore represent the sample frame of the study. To determine the sample sizes of the study, the study resorted to the Yamane (1967) sample size determination formula as follows: 

Where; n = Sample Size 
N =Total Population 
α   =Margin of Error (0.05) at 95% confidence level  
When the figures were substituted into the formular the result obtained is as follows:
A sample size of 335 was obtained from the formula representing the number of people to be studied from the total number of population which stands at 2064-people from the three communities (Bagri, Dikpe and Metaw) 
Additionally, the total sample size of 335- were further computed and apportioned using proportionate sampling to the three selected communities which lies closely to the Black Volta Basin individually, using the formular; X = n/N*p. 
Where; n = Sample Size 
N = Total Population 
X = Community Sample size
P = Population of Community

[bookmark: _Toc116498874]Table 3.1 Communities, Population and Computed Sample Size[image: ]
	Communities
	Population
	Computed Sample Size

	Bagri
	1053
	170

	Dikpe
	524
	  85

	Mettow
	487
	80

	Total
	2064
	335


Source: GHS-Lawra (2022) projected population.

Besides the computed sample size of 335, key informants comprising of one representatives of Forestry Service Division of Lawra in the Upper West region, the Upper West regional EPA-Officer, a Chief from each of the three selected communities, the Assembly members of the three communities and the Head of the Community Water and Sanitation of the Lawra Municipal Assembly were interviewed. 
[bookmark: _Toc112685066][bookmark: _Toc116498787]3.4. Data Collection Methods and Tools
The study utilized   questionnaire administration, key informant interview and direct observation to gather data from the sampled study communities.
[bookmark: _Toc112685067][bookmark: _Toc116498788]3.4.1 Questionnaire Administration 
With reference to the study objectives of assessing the composition and importance of the riparian vegetation,  livelihood activities of settlement in proximity to the Black Volta basin in the Lawra Municipality,  effects of livelihood activities on riparian vegetation of the Black Volta basin in the Lawra Municipality, and measures to restore the riparian vegetation of Lawra Municipality, a carefully designed questionnaires which included both open and close ended questions were administered to 335- sampled respondents  in three communities of the riparian vegetation zone of the Black Volta Basin in the Lawra Municipality.  A tool known as questionnaire was used in the questionnaire administration in line with the study objectives.
[bookmark: _Toc112685068][bookmark: _Toc116498789]3.4.2 Key informants interviews
The study employed a data collection method known as key informant interview, which involves the presentation of oral stimuli and calls for direct verbal responses (Kothari, 2004). It is an oral exchange method where the interviewee speaks aloud while having a one-on-one conversation, providing the necessary facts. This strategy is necessary because the information gathered using the other data collection methods needs to be supported by newer, more accurate facts. The approach further unveiled very valid information from the interaction between the researcher and various key stakeholders and heads of institutions such as Environmental Protection Agency (EPA), Forest Services Division (FSD), Community Water and Sanitation Agency (CWSA), Volta River Authority, as well as chiefs and opinion leaders of the selected communities based on their extensive knowledge of the topic. Key informant interview is an oral exchange technique where the interviewee provides the pertinent information while speaking aloud to the interviewer in a one-on-one setting. This method is required because the data collected using the other data collection methods needs to be supported by fresher, more precise information. The selection of these key informants was based on the fact that these key informants are directly involved in the management of natural resources within the study catchment area and they are versatile with the terrain of the river basin as well as the riparian vegetation. In operationalizing this method, a tool known as interview guide was used. The questions on the interview guide were open-ended in order to allow for discussion of issues on the subject matter.
[bookmark: _Toc112685069][bookmark: _Toc116498790]3.4.3 Direct Observation 
The study also made use of direct observation of the riparian vegetation   of the Black Volta Basin and its tributaries to obtain first-hand information about the anthropogenic activities that are on-going. This confirmed some of the responses provided by the interviewees and the key informants. It also helps in ascertaining the extent to which farmers farm closer to the banks of the river and the implications of the use of inorganic chemical in their dry season gardening. Some behavioural and societal believes such as sacred groves in the communities along the river banks were also visited. Also, forest extraction activities of the riparian vegetation were observed. These confirmed the livelihood activities of settlement in proximity to the riparian vegetation of the Black Volta in Lawra Municipality. Indeed, this method equally facilitated the direct counts of tree species present during the quadrats study to establish the species composition and relative abundance of riparian vegetation along the Black Volta Basin in the Lawra Municipality. 
[bookmark: _Toc112685070][bookmark: _Toc116498791]3.5. Data Analysis and Presentation
[bookmark: _Toc112685071][bookmark: _Toc116498792]3.5.1 Data Analysis
Data analysis has to do with processing of the data gathered into more comprehensive information for easy understanding. As such both quantitative and qualitative data gathered were therefore analysed as follows;
Quantitative data was analysed using a component of SPSS known as descriptive statistics and the results presented using tables and charts to ease explanation and discussion of the findings. 
[bookmark: _Toc112685072][bookmark: _Toc116498793]3.5.2 Quadrat Study
The study also resorted to quadrat analysis of riparian vegetation species in order to facilitate the computation of species richness and relative abundance. The diagram below is illustration of the quadrat analysis.
[image: ]








[bookmark: _Toc116554219]Figure 3.2 Illustration of Quadrats Site
Source; Field Survey 2022
The riparian vegetation of the Lawra Municipality was zoned into 100 metres square labelled as quadrat A in the most populated community by the river banks in Ghana with a distance of 2-kilometer away from the houses and another 100 metres square labelled as quadrat B which is located across the river (Burkina site) in same direction 2- kilometres away from human settlements. Species richness and relative abundance of riparian vegetation of the two quadrats were computed by using the    Shannon Wierner’s and Simpson’s indices as follows; A physical count of the trees (>10 cm in size) was done excluding shrubs, hedges, epiphytes, seedlings, herbs and grasses in the two zones. Results from the two zones facilitated the computation of species richness and relative abundance. The computations unveiled the extent of degradation of riparian vegetation as a result of human settlement as against the control zone B where human settlement was absent. 
1. Shannon Wienner (H) index =
Where P1 = is the population of the individual species divided by the sum total of all species. P1= n/N
Where n = population of individual species
N= the sum of all species present
[bookmark: _Hlk114093735]∑= means summation
ln =  means natural logarithm
l=0 means it begins with zero species
n = means infinity

2. Simpson’s index  (D) 
Where D= species diversity
1= constant
P12= means square of individual species divided by the sum total of all species present
∑= means summation
I =0 means it begins with zero species
n= number of species ends with infinity

In drawing conclusion on the effects of anthropogenic pressures on riparian vegetation species, the Shannon Wierner (H) and Simpson’s index (D) indices from the two quadrats were compared to existing standard units of vegetation measurement and interpreted as follows; the higher the value the more diverse it is and the lesser the value implied the less the diversity.
On the other hand, qualitative data was analysed by resorting to content analysis since the approach is systematic and applicable for compressing many words into a few categories based on topic coding. Indeed, the qualitative findings were presented as narratives and quotations.
[bookmark: _Toc112685073][bookmark: _Toc116498794]3.6. Ethical Considerations
Community entry procedure/formalities (Informed consent, obscurity, and secrecy)
Preceding the study, the researcher had a preliminary engagement with Opinion leaders of the various communities where the study was conducted to pre-inform community stakeholders about the intention to conduct the study. They were assured of confidentiality and anonymity of responses. In other words, they were assured that, information provided would be used for academic purposes and for policy formulation only. With the approval of the chiefs, opinion leaders, and the Municipal Assembly, the researcher preceded his data collection with a training session for the research assistants. Data collection was voluntary for those who were informed of the goal of the study, and explanations were provided to those who needed them. The researcher conducted the study and share feedbacks/ recommendation with the various stakeholders using the research reports.
[bookmark: _Toc112685074][bookmark: _Toc116498795]3.7. Ensuring Accuracy, Validity and Reliability 
A Pilot- test was conducted using the data gathering tools to ensure that information gathered are accurate, valid and reliable. A triangulation was equally done to check consistency, validity and reliability of the information provided by the interviewees and key informants. Additionally, the findings were compared with other secondary data available.














[bookmark: _Toc111176339][bookmark: _Toc112685075][bookmark: _Toc116498796]CHAPTER FOUR
[bookmark: _Toc111176340][bookmark: _Toc112685076][bookmark: _Toc116498797]RESULTS AND DISCUSSION
[bookmark: _Toc111176341][bookmark: _Toc112685077][bookmark: _Toc116498798]4.1 Introduction
This chapter is deals with bio-data of respondents as well as data in line with the study objectives. The bio-data of respondents consist of age of respondents, gender of respondents, level of education of respondents, marital status of respondents, and occupation of respondents. On the other hand, the empirical data consist of composition and importance of riparian vegetation of the Black Volta Basin in the Lawra Municipality, livelihood activities of settlements in proximity to the Black Volta Basin in the Lawra Municipality, effects of livelihood activities on the riparian vegetation of the Black Volta Basin in the Lawra Municipality, and measures put in place to restore the riparian vegetation of the Black Volta Basin in the Lawra Municipality. The bio-data of respondents as well as empirical data are presented as follows.  
[bookmark: _Toc111176342][bookmark: _Toc112685078][bookmark: _Toc116498799]4.2 Bio-data of Respondents 
The bio-data of respondents take into consideration the age distribution of respondents, gender of respondents, level of education of respondents, marital status of respondents, and occupational background of respondents. Figure 4.1 is an illustration of age distribution of respondents. 






[bookmark: _Toc111176343][bookmark: _Toc116554220]Figure 4.1: Age Distribution of Respondents.

From figure 4.1, 25.4% of the respondents were within the age bracket of 18 to 24years, whereas 24.6% were within the age bracket of 25 to 36 years. Also, 25.4% of the respondents were within the age group of 37 to 48 years, whereas 24.6% were within the age group of 49 years and above. This means that, 50% of the respondents were within the age group of 18 to 36 years whereas the remaining 50% were within the age group 37 years and above.  Figure 4.2 is an illustration of distribution of respondents by gender. 

[bookmark: _Toc111176344][bookmark: _Toc116554221]Figure 4.2: Gender Distribution   of Respondents
Source: Field Survey, 2022
From Figure 4.2, the results illustrates that both sexes were fairly represented, with a 5% difference between male and female respondents. The majority of respondents r were male (55 percent), whereas the remaining 45% were females. Figure 4.3 is an illustration of level of education of respondents. 













[bookmark: _Toc111176345][bookmark: _Toc116554222]Figure 4.3: Level of Education of Respondents
Source: Field Survey, 2022
Regarding education, the result in the figure 4.3 reveals that half (50%) of respondents had no formal education, as compared with the remaining half (50%) which had either, primary, JHS, SHS/TECH/VOC, and tertiary education.  Figure 4.4 is an illustration of marital status of respondents.






[bookmark: _Toc111176346][bookmark: _Toc116554223]Figure 4.4: Marital Status of Respondents
Source: Field Survey, 2022

As specified in Figure 4.4, a greater   percentage of the respondents (60%) were married and living with their spouses as compared to 40% who were single, widowed, married but living apart, and 0.3% of the respondents were divorcees. Figure 4.5 is an illustration of occupational distribution of respondents.
[bookmark: _Toc111176347]





[bookmark: _Toc116554224]Figure 4.5 Occupational Backgrounds of Respondents
Source: Field Survey, 2022

From Figure 4.5, the majority of respondents (65.7%) were farmers, whereas less than half (44.3%) of the respondents were traders, government retirees, or public workers, among other occupations. 
[bookmark: _Toc111176348]
[bookmark: _Toc112685079][bookmark: _Toc116498800]4.3 Composition and Importance of Riparian Vegetation
[bookmark: _Toc112685080][bookmark: _Toc116498801]4.3.1 Composition of the Riparian Vegetation
The riparian vegetation of the Black Volta Basin in the Lawra Municipality consist of herbs, shrubs and trees.These herbs, shrubs and trees were identified with the help of the Forestry Dervice Division for the purpose of the study. Table 4.1 is an illustration of herbs, shrubs and trees as constituents of the riparian flora species of the Black Volta Basin in the Lawra Municipality.


[bookmark: _Toc116498875]Table 4.1 Herbs, Shrubs, and Trees as Constituents of the Riparian Vegetation of the Black Volta Basin in the Lawra Municipality
	S/no
	Herbs
	Shrubs
	Trees

	1
	Andropogon gayanus var gayanus
	Hibiscus sabdariffa
	Acacia gourmaensis, 

	2
	Andropogon gayanus var squamulatus
	Tephrosia pedicellate
	Acacia hockii

	3
	Andropogon pseupdapricus
	Desmodium velutinim
	Burkea Africana

	4
	Chloris robusta
	Gardenia ternifolia
	Pterocarpus erinaceus(lientie)

	5
	Hyparrhenia involucrate
	Gardenia aqualla
	Terminalia avicennoides

	6
	Hyparrhenia disoluta
	Calatropis procera
	Daniellia olliveri

	7
	Oryza longistaminata
	
	Annogeissus leiocarpus

	8
	Paspalum dilatatum
	
	Balanites aegyptiaca

	9
	Pennisetum pedicellatum
	
	Mitragyna inermis

	10
	Schizachyrium ruderale
	
	Phaedherbia albida

	11
	
	
	Acacia nilotica


Source: Field Survey, 2022

Photographs of the herbs, shrubs, and trees counted in the present study are featured in the appendices. These riparian species identified corroborate the results of Dowe (2003), who indicated that, the following plant species may be found along Keelbottom Creek's riparian zones: Lophostemon grandiflorus, Eucalyptus camaldulensis, Casuarina cunninghamiana, and Melaleuca trichostachya. Eucalyptus crebra and Eucalyptus tessellaris are frequent species found at the periphery of the riparian zones and spreading into the savannah vegetation, in contrast to Ficus opposita and Pleigynium timorense. Cooper et al. (2003) assert that the hydrological, geomorphological, and disturbance regimes, as well as the regional climate, species pool, and disturbance regime, all have an impact on the kind of vegetation that grows in riparian zones. This study however focuses on the plant species composition.
[bookmark: _Toc111176349][bookmark: _Toc112685081][bookmark: _Toc116498802]4.3.2 Comparative Analysis of Species Richness and Relative Abundance (Evenness) of Tree Species of the Riparian Vegetation of  the Black Volta Basin in Lawra Municipality
Shannon diversity index (H) = - and Simpson’s Index (D) =  were used  to comparatively analyze tree species richness and relative abundance of the riparian vegetation of the  Black Volta Basin in the Lawra Municipality. Shannon diversity index (H) was used to compute  species richness of trees (riparian vegetation)  of the Black Volta Basin whiles Simpson’s index (D) was also used to compute the relative abundance (evenness in distribution of riparian tree species) of the  Black Volta Basin in the Lawra Municipality. Ensuring effective computation and comparative analysis of species richness and relative abundance of tree species of the riparian vegetation of  the  Black Volta Basin in the Lawra Municipality , the river banks in Bagri (most populated community) were zoned into two Quadrats namely; Quadrat ‘A’ and Quadrat ‘B’ 100 metres square each (100m2). The Quadrat ‘A’ was located at the Ghana site of Bagri Community and that of the Quadrat ‘B’ also located at the Burkina site of the Black Volta Basin in the Bagri Community respectively. 
[bookmark: _Toc111176350][bookmark: _Toc112685082]4.3.2.1 Comparism of Riparian Vegetation Species Richness along the Black Volta Basin in the Bagri Community (Quadrat ‘A’ and Quadrat  ‘B’)
Taken into cognizance the computed values of species richness of trees of the riparian vegetation from the two Quadrats (‘A’ and ‘B’) of  the Black Volta Basin in the Lawra Municipality, the study observed that Quadrat ‘A’ (located at the Ghana site of Bagri Community) where human activities are ongoing  was less endowed with repirain  tree species unlike Quadrat ‘B’ (located at Burkina Faso site of Bagri Community) where multiple tree species of  riparian vegetation dominate . This is due to the fact that Quadrat ‘A’ has a Shannon Wienner Index of (0.686) which is far lesser than that of Quadrat ‘B’ with Shannon Wienner Index of (1.6406). Below are the computed values of Shannon Wienner index for Quadrat ‘A’ and Quadrat ‘B’ of tree species of the riparian vegetation of  the Black Volta Basin in the Bagri Community.
Computed Values of  Quadrat ‘A’ Shannon Index (H) = - 
(H) = -(-0.686)
(H) = 0.686
Computed Values of  Quadrat ‘B’ Shannon Index (H) = -
(H) = -(-1.6406)
(H) = 1.6406
[bookmark: _Toc111176351][bookmark: _Toc112685083]4.3.2.2 Comparism of Relative Abundance of Riparian Tree Species (Evenness in Distribution of Riparian Tree Species) along the Black Volta Basin in the Bagri Community (Quadrat ‘A’ and Quadrat ‘B’)

In furthrence, the computation and analysis of relative abundance of riparian tree species of the two Quadrats (‘A’ and ‘B’) of  the Black Volta Basin of  the Bagri Community was equally done. The results shows   that riparian tree species are less evenly distributed in  Quadrat ‘A’ (located at the Ghana site of Bagri Community) unlike species in Quadrat ‘B’ (located at Burkina Faso site of Bagri Community) where riparian tree species  were  more evenly distributed. This is due to the fact that Quadrat ‘A’ has a Simpson’s index of (1.5328) which is far lesser than  the Simpson’s index of Quadrat ‘B’ which is computed as (3.5511). Below are the computed values of Simpson’s index of Quadrat ‘A’ and Quadrat ‘B’ along the Black Volta Basin in the Bagri Community.
Quadrat ‘A’ Simpson’s Index (D) = 
(D) =  = 1.5328
Quadrate ‘B’ Simpson’s Index (D) = 
(D) =  = 3.5511
[bookmark: _Toc111176352][bookmark: _Toc116498876]Table 4.2  Riparian Vegetation Tree  Species Richness and Evenness in Distribution of the Black Volta Basin in the Lawra Municipality (Quadrat ‘A’)
	Species
	Population (n)
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Anogeissus leiocapus(sigtir)
	50
	0.1370
	0.0188
	-1.9878
	-0.2723

	Phaedherbia albida
	12
	0.0329
	0.0011
	-3.4143
	-0.1123

	Mitragyna inermis
	290
	0.7945
	0.6312
	-0.2300
	0.1827

	Acacia nilotica
	13
	0.0356
	0.0013
	-3.3354
	-0.1187

	Total
	365
	 
	0.6524
	 
	-0.686


Source: Field Study, 2022
The computed values of the Shannon Wierner(H) and Simpson’s indices  from  Table 4.2, corfirms that livelihood activities  adversely affect  the availability and composition of repirain vegetation of  the Black Volta Basin . This futher confirms the opinion of Sumani (2016) that human activities such as farming, settlement contruction, grazing, logging and others impacts the very existence of natural resources in rivering areas. These rults from Table 4.2 further affirms what the  Bagri Community Chief said in a key informant interview.  He said ‘’when I was a young boy of 12 years, my mother used to harvest ‘Mwampong, Donukon’ and other vegetables from the river banks during lean season to feed me and my other siblings, but today you cannot find any of these wild vegetables to use for medicine let alone thinking about feeding your household with it. Am highly worried about the rate of deforestation and bush burning  in my community but all is because of poverty.’’   Additionally, the chief further said that ‘’ the youth in my community  are all trained in timber logging as such they have finished  harvesting  every matured plant that can serve as timber in the community, am at peace with them now because they no longer call me names as I tried some years back to prevent them from cutting down the trees’’. This assertion by the Chief buttressed the point that illegal chain-saw operation was rampant in these communtties and that have culminated to the lost of most economic trees along the Black Volta Basin.
[bookmark: _Toc111176353][bookmark: _Toc116498877]Table 4.3  Riparian Vegetation  Tree Species Richness and Evenness  along the Black Volta Basin in Lawra Municipality (Quadrat ‘B’)
	Species
	Population (n)
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	Balanites aegyptiaca
	68
	0.0929
	0.0086
	-2.3762
	-0.2207

	Acacia hockii
	18
	0.0246
	0.0006
	-3.7050
	-0.0911

	Anogeissus leiocapus(sigtir)
	120
	0.1639
	0.0269
	-1.8085
	-0.2964

	Daniellia oliveri
	14
	0.0191
	0.0004
	-3.9581
	-0.0756

	Acacia gourmaensis
	78
	0.1066
	0.0114
	-2.2387
	-0.2386

	Pterocarpus erinaceus(lientie)
	14
	0.0191
	0.0004
	-3.9581
	-0.0756

	Terminalia avicennoides
	40
	0.0546
	0.0030
	-2.9077
	-0.1588

	Mitragyna inermis(yiila)
	350
	0.4781
	0.2286
	-0.7379
	-0.3528

	Burkia africana
	30
	0.0410
	0.0017
	-3.1942
	-0.1310

	Total
	732
	 
	0.2816
	 
	-1.6406


Source: Field Study, 2022
The computed values of Shannon diversity index and Simpson’s index from Table 4.3, gives a clear indication that the absence of human settlement in Quadrat ‘B’ have brought about the diversity of riparian species compositions as well as the relative abundance. It is clear that livelihood activities adversely affect tree species richness and relative abundance  in riparian areas  and the continuous survival of riparian vegetation. From a field observation the scenic beauty of Quardrat ‘B’from the Burkina site can promote the species richness of birds  and other wild animals from extintion while serving as areas for nature conservation and tourist attraction unlike what is visibly absent in Quadrat ‘A’.  The  prensence  of diverse   riparian species from the Burkina site was further affirmed by a key informant who is a lead herbalist in the community as he revealed that   ‘’ I make a lot of money from herbal medicine and  most of these herbs are found along river bodies. However, I hardly can find one of these herbs in my community, unless I cross over to the Burkina site of the River using a canoe  to harverst these leaves’’(KII-Bagri). This  assertion is in corformity with Charles (2012) that some flora species of  repiraian vegetations have medicinal value and thus the need to protect them.
[bookmark: _Toc111176355][bookmark: _Toc112685084][bookmark: _Toc116498803]4.3.3 Importance of Riparian Vegetation
According to the respondents (71 percent), riparian vegetation has an effect on the livelihood of settlers along the Black Volta Basin in the Lawra Municipality, as shown by the results in Figure 4.6 on the significance of riparian vegetation. From the qualitative findings, it was said by a key informants that “we used the tree branches to fence our gardens and dry season gardening is yielding a lot of profit for the youth and some are building blockhouses in town out of that. (Bagri Chief-KII). The advantages of riparian vegetation are divided for the purposes of this study into physical, biological, chemical, and socio-economic functions/reasons and this is in line with Naiman et al. (2005) who opined that riparian vegetation functions include physical, chemical, biological, and social aspects.

[bookmark: _Toc111176356]






[bookmark: _Toc116554225]Figure 4.6: Importance of Riparian Vegetation on Livelihood
Source: Field Survey, 2022

[bookmark: _Toc111176357][bookmark: _Toc112685085]4.3.2.1 Physical Importance of Riparian Vegetation
Regarding the physical benefits of riparian vegetation, some of the benefits unravelled by the study included; it influences on productive fish habitat and stabilization of river banks. Table 4.4 is an illustration of the physical benefits of riparian vegetation 
[bookmark: _Toc111176358][bookmark: _Toc116498878]Table 4.4: Physical Benefits of Riparian Vegetation
	Physical benefits
	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree

	[bookmark: _Hlk108427756]Influence productive fish habitat
	Freq.
	32
	7
	12
	100
	187

	
	%
	9.5
	2.1
	3.6
	29.6
	55.3

	Stabilisation of river banks
	Freq.
	4
	25
	23
	118
	168

	
	%
	1.2
	7.4
	6.8
	34.9
	49.7


Source: Field survey, 2022.
The ability of riparian vegetation to support river banks and have an impact on the productivity of fish habitats are two of its major physical benefits that have been indicated by respondents. From Table 4.4, the majority (55.3%) of respondents strongly agreed that riparian vegetation had a significant influence on the productivity of fish habitat ,29.6% agreed to this assertion whereas 3.6% of respondents were neutral, 9.5%strongly disagreed and 2.1% disagreed to this assertion. On the other hand 49.7% strongly agreed that, riparian vegetation helps in stabilizing the river bank, 34.9% agreed, 6.8% were neutral and cumulatively 8.6% disagreed with the impact of riparian vegetation on the stability of the river banks. This result in Table 4.4 is supported by Naiman &Decamps (1997), who asserted that riparian vegetation are usually characterised by large woody debris and litter and these help them enhance productive fish habitats and that they influence the physical, chemical, and biotic characteristics of riparian ecosystems too. They also opined that these factors have a positive impact on fish population. Riparian flora species in rivers modifies flow conditions and consequently sedimentary processes by sheltering banks, colonizing deposits, contributing huge woody debris (Gurnell and Petts ,2006; Corenblit et al. 2007; Gurnell (2014). These claims support the study's conclusion that riparian vegetation in the Black Volta Basin physically aids in the stability of river banks and the creation of productive fish habitat. 
 These assertions are further supported by a key informant; “indeed, there are several benefits derived from the river resources by my community members and some of them includes; Fuel wood for domestic use, materials for the construction of their gardens and feed for grazing animals. The trees equally help in the protection of the water body and some people depend on some riparian materials and fruits bearing plants for fruits for their consumption and other economic ventures (KII- Tolibri/Metaw Assembly member).
[bookmark: _Toc111176359]
[bookmark: _Toc112685086]4.3.2.2 Biological importance of Riparian vegetation 
Biologically/ecologically, some of the importance of riparian vegetation noted includes; Rich in riparian species, increased regional diversity, improved thermal conditions of streams, and reduced surface run-off. Table 4.5 is an illustration of the biological benefits of riparian vegetation.  
[bookmark: _Toc111176360][bookmark: _Toc116498879]Table 4.5: Biological/ ecological benefits of riparian vegetation
	Biological benefits:
	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree

	[bookmark: _Hlk108428139]Rich in riparian species
	Freq.
	31
	13
	18
	107
	169

	
	%
	9.2
	3.8
	5.3
	31.7
	50.0

	Increased regional diversity
	Freq.
	14
	19
	35
	108
	162

	
	%
	4.1
	5.6
	10.4
	32.0
	47.9

	Improved thermal conditions of streams
	Freq.
	24
	19
	22
	111
	162

	
	%
	7.1
	5.6
	6.5
	32.8
	47.9

	Reduced surface run-off
	Freq.
	14
	17
	27
	105
	175

	
	%
	4.1
	5.0
	8.0
	31.1
	51.8


Source: Field survey, 2022.
From Table 4.5, the ecological benefits of riparian vegetation include increased river species diversity, increased regional variety, improved stream temperature conditions, and reduced surface run-off. The two biological impacts of riparian vegetation that receive the most attention from respondents is the reduction in surface run-offs. 51.8% of respondents strongly agreed to the assertion, 31.1% agreed to this assertion, 8.0%were neutral, and cumulatively 9.1%disagreed to this assertion. Also, the provision of diverse species was also strongly agreed by 50.0% of respondents. 31.7% agreed, to this assertion whereas 5.3% were neutral and 9.2 strongly disagreed whereas 3.8% disagreed to this assertion. Schnitzler-Lenoble (2007), claimed that riparian vegetation is rich in species and boosts regional biodiversity. According to Arora et al. (1996, 2003) & Lee et al. (2003), riparian buffer zones are effective in holding run-off water, extending the time it takes for runoff to reach streams and enhancing opportunities for water filtration and purification. These findings lend further support to the original finding. 

[bookmark: _Toc111176361][bookmark: _Toc112685087]4.3.3.3 Chemical Functions of Riparian Vegetation
With chemical function of riparian vegetation, the benefits include; Filtration of source pollutants, reduces light penetration, influence on water temperature, and improve water quality.  Table 4.6 is an illustration of the chemical benefits of riparian vegetation. 
[bookmark: _Toc111176362][bookmark: _Toc116498880]Table 4.6: Chemical Benefits of Riparian Vegetation
	Chemical benefits:
	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree

	Filtration of source pollutants
	Freq.
	32
	8
	29
	110
	159

	
	%
	9.5
	2.4
	8.6
	32.5
	47.0

	Reduce light penetration
	Freq.
	9
	22
	36
	114
	157

	
	%
	2.7
	6.5
	10.7
	33.7
	46.4

	Influence on water temperature
	Freq.
	20
	10
	33
	103
	172

	
	%
	5.9
	3.0
	9.8
	30.5
	50.9

	Improve water quality
	Freq.
	12
	11
	36
	91
	188

	
	%
	3.6
	3.3
	10.7
	26.9
	55.6


Source: Field survey, 2022
From Table 4.6, the study identified several chemical advantages of riparian vegetation, including the filtering of source contaminants, a decrease in light penetration, changes in water temperature, and enhanced water quality. The results of Banker (2004), indicates that riparian vegetation has the capacity to sieve out significant amounts of sediments, fertilizers, pesticides, animal wastes, and other non-point source pollutants. This is consistent with this results in Table 4.6. Furthermore, Boris et al. (2012) supports the idea that riparian vegetation affects trophic interactions, such as the evolution amongst aquatic and terrestrial zones, light penetration, air and water temperatures. As can be seen in Table 4.6, more respondents concur that the water quality and temperature need to be improved (55.6%). 
[bookmark: _Toc111176363]
[bookmark: _Toc112685088]4.3.3.4 Socio-economic Functions of Riparian Vegetation
On the socio-economic functions s of the riparian vegetation of the Black Volta Basin in the Lawra Municipality, the benefits include; recreation, spirituality worship of sacred grooves, and raw materials. Table 4.7 is an illustration of the socio-economic functions of riparian vegetation 
[bookmark: _Toc111176364][bookmark: _Toc116498881]Table 4.7: Socio-Economic l Benefits of Riparian Vegetation
	Social benefits:
	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree

	[bookmark: _Hlk108429149]Recreation
	Freq.
	37
	11
	23
	106
	161

	
	%
	10.9
	3.3
	6.8
	31.4
	47.6

	Spirituality worship of sacred grooves
	Freq.
	94
	29
	28
	72
	115

	
	%
	27.8
	8.6
	8.3
	21.3
	34.0

	Raw materials
	Freq.
	31
	16
	42
	96
	153

	
	%
	9.2
	4.7
	12.4
	28.4
	45.3


# Multiple responses were used in the analysis
Source: Field survey, 2022
From Table 4.7, the study demonstrates the socio-economic benefits of the riparian vegetation of the Black Volta Basin in Lawra Municipality. The provision of recreation, the accessibility of sacramental locations for holy worship, and the accessibility of production-related raw resources are the socio-economic advantages of riparian vegetation. From Table 4.7, on the issue of recreation as a benefit of riparian vegetation, 47.6% of respondents strongly agreed to this assertion, 31.4% of respondents agreed to this assertion, 6.8% of respondents were neutral, 3.3% of respondents disagreed to this assertion, whereas 10.9% of respondents strongly disagreed to this assertion. On the issue of spirituality worship of sacred grooves, 34% of respondents strongly agreed to this assertion, 21.3% of respondents agreed to this assertion, 8.3% of respondents were neutral, 8.6% of respondents disagreed to this assertion, whereas 27.8% strongly disagreed to this assertion. On the issue of raw materials as a socio-economic benefit of riparian vegetation, 45.3% of respondents strongly agreed to this assertion, 24.8% of respondents agreed, 12.4% of respondents were neutral, 4.7% of respondents disagreed, whereas 9.2% of respondents strongly disagreed.
In support of the above a key informant had this to say “I think the trees around the Black Volta are very important to us because we used the branches of the trees in walling (fencing) our gardens. We also eat some of the tree’s products eg. ‘kulkara, mwaagaa, donnukon, mwampong’. The women also get fuel wood from these trees even though I (Bagri chief) have banned the cutting of the trees in some part of the community especially where I (chief) live. I (Bagri Chief) have been called several names by the youth who are the most distractive agents of the trees along the Black Volta. I (Chief) however do not blame them because there is no unity between myself and the landlords as such, I find it difficult to control the entire community”. “I (Chief) am saying this because, the landlords do not consult me (Chief) especially when given out land but when cattle destroy the gardens, they are looking for chief. In fact, Timber logging by the youth was one of the major activities of our people but now all trees which can serve as timber have been cut off by the community youth who were trained by some external chain saw operators. We use to have ‘ligga teer’ (Rosewood) which we used to construct our cannons and xylophones but today you cannot find a single tree around all because of the chainsaw operations”.
Concluding on this, the study results showed that riparian vegetation performs more biological and chemical processes and provides more advantages to people, animals, plants, and other species, as indicated. However, the study noted that the river's ability to function properly was hampered by human activities along its banks. 

[bookmark: _Toc111176367][bookmark: _Toc112685089][bookmark: _Toc116498804]4.4. Livelihood activities of residents in proximity to the riparian vegetation of the Black Volta Basin in the Lawra Municipality
In order to obtain information on livelihood activities of settlements in proximity to the riparian vegetation of the Black Volta Basin in the Lawra Municipality, the study initially investigated whether those staying along the Black Volta Basin are migrant and temporarily residing there for business, farming, and other reasons or they are natives/indigenes of the community. Figure 4.7 is an illustration of responses by natives and non-natives of communities in proximity to the riparian vegetation of the Black Volta Basin in the Lawra Municipality. 

[bookmark: _Toc111176368]






[bookmark: _Toc116554226]Figure 4.7: Natives/Non-Natives of Residents in Proximity to the Riparian Vegetation of the Black Volta Basin in the Lawra Municipality
Source: Field Survey, 2022
[bookmark: _Toc111176369]From Figure 4.7, the population living along the Black Volta Basin was primarily made up of natives (96%) with a small percentage of non-natives (4%), as shown in Figure 4.7. On the other hand, Figure 4.8 is an illustration of number of years respondents have stayed in communities along the riparian vegetation of the Black Volta Basin in the Lawra Municipality.










[bookmark: _Toc116554227]Figure 4.8: Number of years spent in the community.
Source: Field Survey, 2022

From Figure 4.8, slightly more than half (50.3%) of the respondents spent between 29 years or less of their entire/energetic lives in the communities along the Black Volta Basin, as indicated in figure 4.8. The results also reveal that, close to average (49.7%), of the respondents have lived in their communities for 30 years or more.  Figure 4.9 is an illustration of livelihood activities of settlements in proximity to the riparian vegetation of the Black Volta Basin.










[bookmark: _Hlk114119810]# Multiple responses were used in the analysis
[bookmark: _Toc116554228]Figure 4.9:  Livelihood Activities of Resident-respondents in Proximity to the Black Volta Basin in the Lawra Municipality.

Source: Field Survey, 2022

As seen in Figure 4.9, it was reported that people settled along the Black Volta Basin for crop farming, fishing, dry season gardening, hunting, mining, forest harvesting, tabaco farming, Shea butter and dawadawa processing, as well as because of its proximity to water and greenery for extensive animal rearing. Therefore, the results showed that majority of the people 87.6% (296) were engaged in crop farming. This supports the claim made by the National Academy of Science (2002) that Native Americans were able to practice agriculture in riparian habitats prior to the advent of European settlers. In general, riparian settings globally encouraged mechanized agriculture and animal husbandry (Burkhart et al, 1994; Dudgeon, 2000). This viewpoint supports the idea that people are drawn to reside in riparian regions like the Black Volta Basin as a result of agricultural activities and this finally put strain on the riparian vegetation of the Black Volta Basin. Also, the results indicate that fishing is the second most dominant livelihood activity engaged by settlers in proximity to the riparian vegetation. This was confirmed by 73.7 % (249) respondents. To buttress the above finding, a key informant in the Dikpe community said 
[bookmark: _Hlk114121690] “Fishing is one of the reasons why we settle at the river. The fish help us to improve on the quality of our soup. Additionally, income is also obtained from the sale of the fish we catch. The bumper harvest of the fish whereby it was difficult to transport the fresh fish to the town also made people to settle at the river side. This enables them to process the fish before transporting them to market centres for sale.’’(KII-Dikpe)
The third livelihood activity which receives attention was dry season gardening. This has influence people from Yagtuur, Orbili and Tuori to always travel down to the river to farm during the dry season and return to the places of origin during the rainy season. This is because of scarcity of land to do dry season gardening in their places of origin. Extensive animals rearing especially cattle made some other people to settle along the Black Volta. Even though their activities destroy a lot of crops in the farming season the exploitation of the riparian forest resources also accounted for the settlement of people in the zone. This was also confirmed by a key informant who said ‘’ some years ago when we were still kids there were a lot of green leaves around the river which served us food during the lean season for many of the community members to survive on and this has equally motivated many to live along the Black volta eg ‘’Mwampong’’ and Donnukon leaves. Apart from eaten these leaves we equally sell them for income’’ KII-Dikpe).
[bookmark: _Toc111176371] One other livelihood activity which equally motivates people to settle along the Black Volta is Tabaco farming. Tabaco farming along the river has high yield throughout the year and as such farmers make a lot of profit from Tabaco faming along the river. Finally, According to a key informants, “our major economic activities here are crop farming, fishing, dry season gardening, tabaco farming and general trade ”(Bagri Chief-KII). These assertions corroborated with the quantitative survey result which found crop farming and fish farming as the most dominant reasons why people settled along the Black Volta Basin.
[bookmark: _Toc111176372][bookmark: _Toc112685090][bookmark: _Toc116498805]4.5. Effects of Livelihood Activities on the Riparian Vegetation of the Black Volta Basin of Lawra Municipality
Despite the fact that people benefit much from the Black Volta basin and the riparian flora, Figure 4.10, demonstrates the effects of livelihood activities on the riparian vegetation of the Black Volta Basin in the Lawra Municipality from respondents point of view. These human activities along the rivers have significant undesirable effects on the resources and the surroundings at large. 






#Multiple responses were used in the analysis
[bookmark: _Toc116554229]Figure 4.10: Effects of livelihood activities along the Black Volta Basin in Lawra Municipality.
Source: Field Survey, 2022
From Figure 4.10, the results of the negative ramifications of livelihood activities are identified to include extinction of native riparian flora species, reduction in the biogeochemical cycles, reduction in species richness and relative abundance of riparian flora species, reduction in services of riparian ecosystem, low growth and productivity of riparian vegetation and reduction in riparian ecological functions. According to the respondents 55.9 % (189-persons) affirms low growth and productivity as the dominant effect of livelihood activities within the study catchment area. This assertion was followed by reduction in species richness and relative abundance as seen in the computed values of the Shannon Wienner (H) and Simpsons (D) indices computed under objective one of this study. Indeed, the computed values in quadrat A (H=0.686 and D=1.5328) were not encouraging as compared to the values in quadrat B as indicated in Table 4.2 and 4.3. These findings are further supported by what a key informant said in an interview: "Some of the reasons for our presence around the Black Volta may deter people because the fact is that my people have engaged themselves in indiscriminate tree cutting for the purpose of walling their gardens and rampant bushfires every year, and it is challenging to identify culprits of the bushfire. Some residents of the village also farm too near to the river banks and during preparation of the farms they kill almost all the trees in their farms’’. (KII-Dipke).
In addition to these findings the results indicate extinction of native riparian flora species as one of the effects. During the identification process of the species composition this manifested as species identified in quadrat A were lesser than species in quadrat B. This is due to the fact that in quadrat A where human activities dominate contrary to quadrat B where human activities were absent. According to the study's findings, the Common Property Theory best supports the effects of livelihood activities on riparian vegetation. The pace of exploitation of the riparian vegetation along the Black Volta Basin attests for both the concepts of non-excludability in supply and competition in consumption of common-pool resources, as well as their sensitivity to overuse and congestion. The results further unravelled that livelihood activities along the Black Volta Basin adversely affects the riparian ecology and the biogeochemical cycles of the riparian zone. Gopal et al. (2002) opined that farming in riparian zones is a common practice along riverbanks that has an impact on the riparian ecology and ecosystem services as well as interferes with the biological functions of wetlands. These findings equally pointed out that most point source pollutants are very much present in the riparian area therefore affecting the fluvial system of the river. This is further supported by Sultana et al. (2014) and Barthelemy et al. (2015), who claimed that crop cultivation in riparian areas not only disrupts the community structure but also causes biodiversity loss, pollutes streams, and may have a significant impact on the hydrological cycle, which in turn affects human livelihood activities downstream by accelerating floods in the event of heavy rainfall and reducing water availability during the summer. The reduction in ecosystem services from this Black Volta Basin was equally identified as an effect and this is becoming worrisome and if care is not taken these resources will surfer further exploitations which will have more negative implications for both current and future generation.
[bookmark: _Toc111176378][bookmark: _Toc112685091][bookmark: _Toc116498806]4.6 Measures to Restore the Riparian Vegetation of the Black Volta Basin in Lawra Municipality
[bookmark: _Toc116498807]4.6.1 Stakeholders Needed for Restoration of the Riparian Vegetation of the Black Volta Basin in the Lawra Municipality
 The restoration of the riparian vegetation of the Black Volta Basin in the Lawra Municipality is crucial and it requires a multi-stakeholder participation to ensure sustainable use of these resources. It is also imperative to note that the individual stakeholders have different interest when it comes to the utilization of these resources and thus there is the need to consider their interest in managing the riparian resources. To get the buy in of the various stakeholders therefore, there is the need to identify these stakeholders and ensure that they are conscientized on the need to restore these resources to meet the current and future needs.  This engagement will allow policy makers to find out the acceptable methods for decentralizing pragmatic measures to restore the riparian vegetation of the Black Volta Basin. This approach is necessary because of the vital roles these stakeholders can play in enhancing the aim of sustaining these natural resources upon which their livelihood depends. The focus of this section therefore is to identify these stakeholders and the measures put in place to restore the riparian vegetation in the Black Volta Basin.
The stakeholders responsible for the management, conservation and utilization of the riparian resources are numerous and therefore special attention was given to only major stakeholders such as Environmental Protection Agency (EPA) responsible for environmental issues, the Forestry Commission (FC) responsible for forest preservation and Volta River Authority (VRA) in charge of Transboundary issues. Besides these we also have some local stakeholders at the community level such as the Tendeme (Landlords) and Namene (Chiefs) who by tradition control the management, utilization, and conservation of natural resources. Land and different associated natural assets are controlled in trust by the chiefs, Assembly Members, women leaders and youth groups in most communities.
The respondents were therefore asked whether they knew any local stakeholder in their various communities or external that ensures the conservation of the riparian vegetation in their communities. Figure 4.11 shows the summary of responses. 

[bookmark: _Toc116554230]Figure 4.11 Stakeholders of Restoration of the Riparian Vegetation of the Black Volta Basin
Source: Field Survey, 2022
The results from Figure 4.11 indicate that Namene (Chiefs) and Tendeme (Landlords) were the major stakeholders when it comes to management and restoration of the riparian vegetation in the Black Volta Basin. About 133(39.3%) and 60(17.8 %%) of the respondents reposed their confidence in the Namene (Chiefs) and Tendeme (Landlords) in term of riparian vegetation management and conservation. Also, 45(13.3%) of the respondents agreed that the Lawra Municipal Assembly (Members) is the third major stakeholder when it comes to restoration of the riparian vegetation of the Black Volta Basin in the Lawra Municipality. Again, 43 (12.7%) of the respondents, reposed their trust on the Forestry Commission as the fourth stakeholder when it comes to the management and restoration of the riparian vegetation of the Black Volta Basin. Additionally, 29 (8.6%) of the respondents, identified the youth groups as the fifth Stakeholder responsible for the restoration of the riparian vegetation of the Black Volta Basin. Beside the above stakeholders, the results also indicate 21(6.2%) respondents supporting EPA as major stake holders when it comes to management and restoration of the riparian vegetation of the Black Volta Basin. Finally, 7(2.1%) of the respondents agreed that VRA is a major stakeholder in the restoration of the riparian vegetation. The findings from Figure 4.11 are buttressed by the work of Mohammed-Katerere (2004) and Millar and, Bonye (2004), as asserted in their works. 
[bookmark: _Toc111176382]Millar (2004), posited that the Tendaana (landlord) operate as the spiritual leader of the community and hold powers to land as his bonafide property in northern Ghana, most especially in the upper west region. Also, Mohammed-Katerere (2004), asserted that before the colonial era, social groupings in Northern Ghana were characterized by some ethnic organizations. Each ethnic group had a traditional leader known in the Waala tradition as ‘naa’ (chief) who is the symbol of leadership responsible for community development and natural resources management. He is regarded as the highest authority in the community and holds various positions which he did not exercise as an individual but in collaboration with his council of eminent elders. These assertions confirm why the Nameme (Chiefs and) Tendeme (Landlords) were rated the first and second stakeholders respectively when it comes to the management and restoration of the riparian vegetation of the Black Volta Basin. It was however; observed that there were poor relationship between the chiefs and the landlords. This was revealed by a key informant in an interview as he said; I (Bagri Chief) have been called several names by the youth who are the most distractive agents of the trees along the Black Volta. I however do not blame them because there is no unity between myself and the landlords as such, I find it difficult to control the entire community. Indeed, I am saying this because, the landlords do not consult me (Chief) especially when given out land but when cattle destroy the gardens, they are looking for chief’’

[bookmark: _Toc111176384][bookmark: _Toc116498808]4.6.2 Ways to Restore the Riparian Vegetation of the Black Volta Basin in the Lawra Municipality
The riparian vegetation of the Black Volta Basin has significantly suffered from livelihood activities of the inhabitants as stipulated in figure 4.10.  To avert the situation, the respondents were interviewed on measures that can help address the effects. Their responses are summarized in figure 4.12 below.







[bookmark: _Toc116554231]Figure 4.12: Ways of Restoration of the Riparian Vegetation
Source: Field Survey, 2022
From Figure 4.12 majority of the respondents 137(40.5%) opined that entirely prohibiting farming operations within the riparian zone of the Black Volta Basin in Lawra Municipality is cardinal in restoring the riparian vegetation. Also, the creation of buffer zone received the second highest support from the respondents 86(25.4%). The creation of buffer zone is in line with the National buffer zone policy (2016) which seeks to create buffer zones of 100m along all water bodies. The establishment of buffer zone as seen in figure 4.12 is the second measure to restore the riparian vegetation of the Black Volta Basin in the Lawra Municipality. These assertions were supported by a key informant during an interview as he asserted that I (Bagri Chief) request the assistance of the assembly to enable me implement these activities too; the creation of buffer zones and banning people from farming in the buffer zone I think would be of help in protecting the buffer zone and assembly should also provide pumping machines to the farmers even if it means that the people would pay by instalments. These interventions will help them to willingly move to upstream”.
The concept of natural regeneration was mentioned by respondent 77(22.8%) as one of the most effective measures that can ensure the restoration of the riparian vegetation in the Black Volta Basin. This assertion is in line with the forest transitional theory (FTT) which forms part of the theoretical underpinnings of this study.  Lambin et al (2011) & Angelsen et al (2013) opined that it is possible for a nation or region to move through a falling forest cover to an increasing forest cover with time via the process known as Forest Transition (FT).  Indeed, if the riparian zone of the Black Volta Basin is left undisturbed for some years, naturally it would regain its vegetation and this conforms well to the forest transition theory. The results also indicate that 38 (11.2%) were of the view that complete ban should be enforced as one of the mechanisms in restoring the riparian vegetation of the Black Volta Basin in the Lawra Municipality. This assertion is supported strongly by a key informant during an interview that;
‘’We can ban people or institute fines for cutting economic trees this will deter people from cutting the trees if one or two people suffer the consequences. I will equally suggest we put a ban on bushfire and train fire fighters (volunteers’ squads) to serve as watch dogs” (Representative-Lawra FC; KII).
KII-Tolibri/Metaw Assemblyman ‘’controlling bush burning through the enactment and enforcement of community by-laws to penalized people who perpetuate the acts would also help. I (Tolibri Assemblyman) am more than willing to support who ever that will want to enforce these by-laws”.
In addition to the result on Figure 4.12 a key informant also opined that ‘’I (Tolibri/Metaw Assemblyman) think that if NGOs can do fencing of the gardens and provide pumping machines, it will make people not to indiscriminately cut down tree with the notion of walling their gardens and be more willing to move upstream since they can still farm with the use of the pumping machines”.(KII-Metaw).
Table 4.8is a cross tabulation of stakeholders and ways to restore the riparian vegetation.
[bookmark: _Toc116498882]Table 4.8: Cross Tabulation of Stakeholders Perspective on Ways to Restore Riparian Vegetation
	Stakeholder
	Ways to Restore Riparian Vegetation
	Chi-square (X2)
	P-value

	
	Complete ban on logging in riparian zone
	Promoting the concept of natural regeneration
	Creation of buffer zones
	Prevent farming activities within the riparian zone
	
	

	EPA
	0
	0
	0
	21
	632.186
	.000

	
	0.0%
	0.0%
	0.0%
	15.3%
	
	

	Forestry Commission
	0
	0
	0
	43
	
	

	
	0.0%
	0.0%
	0.0%
	31.4%
	
	

	Lawra Municipal Assembly
	2
	43
	0
	0
	
	

	
	5.3%
	55.8%
	0.0%
	0.0%
	
	

	Community Chiefs
	0
	34
	86
	13
	
	

	
	0.0%
	44.2%
	100.0%
	9.5%
	
	

	Youth groups
	29
	0
	0
	0
	
	

	
	76.3%
	0.0%
	0.0%
	0.0%
	
	

	Volta River Authority
	7
	0
	0
	0
	
	

	
	18.4%
	0.0%
	0.0%
	0.0%
	
	

	Landlords (Tendeme)
	0
	0
	0
	60
	
	

	
	0.0%
	0.0%
	0.0%
	43.8%
	
	


Source: Field Survey, 2022
According to the table above, the majority of respondents in favour of the youth organizations (76.3 percent) believe that a total ban on logging in riparian vegetation is an effective control approach. However, more than half of the respondents (55.8 percent) in support of Lawra Municipal Assembly (Members) agreed with several community chiefs that spreading the idea of natural regeneration would be a wise restoration approach (44.2 percent). Additionally, (100 percent) respondents affirmed that community chiefs are pivotal in establishing a buffer zone and that using the chiefs as stakeholders was the best way to restore riparian vegetation. According to the study, the EPA (15.3 percent), Forestry Commission (31.4 percent), and Tendeme (43.8 percent) said that prohibiting farming operations within the riparian zone would be a wise restoration approach. According to statistics, there was a significant difference in how stakeholders perceived the study area's measures to retore riparian vegetation (X2 = 632.186, p-value = 0.00). 





[bookmark: _Toc111176395][bookmark: _Toc112685092][bookmark: _Toc116498809]CHAPTER FIVE
[bookmark: _Toc111176396][bookmark: _Toc112685093][bookmark: _Toc116498810]SUMMARY OF MAJOR FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc111176397][bookmark: _Toc112685094][bookmark: _Toc116498811]5.0 Introduction
The main observations, conclusions, and recommendations about how livelihood activities affect the riparian vegetation in the Black Volta Basin in the Lawra Municipality are summarized in this chapter. The goal of this study was to identify livelihood activities that affect riparian vegetation, as well as the nature and significance of riparian vegetation, the impacts of livelihood activities on riparian vegetation, and potential solutions to restore the riparian vegetation of the Black Volta Basin in the Lawra Municipality. 
[bookmark: _Toc111176398][bookmark: _Toc112685095][bookmark: _Toc116498812]5.1 Summary of Major Findings
[bookmark: _Toc111176399][bookmark: _Toc112685096][bookmark: _Toc116498813]5.1.1. Composition and Importance of Riparian Vegetation
[bookmark: _Toc111176400][bookmark: _Toc112685097]5.1.1.1 Comparative Analysis of Species Richness and Relative Abundance (Evenness) of Riparian vegetation along the Black Volta Basin in Lawra Municipality
The composition and importance of the riparian vegetation was carefully studied and the results unveiled that livelihood activities along the Black Volta has influence the composition of the riparian vegetation significantly. The various herbs, shrubs and trees which are associated with Northern Savannah Vegetation were identified in this riparian zone to include the following; the herbs observed along the Black Volta Basin in Quadrat ‘A’ located at the Ghana site where livelihood activities were present are 
Andropogon gayanus var gayanus, Andropogon gayanus var squamulatus, Andropogon pseupdapricus, Chloris robusta, Hyparrhenia involucrata, Oryza longistaminata, Paspalum dilatatum, 
In terms of trees present are Anogeissus leiocapus(sigtir), Phaedherbia albida, Acacia nilotica. Some shrubs observed along the Black Volta Basin are Hibiscus sabdariffa, Tephrosia pedicellata, Desmodium velutinim,Gardenia ternifolia, Gardenia aqualla, and Calatropis procera.
The study also showed herbs observed in Quadrat ‘B’ located at the Burkina site where livelihood activities are absent to include; Andropogon gayanus var gayanus, Andropogon gayanus var squamulatus, Andropogon pseupdapricus, Chloris robusta, Hyparrhenia involucrata, Hyparrhenia disoluta, Oryza longistaminata, Paspalum dilatatum, Pennisetum pedicellatum, and Schizachyrium ruderale.
In terms of trees present in Quadrat ‘B’ are Acacia gourmaensis, Acacia hockii, Burkea Africana, Pterocarpus erinaceus(lientie), Terminalia avicennoides, Daniellia olliveri, Balanites aegyptiaca, Mitragyna inermis, Acacia nilotica and Annogeissus leiocarpus.

Some shrubs observed along the Black Volta Basin in Quadrat ‘B’ are Hibiscus sabdariffa, Tephrosia pedicellata, Desmodium velutinim,Gardenia ternifolia, Gardenia aqualla, and Calatropis procera.
The study also confirmed that livelihood activities have greatly affected the species richness and relative abundance of the riparian vegetation as showed by the Shannon Wierner (H) and Simpson’s (D) indices values in both quadrats. 
[bookmark: _Toc111176401][bookmark: _Toc112685098]5.1.1.2 Importance of Riparian Vegetation
The benefits of riparian vegetation for the purpose of this study were broken down into physical, biological, chemical, and social functions/reasons. Approximately 71% of all respondents acknowledged that riparian vegetation is important to their livelihood, while just 29% disagreed. Physically, the results showed that a resounding majority of respondents (84.9 percent) strongly agreed that riparian vegetation had a considerable impact on the productivity of fish habitat, and 84.6 percent believed it helped sustain the river banks. However, a sizeable fraction (9.5%) strongly disagrees with the idea that riparian vegetation has a positive effect on fish habitat production as opposed to the stability of river banks. 
The study respondents also affirm that, greater river species diversity, more regional variation, improved stream temperature conditions, and reduced surface runoff as the biological and ecological advantages of riparian vegetation. According to the respondents, the two main biological effects of riparian vegetation are the provision of a variety of species and the reduction in surface runoffs as shown in Table 4.4. Additionally, it was confirmed that riparian vegetation has chemical benefits such as improved water quality, reduced light penetration, filtration of source toxins, and variations in water temperature. More respondents strongly agree that the water quality and temperature variations need to be improved, as shown in Table 4.5 (55.6%) and 50.9%), respectively. In addition to the riparian vegetation's physical, biological, and chemical functions, the results showed that most respondents believed it to be a great place for recreation (79.0 percent) a place that provides access to raw materials for production (73.7 percent), and that it is a good place for spiritual activities (55.3 percent). The results equally showed that riparian vegetation provide a wide range of raw materials for the socio-economic wellbeing of the settlers in thin riparian zone
In conclusion, the study's findings demonstrated that riparian vegetation conducts more biological and chemical processes and, as suggested, offers greater benefits to people, animals, plants, and other species. The study did point out that human livelihood activities along the river's banks interfered with its capacity to function correctly. 
[bookmark: _Toc111176402][bookmark: _Toc112685099][bookmark: _Toc116498814]5.1.2 Livelihood activities of residents in proximity to the riparian vegetation of the Black Volta Basin in Lawra Municipality.
The survey found that 96% of the people who had settled along the Black Volta were natives or indigenous people who had lived there for an average of more than 30 years, with only 4% being non-natives. Crop farming, fishing, dry season gardening, Shea and dawadawa processing, extensive animal rearing, forest harvesting, hunting, and mining, were identified as the livelihood activities engaged in by the responders for their prolonged presence. According to Figure 4.9, which summarized the data, crop farming (87.6 percent) and fishing (73.7 percent) were the main drivers of human settlement along the Black Volta, followed by dry season gardening (42.9 percent) and Shea and dawadawa processing also saw significant appreciation (33.7 percent).  Additionally, it was seen that the settlers farmed too closely to the river banks and in doing so they destroy all the riparian vegetation along the banks of the river and this had an adverse effect on the continuous existence of the riparian plants and the water quality due to surface runoff from the lease floods, which carried all the chemicals and dirt chunks right into the river. Another important source said that even without crop growing, the greenery would have been superior to what is seen now. The few trees that are present on each field are frequently cut down since many farmers destroy every tree on their property (land) in an effort to prevent the trees from shadowing their crops. 
[bookmark: _Toc111176403][bookmark: _Toc112685100][bookmark: _Toc116498815]5.1.3. Effects of Livelihood Activities on Riparian Vegetation along the Black Volta Basin in the Lawra Municipality
[bookmark: _Toc111176404]The study affirms the negative ramifications of livelihood activities identified to include extinction of native riparian flora species, reduction in the biogeochemical cycle in the riparian zone, reduction in species richness and relative abundance of riparian flora species, reduction in services of riparian ecosystem, low growth and productivity of riparian vegetation as well as reduction in riparian ecological functions. According to the respondents 55.9% (189-persons) affirms low growth and productivity as the dominant effect of livelihood activities within the study catchment area. A direct observation of the study site gives a clearer picture on the low level of growth of many species especially where livelihood activities pre-dominate as compared to the site where human livelihood activities were absent.  From a key informant interview conducted it was revealed that rosewood was in abundance in this communities but today one can hardly find even one species and this has affected their income. This assertion supports the results which indicated extinction of native flora species in riparian zone as one of the effects of livelihood activities.  The destruction of forest trees and nutrients brought on by frequent bushfires, indiscriminate felling of trees, the loss of wildlife habitat brought on by excessive hunting, the over-cultivation of arable land are adversely affecting the species richness and relative abundances. The alteration of the riparian vegetation as results of livelihood activities also affects the riparian ecology. This apart from affecting the plant component of the riparian area will also further affects other components of the same ecosystem.  
[bookmark: _Toc112685101][bookmark: _Toc116498816][bookmark: _Toc111176405]5.1.4 Measures to Mitigate the Effects of Livelihood Activities on Riparian Vegetation in the Black Volta Basin
This study revealed that the traditional authorities in the various communities function as local natural resource management authorities of whom they made use of some local management strategies in the conservation, management and restoration of the riparian resources in the Black Volta Basin. The results stated that the traditional authorities facilitate the customs and traditions that are aimed at conservation, management and restoration of the riparian vegetation which have played very important functions in their lives. The study also unravelled the functions of these local actors in the conservation of the riparian flora species. The Tendeme (landlords) are the titleholders of the land. They make sacrifices and rituals to the deities of the land on behalf of the people. The naamene (chiefs) are the customary administrators of the communities and see to the day-to-day execution of activities in their vicinities. They are responsible for formulation and implementation of by-laws of their area and punish people that infringe the laws. The study also shows the Lawra Municipal Assembly (member) as the third major stakeholder when it comes to the management of the riparian vegetation. The forestry commission and youth groups received significant endorsement by the respondents as part of the stakeholders. Finally, even though EPA and VRA were seen as stakeholders in the conservation, management and restoration of the riparian vegetation they had less endorsement from the respondents and this was as a result of their non-existent in the communities. 
In terms of measures to restore the riparian vegetation, the study revealed that complete ban of farming activities within the riparian zone by 137(40.5%) respondents   and the creation of buffer zone by 86(25.4%) respondents would be the most effective and efficient ways to restore the riparian vegetation in the Black Volta Basin. Other measures such as promotion of natural regeneration and complete ban on logging in the riparian zones were also recommended as measures to restore the riparian vegetation of the Black Volta Basin.
In this study, a key informant (Tolibri/Metaw’s Assembly man) also suggested the installation of an upstream irrigation system, the prohibition of forest harvesting, the prevention of new settlers from settling close to the river, the relocation of old settlers upstream, the creation of buffer zones, and the establishment of bye-laws with punitive measures as key measures to restore the riparian vegetation within the Black Volta Basin. 
[bookmark: _Toc112685102][bookmark: _Toc116498817]5.2 Conclusions 
[bookmark: _Toc112685103][bookmark: _Toc116498818]5.2.1 Composition and Importance of Riparian Vegetation of the Black Volta Basin in the Lawra Municipality
The study results showed that the species composition of the riparian vegetation of the Black Volta Basin is dominated with herbs and shrubs with few woody plants interspace with them. Some of the herbs, shrubs and tree species found and identified include: shrubs observed were Hibiscus sabdariffa, Tephrosia pedicellata, Desmodium velutinim,Gardenia ternifolia, Gardenia aqualla, and Calatropis procera. Herbs were Andropogon gayanus var gayanus, Andropogon gayanus var squamulatus, Andropogon pseupdapricus, Chloris robusta, Hyparrhenia involucrata, Hyparrhenia disoluta, Oryza longistaminata, Paspalum dilatatum, Pennisetum pedicellatum, and Schizachyrium ruderale. and trees Acacia gourmaensis, Acacia hockii, Burkea Africana, Pterocarpus erinaceus(lientie), Terminalia avicennoides, Daniellia olliveri, Balanites aegyptiaca, Mitragyna inermis, Acacia nilotica and Annogeissus leiocarpus.
The species richness and relative abundance also fluctuated negatively especially where livelihood activities were present, there were fewer species present as compare to where livelihood activities were absent. This confirms that there is a negative correlation between human livelihood activities and the species composition of the riparian zone of the Black Volta Basin. These assertions were further confirmed by the computed values of Shannon Weirner (H) and Simpson’s(D) indices.
The relevance of riparian vegetation was separated into physical, biological/ecological, chemical, and social roles in the study. Physically, the results showed that a resounding majority of respondents (84.9 percent) strongly agreed that riparian vegetation had a considerable impact on the productivity of fish habitat, and 84.6 percent believed it helped sustain the river banks. The study confirms that even though riparian vegetation played a pivotal role physically and socially but it has more significant in biological and chemical roles. Additionally, the investigation supported the chemical functions of filtration of source pollutants, a reduction in light penetration, changes in water temperature, and improved water quality. Indeed, a large majority of respondents (79.0 percent) and 73.7 percent said it provides access to raw materials for manufacturing, respectively, compared to a higher than average (55.3 percent) who believed it to be holy locations and therefore important for spiritual activities. 
[bookmark: _Toc116498819]5.2.2 Livelihood Activities of residents in Proximity to the Riparian Vegetation of the Black Volta Basin in the Lawra 
The Lawra Municipality's Black Volta Basin has seen numerous livelihood activities. However, the survey confirms that crop farming (87.6%), followed by fishing (73.7%), dry season gardening (42.9%) and Shea and dawadawa processing (which stands at 33.7% of the total respondents) were the most prevalent livelihood activities within the Black Volta Basin in the Lawra Municipality. Additionally, mining, hunting, tabaco farming, forest harvesting etc. were also identified to be livelihood activities engaged in by settlers along the Black Volta Basin. 
[bookmark: _Toc116498820]5.2.3 Effects of livelihood activities on the riparian vegetation of the Black Volta basin of Lawra Municipality
The study found that the most significant impacts of livelihood activities in the Black Volta Basin were low growth and productivity of riparian vegetation, reduction in species richness and relative abundance of riparian flora species, extinction of native riparian flora species, reduction in riparian ecological functions, reduction in the biogeochemical cycle in the riparian zone and as well as reduction in services of riparian ecosystem respectively.
[bookmark: _Toc116498821]5.2.4. Measures to restore the riparian vegetation of the Black Volta basin in Lawra Municipality
The conservation, management and restoration of the riparian vegetation of the Black Volta Basin requires an all hands on desk approach by the various stakeholders identified in this study such as the Namene (Chiefs), Tendeme (Landlords), Lawra Municipal Assembly(members), Forestry Commission, Youth groups, EPA and VRA
According to the study; complete ban of farming activities within the riparian zone and the creation of buffer zone are the most effective and efficient ways to restore the riparian vegetation in the Black Volta Basin. Other measures such as promotion of natural regeneration and complete ban on logging in the riparian zones are also recommended as measures to restore the riparian vegetation of the Black Volta Basin
In this study, a key informant (Tolibri/Metaw’s Assembly man) also suggested the installation of an upstream irrigation system, the prohibition of forest harvesting, the prevention of new settlers from settling close to the river, the relocation of old settlers upstream, the creation of buffer zones, and the establishment of bye-laws with punitive measures as key measures to restore the riparian vegetation in the Black Volta Basin. 
[bookmark: _Toc111176406][bookmark: _Toc112685104][bookmark: _Toc116498822]5.3. Recommendations 
Given the significance of riparian vegetation and how  livelihood activities  has so far modertely affected it, there is tremendous room for improvement. The research consequently suggests the following recommendations to policy and decision makers for consideration in order to ensure the sustainability of these resources to satisfy the demands of the current and future generations. 
1. The establishment of a buffer zone by NGOs and Municipal Assembly through the Forestry Commission in accordance with the National Buffer Zone Policy (2013) along this naturally abundant resource will ensure its sustainable use by reducing the extent of human intrusion on riparian resources. In fact, bamboo trees might be utilized to define boundaries at least 100 to 150 meters away from the Black Volta's main channel. 
2. The Lawra Municipal Assembly Should empower anti-bushfire squads in all the settlements along the Black Volta Basin  to execute their resposibilities of preventing bushfires in all the riparian zone. 
3. To slow the rate of riparian resource depletion, the Lawra Municipal Assembly in collaboration with the community leaders should enact community by-laws with punitive sanctions against bush burning, indiscriminate tree cutting and excessive riparian resource exploitation.
4. The study suggest the creation of additional fence gardens upstream by the UNDP,NGOs, FC and CSOs in order to protect the riparian vegetation of the Black Volta Basin in the Lawra Municipality.
5. It is also recommended that government should construct  the Kangbaa Irrigation Project (KIP) in the Black Volta Basin in order to create an alternative source of livelihood during the dry season in order to prevent people from depending solely on the riparian vegetation. 
6. The report concludes by urging researchers to further investigate on the Black Volta's water quality for domestic consumption. This is by virtue of the fact that some community members use the water from this river for domestic purposes. The research will further assess the health risks connected to livelihood activities in the riparian zone of the Black Volta Basin in the Lawra Municipality. 
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[bookmark: _Toc116498824]APPENDIX I
SIMON DIEDONG DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES
DEPARTMENT OF ENVIRONMENT AND RESOURCE MANAGEMENT
QUESTIONNAIRE FOR HOUSEHOLDS 

This research instrument is designed to solicit empirical data for the conduct of an academic exercise on the topic: Effects of Livelihood Activities on riparian vegetation along the Black Volta Basin in the Lawra Municipality for the award of second degree ‘Mphil in Environment and Resources Management’. Your corporation is very much anticipated as information given will be treated with utmost confidentiality. The outcome of the study would be shared with the communities involve and other stakeholders for policy and decision making purposes. It is my expectation that all information that shall be provided would be based on your wiliness as a respondent to contribute to the development needs of our people.

SECTION A: Demographic Characteristics
1. Name of the community………………………………………………. 
1. Gender: a. Male [  ] Female [  ]
1. Age: a. 10-20 years [  ] b.21-30 years [  ]  c.31-40years [  ] d. 41-50years  [  ] e.51-60 years [  ]  f. 61-70  [  ]    g. 71-80 [  ] h. 81 and above years[ ]
1. Educational Status:  a. No education [ ] b. Primary [ ]  c. JHS  [  ]   d. Secondary/Tech/Voc [  ] e. Tertiary [  ]  f. Other(s) [  ] 
1. Marital Status: a. Single [  ]  b. Married [  ]   c. Separated [  ] d. Divorced [  ]  d. Widowed [  ]
1. Employment status a. Employed [  ] b. Unemployment  [  ]
1. Occupation a. Civil/Public servant   [  ] b. Trader [  ] c. Farmer [  ] Unemployed [  ] Retired [  ]   d. Others {specify}……………




SECTION B: EMPIRICAL DATA
OBJ.1. Composition and Importance of Riparian Vegetation along the Black Volta Basin in Lawra Municipality
Species Composition 
(8) Quadrat study to be conducted to ascertain the species composition

  Importance of riparian vegetation
 9) Does the riparian vegetation have any importance to you? Yes [ ] No [ ]
(10) If Yes, state at least three benefits that can be derived from the riparian vegetations..................................................................................................................................................................................................................................................................................................................................................................................................................
(16) Which of the answers in Q(10) is most dear to you? ........................................
(17) Do you agree that the following are equally benefits that can be acquire from riparian vegetation? Tick in the box.
	i) Physical Functions 
	Strongly
agreed
	Moderately
agreed
	Slightly
agreed
	Disagreed
	No idea

	Influence productive fish habitat

	
	
	
	
	

	Stabilization of river banks

	
	
	
	
	

	ii) Biological functions

	
	
	
	
	

	Rich in species

	
	
	
	
	

	Increase regional diversity

	
	
	
	
	

	Improve thermals conditions of streams

	
	
	
	
	

	Reduce surface run-off

	
	
	
	
	

	iii)    Chemical functions

	
	
	
	
	

	Filtration of nutrient and non-point source pollutants(Baker 2004)

	
	
	
	
	

	
Reduce light penetration

	
	
	
	
	

	Influence air and water temperature

	
	
	
	
	

	Improve water quality

	
	
	
	
	

	iv)  Social Functions

	
	
	
	
	

	Recreation

	
	
	
	
	

	Spirituality (worship /sacred groove)

	
	
	
	
	

	Raw materials 

	
	
	
	
	

	
	
	
	
	
	



Obj. 2 Livelihood Activities of Settlement in Proximity to Riparian Vegetation along the Black Volta Basin in the Lawra Municipality
(11) Are you a native of this community? Yes [ ] No [ ]
(12) How long have you been in this community..............?
(13) What motivate you to settle here along the Black Volta?
i) Crops Farming    [ ]                                            ii) Fishing [ ]
iii) Grazing of animals [ ]                                     IV) Shea and dawadawa processing [ ]
v) Forest harvesting    [ ]                                       VI) Mining [ ]
vii) Tobaco farming [ ]  
ix) Dry season gardening                                       viii) Hunting[ ]
(14)Which of the following factors is the most influencing factor for your settlement here? 
i) Crops Farming    [ ]                                            ii) Fishing [ ]
iii) Grazing of animals [ ]                                     IV) Trading Purpose [ ]
v) Forest harvesting    [ ]                                        VI) Mining [ ]
vii) Access to water for domestic use [ ]            viii) Recreation [ ]
(15) Do you know any other reason(s) beside Q(14) that makes people to settle along the Black Volta Basin? Yes [ ] No [ ]
(f) If yes to Q14, then state the reasons…………………………………………………………………………………………………………………………………………………………………………………
 OBJ. 3. Effects of Livelihood Activities on Riparian Vegetation along the Black Volta Basin in the Lawra Municipality 
 16) What are some of the negative effects of Livelihood activities on riparian vegettion along the river?
i) Low growth and productivity of riparian vegetation [ ]
ii) Reduction in species richness [ ]
iii) Reduction in relative abundance of riparian vegetation species  [ ]
iv) Extinction of native riparian flora species [ ]
v) Affects riparian ecology [ ]
vii) Reduction in services of riparian ecosystems [ ]
viii) Affects the biogeochemical cycle of riparian zone [ ]
17) From Q(16), rate the effects of livelihood activities in a descending order of magnitude using the a 0-10 (the higher the value the more the effect)
	Tick( ٧) in the box
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Low growth and productivity of riparian vegetation
	
	
	
	
	
	
	
	
	
	
	

	Reduction in species richness
	
	
	
	
	
	
	
	
	
	
	

	Reduction in relative abundance of riparian  vegetation species
	
	
	
	
	
	
	
	
	
	
	

	Extinction of native riparian flora species
	
	
	
	
	
	
	
	
	
	
	

	Affects riparian ecology
	
	
	
	
	
	
	
	
	
	
	

	Reduction in services of riparian ecosystems
	
	
	
	
	
	
	
	
	
	
	

	Affects the biogeochemical cycle of riparian zone
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


 (18) Besides the effects listed in Q(17), is they any other effects of livelihood activities on riparian vegetation in the municipality? Yes [ ] No [ ]

(19) If yes to Q (18), then state them ....................................................................................
……………………………………………………………………………………………
OBJ. 4. Measures to Mitigate the Effects of Livelihood Activities on Riparian Vegetation along the Black Volta Basin in the Lawra Municipality
(20) Do we need to control or prevent livelihood activities along the Black Volta Basin? 
Yes [ ] No [ ]
21. Who are the stakeholders of  restoration of the riparian vegetation  of the Black Volta Basin In the Lawra Municipality
a)EPA [ ]
b) Forestry Commission [ ]
c) Lawra Municipal Assembly [ ]
d) Community Chiefs [ ]
e) Assembly Members [ ]
f) Youth groups [ ]
g) Volta River Authority [ ]
f) Tendeme
(22) How can the riparian vegetation of the Black Volta Basin be restored by stakeholders? Tick those applicable
i) Complete ban on logging in riparian zones [ ]
ii) Promoting the concept of natural regeneration [ ]
iii) Creation of Buffer zones [ ]
IV) Prevent farming activities along the river banks [ ]
Many thanks for spending your time to respond to these questions. May God reward you thousand folds. 
By Hon. Augustine Liebo
0240506278/0208941546
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KEY INFORMANTS INTERVIEW GUIDELINES 
1. Why do people settle along the Black Volta Basin in the Lawra Municipality?
2. What are the main livelihood activities of settlers along the Black Volta Basin?
3. What are some of the benefits derived from the riparian vegetation by settlers?
4.  What are some of the prospects of the Black Volta Basin?
5. How does livelihood activities affects the riparian vegetation along the Black Volta Basin
6. What are the measures used in restoring the riparian vegetation of the Black Volta Basin?


















PLATE 3: Photographs of Herbs Counted in the Riparian Zone of the Lawra Municipality

	Andropogon gayanus var gayanus
	Andropogon gayanus var squamulatus
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Andropogon pseudapricus

	
Chloris robusta
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	Hyparrhenia involucrata

	Hyparrhenia dissolute

	[image: C:\Users\Abdul - Kadri ahaya\Desktop\Herbs in Reserves of UWR\Hyparrhenia involucrata.png-1.jpg]
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	Oryza longistaminata
	Paspalum dilatatum
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	Pennisetum pedicellatum
	Shizachyrium ruderale
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Plate 4: Photographs of Shrubs Counted in the Riparian Zone of the Lawra Municipality
	Hibiscus sabdariffa
	Tephrosia pedicilata

	[image: ]
	[image: ]

	
	

	Desmodium velutinum
	Gardenia Ternifolia
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	Gardenia aqualla
	Calotropis procera
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Plate 5 Photographs of Tree Species Counted in the Riparian Zone of the Lawra Municipality
	Acacia gourmaensis
	Acacia hockii
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	Burkea Africana
	Pterocarpus erinaceus
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	Terminalia avicennoides
	Daniellia olliveri
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	Annogeissus leiocarpus
	Balanites aegyptica
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	Mitragyna inermis
	Acacia nolitica
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	Phaedherbia albida

	[image: ]









	
	

	Snapshots with Forest Guards(Lawra FC)
	Journey to Burkina site by Researcher
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	Snapshot of  recorded logging
	Snapshots wood sediments at kambaa bridge
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Frequency	
18 to 24 years old	25 to 36 years old	37 to 48 years old	49/+ years old	86	83	86	83	Percent	
18 to 24 years old	25 to 36 years old	37 to 48 years old	49/+ years old	25.443786982248522	24.556213017751478	25.443786982248522	24.556213017751478	Age Categories

Percent/Freq.



Frequency	
Female	Male	152	186	Percent	
Female	Male	44.970414201183431	55.029585798816569	
Frequency	
JHS	No formal education	Primary	SHS/TECH/VOC.	Tertiary	75	169	31	53	10	Percent	
JHS	No formal education	Primary	SHS/TECH/VOC.	Tertiary	22.189349112426036	50	9.1715976331360949	15.680473372781064	2.9585798816568047	Level of Education

Freq./Percent



Frequency	
Divorced	Married	Separated	Single	Widowed	1	203	10	89	35	Percent	
Divorced	Married	Separated	Single	Widowed	0.29585798816568049	60.059171597633132	2.9585798816568047	26.331360946745562	10.355029585798817	Marital Status

Freq./Percent



Frequency	
Civil/public servant	Dependent	Farmer	Other	Retired	Trader	5	12	222	25	7	67	Percent	
Civil/public servant	Dependent	Farmer	Other	Retired	Trader	1.4792899408284024	3.5502958579881656	65.680473372781066	7.3964497041420119	2.0710059171597637	19.822485207100591	Occupation

Freq./Percent



Frequency	
No	Yes	98	240	Percent	
No	Yes	28.994082840236686	71.005917159763314	
Frequency	
No	Yes	12	326	Percent	
No	Yes	3.5502958579881656	96.449704142011839	
Frequency	
Less than 20 years	21 to 29 years	30 to 43 years	44/+ years	100	70	85	83	Percent	
Less than 20 years	21 to 29 years	30 to 43 years	44/+ years	29.585798816568047	20.710059171597635	25.147928994082839	24.556213017751478	Number of years sepnt in community

Freq./Percent



Livelihood activities of settlement in proximity to riparian vegetation in Black Volta Basin 
Frequency	Crop farming	Fishing	Extensive animals rearing	Trade in shea 	&	 Dawadaw processing	Forest harvest	Mining	Dry season gardening	Hunting	Tabaco farming	296	249	100	114	26	6	145	17	23	Percent	Crop farming	Fishing	Extensive animals rearing	Trade in shea 	&	 Dawadaw processing	Forest harvest	Mining	Dry season gardening	Hunting	Tabaco farming	87.57396449704143	73.668639053254438	29.585798816568047	33.727810650887577	7.6923076923076925	1.7751479289940828	42.899408284023671	5.0295857988165684	8	



Effects of Livelihood Activities on Ripararian Vegetation in Black Volta Basin
Frequency	Low growth and productivity	Reduction in relative abundance of riparian vegetatio	Reduction in servicies of riparian ecosystem	Reduction in species richness	Reduce biogeochemical cycle in riparian zone	Extinction of native riparian flora species	Adversely affect riparian ecology	189	145	130	154	109	121	108	Percent	Low growth and productivity	Reduction in relative abundance of riparian vegetatio	Reduction in servicies of riparian ecosystem	Reduction in species richness	Reduce biogeochemical cycle in riparian zone	Extinction of native riparian flora species	Adversely affect riparian ecology	55.917159763313606	42.899408284023671	38.461538461538467	45.562130177514796	32.248520710059168	35.798816568047336	31.952662721893493	



Frequency	
EPA	Forestry Commission	Lawra Municipal Assembly	Community Chiefs	Youth groups	Volta River Authority	Tendeme	21	43	45	133	29	7	60	Percent	
EPA	Forestry Commission	Lawra Municipal Assembly	Community Chiefs	Youth groups	Volta River Authority	Tendeme	6.2130177514792901	12.721893491124261	13.31360946745562	39.349112426035504	8.5798816568047336	2.0710059171597632	17.751479289940828	Stakeholders

Freq./Percent



Frequency	
Complete ban on logging in riparian zone	Promoting the concept of natural regeneration	Creation of buffer zones	Prevent farming activities within the riparian zone	38	77	86	137	Percent	
Complete ban on logging in riparian zone	Promoting the concept of natural regeneration	Creation of buffer zones	Prevent farming activities within the riparian zone	11.242603550295858	22.781065088757398	25.443786982248522	40.532544378698226	Ways of Restoration of the Riparian Vegetation

Freq./Percent
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