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Abstract

Current development practice stresses the need for community involvement to identify indicators that can monitor progress towards ‘sustainability’ goals at a range of scales and in a range of social, economic and environmental dimensions. These approaches are well documented for arable farming systems with visible soil degradation problems, but less well established for pastoral systems where ecological changes are the main threat to livelihood sustainability. Community-based assessments of rangeland ecosystem condition are slowly being incorporated in international and national monitoring frameworks rather than just local-scale research studies. The key difficulty in facilitating adoption of participatory rangeland degradation monitoring has involved the scaling up from local case study analyses to district and national level frameworks. This chapter discusses frameworks developed in collaboration with the Botswana Ministry of Agriculture to examine the potential for community-based monitoring and evaluation of rangeland condition and the sustainability of pastoral management practices on a national scale. Approaches have focused on participatory identification of rangeland degradation indicators for communities in three regions across Botswana. Following verification in focus group meetings at a village scale, degradation assessment guides have been produced to facilitate community-based monitoring and evaluation of rangeland condition within the surrounding district. The links to field extension workers and Government support are vital to widening the adoption of community-based rangeland degradation monitoring to provide inputs to national monitoring and policy support programmes. Formal adoption of community-based monitoring and evaluation methods remains a key issue to be addressed national policy makers who remain focused on powerful degradation narratives based on desertification due to communal land ownership. If participatory methodologies are to be incorporated into national policy, we argue that greater attention must be paid to these broader systems of national policy-making.
Introduction

Methods for choosing “sustainability indicators” to measure progress towards (or away from) social and environmental goals abound in both the academic and practitioner literature (See: Bell & Morse, 1999, 2003). These range from situations where development experts and environmental managers simply choose what they see as the most relevant indicators, to participatory processes to help communities identify their own indicators. The academic and policy literature on sustainability indicators is now so prolific that King et al. (2000) refer to it as “an industry on its own” (p. 631). However, it is increasingly claimed that indicators provide few benefits to users (e.g. Carruthers & Tinning, 2003), and that, “millions of dollars and much time…has been wasted on preparing national, state and local indicator reports that remain on the shelf gathering dust” (Innes & Booher, 1999, p. 2). This is partly a problem of scale, since the majority of existing indicators are based on a top-down definition of sustainability that is fed by national-level data (Morse & Fraser, 2005). This may miss critical sustainable development issues at the local level and may fail to measure what is important to local communities or to policy makers.   

The formalisation of the use of community-based sustainability indicators is part of the wider adoption of ‘bottom-up’ community involvement in environmental management projects, as supported in various United Nations (UN) Conventions, including the UN Convention to Combat Desertification (UNCCD).  This shift to ‘bottom-up’ approaches has been driven by the recognition of the past failings of ‘top-down’ interventions that have been widely criticised in the development literature (e.g. Chambers, 1997).  A number of important texts (e.g. Stocking & Murnaghan, 2000; Hilhorst & Muchena, 2000; Reij & Waters-Bayer, 2001; Pound et al., 2003) have recently initiated discussions on how community participation in natural resource management initiatives can be extended to include monitoring and evaluation of environmental sustainability, or its converse, land degradation.  The majority of this literature focuses on arable farming systems, either through development of indicator sheets for assessing visible soil degradation (Stocking & Murnaghan, 2000), or through participatory nutrient budget approaches capable of identifying areas where nutrient depletion is a significant problem (Hilhorst & Muchena, 2000). Recently, however, this approach has been extended to examine the utility of such participatory approaches to dryland pastoralist systems (Heffernan et al., 2004; Conroy, 2005). This shift in emphasis requires careful analysis using a range of case study environmental and socio-economic settings, to analyse the extra benefits provided to local communities and to the rangeland ecosystems upon which pastoralist livelihoods depend. 

Botswana represents a relatively wealthy African nation that has engaged meaningfully in the global sustainability debate and produced a National Action Programme for the UNCCD based on formalising community-involvement in land management initiatives (Republic of Botswana, 2004). In addition, it has produced a National Development Plan that advocates “sustainable economic growth and development which takes into consideration efficient use of both renewable and non-renewable resources, equitable distribution of assets, community participation in natural resources management, poverty eradication, and minimum land, water and air pollution” (Republic of Botswana, 1997).  

This chapter presents a methodological framework that has been used to identify, monitor and evaluate sustainability indicators for three study regions in the Kalahari rangelands of Botswana. Discussion focuses on the transferability of the approach and the practical issues identified as critical in upscaling from local scale participatory development and indicator monitoring to national scale support for community-based approaches. As such, our emphasis is on moving from the local to the regional and national, in a case study where the process is supported by global and national agreements and policy statements. 
Case Study Region and Study Sites

The Kalahari, as demarcated by the 2.5 million km2 of southern Africa covered by Kalahari sand deposits (Thomas & Shaw, 1991), represents a diverse dryland region that has been widely reported as suffering from extensive environmental degradation (e.g. Cooke, 1985; Darkoh, 1999) and socio-economic problems in terms of livelihood security and sustainability (e.g. Arntzen & Veenendaal, 1986; Sporton & Thomas, 2002). In particular, over 80 % of Botswana’s land area is Kalahari rangeland, making it an essential precursor of national sustainable development that improved understanding and monitoring of rangeland degradation is provided to support national strategies to implement the United Nations Convention to Combat Desertification (Masilo et al., 1999; Republic of Botswana, 2004). 

There has been a wide range of attempts to assess rangeland degradation in the Kalahari. Approaches have used all the main methods for monitoring dryland degradation, including expert opinion (e.g. Oldeman et al., 1990), satellite remote sensing (e.g. Ringrose et al., 1999; Moleele et al., 2002), plant ecology (e.g. Perkins & Thomas, 1993; Moleele & Mainah, 2003), soil hydrochemical properties (e.g. Dougill et al., 1999), economic analysis (e.g. Perrings & Stern, 2000) and participatory interviews (e.g. Thomas et al., 2000; Reed & Dougill, 2002).  Results from these various approaches have been conflicting and have rarely been communicated to either communal or commercial pastoralists (as the key land managers).  There is, therefore, a clear need for the implementation of approaches that can provide pastoralists (and their community groups) with the capacity to monitor rangeland degradation threats on a local scale with a view to enabling sustainable land use management.  It is also essential that such community-led studies are viewed objectively and used in national policy decision-making on land rights and tenure policies. Government policies in this regard (e.g. Agricultural Policies of 1975, 1991 and 2001) have been widely criticised for their continued reference to ‘Tragedy of the Commons’ based solutions of fencing and private land ownership (e.g. Perkins, 1996; Adams et al., 2002).  Such rangeland privatisation policy initiatives are now globally identified as a cause of worsening rangeland degradation and deepened social and economic inequalities (e.g. Scoones, 1995; Toulmin & Quan, 2000). Analysis of local case studies are likely to be more powerful in influencing national decision-making rather than this international academic debate that has failed to change Government policy due to the continued push for further privatisation of land ownership (Sporton & Thomas, 2002).

As part of international efforts to implement greater community-based monitoring and management of communally-owned rangelands, the Global Environment Facility (instigated by the UN Environment Programme) is currently (2002 – 2007) funding a pilot project in Botswana, Mali and Kenya on “Management of Indigenous Vegetation for the Rehabilitation of Degraded Rangelands in the Arid Zone of Africa” (Indigenous Vegetation Project, or IVP, for short).  This project’s aim is “to empower local pastoral communities to monitor and manage their rangeland and to develop, adapt and apply traditional and innovative rangeland management strategies”. This involves the establishment of community rangeland committees in three study regions in the Kalahari of Botswana (South West Kgalagadi, mid-Boteti and Kweneng Districts) in a move to transfer community-based natural resource management initiatives from their usual focus on wildlife management zones (Twyman, 2000; Taylor, 2003) towards communal rangelands. The project is supported by (and based in) the Ministry of Agriculture who have provide logistical field support throughout as part of its initiatives as part of the National Action Programme on Desertification (Republic of Botswana, 2004). 

A key first stage in establishing a successful community-based natural resource management project intervention is the inclusion of all stakeholders (especially local communities) in identifying the mechanisms, or indicators, for assessing problems of resource degradation and evaluating the impact of management decisions on environmental and livelihood sustainability (van Rooyen, 1998).  Whilst many authors are reflecting on the problems in using participatory processes to try to gain a single community view on key development issues (e.g. Cooke & Kothari, 2001), others continue to highlight the empowering role that participatory research can have in the development arena (e.g. Williams, 2004; Chambers, 2005).  To this end, preliminary research by the authors (Reed & Dougill, 2002; Dougill & Reed, 2005) in Southern Kgalagadi District, was identified by IVP as a methodological tool capable of empowering communities to identify suitable indicators of rangeland degradation. In this context, IVP supported a participatory research process in two of their three study regions (South West Kgalagadi District and mid-Boteti in Central District).  This chapter focuses on analysing the findings of participatory environmental research in these three communal rangeland regions (Figure 1), each of which has a distinctly different environmental and social setting (Table 1) that offers a useful framework for comparative analysis.  Prior to this analysis it is essential that the methodological framework followed be detailed.  

Methodological Framework – Participatory Indicator Development

The literature on sustainability indicators falls into two broad methodological paradigms (Bell & Morse, 2001): one that is expert-led and top-down and one that is community-based and bottom-up. The first finds its epistemological roots in scientific reductionism and uses explicitly quantitative indicators. This reductionist approach is common in many fields, including landscape ecology, conservation biology, soil science, as well as economics. Expert-led approaches acknowledge the need for indicators to quantify the complexities of dynamic systems, but do not necessarily emphasise the complex variety of resource user perspectives.  The second paradigm is based on a bottom-up, participatory philosophy. It draws on the social sciences, including cultural anthropology, social activism, adult education, development studies and social psychology. Research in this tradition emphasises the importance of understanding local context to set goals and establish priorities and it acknowledges that sustainability monitoring should be an on-going learning process for both communities and researchers (Freebairn & King, 2003). Proponents of this approach argue that to gain relevant and meaningful perspectives on local problems, it is necessary to actively involve social actors in the research process to stimulate social action or change (Pretty, 1995) and to enable discussions to span a range of spatial scales (Williams, 2004).  Whilst it is simple to view these two approaches as fundamentally different, there is increasing awareness and academic debate on the need to develop innovative hybrid methodologies to capture both knowledge repertoires (Batterbury et al., 1997; Nygren, 1999; Thomas & Twyman, 2004) and that can then go further by applying this integrated knowledge to inform land managers and policy-makers (Kiker et al., 2001; Folke et al., 2002).  As yet, there remains no consensus on how this integration of methods can be best achieved (Abelson et al., 2003) and our analysis is designed to inform these ongoing debates.

The process used to harness community participation in this study is summarised in Figure 2 and uses semi-structured interviews with members of each community to develop a series of indicators that identify environmental degradation so that communities can then monitor environmental change with the use of a rangeland condition assessment guide developed for each of the study areas.  The framework outlined in Figure 2 was developed over an 18-month timeframe of collaborative research between the researchers and Ministry of Agriculture extension staff on a 100 km transect from Tsabong to Bray in South Kgalagadi (Study Area 1 in Figure 1).  It was then applied in streamlined form during three-week study visits at two of the IVP study sites (South West Kgalagadi and mid-Boteti) where logistical interview support was available from both IVP and Ministry of Agriculture staff who were trained in the participatory research methods needed for such a community-led indicator development approach. This support of such bottom-up initiatives displays the Botswana Government’s engagement with supporting community-based natural resource management initiatives as part of its Sustainable Development Plans (Republic of Botswana, 1997; 2004). 

The methodological approach starts with household-scale livelihood analyses in which livelihood constraints and opportunities are identified and discussed. Changes in natural capital (or environmental resources) form a key part of such discussions and respondents in all areas identified threats caused by both long-term rangeland ecological change and recent drought events. The approach was based on a “sustainable livelihoods analysis” (SLA) that involved semi-structured interviews to examine social, financial, physical, human and natural capital assets used by households to ensure livelihood security (Scoones, 1998). SLA analyses have been used widely throughout Southern Africa to examine the links between land use decisions and ecological changes (see Scoones & Wolmer, 2003, for a recent review). The SLA approach provides a mechanism to facilitate an extended discussion between researchers and community members of rangeland degradation indicators and how these indicators have changed through time, specifically in association with rainfall variations, policy changes and market shocks.  These iterative discussions between researchers (who have both ecological and social science training) and local pastoralists provide a range of sustainability indicators and management strategies that are then discussed further in community focus groups and with agricultural extension workers from across a district. The iterative nature of the community-science dialogue is central to establishing a more diversified understanding that combines scientific and local knowledge. The framework outlined in Figure 2 builds on the view that community empowerment can be enabled by using local knowledge as the starting point in research and then using scientific tools as a means of extending the local findings to wider areas for environmental management.  

Research Findings

The initial semi-structured interview stage of the research (67, 40 and 53 respondents in Study Areas 1, 2 and 3 respectively) produced long lists of indicators based on local knowledge in each of the three study sites (83, 57 and 75 indicators provided in Study Areas 1, 2 and 3 respectively). This displays the wealth of information available in pastoral communities, and also the breadth of this information, with indicators covering vegetation changes, soil attributes, livestock condition, wild animal and insect communities and socio-economic conditions (Table 2). Evaluations of the utility of each of the different indicators was then conducted in two stages (right hand side of Figure 2): (1) with communities in focus group meetings (3 village meetings in each area with typically over 20 people present); and (2) in scientifically led appraisals based on field monitoring at sites of different degradation status and in discussions between ecological researchers, key informants and agricultural extension workers. This two-stage process qualitatively evaluated the ‘accuracy’ and ‘ease of use’ of each indicator proposed before testing them empirically. Focus group meetings were held in three communities at each site and ranked indicators against accuracy and ease of use criteria. Group discussions were also initiated in these meetings on what communities perceived as ‘early warning indicators’ that were defined as “the first signs that land is going to lose its productive potential due to human use.” Discussion on these early warning indicators proved valuable in linking environmental monitoring to the management decision-making process. This process produced significantly shorter lists of agreed early warning indicators (9, 12 and 14 indicators agreed as useful by at least 2 of the focus group meetings in Study Areas 1, 2 and 3 respectively – see Table 3).  

Early warning indicators were evaluated using appropriate scientific sampling at sites of different degradation status assigned using a grazing gradient sampling approach with degraded sites sampled close to boreholes and with degradation viewed as declining exponentially with distance from borehole (as per Perkins & Thomas, 1993). The involvement of key informants from communities and extension workers in the ecological sampling process enabled a greater depth of management information to be obtained from land users in terms of their use of different ecological habitats at different times of a year, and between years, through discussion whilst actually in the rangelands rather than the usual interview setting of a homestead. 

There was considerable overlap between local knowledge of indicators and scientific literature. In addition, the majority of indicators suggested by community members were validated through soil-based and ecological sampling (Reed, 2005). Indicators were measured along degradation gradients to determine their capacity to represent degraded land states i.e. accurate degradation indicators should be present in degraded land and absent from non-degraded land, evidenced by a decreasing frequency of indicator measurements along degradation gradients. Although it was not possible to test all suggested indicators the majority were tested in the field. Evidence was found to support 67 %, 35 % and 80 % of indicators in Study Areas 1, 2 and 3 respectively. The lower figure at Study Area 2 is most likely related to spatial patterns of degradation being associated with complex linear dune patterns in the area (Thomas & Shaw, 1991) rather than simply a gradient away from a waterpoint.  Some key indicators, for example reduced grass cover and increased bare ground, were identified by community members and supported by field observations at all study areas (Table 4 presents summary of these indicators). By evaluating and disseminating local indicator suggestions, the research was able to build upon and share valuable local knowledge as well as to facilitate some interesting discussions in areas where disagreements were apparent between community members. The indicators developed through this research are therefore highly familiar to land managers who have the capacity to apply them without any need for specialist training or equipment. Land managers also had the opportunity to reject or adapt indicators (from other study areas or literature) that were not considered to be relevant locally.

This research, in a similar vein to previous studies elsewhere in the Kalahari (Chanda et al., 2003; Thomas & Twyman, 2004; Twyman et al., 2002), highlights that communities have spatial and temporal awareness of the environmental variability that typifies dryland environments.  It also supports the conclusion that conventional expert-led indicators of degradation (e.g. % cover of palatable perennial grasses) over-simplify degradation assessment by leading to polarised views of either ‘good or bad’ rangeland (Thomas & Twyman, 2004), rather than focusing on the management adaptations to ecological changes that retain overall pastoral system productivity.  Our findings show the need to integrate studies on local knowledge, ecological monitoring approaches and policy discussions from the start of any project involvement. This is vital for grazed rangelands as traditional scientific views on using individual grass species fodder assessments (e.g. van Oudsthoorn, 1999) provide only single species views rather than considering the fodder heterogeneity of a landscape that is vital to livestock health and thus pastoralist decision-making (Scoones, 1995). Our findings also demonstrate that the process of involving all key stakeholders in the provision of a list of scientifically ‘accurate’, locally ‘easy to use’ and policy ‘relevant’ indicators can achieve the hybrid knowledge that is conceptualised in academic debates. In our studies, the scientific evaluation stage successfully tied each of the agreed early warning indicators to management suggestions for the specific region and guided the production of rangeland assessment guides that will facilitate community monitoring of rangeland condition (Reed, 2005). The rangeland assessment guides produced in the communities in each region will be distributed more widely by the Ministry of Agriculture to attempt District-scale adoption of participatory rangeland monitoring and management.   

The participatory methodological framework developed (Figure 2) has successfully engaged a wide range of stakeholders (communal and commercial pastoralists, rich and poor, extension workers and policy-makers) in the identification and evaluation of degradation indicators, resulting in the production of three sub-District level rangeland assessment guides. The differences in the lists of key ‘early warning degradation indicators’ between the three sub-District regions (Table 3), and between conventional scientific indicators (Field, 1978; van Oudtshoorn, 1999), displays that the bottom up indicator development process can be usefully integrated with participatory, expert and scientific evaluation to provide shorter, sub-District specific lists of indicators that can then guide wider community-based rangeland monitoring and management. The impact of assessment guides on longer-term livelihood and environmental sustainability remains to be seen. However, preliminary indications suggest that the process has aided community empowerment and provided a formal framework that the Ministry of Agriculture could use to move to the participatory methods of environmental monitoring and management advice recommended by international environmental conventions.  Indeed through IVP, the Ministry of Agriculture is now looking at establishing a methodology that can be applied at a national scale based on the lessons learnt in this research and mirroring much of what is displayed in Figure 2.

Discussion: Scaling Up from the Local

Whilst local-scale studies for Study Areas of up to 100km by 100 km (in Districts with total populations of less than 10,000 people and c. 100,000 livestock) outlined here have significant benefits for community capacity-building and empowerment, the ability to upscale from such local-scale studies to national implementation has been questioned (e.g. Fraser et al., 2005). Our findings have successfully scaled up from the three Study Areas to enable production of sub-district level rangeland assessment guides (and lists of degradation indicators) that have gained acceptance by a range of key stakeholders and other communities across the sub-District scale (100 km x 100 km).  However, there remains a very significant challenge to assess the ability to upscale beyond the sub-District scale, such that improved District or National monitoring of degradation problems can be initiated based on community-led approaches, as recommended in global environmental agreements and national sustainable development policy statements. One mechanism to achieve this is the shared evaluation of lists of indicators from a range of different study areas through community focus groups. We have recently used such a participatory (multi-criteria) approach for our three Study Areas and this has produced a shorter list of agreed ‘degradation indicators’ (Table 4) that could be used as a starting template of indicators that are both accurate and easy to use across the wider scale of Kalahari rangelands (ie. a single agro-ecological zone). However, we would stress that this list hides important differences between the study regions (Table 3) and is not a list that could be used for the whole of Botswana due to the very different agro-ecological conditions found outside the Kalahari (notably in the Eastern Hardveld, but also in dry sub-humid Northern regions). As such, any truly national study would need to be founded on integrated (community-led and scientifically evaluated) approaches in each agro-ecological zone found within a country. As such, participatory research should only offer a methodological template for use more widely on a local-scale and not claim to provide new widely applicable lists of degradation indicators or management practices.  

We argue that the feasibility of moving to adoption of national approaches developed from local community-led studies rests not in further methodological developments. This view is based on our wider experience of adapting and applying the research framework proposed here (Figure 2) into other agro-ecological zones globally. Most notably, we have used this framework as the methodological guide in applied land use scenario studies in identifying and assessing multiple land use options in an upland UK based study (Dougill et al., in press).  Instead, we argue that what is needed is the institutional support (from Government and UN agencies) required to move extension services from being top-down dissemination and education-driven, to being bottom-up and facilitative of implementing community-led monitoring and management planning. Achievement of such a fundamental and radical move needs to start by training agricultural staff in the participatory approaches needed to identify relevant and innovative local knowledge on agricultural management practices (Chambers, 2005).  This process has been initiated through IVP with extension staff trained in the use of participatory methodologies in each of their three study areas. Further training on the use of such methods to all extension staff is now needed together with their inclusion in agricultural extension staff training programmes such as at the Botswana College of Agriculture.  Ultimately such initiatives require local institutional support for community-based natural resource (rangeland in our case) management institutions where all community members (and extension staff) can discuss and implement management options in a manner that will enable collaborative learning of all involved.  Ideally, such bodies will also then be able to monitor the effectiveness of different management strategies by using the lists of degradation (or sustainability) indicators deemed relevant for their study region. More conventional environmental degradation monitoring approaches (ecological survey, satellite remote sensing and economic analyses of agricultural outputs) will retain a role in evaluating the relevance of such community-based assessments of land degradation problems. These conventional approaches should not be seen as the methods that can justify the need for continued large-scale desertification funding due to the limitations in these broader-scale analyses. 

In conclusion, we have outlined a methodological framework capable of use by communities to select and choose relevant rangeland degradation indicators to monitor and guide planning towards sustainable development.  We stress, however, that these community-led methods must be more directly and quickly fed back into the formal planning process and that new community-based institutions must have formal Government support, especially through reform of Extension Services. This remains a significant challenge for the UN funded Indigenous Vegetation Project and the Government of Botswana’s Ministry of Agriculture where this project is based as it will require a fundamental change in the training programmes of range ecology staff. The incorporation of such approaches into Government Agricultural policy or extension services practices outside the IVP study areas has been minimal suggesting that much greater efforts are required to institutionalise such participatory land degradation assessment methodologies. Counter to this are powerful, often neo-Malthusian narratives of degradation and desertification, that continue to dominate policy discourse and limit the extent to which hybrid combined local and scientific knowledges have provided improved land degradation assessment in southern Africa (Stringer & Reed, in prep.). We argue that for such community-led approaches to be relevant, degradation indicators need to be collected at as local a level as possible, and then scaled up using relatively simple and transparent aggregation processes. If achieved, this would allow information to be both summarised quickly for policy makers, and unpacked for more careful (and larger-scale) monitoring and follow-up in terms of community-scale management decisions. 

Our approach has shown that local participation in indicator development can create assessment guides that enhance the accuracy and relevance of land degradation assessment. This work needs to be extended by evaluation of the impact that this improved assessment, and the collaborative learning between and within communities, can have in enabling sustainable land management that provides greater livelihood security for pastoralist communities. Equally, without valuing the inclusion of local and integrated forms of degradation assessment within national policy, the extent to which communities can be empowered and their knowledges applied over larger areas, remains limited. While the importance of degradation in hindering sustainability has been recognised in the UNCCD, as yet, national level policy interventions in Botswana fail to address the land degradation issues that matter to rural people and their livelihoods. Despite research providing information on both local and scientific indicators of degradation, policies remain focused on traditionally powerful degradation narratives. The result of this is that the broader structures within which land users operate remain unchanged, as the root causes of the problem are ignored.  Therefore if participatory methodologies (such as those developed in this research) are to be incorporated into policy, greater attention must be paid to these broader systems of policy-making and governance.  Without this sort of reflection, the broad applicability of participatory degradation indicator development could remain elusive.
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Tables and Figures

Table 1  Key differences between study areas used for participatory indicator development research in the Kalahari

	Site Characteristics
	Study Area 1

(Tsabong-Werda)
	Study Area 2

(Bokspits)
	Study Area 3

(Mid-Boteti)

	Average annual rainfall (mm)
	315
	150-200
	372

	Interannual rainfall variability (%)
	45
	>50
	35

	Soil type (FAO classification)
	Arenosols
	Arenosols
	Calcisols and luvisols

	Vegetation type 
	Southern Kalahari bush savanna
	Arid bush savanna
	Colophospermum mopane woodland and pan grassland

	Ethnic composition
	Batswana, Herero and Eurasian
	Mixed race
	Bakalanga, Bahurutshe, Bangwato, Bananjwa, Barotsi, Bayei, Nyadzwbye

	Community interest
	Community leaders and local extension workers expressed a strong desire to collaborate during reconnaissance visit
	Communities actively involved in IVP
	Communities actively involved in Indigenous Vegetation Project (IVP)

	Logistical support provided by
	South Kgalagadi Veterinary Services
	IVP
	IVP


(summarised from Reed, 2005)
Table 2. Breakdown of types of indicators identified by communities in initial semi-structured interviews in three Botswana study sites.   

	Category/Dimension
	% of indicators in Study Area 1 
	% of indicators in Study Area 2
	% of indicators in Study Area 3
	Selected Examples


	Vegetation
	54
	58
	39
	Decreased grass cover; Increased Acacia mellifera cover; Increased weed / creeper cover

	Soil
	16
	9
	19
	Increased soil ‘looseness’; increased incidence of dust storms

	Livestock 
	21
	11
	19
	Declining livestock weight; increased rates of Aphosphorosis (Stiff Sickness)

	Wild animal and insects
	5
	14
	17
	Decreased abundance of small antelope species; decreased abundance of harvester termites

	Socio-economic
	4
	9
	7
	Increased household expenditure on food; increased out-migration 


Table 3.  Early warning degradation indicators prioritsed by community focus groups in the three study areas.

	Study Area 1 - South Kgalagadi
	Study Area 2 - South West Kgalagadi
	Study Area 3 - Mid-Boteti

	Vegetation Indicators

	Decreased grass cover

Increased proportion of trees dropping leaves

Decreased abundance of trees

Increased abundance of unpalatable grasses

Decreased abundance of palatable grasses

Increased abundance of unpalatable forbs


	Decreased grass cover

Trees and bushes stunted

Decreased abundance of trees

Decreased abundance of palatable creepers

Decreased abundance of veld fruits

Increased abundance of Rhigozum trichotomum bush species cover
	Decreased grass cover

Trees and bushes stunted

Decreased abundance of trees

Increased quantity of dead trees

Decreased rain use efficiency of vegetation

Increased ability to see through vegetation stands

Decreased availability of thatching grass

Decreased grass height

	Soil Indicators

	Increased soil looseness
	Active unvegetated dunes

Increased soil looseness

Reduced soil moisture retention (soil dries out faster)
	Softer, more powdery, appearance

Increased incidence of dust storms

Reduced soil moisture retention (soil dries out faster)

Increased water infiltration rate

	Livestock Indicators

	Reduced livestock weight

Increased incidence of botulism
	Livestock walk further from water
	

	Wild Animal and Insect Indicators

	
	Decreased abundance of game and predators

Decreased abundance of grasshoppers

Increased abundance of harvester termites

Increased abundance of “malelekatou” ants
	Decreased abundance of game and predators


Table 4: Indicators considered accurate and easy to use by stakeholders in all three study areas
	Indicator

	Agricultural

	Declining livestock condition/ loss of weight

	Decreased calving rate

	Increased livestock mortality/ declining herd size

	Decreased milk production

	Livestock walk further from water/ spend longer between drinking

	Increased incidence of Aphosphorosis (Stiff Sickness) due to consumption of poor grasses

	Vegetation

	Decreased grass cover

	Decreased vegetation cover/ increased bare ground

	Decreased abundance of wild fruits

	Decreased abundance of trees

	Increased abundance of dead trees

	Decreased abundance of Grewia flava bushes

	Decreased rain use efficiency

	Trees and bushes are increasingly stunted

	Decreased plant diversity

	Decreased abundance of medicinal plants

	Soil

	Increased soil looseness

	Decreased soil organic matter content

	Increased density of cattle tracks

	Wild Animals and insects

	Decreased abundance of birds

	Decreased abundance of game (grass-eating antelope disappear first) and predators

	Socio-Economic

	Increased polarisation of rich and poor

	Increased household expenditure on products formerly obtained from rangeland and decreased income from range products

	Out-migration of farmers


Figure 1. Study Areas within Botswana (Study Area 1 – South West Kgalagadi District; Study Area 2 – South Kgalagadi District; Study Area 3 – Mid-Boteti District).
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Figure 2 Methodological framework for sustainability indicator development and application used in all three Study Areas
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