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Summary

There have been few attempts to develop and apply sustainability indicators for natural resource management at a farm-level, and even fewer have fully consulted land users from the initiation of this process. While environmental sustainability indicators need to be accurate and reliable, land users also need them to be rapid, cost-effective and easy to use, in addition to being linked to management objectives so they can be targeted at community empowerment and sustainable natural resource management.  To develop farm-level sustainability indicators that meet these criteria, a framework for participatory indicator development is provided that integrates land user knowledge with biogeographical information. Integration of qualitative and quantitative approaches incorporating biogeographical evaluation of land user indicators in the context of livelihoods analyses leads to a more concise and useable list of sustainability indicators. Extension workers who are traditionally grounded in quantitative assessment methodologies can readily adopt the combined approach advocated here. Case study material shows that Kalahari pastoralists in South West Botswana use over eighty sustainability indicators for natural resource management.  However, indicator knowledge is sparsely dispersed and varies between different social groups.  Dissemination of sustainability indicator information is ongoing with the production of rangeland evaluation guidebooks in collaboration with the Ministry of Agriculture.  These guides are designed to enable participatory rangeland condition assessment and link this to locally applicable natural resource management advice.  In this way, our research suggests it is possible to empower communities to monitor and respond to rangeland degradation in order to enhance the sustainability of natural resource management.

Introduction: Sustainability indicators and participatory research

There has been much recent debate on the ability of participatory research to provide both qualitative insights into livelihood options and decision-making controls together with quantitative assessments of environmental sustainability (e.g. Abbot and Guijt, 1998; Rigby et al., 2000; Morse et al., 2001). One way in which this can be achieved is to extend the qualitative, livelihoods analytical framework (Scoones, 1998), to identify quantifiable indicators of environmental sustainability.  Thus far, farmer-led approaches have focused largely on deriving indicators of land degradation, rather than of sustainability, and have concentrated on mixed and arable farming systems (e.g. Rigby et al., 2000, Stocking and Murnaghan, 2001).  As yet, no farmer-led studies focus on the complexity of issues and environmental changes that typify the highly dynamic semi-arid rangelands (Behnke et al., 1993) that support the livelihoods of over 25 million African pastoralists (Lane, 1998). 

If sustainability indicators are to empower communities, they must be simple, rapid and inexpensive, in addition to being accurate and reliable (Pretty, 2001).  The majority of sustainability indicators for natural resource management have been highly quantitative.  They have been identified, selected and applied by researchers and often carry little meaning for local communities.  As such, there is no accepted framework for participatory identification, evaluation and selection of sustainability indicators that can feed into rangeland management decisions at household, community and institutional levels.  A number of recent studies have taken a more qualitative approach to indicator development, eliciting indicators from local communities (e.g. Bellows, 1995; Kipuri, 1996; Woodhouse et al., 2000), but have been unable to ensure accuracy and reliability.  By integrating qualitative and quantitative participatory methods it is possible to combine the strengths of both approaches. 

This chapter reports on research with pastoralists in Kgalagadi District, South West Botswana.  It provides a methodological framework combining qualitative livelihoods analysis with more quantitative participatory environmental monitoring research.  Outputs of integrated assessments can enable land managers to monitor environmental changes either independent of, or together with, Government extension workers. Participatory environmental monitoring can feed into joint natural resource management decisions informally through social networks or formally through the establishment and support of community committees. This chapter concludes by arguing that involvement of pastoralists, extension workers and policy-makers in integrated qualitative and quantitative environmental monitoring can empower decision-makers to manage natural resources more sustainably, especially for marginalised African pastoral communities.

Background: Frameworks for Participatory Indicator Development

From Degradation to Sustainability Indicators

The meaning of sustainability differs in time and space, and between individuals. Without a precise operational definition, eliciting sustainability indicators from local communities becomes problematic. This may explain the absence of farmer participation in the development of sustainability indicators to date.  Operational definitions of land degradation are however well established (UNEP, 1997), and eliciting degradation indicators from communities is relatively straightforward (Stocking and Murnaghan, 2001). As the antithesis of sustainability, degradation indicators may be reversed to derive sustainability indicators.  This research advocates the integration of quantitative approaches into participatory (largely qualitative) analyses to validate and short-list the most effective community indicators and to involve community members in the participatory environmental monitoring. 

Existing Sustainability Indicator Frameworks

A number of frameworks have been developed to classify sustainability indicators with much emphasis on how best to integrate local community knowledge with external scientific knowledge. The most widely used frameworks employed by development agencies are the Framework for the Evaluation of Sustainable Land Management (FESLM) (Smyth and Dumanski, 1995) used by the World Bank, and the Pressure-State-Response (PSR) (OECD, 1993) and Driving Force-State-Response (DSR) (UNCSD, 1996) frameworks.  

Although none of these frameworks are explicitly participatory, classification frameworks like these go further than the positivist scientifically-driven attempts to define indicator evaluation criteria.  For example, Breckenridge et al. (1995) developed a framework in which indicators were identified by interdisciplinary teams of researchers, who evaluated them with reference to a list of predefined evaluation criteria and tested them with empirical research and then re-evaluated them. Rennie and Singh (1996) developed a similar framework in which indicators were identified by researchers; however, communities short-listed indicators which became “community-derived”.  

The development of pre-defined, externally generated evaluation criteria for indicators does not acknowledge the diversity of stakeholders with wide-ranging perceptions of relevant criteria.  Participation of stakeholders in the development of evaluation criteria is therefore essential to select appropriate indicators.  Determining user objectives and evaluation criteria prior to the identification and selection of indicators is therefore a key step, but one that has been rarely addressed in indicator development frameworks. In the Kalahari research case study here, this is undertaken by differentiating analysis on the basis of pastoralist land tenure status.  In such pastoralist societies, land tenure can be viewed a key element of an individual's environmental entitlements.

Recent studies have taken the identification of sustainability indicators a step further towards empowering communities, by incorporating them into indicator-based management guides to assess land degradation (e.g. Savory, 1988; Milton et al., 1998; Stocking and Murnaghan, 2001).  However, community involvement in their development and testing has been limited and therefore empowerment negligible.  Milton et al. (1998) for example, provide one of the most comprehensive suites of indicators for farm-level assessment.  However, their guide was restricted to vegetation and soil-based indicators, with limited reference to socio-economic indicators that are of greater importance to individual pastoralists. Savory's (1988) biological monitoring method is more appropriate in that it used a combination of plant, animal and soil factors as indicators of range condition, but the suggested data collection methods were too complicated and time-consuming to achieve widespread uptake. Consideration of socio-economic variables in assessments of environmental degradation (or sustainability), together with more applicable indicators of rangeland ecological changes, are both therefore required if more applicable indictors of environmental sustainability are to be provided for African rangelands.

Link from Livelihoods Analysis Approaches and Frameworks

The recognised need for holistic research on natural resource use, matches the evolving focus of interdisciplinary livelihoods analytical approaches (Scoones, 1998).  This livelihoods framework designed for systematic analysis of poverty has also gained widespread acceptance and adoption in natural resource related development projects (Ellis, 2000).  Consequently, the research framework proposed here for sustainability indicator identification evolves from more general sustainable livelihoods analyses that have been employed on projects elsewhere in this region (Ashley, 2000; Twyman et al., 2001).  

Livelihoods approaches can be extended using a range of participatory approaches designed to provide both qualitative and quantitative information on the nature of changes in ecological communities and indicators.  This information can then be used to develop indicators suitable for use by individuals or community groups to monitor changes in natural resource assets.  Key methods advocated in such a participatory indicator development process include participatory mapping of different ecological resource zones (e.g. Twyman et al., 2001) through transect walks or drives with key informants.  Another vital method in such dynamic rangeland systems is the use of oral testimonies or histories with elder informants who can outline significant historical transitions between ecological states (e.g. Kepe and Scoones, 1999).  It is thus essential that a research framework for sustainability indicator identification integrates qualitative livelihoods analysis with appropriate quantitative elements of participatory environmental monitoring to assess the different ecological communities across a region.  It is to this end, that the Participatory Indicator Development framework proposed here was developed and applied in Kalahari rangelands of South West Botswana.

Research Design and Methods: Proposed Framework

Building on existing participatory research frameworks, the model proposed here stresses the need for farmer involvement at every stage in the research process (Figure 1 - subsequent numbers in parentheses refer to the research stage outlined in Figure 1).  Although the simplified diagrammatic presentation implies a series of distinct stages, the key element is the simultaneous use of the different approaches in order to integrate the qualitative and quantitative, as well as the environmental with the socio-economic.  

The research framework starts by identifying relevant stakeholders and conducting a wealth ranking in order to select a representative sample for interviewing (1). Semi-structured interviews were then conducted with pastoralists and key informants to identify the key livelihood constraints and the causes of poverty at a household level, together with discussion of the objectives that different stakeholders wish indicators to meet (1).  It is critical that local communities define the indicator objectives and their evaluation criteria.  Much of this can be achieved using a livelihoods approach to structure the initial phases of pastoralist interviews (1).  In addition, interviews were extended to include discussion of what interviewees used as rangeland degradation indicators (2).  Pastoralists interviewed at this initial research stage were asked to identify objectives they would like indicators of rangeland degradation to meet.  They were also asked to identify potential management solutions to rangeland degradation.  This information was supplemented by key informant interviews, seeking innovative land users and their innovations.  Where this was problematic, they were asked to identify their main objectives for farm management, followed by an assessment of the extent indicators could help meet these objectives.  In this way complex environmental issues and terms are placed into the context of household decision-making and livelihood opportunities and constraints. 

Consistent with accepted degradation definitions (Abel and Blaikie, 1989; UNEP, 1997), rangeland degradation was defined as areas of formerly productive rangeland that have declined in their agricultural productivity independent of rainfall variability.  Pastoralists were also asked to identify which of these indicators they would expect to change first before a degraded state was reached. These "early warning" indicators are process-based and are vital to improving agricultural extension advice and to enabling individual pastoralists to adopt opportunistic management approaches capable of preventing rangeland degradation.  

Interviews in the indicator identification stage of research included all pastoral groups in the region so that wealth and land tenure status could be assessed as factors potentially affecting knowledge and management decision-making. By differentiating analysis of responses from different groups it may be possible to better target outputs. 

Indicators cited by local communities were also integrated with indicators from the literature (3). The resulting list of parameters were evaluated in community focus groups held in 4 villages, as well as separate discussion groups of women and poor (classed as those who don’t own livestock) to assess their accuracy and ease of use as indicators (4).  A number of criteria for evaluating indicators were elicited from farmers, though "accuracy" and "ease of use" summarise the majority of them well (Table 1).  

The next stage of the methodological framework involves investigation of the degradation indicator short-list (5), using quantitative biogeographical and economic techniques (6).  To achieve this, study sites were identified on a continuum from degraded to non-degraded, using economic criteria, notably herd size trends, consistent with the UNEP (1997) definition of land degradation. Trends were normalised for rainfall, and other factors influencing trends were explored in semi-structured interviews with farmers at each borehole.  Degradation is inferred where declining herd size is involuntary, and linked to rangeland condition.  Changes in rangeland condition are gained using oral histories.  Herd size trends are derived both from livestock census data and from pastoralists' records. Indicators on the short-list are then measured at each study site using biogeographcial techniques, to determine which indicators best characterise the identified degraded sites.  The community then evaluated the outputs of this research in further focus groups (6).  In this way the approach retains a participatory, iterative development despite the use of conventional quantitative ecological appraisal methods. 

Dissemination of findings across a region should facilitate farm level application and thus aid decision-making by individual pastoralists.  In this case, we propose to disseminate findings through rangeland assessment guidebooks, similar to those produced for the Karroo by Milton et al. (1998).  Draft guides have been developed integrating indicators with management strategies that may prevent or ameliorate degradation (7).  These guidebooks will be trialled with a representative sample of community members in order to optimise their adoption potential (8), prior to wider production and distribution through the Ministry of Agriculture (9).  The process is iterative throughout with periodic reviewing of indicator performance in collaboration with local communities (9), to ensure that guidebooks remain relevant to dynamic user objectives and assets.  This will lead to rejection, adaptation, and/or adoption of indicators for future guide editions. Ongoing assessment of the impact of such guides in affecting decision-making and supporting more sustainable rangeland management is a vital element of the research.  This has been enabled through institutional support from the Ministry of Agriculture, and every effort has been made to fully involve their extension workers as well as the communities themselves in every stage of the research, as this will determine post-project success and dissemination of good practice. 

Table 1. Indicator evaluation criteria of Kalahari pastoralists 

	Indicators should:

	Ease of use criteria

	Be easily measured

	Be rapid to measure

	Be timely

	Make use of existing skills and knowledge

	Accuracy Criteria

	Be reliable and robust

	Be representative of system variability over space and time

	Be scientifically credible

	Be relevant to the system/region being evaluated

	Be diverse, encompassing a wide range of variables
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Figure 1: Participatory Indicator Development Methodological framework 
Case Study Findings 

The application of the Participatory Indicator Development framework to pastoral livelihoods research in Kgalagadi District, South West Botswana remains ongoing and has since been replicated at two other sites in Botswana (mid-Boteti and SW Kgalagadi).  The initial findings and discussion provided here are based solely on studies in the south of Kgalagadi District and extends a previous review of the indicator identification stages (1-3) (Reed and Dougill, 2001).  This chapter also discusses the findings by incorporating preliminary discussion of the primary indicator evaluation stages (4,5) and of the evaluative stages (6-9).  Analysis here is focused on the methodological issues that need consideration prior to wider application of the Participatory Indicator Development framework to other communities and/or environments. 

Stakeholder Identification and Livelihoods Analysis (1)

Indicator objectives were determined in two ways.  Pastoralists who were able to identify objectives for indicators to meet, most frequently cited improved rangeland and livestock management, in addition to income generation.  However, objectives were more frequently elicited through an assessment of management objectives, which led to greater emphasis on increasing herd size and quality, and improved income generation.  

All respondents suggested that useful indicators should be easy and rapid to use, relevant to the target area, and use existing skills and knowledge (Table 1).  Land owners also suggested that indicators should be reliable over space and time, should encompass a diverse range of parameters and should be possible to monitor visually on a daily basis. This indigenous evaluation information is essential to optimise the value of indicator-based management tools produced and to ensure their widespread uptake.

As part of the initial livelihoods survey, pastoralists were asked to identify what they perceived as their main constraints to maintaining a secure livelihood.  Changes and access to natural resources (both ecological and water) were the most widely cited constraint (72 % of those interviewed).  Bush encroachment (almost entirely attributed to Acacia mellifera) was the most commonly cited problem, matching widespread concern over this phenomenon in the ecological literature (e.g. Dougill et al., 1999). Perceived constraints in the other capital assets were lower, with 42 %, 34 %, 32 % and 15 % of farmers stating that they experienced constraints due to their financial, human, physical and social capital asset status respectively.  
Participatory Selection of Rangeland Condition Indicators (2)

In total, 83 indicators were elicited from farmers and ranked in order of citation frequency (Table 2).  A classification of indicators by type showed that vegetation indicators were most commonly cited (54 % of indicators), followed by livestock (21%), soil (16%), wild animal (5%), socio-economic (2%) and other (2%) indicators.  The quantity and nature of indicators was analysed according a number of factors, notably: use of fencing; herd size trends; information from other farmers and the radio; formal education status; constraints and trend lines for each capital asset; usage and attitude towards agricultural extension; health constraints; use of savings and credit; and occupation status.  However, significant differences were only found between different groups as classed in terms of land ownership status.  Landowners cited proportionately less vegetation (48 % compared to 54 %) and more wild animal indicators (9 % compared to 5 %), than communal farmers who relied more on vegetation (58 % compared to 54 %) and livestock (35 % compared to 21 %) indicators.  Indicators that were most frequently cited by communal farmers were declining livestock condition, and decreases in both total grass cover, and the abundance of key palatable forbs, shrubs and grasses.

Table 2.  Degradation indicators ranked by frequency cited (excluding indicators cited by fewer than four times)

	Rank
	Indicator
	Times Cited

	1
	Poor livestock condition/weight
	46

	2
	Decreased grass cover
	45

	3
	Increased abundance of unpalatable forbs and shrubs
	34

	4
	Increased soil looseness
	20

	5
	Increased abundance of unpalatable grasses
	17

	6
	Decreased abundance of palatable grasses
	16

	7
	Increased proportion of trees and shrubs dropping branches and leaves or dead
	12

	8
	Decreased abundance of palatable forbs and shrubs
	11

	9
	Increased incidence of non-vegetated dunes
	10

	
	Increased incidence of livestock disease 
	

	10
	Decreased abundance of trees
	9

	11
	Livestock graze at increased distance from borehole
	7

	12
	Decreased abundance of medicinal/edible plants
	5

	
	Decreased calving rate
	

	
	Increased grass greyness/brittleness (less nutritious)
	

	
	Increased abundance of Harvester Termites (Makaka)
	

	13
	Increased abundance of grasses with hollow tillers
	4

	
	Increased incidence of nebkha dunes
	

	
	Increased infiltration rate in soils
	

	
	Decreased rain use efficiency in vegetation (poor growth despite rain)
	


In addition to the analysis of rangeland condition indicators by type, a functional classification was undertaken. A differentiation was made between indicators that solely described current rangeland condition, and process-based indicators that can be used as an "early-warning" of likely changes in rangeland condition (Table 3).  Many interviewees found this distinction difficult to make and cited only indicators of current condition. However, the extra information available in process-based indicators makes them vital to develop effective indicator-based management tools and enhance extension advice.  Early-warning indicators elicited from the few indicator “experts” are disseminated as widely as possible through the guides produced.  This may facilitate more timely adaptation to ecological change by pastoralists, and feed into regional agricultural development initiatives.  

Table 3. Early warning degradation indicators ranked by number of times cited 

	Rank
	Early Warning Indicator
	Times Cited

	1
	Decreased grass cover
	20

	2
	Increased proportion of trees and shrubs dropping branches and leaves or dead
	7

	3
	Poor livestock condition/weight
	6

	4
	Decreased abundance of trees
	4

	
	Increased abundance of unpalatable grasses
	

	
	Increased soil looseness
	

	5
	Declining herd size
	3

	
	Decreased abundance of palatable grasses
	

	
	Increased abundance of unpalatable forbs and shrubs
	


A decline in total grass cover was the most widely cited early-warning indicator of changes in rangeland condition.  This is indicative of the increased stresses imposed on rangelands by intense grazing, especially during drought events. It is at such times, that effectively permanent changes in ecological communities of the Kalahari have been predicted (Dougill et al., 1999) and therefore early-warning indicators need to be tied to advice on drought-coping strategies that retain some grass cover during droughts.  These indicators also tend to be capable of quantitative assessment either by individual pastoralists, or with extension staff.  Consequently, they offer a clear route on which to base community natural resource management discussions and decision-making. 

Indicator Evaluation in Village Level Farmer Focus Groups (4)

Although many pastoralists found it difficult to conceptualise evaluation criteria of what makes an effective indicator in interviews, most felt able to evaluate indicators in focus groups when introduced to the key criteria of accuracy, ease of use and local applicability.  The proportion of indicators from each category obtained in these group discussions (59 % plant, 24 % livestock and 18 % soil) was similar to their overall proportions from individual interviews and again stresses the need to focus primarily on indicators of vegetation and livestock change, rather than soil-based assessments.  
Indicator Testing and Evaluation of Results (5, 6)

The first stage in indicator evaluation involves the link to economic assessments of sustainability indicators (Campbell et al., 2000; Pannell and Glenn, 2000).  To achieve this, information on livestock herd sizes, offtake and market prices were used to identify areas that are displaying declines in pastoral productivity independent of annual rainfall variability and therefore can be classed as degraded.  When economic data was not available, or was viewed as unreliable, oral histories of livestock herd size changes were conducted with key informants at each borehole to assign a degradation status to the surrounding rangeland.  Following socio-economic designation of degradation status the rangeland condition indicators were assessed for each borehole using ecological and soil analyses undertaken with various community members.  Preliminary environmental results validate the majority of the indicators derived from interviews showing the value of the simplified, locally applicable, indicators provided by this research process. 

Assessment Guide Discussions (7-9)

The final stage of this research framework involves further community focus groups and key stakeholder interviews, with extension workers and Government officials.  These stages aim to enable discussion of how best to approach the dissemination of indicator information in a manner that can spread good management practice and sustainable resource management.  This will be achieved through focus group discussions evaluating the range of suggested options for rangeland assessment guides and the institutional support that pastoralists feel would be beneficial in facilitating sustainable natural resource management decision-making.  This stage of research will be completed in early 2004.

Discussion
Pastoralists’ focus on vegetation-based indicators of degradation matches that of Milton et al.'s (1998) farm-level evaluation guide for the South African Karroo, and other less user-friendly guides that preceded it in southern Africa (e.g. Foran et al., 1978; Vorster, 1982).  Their downplay of soils is at variance with the focus of guides produced for other regions, suggesting that this emphasis may be a regional phenomenon. This is consistent with evidence that physical and hydrochemical soil degradation processes are not widely evident in the Kalahari (Dougill et al., 1999). 

The absence of livestock indicators from previous farm-level rangeland evaluation guides is noticable, as this was one of the most common types of indicator identified.  With the exception of a decline in livestock condition in Kipuri's (1996) assessment of Masai indicator knowledge (defined by milk yield, fur characteristics such as matting frequency, and the colour and texture of dung), livestock indicators elsewhere in the literature tend to be relatively complex.  Pastoralists here cited the indicators described by Kipuri (1996), in addition to indicators such as the distance at which cattle graze from the borehole, and increased incidence of "Long Claw" (a condition where hooves become deformed due walking on soft sand).

Factors influencing indicator knowledge in different sectors of Kalahari pastoralist societies were also assessed in order to better target rangeland assessment guides.  Commercial landowners were more likely to have indicator knowledge, rely less on vegetation indicators, and use wild animal indicators.  They were more likely to use vegetation indicators at a species level, rather than using morphological or functional traits.  Given the better education status of this group, this may reflect a familiarity with species identification. Communal farmers, on the other hand, were likely to know fewer indicators, and be more reliant on vegetation and livestock indicators. Although species level indicators were approved by focus groups involving syndicate and communal farmers, interview results suggest that this group may feel less comfortable with species identification. This suggests that species level indicators should not be emphasised something which could explain failings of traditional range evaluation methods used by the Ministry of Agriculture and outside agricultural development initiatives alike. 

Work with Kalahari pastoralists has demonstrated a number of key strengths in the Participatory Indicator Development framework proposed here.  The quantity and nature of indicators collected emphasises the importance of farmer involvement in the development of rangeland evaluation tools. In addition to this, farmer focus groups deemed these indicators easy to use.  Rain use efficiency is an example of an indicator which conventionally requires too much specialist training and equipment for most farmers, but was reported in a simplified form here as "increasingly poor vegetation growth after rain".  Another strength of the proposed framework is consultation with farmers over evaluation guide objectives, and criteria that should be used to evaluate indicators.  Primary evaluation objectives focused on rangeland and livestock management, however a strong link was made to livelihood strategies.  The capacity of indicator-based management to enhance livelihoods should always be explicit.  It was hypothesised that evaluation criteria may be useful to distinguish between farmers who may benefit from different kinds of evaluation guide.  Methodologically however, this presents a significant challenge, as different guides would need to be produced and targeted across a given area.  

Recognition of the importance of pastoralist knowledge in the development of degradation appraisal tools by the Ministry of Agriculture is positive.  Through an understanding of current pastoralist knowledge, it may be possible to better target extension services towards those who have least indicator knowledge. Therefore, a farmer-led approach may facilitate better outreach to those with fewer assets and provide them with locally appropriate management options.  A farmer-led approach also ensures that pastoralists do not become dependent on extension services for rangeland evaluation. Due to the wide dispersion of indicator knowledge in the community, pastoralists are likely to benefit significantly from the diffusion of this knowledge through evaluation guides and informal discussions within their social networks.    

The current match between community and published indicators suggests that quantitative biogeographical analyses will validate the majority of indicators elicited in this participatory study.  The involvement of key informants in ecological surveys gives communities information about the relative accuracy and reliability of the various indicators, leading to the development of a more concise, useable list of the most effective indicators for dissemination in evaluation guidebooks.  It also adds to the local knowledge base capable of discussing rangeland management decisions through either informal or formalised community groups.

Conclusion

This research demonstrates the potential for using participatory approaches to gather both qualitative insights into pastoralists’ livelihoods and decision-making and quantifiable information on environmental changes. Such integrated approaches are vital to enhancing the ability of extension workers and development projects to use local knowledge in sustainability indicator identification, evaluation and selection. Consequently, it is important to train extension agents in participatory techniques in order to elicit and disseminate local expertise, and build monitoring capacity in pastoral communities. Indicators developed using the proposed framework can facilitate effective assessment of rangeland condition by non-specialists, empowering communities to conduct tasks they formerly relied on outsiders to carry out. 

Case study research in the Kalahari demonstrates that indicator use by pastoralists differs significantly from rangeland assessment guides developed for other regions.  A number of key informants were able to identify process-based, "early-warning" indicators.  These are particularly well suited for the development of rangeland condition assessment guides, as they can indicate management adaptations to prevent or reduce long-term productivity declines.  Indicator knowledge was differentiated by social background. The results suggest that extension services and indicator-based management tools should be targeted towards the least asset rich, who have least indicator knowledge.  It should be possible for farmers with differing capital asset status to benefit from the kind of indicators developed using this approach, diffusing knowledge more widely throughout the community, building capacity, and thus enhancing the sustainability of pastoral production and livelihoods.  The Participatory Indicator Development framework has been successfully applied in two other regions in Botswana to produce locally specific rangeland assessment guides.  The need for a local, or at most a District-scale of analysis is the only restriction to the wider application of the participatory environmental monitoring approaches advocated here.  
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