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tI.find as t/le natural man wit/7in loses ho nour, 

so loa d oes nature wit/lo l-d . 

We no longer feel reverence for nature, and defoliation of spirit and landscape are 

e verYW/7 ere to be seen ... 

That ;s wl,y what ;s left of fhe natural world matters more to life 

now t1,an ;t has ever done before. 

If is t/,e last temple on eartl, wl,iel, is ca pable of restoring man to an objective self 

w/lerein /lis ego is transfigured and given 11/e and m ea ning wit/lotd end ... " 

Laurens van der Post, Feather Fall. (1994). 
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The need to protect biological diversity, the inadequacies of eLltTent protected areas and the need for 

scientific procedures for the identification of areas important to biodiversity conservation are well· 

known facts in conservation biology. Many conservation planning techniques developed, however, have 

a number of weaknesses. These shortcomings include incomplete biodiversity databases and the need for 

appropriate biodiversity surrogates. Although these procedures represent alpha diversity patterns 

successfully, without due consideration of underlying processes and turnover patterns, the long-term 

persistence of biodiversity within areas identified will not be guaranteed. As land-use changes pose the 

single most important threat to global biodiversity, the inclusion of land-usc data in conservation 

planning is an essential , but often overlooked component. Current land-uses wi 11 expand with growing 

human populations and expected future land-uses should also be an important component of 

conservation area selection. Thi s thesis addresses these weaknesses in developing a conservation plan 

for the Northern Province of South Africa. Incomplete datasets can be addressed by the usc of indicator 

taxa and broad-scale environmental classes. However, these surrogates arc not as effective at 

representing rare and endemic biodiversity features and the specific assessment technique used to test 

the validity of biodiversity surrogates affects the levels of support found. The inclusion of beta diversi ty 

and land·use threats (both current and potential) into conservation area se lection highlights shortcomings 

in more traditional techniques. These forms of data make for more realistic conservation area outputs, 

however, thi s comes at an increased cost to land. In a final integrative assessment all areas identi ficd as 

having high biodiversity value in the preceding analyses are assessed as to the threats they face in order 

to prioritise these areas for inunediate conservation attention. This study addresses many weaknesses in 

conservation planning teclmiques, contributing to them becoming real-world conservation tools. In South 

Africa shortages of conservation resources, as well as land redistribution issues, make conservation 

planning even more challenging. The need to make these procedures flexible, efficient and reali stic is 

essential. The role of off·reserve conservation areas may help address these di fficulties and ensure the 

persistence of biodiversity in one of the world's most biodiverse region s. 

Keywords: biodiversity, conservation, reserve se lection, surrogacy, turnover, land-use, sustainability, 

Northern Province 



Acknowledgements 

Acknowledgements 

My thanks go to Albert van Jaarsve ld, my supervisor, for his generos ity of advice, timc, opportunities 

and humour. Much gratitude also goes to Dcan Fairbanks and Konrad Wesse ls for all their timc, 

experience and data. To my lab mates, both past and present, Stefani e Freitag, Stephanie Koch, Mariaan 

Booysen, Caron Foord, Maril yn Lever, Heath Hull , Louise Erasmus, Barend Erasmus, Berndt Janse van 

Rensberg, Jacolette Adam and Mrigesh Kshatriya, thank you fo r all your help and support. Special 

thanks to Ste fani e Freitag for introducing mc to rescrvc se lection algori thm programming and GIS, to 

Stephanie Koch, Heath Hull and Caron Foord for all the time spent putting the species databases 

together, and to Ian Meiklejohn for sharing hi s knowledge ofGlS so generously. Much apprecia ti on goes 

to Anina Koekemoer for all her help in the final stages. 

Funding for this study was provided by the National Rcsearch Foundation, Mellon Foundation 

Mentoring Program and the Uni versity of Pretoria, and is gratefull y acknowledged. G IM S ® and ES RI 

are thanked for their Geographic In fonnat ion Systems (GIS) so ftware, train ing and support. 

Data were generously provided by the Avian Demographic Unit, (Uni versi ty of Cape Town), 

Envi ronmcntek (Council for Sc ientific and Industrial Research), Institute fo r Soi l, Climate and Water 

(Agricul tural Research Council), National Botanical Institute, National Flagship Inst itutc, Mr. C.J. 

Vorster (Council for Geosc ience) and Uni versity of Pretoria. 

Finally, my warmest thanks to my friends and family: to my parents, Fred and Lynne, my sister, 

Michelle, Jason and the rest of the clan for their love, support and unwavering bclief in me, and of 

course their sense of humour and proportion , to Jeanne-Marie Vi ljoen fo r her friendship, interest and 

encouragement, and to Darryl Stander for his levelheadedness and support. 

" 



Disclaimer 

Disclaimer 

This thesis consists of a series of chapters and appendices that have been prepared for submi ssion to, or 

publication in, a range of scientific journals. As a result styles may vary between chapters and 

appendices in the thesis and overlap may occur to secure publishable entities. 



Contents 

Table of Contents 

Abstract ................... ........ ............. . ............ . . . 

Acknowledgements ..................................... . . . . . . . . •• • . . . . . . • . . . . ... • . • . . . . .•. • . • . . . . . . . .... 11 

Disclaimer .. 111 

Contents .... I V 

Chapter I: General Introduction ............................. .. .. . ........ . ...... . ................ ........... I 

Chapter 2: Complementarity as a biodiversity indicator strategy.. .......... .. .. ................... 39 

Chapter 3: Assessmenl techniques for biodiversity surrogates ......................................... 62 

Chapter 4: An assessment of biodiversity surrogacy options in the Northern Province of South 

Afri ca .................................................................................................... 75 

Chapter 5: A mul ticriteria approach to reserve selection: addressing long-term biodiversity 

maintenance.............................................................................................. 102 

C hapter 6: Incorporating potcnti alland-use threats into regional biodiversity evaluat ion and 

conservation area prioritisation ........................ .. 139 

Chapter 7: Summary .......................................... .... ......... ............................. ... ..... 179 

Addendum I: South African vegetation priority conservation areas: a coarse-filter approach . ..... 185 

Addendum II: Incorporating land cover information into rcgional biodiversity asscssmcnts in 

South Africa 213 

IV 



CHAPTER 1 

General Introduction 



llOniy after til e Last Tree ilas been cut down, 

Only after tlw Last Rive r /las been poisoned, 

Only after ti,e Lasl Fd, IIGs been caugl,l, 

Only 1/"'/1 will you fi/1d dIGI 

lvloney Cannot Be Eate n. " 

C ree Indian Propl,ecy 

I. General introduction 

Biodiversity, the diversity of organisms, their genes and the environment in which they interact, faces 

large threats mostly in the form of human population growth and associated land tran sformations (Soule , 

199 1; Dale el al., 1994; Sala el al., 2000). The resuitant, most ly human-induced, species extinction rates 

ri va l mass extinctions of the geological past and threaten not just the natural wo rld, but also the 

eco logical products and services on which we depend (Kunin & Lawton, 1996; Chapin el al., 2000; 

Pimm & Raven, 2000; Tilman, 2000). The importance of these natural resources and services is 

irre futable, however ex isting global conservation efforts are mostly inadequate (Pressey, 1994a; 

Lombard, 1995a,b; Rodrigues el al., 1999). Many of the present day conscrvation areas were proclaimed 

in an ad hoc and opportunistic fash ion and include areas with hi gh sceni c values, high touri sm potential 

and low potential for other forms of land-usc (e .g. agri culturc or fore stry) (P rin gle, 1982; Pressey el al., 

1993; Freitag el aI., 1996). Thi s form of conservation area selection is highl y inefficient, providi ng a 

biased representation of regional biodiversity and is less cost effective in the long run (Pressey & Tull y, 

1994; Rodri gues el al. , 1999). These shortcomings have hi ghl ighted a need for effective and systematic 

conservation area se lection techniq ues in order to identify areas essential to biodi versity conservation 

(Williams, 1998; Margules & Pressey, 2000). 

Conservation area selection techniques 

These techniques run on a database of biodiversity features and the sites or areas in which these features 

occ ur (Ma rgules el aI., 1988; Margules & Redhcad, 1995; Pressey & Logan, 1998). Features can include 

species, land facets, vegetation types or any other spatial features . Techniques includc the traditional 

hotspots approach where sites with many features (richness hotspots), many rare features (rari ty 

hotspots) and many endemic features (endemicity hotspots) are identified as priority conservat ion areas 

(Prendergast el aI., 1993; Lombard, 1995b; Williams el aI. , 1996). Scoring procedures were applied in 

the 1980's as a conservation area selection technique. Here sites were ordered accord ing to a combined 

score from a vari ety of criteria such as di versity, rarity, size and naturalness of the sites and then se lccted 

from the top site down unt il all features are represented a required number of times (Pressey & Nicho lls, 

1989). Understandably thi s leads to an overrepresentation of many fcatures, as wel l as a biased set of 

sites depending on thc criteria used. However, since then there has been much development in the field 

of conservation area se lection. 
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1. General introduction 

With the advent of the principles of complementarity, efficiency and flexibility , among others, these 

selection teclmiques have become powerful land-use planning tools (Pressey el aI., 1993). The principle 

of complementarity ensures that it is not just the site with the most features that is chosen, but rather the 

site that contains the most so far unrepresented features. This then helps ensure the principle of 

efficiency whereby maximum biodiversity features are represented in the minimum number of sites 

possible. Flexibility implies that for features that do occur in alternate sites, these sites arc also 

highlighted as possible selections to allow for flex ibility of choice in land-usc planning. This principle of 

flexibility is related to an additional component of conservation area selection and that is the concept of 

irreplaceability. The irreplaceability of a site is a measure of how important that site is to thc 

conservation goals within a region. In other words, how would the loss of that site impact on 

conservation options in the region. The site's irreplaceability depends on the conservation targets set. A 

site that is totally irreplaceable, for a conservation target of 100% species representation , will bc one that 

contains a species found nowhere else in the region. Irreplaceable sites decrease the flexibility of 

conservation options within a region (Pressey et aI., 1994; Ferrier e/ aI., 2000). 

The successful inclusion of these principles and others into heuristic iterative algorithms and 

optimising linear progranmling algorithms has made for powerful conservation planning tools (Church el 

al., 1996; Csuti el al., 1997; Williams, 1998; Margules & Pressey, 2000). Heuristic algorithms proceed 

in a step-wise fashion selecting sites with the most so far unrepresented features (richness-based 

algorithms) or the highest number of so far unrepresented rare features (rarity-based algorithms) 

(Kirkpatrick, 1983; Margules el al., 1988; Pressey & Nicholls, 1989; Bedward el aI., 1992; Nicholl s & 

Margules, 1993; Margules et aI., 1994a; Freitag el al., 1997; Pressey et al., 1997; van laarsveld el al., 

1998). Optimising linear programming algorithms utilise what operations researchers call a maximal 

coverage problem and often find the most optimal solution for representing maximum features in the 

minimum amount of area, although this optimality comes with a trade-off of computational time required 

(Church el al., 1996; Csuti el al., 1997). However, these techniques have increased in sophistication , 

power and speed over reecnt years. 

There are however, several shortcomings associated with this suite of conservation area 

selection techniques. These include incomplete feature databases, inadequate representation of 

ecosystem processcs, patterns of spatial and temporal feature turnover, shi fting anthropogenic threats, 

and the need to take current and potential devclopment opportunities into account (Balmford el aI., 1998; 

Williams, 1998; Maddock & Du Plessis, 1999; Margules & Pressey, 2000; Nicholls, 1998; Wcssels el 

aI., 2000 (see Addendum ll); Mace el al., 2000) . 

Shortcomings ill conservation area selection 

Databases 

The aim of conservation area selection techniques is to represent biodiversity within selected sites. 
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1 . General introduction 

However, the difficulties with sampling the full complexity of biodiversity in order to represent it arc 

oftcn almost insurmountablc. Thus the selection of rcpresentative minimum-set conservation areas often 

depends on substil1!te or surrogate biodiversity data which can be surveyed in a more cost and time 

efficient manner (Noss, 1990; Vane-Wright et al., 1991; Ryti , 1992; Belbin, 1993; Gaston & Williams, 

1993 ; Pressey, 1994b; Williams & Gaston , 1994a,b; Margules & Redhead, 1995; Pressey & Logan, 

1994; Faith & Walker, 1996b; Gaston, 1996a; Williams, 1998). These data include higher taxa, 

phylogenetic diversity, species riclmcss and broad-scale environmental measures. Areas rich in higher 

taxa (e.g. families or orders) are assumed to be rich in lower taxa (e.g. spccics) and therefore contain 

much biodiversity (Gaston & Williams, 1993; Williams & Gaston, 1994a; Balmford et al., 1996). Data 

on higher taxa are often more easily obtainable than data on the lower levels. Phylogeneti c diversity 

measures how closely related the specics in an assemblage are in evolutionary terms, and thus capturcs 

more of thc biodiversity than other sunogate measures (Vane-Wright et al., 1991; Faith, 1992; 1994; 

Williams & Humphries, 1994). These data, however, are very labour intensivc to obtain and are, more 

often than not, unavailable. 

Spccies richness is one of the most conU11on currencies of biodiversity measurement (Heywood, 

1994; Gaston & Spicer; 1998). Thesc data are widely and often well collected, especially for some taxa 

e.g. mammals, birds and vascular plants. It is often the form of data uscd by conservation arca selection 

teclmiques, and usually comprises the distribution of species recordcd as presence/absences in sites such 

as grid cells, fore st reserves and water catchments. However, species distribution data havc man y 

shortcomings. The taxa employed arc orten poorly known taxonomically and incompletely survcyed with 

biascd survey records for a region. As Polasky et al. (2000) point out existing methods for the selection 

of areas important for species conservation rely on data on the presence or absence of species in various 

sites. These data arc seldom available si nce not all of thc sites have been sampled for all species and 

thercfore the probability of false absenccs is high. It has thcrefore bccn suggested that a useful surrogatc 

or substitute for species richncss data could be indicator taxa (Prendergast et 01., 1993; Lombard, 1995b; 

Williams et aI., 1996; Flathcr et aI., 1997; Balmford, 1998; Howard et al., 1998; van laarsveld et aI., 

1998). These are taxonomic groups that are well-known taxonomically and wcll surveyed within the 

rcgion of interest. The word 'indicator' in this study as in biodiversity indicator, indicator taxon etc. 

implies a group or taxon used to locate areas of high biodiversity and thus help in conscrvation planning. 

It is not used in the sense of indicator spccics which arc cmploycd in assessing environmental quality 

and human impacts (Caro & Doherty, 1999). It is then assumed that patterns in thcsc indicator groups 

reflect patterns in other unsurveyed taxa. However, this assumption has seldom bccn assessed and results 

are often conflicting as to the validity of indicator taxa as surrogates for biodiversity. Chapter 2 provides 

a regional assessment of indicator taxa in an effort to test this assumption. 

These surrogate measures all have important contributions to makc toward the quantification of 

biodiversity patterns and the identification of areas important to its conservation. However, the assumed 
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I, General introduction 

re lationship between these measures and the underlying biodiversity has seldom been investigated and 

due to the inadequacy of most biodiversity data will remain difficult to investigate. There are a variety of 

techniques available for the assessment of the effectiveness of biodiversity surrogates each of which 

provide different levels of support for the usc of surrogates. These techn iques include assessments of the 

degree of overlap and rcpresentativeness of conservation areas based on different biodiversity surrogates 

(Prendergast el al. , 1993; Lombard, 1995b; Gaston, 1996b; Flathcr el al. , 1997; Howard el al. , 1998; van 

laarsveld el aI., 1998). Chapter 3 investigates the impacts these various assessment techniques have on 

the degree of support offered for the usc of indicator taxa as biodiversity surrogates. It is, however, also 

argued that species compri se just one level of the biodiversity hierarchy and as such arc an inadequate 

representation of the diversity found within nature 's hierarchy (Noss, 1990; 1996; Faith & Walker, 

1996a; Maddock & Du Plessis, 1999). 

A final surrogate for biodiversity is broad-scale biological and environmenta l data. Thi s form of 

data includes vegetation types, land facets, land classes and land systems, and because it compri ses a 

higher level of the biodiversity hierarchy is expected to capture much diversity found in lower 

hierarchical levels (Pressey; 1994b; Pressey & Logan, 1994; Wessels el aI., 1999; Fairbanks & Benn, 

2000). Chapter 4 provides a regional assessment of the broad-scale biodiversity surrogates of vegetation 

and landtypes and their success at representing regiona l species diversity. 

Biodiversity processes and feature turnover 

A recurrent problem with most cxisting conservation arca selection techniques is that although thcy may 

achieve varying levels of succcss in represcnting existing biodiversity, they conccntrate primarily on 

biodiversity pattern. Represcntation of current pattcrns of species diversity, vcgctation types or land 

classes in conservation areas is only one facet of succcssful biodiversity representation. This form of 

rcpresentation ignores the dynamic nature of biodivcrsity features e.g. the movcmcnt of individual s, 

populations, m.igration, population processes and viability, disturbance rcgimes, climate change and the 

ecological interactions between species and their environment within a eonmlll!1 ity (Balmford el al., 

1998; Cowling el ai, 1999). This tends to suggest that a pattern-only based approach towards the 

identification of conservation areas will not guarantee the long-term maintenance of both biodiversity 

pattern and the processes responsible for that pattern (Nicholls, 1998; Williams, 1998). Conservation of 

ecosystem processes that sustain ecosystem structure and function, and evolutionary proccsses that 

sustain lineages and generate diversity, arc essential for achicving the long-term maintcnance of 

biodiversity in conservation areas (N icholls, 1998; Cowl ing el aI. , 1999; Margules & Pressey, 2000). 

Very little work has been donc on the effects of these processes on the contin ued representation of 

biodiversity within selected conservation areas. Some initial work has shown that conservation areas 

based on biodiversity patterns at one moment in time will not conti nue to represent that biodiversity 

some ycars down the line (Rodri gues el al. , 2000). 



1. General introduction 

Another shortcoming of this pattern-based approach is that although it focuses on the rcprcsentation of 

divers ity, this diversity is mostly alpha diversity. Alpha diversity is the number of spec ies within a 

homogenous conununity (Whittaker, 1972; 1977); beta diversity on the other hand is concerned with 

species turnover or the rate at which spccies are replaced by others along habitat gradients (Whittaker, 

1972). This form of diversity is of crucial importance in conservation area identification, as it provides 

an indi cation of feature turnover both in space and in time and is an important dctcrminant of regional 

species ric1mess patterns. Conventional reserve selection tcchniques aim to rcpresent all speclcs 111 a 

complementary fashion based on a brief snapshot of their distribution patterns. However ignoring the 

dynamic nature of these patterns, as they change through time and space, may result in conscrvation 

areas ablc to represent CUlTent biodiversity patterns, but unable to maintain biodiversity in the long-term 

(Margules et aI., 1994b; Virolainen el aI., 1999; Rodrigues et al., 2000). Chapter 5 applies spatial 

surrogates of biodiversity processes and feature turnover in conscrvation area selection. 

Anthropogenic threats 

The basic role of conscrvation areas is to protect elements of biodiversity from external processes and 

factors that thrcatcn their existence (Margules & Pressey, 2000). V cry few of the existing methods for 

identifying conservation areas includc mcasures of thrcat into thc sc lcction process (Balmford el al., 

1998; Faith & Walker, 1996c; Williams, 1998). Some of these threats are natural and include 

demographic, genetic and environmental Ouctuations and stochasticity, which can be further aggravated 

by hUlllan impacts. Most of the threats facing biodiversity today are anthropogenic in origin and include 

land development and the associated fragmentation, degradation and land transformation, over

exploitation, artificial species introductions and translocations, and pollution (Landc, 1998). Human 

population expansion and the developmcnt of land results in land-cover changes, mainly due to 

agriculture and urban development, and present the single most important threat to global biodiversity 

(Sou le, 1991; Dalc el al. , 1994; Sala el aI., 2000). 

Many sites idcntified by traditional conservation area se lection proccdures as important to 

biodiversity conservation may in reality be largely transformed and the features said to exist thcrc may 

now be extinct (especially in the case of historic data) (Wessels et al., 2000 (scc Addendum II)). Or else 

these arcas, being so heavily transformed, may not bc able to sustain biodiversity features and proccsses 

without intensive and costly managcment (Baudry, 1993; Di Bcnedetto el al., 1993; Hobbs, 1993; 

Frcemark, 1995; Allan el al., 1997). Methods thercfore nced to be developed to identify these areas in 

ordcr to either avoid them in conservation arca selection , or if this is not possible, due to high 

irreplaceability values of particular sitcs, then to highlight thcse areas for immediate conservation 

(Lombard e/ al., 1997; Nantel el al., 1998; Wcssels el al., 2000 (see Addendum ll)). Chapter 5 includes 

land-cover information into conservation area selection in an effort to address this shortcoming. 
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I. General introduction 

Development opportunities 

The final shortcoming identified in conservation area se lection techniques in the present study is the fact 

that they do not usually allow for the consideration of future development opportunities and their 

impacts on biodiversity (Dale el aI., 1994; Freemark el al., 1995; White et aI., 1997; Pressey, 1998). 

Sustainable development or "development that meets the needs of the present generation without 

compromising the needs of future generations" was a phrase made familiar by the World Commission on 

Environment and Development in 1987. This need to simultaneously address environmental and 

developmental requirements was highlighted. Thus the integration of conservation and development is 

essential in order to achieve sustainability now and for future generat ions. 

Chapter 5 provides a useful method for the inclusion of eun-ent and past land-uses into 

conservation planning, it is, however, important to remember that human land-use impacts arc not static 

and will continuously cxpand as populations and their land-usc needs evolve. This has important 

implications for conservation as it increases costs, decreases conservation options and increascs thc 

amount of conniet between the various forms of land-usc and conservation. It is therefore essential that 

natural areas with high potential to become transformed by other land-uses be identified as early as 

possible in order to identify areas where future connict between such potential developments and 

biodiversity arc likely. A conservation area se lection technique which avoids areas that arc currently 

largely transformed, identifies areas crucial to biodiversity conservation and needing immediate 

intervention (sec Addendum II) and also identifies untransformed areas that are suitable for future 

developments will hopefully contribute to the persistence of regional biodiversity (Pressey el aI., 1996; 

Williams, 1998). A better understanding of the current and future threats facing biodiversity will allow 

for more effective trade-offs between achieving biodiversity conservation goals and realising 

development opportunities (Faith, 1995 ; Faith & Walker, I 996d), as well as a more efficient inU11ediate 

allocation of limited conservation resources towards areas most at ri sk (Margules & Pressey, 2000). 

Pressey (1997) and Cowling el al. (1999) highlight the fact that many of the existing 

conservation area selection techniques say nothing about the relative needs of areas se lected for 

protection. Funding and resource shortages dictate that although a large number of areas may be 

identified as important for the representation of biodiversity, only a fraction of them can be protected in 

the near future. In order to maximise the retention of biodiversity features within a region , one must 

minimise the extent to which the original representation goa ls arc compromised by habitat loss while the 

conservation area netlVork is developing (a process that can take decades) (Cowling el aI., 1999). It is 

therefore crucial to identify areas of high conservation value or urgency within thi s selected set of areas. 

These are areas with a high biodiversity value, as well as a high threat or vulnerability value (Faith & 

Walker, 1996e; Pressey el aI., 1996; Pressey, 1997; Pressey, 1998; Cowling e/ aI., 1999). 

Much work has been done on measuring biodiversity values of areas (Williams e/ al., 1996; 

Williams, 1998; van Jaarsveld et aI., 1998) and includes measures of biodiversity pattern {Chapters 2, 3 

7 



I. General introduction 

& 4) and biodiversity processes and turnover (Chapter 5) (Presscy, 1994; Pressey el al., 1994; Noss 

1996; Balmford el aI., 1998; Pressey, 1998; Maddock & du Plessis, 1999; Ferrier et aI., 2000; Rodrigues 

et aI., 2000). Howevcr, therc is a considerable need for work on the inclusion of threat or vulnerability 

values of areas into conservation planning. (Addendum 11; Faith & Walker, 1996c; Pressey el 01. 1996; 

Williams, 1998). 

Thercfore as a final concluding asscssment for this thesis, Chapter 6 brings together all the 

results and outputs of the prcvious analyses in order to put together a regional multicriteria-based 

conservation plan for the Northern Provincc. Using these results it detcrmincs thc biodiversity values of 

areas in thc province bascd on measures ofbiodivcrsity pattern, process and turnover. It thcn procceds to 

provide threat valucs for these areas by identifying currently transfonlled areas as wcll as untransformed 

areas suitable for future land-uses in an attempt to include both currcnt and future land-use pattcrns into 

conservation area selection. This is done in order to evaluate the threats thesc existing and futurc land

uscs pose for regional biodiversity and conservation planning. Through the incorporation of threat values 

into conservation planning Chapter 6 provides an asscssment of the relativc nccd of arcas with high 

biodiversity value for immcdiate conservation action. 

Aims 

This study thcreforc aims to address thesc shortcomings III existing conservation area selection 

techniques by: 

i) Assessing the assumed relationship between indicator taxa and the non-target species they arc 

meant to represent in the identification of conscrvation arcas (Chapter 2). 

ii) Evaluating the effects of the different mcthods of assessment, used in Chapter 2 and othcr 

studies, on the validity of indicator taxa as biodiversity surrogates (Chaptcr 3). 

iii) Investigating the value of broad-scale environmental classes as surrogates for regional 

biodiversity (Chapter 4). 

iv) Determining the impact of the inclusion of feature turnover and measures of beta diversity into 

conservation area selection (Chapter 5). 

v) Assessing thc value of land-usc data in conservation area se lection in an effort to minimise threat 

in conservation areas and highlight areas of potential conflict (Chapter 5). 

vi) Idcntifying currcntly untransformcd areas suitable for alternate land-uses in an effort to identify 

future land-usc thrcats to biodiversity (Chapter 6) . 

vii) Finally, through the usc of all mcthods investigated in previous chapters of thi s thesis, arcas with 

high biodiversity value will be identified. These areas will then be investigated as to their 

currcnt and potential threat val ues in an effort to detcrmine their rclati ve conscrvation urgency 

(Chapter 6). 

8 



I. General introduction 

Study area 

The study area compriscs the Northel11 Province of South Africa, which lies between the lines of latitude 

22° 00' S to 24° 00' S, and from 26° 00' E to 32° 00' E. One of the nine provinces of South Africa, it 

occupies about 10% (122305 km') of the cou ntry and lies at the northeastel11 tip of South Africa. It 

borders on the countrics of Mozambique to the east, Botswana to the west and Zimbabwe to the north. 

Its southern boundary is made up of three South African Provinces, the Mpumalanga, Gauteng and North 

West Provinces (Figure 1). 

The province includes the northern end of tbe Drakensberg escarpment whicb separates the low

lying, warm and more humid Lowveld region in the east from the higher lying, drier and cooler Bushveld 

plateau region in the west (Figure 1). The Limpopo River forms the northern and northeastel11 boundary 

of the province where it borders on the neighbouring states of Botswana and Zimbabwe. This Limpopo 

River valley is separated from the Lowveld and central Bushveld plateau by the Soutpansberg and 

Blouberg mountain ranges (Figure I). These mountain ranges are of ecological, economic and social 

importance. Stcep envi rolUllental gradients imply a diversity of species and habitat, which in turn implies 

a high conservation value. In addition, spectacular scenery provides good opportunities for conservation 

based tourism. The area also has a high potential for forestry and agriculture in places (Butt et al., 1994). 

An expanding and generally poor human population is an additional feature of these ranges. The 

Waterberg mountain range falls within the central Bushvcld plateau region and together with the 

escarpment encircles the Springbok flats, a clay substrate basin within the Bushveld plateau with a long 

history of dry land cult ivat ion (Figure 1). 

Climate alld vegetation 

The climate of the Northern Province is primarily a lowveld dry tropical and dry subtropical one. 

Rainfall is low, highly variable and seasonal with a distinct dry season during the winter months. 

Humidity is low and day temperatures arc high even in the winter. However, the mountainous areas of 

the escarpment, Waterberg, Blouberg and Soutpansberg ranges provide marked climatic gradients due to 

the influence of extTeme phys iographic relief (Fairbanks, 1997). These mountainous areas have a marked 

moist trop ical to moist subtrop ical climate with an average to high rainfall that is variable and distinctly 

seasonal. Here winter minimum temperatures can be low and frost often occurs in valley areas, while 

humidity can be very high in summer. 

The province consists primarily of the savanna biome, with small areas on the escarpment 

covered by grasslands and forest biomes (Low & Rebelo, 1996). The savanna biome, also referred to as 

the woodland biome, has a grassland understorey with a woody upperstorey of trees and tall shrubs. Tree 

cover varies from sparse to almost closed-canopy cover (Rutherford & Westfall, 1986). Grasses are the 

dominant vegetation in the grass lands biome, with geophytes and herbs also well represented (Low & 

Rebelo, 1996). 
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Figure 1: Map of the study area of the Northern Province, showing topography, major rivers, mountain 

ranges and broad biogeographical zones. 
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J. General introduction 

Hi gh sunUllcr rainfall , frequent fires, frost and grazing are responsible for the cxclusion of trees and 

shrubs and thus the maintenance of these grasslands (Low & Rebelo, 1996). Tree cover in the forest 

biomc is almost continuous and includes mostly evergreen spceics (Rutherford & Westfall, 1986). Below 

the canopy vegetation is multi-layered and there is thick leaf litter and little ground vcgetation. Forests 

occur in frost-free regions with high rainfall and infrequent fires. There are 15 recognised vegctation 

types that fall within the Northern Province of which 12 are within the savanna biome, two within the 

grasslands biome and one within the forest biome (Table I; Figure 2). 

Currelll land-uses 

The principle urban centres ineludc Pictersburg and Loui s Trichardt in the Lowveld, and Tzaneen on the 

Escarpment (Figurc 3). The province includes extensive areas of arable land and as a result 14% of the 

province has been transformed by cultivation (Table 2; Figure 4). However due to the rclatively low 

rainfall in most parts of the province, dryland cultivation at a conullereial scale, which makes up two 

percent of thc total cultivation in the province, is limited to the escarpment, mountainous regions and 

Springbok Flats, where it is a viable option. In thc rest of the province rain fed agriculture is not possible 

at a conmlcrcial scale and is limited to temporary and subsistence level cultivation, making up 38 and 

48% of the total area under cultivation in the provincc respectivcly. Other arcas undcr cultivation requi re 

irrigation. Beeausc of thc aridity of the province this form of cul tivat ion is vcry limited making up three 

percent of the total cultivation at a commercial level and eight percent at a tcmporary level (Table 2; 

Figure 4). 

Urbanisation (1.6%) and forestry plantations (0.8%) account for the remaining land 

transformations (Thompson, 1996; Fairbanks et al., 2000). Therefore the study area has not been 

excessively degradcd and transformed since 73% is sti ll covered by natural vegetation and 11.36% is 

under formal protection in provincial and national protected areas (Figure 4). This large amount of 

protected area coverage is due mostly to the Kruger National Park, a National Park with an area of 19600 

km2 of which just over 50% ralls within the Northern Province (Figure 3). There are about 50 other 

formally protected provincial and national parks in the Northern Provincc (Figure 3) (DEAT, 1996). 

Potentia! land-uses 

Although current land-use impacts on the province have bccn of a restricted nature, taking into 

consideration South Africa's expanding human population and the likely increased demands on land and 

resources, it can be expected that land-usc impacts will increasc. The abi lity to identi fy currently 

untransformed areas where thesc land-uscs will be expected to impact is of critical importanec for the 

maintenance and future protection of biodiversity. Arforestation, cultivation and mining arc considered 

to be major land-uses that thrcatcned biodiversity. 
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I. General introduction 

Table 1: Vegetation types, the biomes in which they occur and the extent of each within the Northern 

Province. (Low & Rebelo, 1996) 

Vegetation types Biomes Area (km') % 

Afromontane Forest Forest 242.11 0.20 

Clay Thorn Bushve ld Savanna 8328.83 6.78 

Kalahari Plains Thorn Bushve ld Savanna 110.15 0.09 

Lebombo Arid Mountain Bushveld Savanna 438.44 0.36 

Mi xed Bushveld Savanna 35065.86 28.54 

Mixed Lowve ld Bushve ld Savanna 9327.76 7.59 

Mo ist Sandy Hi ghve ld Grassland Grass land 47.15 0.04 

Mopane Bushveld Savanna 20532.01 16.71 

Mopane Silrubveid Savanna 2590.80 2. 11 

North-eastern Mountain Grass land Grassland 3800.49 3.09 

Sour Lowveld Bushveld Savanna 7788.47 6.34 

Soutpansberg Arid Mountain Bushveld Savanna 4788.61 3.90 

Sweet Bushvcld Savanna 17212.01 14.01 

Sweet Lowvcld BlIshveld Savanna 25001 0.20 

Waterberg Moi st Mountain BlIshveld Savanna 12356.45 10.06 
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Figure 2: Vegetation types of the Northern Province as defined by Low and Rebelo (1996). 
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Figure 3: Map of the study area showing towns, transport routes and national and provincial protected 

areas. 
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1. General introduction 

Table 2: Areas of land-cover categories in the Northern Province of South Africa, illustrating the 

percentage coverage oreach category within the province (extracted from Fairbanks el aI. , 2000). 

Land-cover category Area (km') % 

Barren rock 65.96 0.05 

Cultivated: permanent - com mercial dryland 

Cultivated: permanent - commercial irrigated 

Cultivated: permanent - commercial sugarcane 

Cultivated: temporary - commercial dryland 

Cultivated: temporary - commercial irrigated 

Cultivated: temporary - semi-commercial / subsistence dryland 

Degraded: herbland 

Degraded: forest and woodland 

Degraded: shrubland and low fynbos 

Degraded: thicket and bushland (etc) 

Degraded: unimproved grassland 

Dongas and sheet erosion scars 

Forest 

Forest and Woodland 

Forest plantations 

Herbland 

Improved grassland 

Mines & quarries 

Shrubland and low Fynbos 

Thicket and bushland (etc) 

Unimproved grassland 

Urban / built-up land: commercial 

Urban / built-up land: industrial / transport 

Urban / built-up land: residential 

Urban / built-up land: residential (small holdings: bushland) 

Urban / built-up land: residential (small holdings: grass land) 

Urban / built-up land: residential (small holdings: shrubland) 

Urban / built-up land: residential (small holdings: woodland) 

Watcrbodies 

Wetlands 

411.37 

587.04 

0.00 

6599.67 

1606.17 

7999.27 

0.00 

6476.89 

0.00 

5515.35 

150.43 

77.77 

376.50 

40165.35 

992.36 

0.00 

3.89 

145.13 

29.43 

47792.13 

1359.51 

14.60 

27.75 

1727.05 

60.02 

0.00 

0.05 

84.34 

128.16 

17.60 

0.34 

0.48 

0.00 

5.39 

1.31 

6.53 

0.00 

5.29 

0.00 

4.51 

0.12 

0.06 

0.31 

32.81 

0.81 

0.00 

0.00 

0.12 

0.02 

39.04 

1.11 

0.01 

0.02 

1.41 

0.05 

0.00 

0.00 

0.07 

0.10 

0.01 
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Figure 4: Land-cover categories of the Northern Province, illustrating natural, transformed and degraded 

land-cover. 
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I. General introduction 

The Northern Province, being a low rainfall area, docs not contain much potential for further 

afforestation or dryland cultivation, except through specialised species (Fairbanks, 1997). 

The Northern Province, although not one of the most important mining provinces in South 

Africa, is still particularly dcpcndent on the contribution of the mining sector. The province's export and 

local mineral sa les made up 10% of South Africa's sales for 1995 (W il son & Anhaeusser, 1998). There 

are howcver, severa l mineral and dimension stone fie lds, provinces, as we ll as deposits with in the 

province that sti ll remai n unexplo ited (Figure 5) (Wilson & Anhaeusser, 1998). The cffects of the 

potential milling of these areas on surroundin g envi ronments and biodiversity should be carefully 

considercd. 

Finally, one of thc most widespread forms of alteration of natural habitats and landscapes over 

the last ccntury has becn the construction and maintenance of roads (Trombulak & Frissell, 2000). Thesc 

networks cover 0.9% of Britain and 1.0% of the USA (Forman & Alexander, 1998), howcvcr the road

cffcct zonc, the area over which significant ecological effects extend outward from the road, is usually 

much widcr than the road and roadsidc. Somc evidcnce on thc size of tbe road-effcct zone is available 

from stud ies in Europe and North America. Reijnen et 01. (1995) estimated that road-effcct zones covcr 

between 12-20% of The Netherlands, while Forman (2000) illustrated that 19% of the USA is affccted 

ecologica ll y by roads and associated traffic. 

Thereforc the potential impacts of expanding arcas under cultivation or fo restry plantations, 

mining developments, as well as the effects of road networks on biodiversity with in the provinec arc an 

essential component of real -world conservation plann ing. 

Databases 

Several forms of data were employed in this study including species distribution data for a varicty of 

taxa, broad-scalc cnvironmental data (e.g. vegctation types), current land-cover data and various 

potential land-usc datascts. 

Species distribution data 

Species distribution data for the Northern Province, as well as the rest of South Africa, arc only avail able 

at a quarter dcgree grid ce ll resolution. These 15' xiS' cclls measure approximately 700 km' in the 

provi ncc. Information on species presence within these grid cell s (n = 215) were co llated for birds 

(Aves), butterflics (Lepidoptera: superfamilics Hesperioidea, Papilionoidea), buprcstid beetles 

(B uprcstidac), scarab bcetles (Scarabaeinae), Tcrmites (l soptera), mammals (Mammal ia), Ncuropterans 

(Myrmcicontidae) and vascul ar plants (Plantae) (Table 3). Information on avian distribution was collated 

from the South Afri can Bird Atlas Project (Harrison, 1992; Harri son et aI., 1997). 
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Figure 5: Mineral fields, provinces and deposits as well as dimension stone deposits In the Northern 

Province. 
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I . General introduction 

The presence/absence of 574 avian species, which comprise 60% of the bird diversity recorded in the 

Southern African sub-region (South Africa, Lesotho, Swaziland, Namibia, Botswana, Zi mbabwe and 

southern Mozambique), was recorded from 1980 - 1992. This is the onl y true presence/absence species 

database available for South Africa and thus results based on other databases should be treated with 

caution due to the prevalence of false absences in what are actually presence only databases. 

Mammal distribution data were based on primary data collections and species lists of the 

National Flagship Institute (formerly the Transvaal Museum), United States National Museum African 

Mammal Co llection, National Parks Board (specifically the Kruger National Park), the South African 

Defence Force, KaNqwane Parks, Rautenbach (1982) and other publi shed and unpubli shed records 

(Freitag et al., 1996). These data varied in resolution from point localities to grid ccl l data of varying 

resol utions and were therefore generalised to quarter degree grid cel ls, a grid size determined by the 

coarsest data resol uti on. These taxa are all well surveyed within the study area and renect little survey 

bias (Harri son, 1992; Freitag & van Jaarsve ld, 1995; Freitag el aI., 1998) 

An extensive buttern y distribution data set as well as buprcstid, scarab, termite and neuropteran 

data sets were collated for South Africa from National Flagship museum records. Sampling locali ties 

were transformed to IS' x IS' grid cells with the aid of a gazettee r, resulting in unique distribution 

records for 613 butterny, 247 buprestid, 218 scarab, 16 termitc and 22 ncuropteran species in South 

Afri ca (Freitag & Mansel l, 1997; Hu ll et al., 1998; Mull er, 1999; Koch el aI., 2000). Much work has 

been done on the systematics and di stribution of South African Lepidoptcrans and only a few remain 

undescribed «5%, Owcn, 1971). However, the rest of the invertebrate taxa, as is the case for many 

distribution databases worldwide, are poorly known taxonomically and have biased survey records 

(Freitag & Mansell, 1997; Hull et al., 1998; Muller, 1999; Koch ef aI., 2000); their usc was therefore 

limited within thi s study. 

The National Botanical Institute collated higher plant species distribution records at the quarter 

dcgree grid cell resolution. These records incl ude 42055 unique distribution records fo r 5711 species. 

However a data set of this size sets unattainab lc formal conservatio n goals, requiring over 50% of the 

study area to represent all spec ies only once (Chaptcr 4). Thereforc only endemic pl ant species (species 

that were not recorded outs ide of the former Transvaal Province) were included in thc analyses. It is 

important to note that throughout this study species distribution data, as well as many other forms of 

spatial data, were co llated at a quarter degree grid cell resolution, an area of approx imately 700 km'. It 

has been demonstrated that the spatial sca le of biological data will affect conservation planning outputs, 

as well as evaluations of congruency and prediction accuracy of indicator groups (Pearson & Carro ll , 

1999; Schwartz, 1999). However, this is the best available data for the study region and is st ill useful in 

illustrating basic trends and principles. It is important to remembe r that these analyses highl ight large 

areas of conservation importance, which can then be investigated at a loca l scale. 
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I. General introduction 

Table 3: Species di stribution data 

Taxon Unique Unique Rare Endemic Grids Survey 

records species species species surveyed date 

Well known taxa 

Birds (Aves) 49089 574 141 63 214 (99%) 1980-92 

Butterflies (Hesperioidea & 2062 328 79 4 84 (39 .1 %) 1905-80 

Papilionoidea) 

Mammal s (Mammalia) 5218 214 56 183 (85.1%) 1980-95 

Endemic vascu lar plants 2694 472 125 472 190 (88.4%) 1900-96 

(Plantae) 

Com billed 59063 1588 353 540 215 (100 %) 

Less well known taxa 

Buprestid beet les 977 247 119 (55%) 1900-96 

(Buprestidae) 

Scarab beetles 1372 218 124 (58%) 1900-92 

(Scarabaeinae) 

Termites (lsoptera) 464 16 160 (74%) 1972-80 

Neuropterans 126 22 41 ( 19%) 1900-96 

(M yrmeleontidae) 

Com hilled 2939 503 194 (90%) 

Total com billed 619 75 2091 215 (100%) 
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I. General introduction 

Vegetation data 

Shortcomings with specics distribution data as a useful measure of biodiversity have led to a shift in the 

focus for conservation. Thi s has resulted in rccommendations towards a more holistic approach of 

protccting biodiversity in the aggregate, thc so-called ' coarse-filter' approach (Noss, 1990; 1996). The 

goal of coarse-filter conservation is to preserve all or most species in a region by protecting sufficient 

(>20000 hal samples of cvery plant community typc (Scott el al., 1993). Othcr hicrarchical methods 

have included species assemblages, land facets, or landscapes (Pressey 1994b; Pressey & Logan, 1994; 

Wessels et aI., 1999; Fairbanks & Benn, 2000). 

At a national scalc South Africa has a few databascs of broadcr sU!Togates for biodiversity, 

including Acocks' Veld Types (Acocks, 1988) and thc more recent Vegctation of South Africa, Lcsotho 

and Swaziland (Low & Rebelo, 1996; McDonald, 1997) . Acocks (1988) defincd biological resourccs 

from a purely agricultural potential perspectivc, whilc Low and Rcbelo (1996) looked at the definition of 

these resources from a management and potentia l use anglc. These vegetation units werc defined as 

having, " .. . similar vegetation structure, sharing important plant species, and having similar ccological 

processes". Thus, thcse are units that would have potcntially occurrcd today, were it not for all the major 

human-made transformations e.g. agriculture and urbanisation. Thcrcfore the Low and Rcbclo (1996) 

vcgctation map contains significant potential for acting as a broad scale surrogatc of South African 

biodiversity and for identifying land important to biodiversity conservation and was employed in the 

present study. The vegctation types within the study region have already been describcd in Table I . 

In a rccent study on the threat status of the vcgctation types of South Africa (sec Addendum I) , 

four of the vegctation types found within the Northel11 Province (Kalahari Plains Thorn Bushve ld , Clay 

Thorn Bushveld, Mixed Bushveld and Sour Lowvcld Bushveld) fell within the top 20 most threatened 

vegetation types within South Africa. This is due to a combination of large transformed and degraded 

areas and few protected areas within the vegctation typc. 

Environmental data 

In the assessments requiring environmental data, the factors and processes that have been hypothesised 

to account for spat ial patterns of species diversity arc climatic cxtrcmcs, climatic stab ility, productivity, 

and habitat hcterogeneity (Brown, 1995; Wickham el al., 1997). Data were compilcd from existing 

sources to represent these factors (Table 4), including interpolated weathcr stations (Schulzc, 1998) and 

topographic contours (SA Surveyor General, 1993a) mapped in a geographic information systcm (GIS; 

ESRl 1998) using Albcrs equal area projection. This GIS database had a grid cell resol ution of I km x 

I k111, which was determined by the cell size of existing rasterised data sets and a cell size that could be 

used in future analyses. 
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Land-cover dala 

Current land-cover data 

I. General introduction 

The recent advent of the National Land-cover database (NLC) has allowed for nationa l level assessments 

of current land-cover in South Africa . This national database was deri ved usi ng manual photo

interpretat ion teclmiques from a seri es of I :250000 scale geo-rectified hardcopy satellite imagery maps, 

based on seasonally standardi sed, single date Landsat Thematic Mapper (TM) satel lite imagery captured 

principally during the period 1994-95 (Fairbanks & Thompson, 1996). It provides the first single 

standardi sed database of current land-cover information for the whole of South Africa, Lesotho and 

Swaziland (Fairbanks el 01.,2000). 

For the purpose of future analyses in the present study the 3 1 land-cover classes (Table 2) were 

reclass ified into three categories: natural, degraded and tran sformed land-cover (Tab le 5; Wessels el 01., 

2000 (sec Addendum Il)). Natu ral land-cover included all untransformed vegetation, e.g. forest, 

wood land, thicket and grassland. The degraded land-cover category was dominated by degraded classes 

of land-cover. These areas have a very low vegetation cover in compari son with the surrounding natural 

vegetation cover and were typically associated with rural popu lat ion centres and subsistence level 

fa rming, where fuel -wood removal, over-grazing and subsequent soil erosion were excessive (Thompson, 

1996). Grazed areas arc 110t included in thi s degraded category, unless they arc severel y over-grazed. In 

general it can be assumed that all areas of remaining natural vegetation arc rangelands used for either 

domestic or wild li vestock grazi ng. The transformed category consisted of areas where the structure and 

species composition were completely or almost completel y altered which includes all areas under crop 

cultivat ion, fo restry plantations, urbani sed areas, and mines/quarri es. 

Potential land-cover data 

Potential land-cover data were obtained fro m multipl e sources. Potential affore station was determi ned by 

bioe limatic prediction (B IOCLlM) and fuzzy sets logic modeling (Fairbanks, 1997; Fairbanks & Smith, 

1995) based on so il information and bioelimatie parameters (e.g. growth days and growth temperature). 

These variables were provided by Centre fo r Computing and Water Research (University of Natal) and 

the ARC - Institute for Soil , Cli mate and Water. Suitability for agriculture was calculated fo r both rain

fed and irri gated cult ivation by the In stitute fo r Soil, Climate and Water, using data on soil patterns, 

rainfall, slope and water ava ilability (Schoeman el 01., 1986; Smith, 1998). 

In the past, suitability mapping was based on Boolean operations, regress ion models and expert 

estimates for classifying areas of land. An area was tested on its attribute val ues as to whether it fell 

withi n each set or not, and any entity not matching all criteria was rejected. However, thi s method 

assumes that real world criteria can be modelled as discrete enti ties with exact attributes, and in reality 

most envi rOlmlental questions are more compl ex than thi s. 
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I. General introduction 

Table 4: Codes and definitions of environmental variables used. 

Code 

Topography 

DEMMEAN 

DEMSTD 

Climate 

GDMEAN 

MAP 

GTMEAN 

NGTMEAN 

MAT 

MAXMNTHMN 

MlNMNTHMN 

EYANNMN 

PSEAS MN 

TSEAS MN 

MXSEAS MN 

Definition 

Elevation (m) 

Elevation heterogeneity (std. Deviation) 

Number of days per annum on wh ich suffic ient water is available for plant 

growth 

Mean annual precipitation (mm) 

Annual mean of the monthly mean temperature (0C) weighted by the monthly 

GD 

Mean temperature (0C) during negative water balance 

Mean annual temperature CC) 

Mean temperature of the hottest month, usually January (0C) 

Mean temperature of the coldest month, usually Jul y (0C) 

Total annual pan evapotranspiration (mm) 

Precipitation seasonality from the difference between the January and July 

means 

Temperature seasonality from the difference between the January and July 

means 

Maximum temperature seasonality from the difference between January and 

July 
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I. General introduction 

Table 5: Land-cover classes rec lassified into broad categori es (after Wessels el al., 2000 (see Addend um 

II». 
Transformation category 

Natural land-cover 

Degraded land-cover 

Transformed land-cover 

% Area occupied in Land-cover class 

Northern Province 

73.36 

1009 

16.55 

Wetlands, grassland, shrub land, bushland, 

thicket, woodland, forest 

Degraded land, erosion scars, waterbodies 

Cultivated lands, urbanlbuilt-up areas, milles 

and quarries, forestry plantations 
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I. General introduction 

In addition, because spatial vari ation is not dircctly measurable in its entircty but is reconstructed from 

point data, the resulting input attributes will have errors, thi s is especially a problem for attributes with 

values near the boundaries of the sets. The replacement of Boolcan sets with fuzzy sets (or continous 

classes) replaces the finite boundary of the Boolcan set with a grad ual transit ion zone, and allows for 

partial set membership. This thcn prevents the exclusion of attributes with values j ust outside the class 

boundai res. As Fairbanks (1997) points out the usc of stri ct Boolcan algebra with simple TRUE/FALSE 

logic is inappropriatc for land su itability eva luation, bccausc of thc conti nuous nature of cnvi ronmental 

data and the inexactncss of formulating queries. 

The road-effect zonc for South Africa was determined using a simil ar mcthod to that used by 

Stoms (2000) in which thc spatial extent of road-effects (road-effect zone) can bc uscd as an ecological 

indicator that directly represents impacts on biodiversity. The affected distances wcre estimated in a 

hicrarchical fashion from thc rcvicws mentioned above, as well as from loca l stud ies (Milton & 

Macdonald, 1988). National routes and freeways were assumed to affect biodivcrs ity for a grcater 

distance from the roadway (Ikm on each side) than farm roads (100 m; Table 6). Road segments from 

the South African Surveyor General (1993b) 1: 500000 scalc map series files (SA Surveyor General, 

1993b) were buffered in a standard geographic information system operation to the distance related to its 

class (Figure 6). Although the roads in protccted areas do have an impact on biodiversity with in these 

areas, they were excluded from this analysis as by and large protected areas overwhclmingly contribute 

to biodiversity conservation. 

Geographic Information Systems (GIS) analysis 

The spec ies di stribution data col lated at a quarter degree grid ce ll reso lution was the coarsest resolution 

data used within the study and therefore determined the rcsolution of the remaining data. Thus the 

vegetation, land-cover and environmental data were overlaid with the IS' x IS' gri d (Figure 7) . An 

aggregated mean statistic was recorded for each grid cell fo r the vegctation, environmental and 

topographical features found within that grid cel l. The extent of current and potential land-cover classes, 

as well as national and provincial protected areas within each grid cell was calcul ated usin g ArcJnfo . All 

GIS analyscs were cond ucted in ArcView and Arclnfo (ESRI, 1998) in Albers equal area projection , 

with Spheroid Clarke 1880 and using the parameters of reference longitude 240 00' 00" E and standard 

parallels of -1 80 00' OO"S and _320 00' 00" S. 

Conservation area selection 

Traditional methods of conservation area selection comprising identification of hotspots of species 

ri chness and rarity were used for some aspects of this study (Wi lliams, 1998). Howcver, 

complementari ty-based iterative algorithms were the chief conservation area selection tool employed 

(Nicholls & Margules, 1993). 
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1. General introduction 

Table 6: Buffer widths ass igned to road classes for calculati ng road-effect zone (after Stoms 2000). 

South African Surveyor General Description 

National route 

Freeway 

Arterial 

Main 

Secondary (connecti ng and magisterial roads) 

Other (rural road) 

Vehicular trail (4 wheel drive route) 

Buffer width (01) 

1000 

1000 

500 

250 

100 

50 

25 
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Figure 6: Buffered road network of South Africa. 
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Figure 7: Quarter degree grid cells (n = 215) of the Northern Province. 
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I. General introduction 

Basic richness- and rarity-based algorithms were progranuned and used in many of the analyses. These 

algorithms were adapted and reprogrammed to meet the requirements of later analyses. An iterative 

algorithm able to represent a specified percentage of broad-scale surrogate classes was programmed and 

used in Chapters 4 and 6. Additional adaptations are described in more detail in Chapters 5 and 6 and 

Addendum II, and incl ude reprogranuning for the incorporation of land-usc information and beta 

diversity into conservation area selection. In most cases a 25 to 50% level of preselection was employed. 

This implies that any biodiversity feature occurring in a site more than 25 to 50% protected is assumed 

to be already represented and is excluded from future selection. 

The terms reserve network, conservation area, priority conservation area and protected area all 

refer to existing or identified sites for the conservation of biodiversity. These areas include existing 

formal protected areas (ruCN categories I and II) as well as areas identified as important to biodiversity 

conservation by this study. The areas identified can then be formally protected or, in the case of land and 

budgetary constraints, rely on some form of off-reserve management (Pressey & Logan, 1997). 
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Summary 

Richness, rarity, endemism and complementarity of indicator taxon species arc often used to select 

conservation areas, which are then assumed to represent most regional biodiversity. Assessments of the 

degree to which these indicator conservation areas coincide across different taxa have been conducted on 

a variety of vertebrate, invertebrate and plant groups at a national scale in Britain, Canada, thc USA and 

South Africa and at a regional scale in Cameroon, Uganda and USA. A low degree of spatial overlap 

among and within these se lected indicator conservati on arcas has been demonstrated. These results tend 

to suggest that indicator conservation areas display little congruence across different taxa. However, 

some of these stud ies demonstrate that many conservation arcas for indicator taxa captu re a high 

proportion of non-target species. Thus it appears that indicator conservation areas might samplc overall 

biodiversity efficiently. Thesc indicator conscrvation areas may, however, exclude species essential for 

effective conservation, e.g. rare, endemic or endangered species. The prcsent study investigatcd the 

value of indicator taxa as biodiversity surrogates using spatial congruence and representativencss of 

differcnt indicator priority conservation areas. The conservation status of species excluded by the 

indicator approaches is also assessed. Indicator priority conservation areas demonstrate high land area 

requirements in order to fully represent non-target spec ies. These results suggest that efficient priority 

area selection techniques must reach a compromisc bctwecn maximising non-target specics ga ins and 

minimising land-usc requiremcnts. Reserve se lection procedures usi ng indicator bascd complcmentarity 

appear to be approachcs which best satisfy this trade-off. 
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Introduction 

Concern over the rapid degradation of the world's biological resources and the implications for global 

biosphere integrity and human welfare is mounting. There is a widely recognised need to design 

appropriate policy and management strategies to conserve remaining biodiversity rcsources. The 

establishment of protected areas for in situ biodivcrsity conscrvation is one such management strategy. 

However, the effectivcness of ill situ conservation strategies depends on thc cxistence of adequate 

databases about thc distribution of species and other natural features. In addition, the need to minimise 

the costs associated with land acquisition and foregone opportunities for other land-uses when reaching a 

conservation goal requires efficient procedures for selecting minimum or near minimum sets of sites that 

represent these species or features (Kirkpatrick, 1983; Bedward et 01.,1992; Nicholls & Margules, 1993; 

Pressey et al., 1993 ; Freitag & van Iaarsveld, 1997). 

Balmford and Gaston (1999) argue that without high quality biodiversity inventories, 

representative conservation areas will be largcr than nccessary, thus increasing demands on already 

limited conservation resources. However, as a rulc ncither thc timc nor the resources required to survey 

all regional biodiversity are available. Thus the selection of representativc minimum-set conservation 

arcas often depends on substitute or surrogate biodiversity data which can be survcycd in a morc cost 

and time efficient manner (Noss, 1990; Vane-Wright et al., 1991; Ryti , 1992; Bclbin, 1993; Gaston & 

Williams, 1993; Pressey, 1994; Williams & Gaston, 1994a,b; Margules & Rcdhead, 1995; Pressey & 

Logan, 1994; Faith & Walker, 1996; Gaston, 1996b; Williams, 1998). Specics-based surrogacy 

approaches include using measures of species riclmcss, rarity, endemism or complementarity of onc or 

more groups of indicator taxa that have been wcll survcycd (Prendergast et aI., 1993; Lombard, 1995; 

Williams et 01., 1996; Flather et aI., 1997; Howard et al. , 1998; van laarsveld et 01., 1998). Thcse 

approaches assume that a species rich area, areas rich in endemics or complementary areas for indicator 

groups will be indicative of similar trends in unsurveyed taxa. Conscqucntly, priority conservation areas 

idcntified from survey data of one or two indicator groups are capable of conserving most regional 

biodiversity. 

Thcse assumptions of surrogacy require rigorous testing before their implementation. One route 

to assessing the val ue of potential indicator taxa is to quantify the degrcc to which spatial patterns of 

species richness, endemism, rarity and complementarity coincide across di ffcrent taxa (Prendergast el 

al., 1993; Lombard, 1995, Gaston, 1996a; Flather el 01.,1997). Although it seems that the distribution of 

well -studied taxa can act as indicators for the distribution of poorly studicd taxa at global and continental 

scales (Scott el 01., 1987; 1993; Pearson & Casso la, 1992), at fincr scalcs (e.g. national and regional) this 

assumption appears questionable. Prendergast et 01. (1993), and Prendergast and Evcrsham (1997) did 

not find gcneral support for the use of indicator taxa in thcir British studies, as specics richness hotspots 

(10 km' grid cell sets) for various vcrtebrate and invertebrate taxa did not coincide. Similarly in South 

Africa, Lombard (1995) demonstrated a lack of congruence of spec ies richness, cndemism and rarity 
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hotspots (sets of 26km x 26km grid cells) within and among six vertebrate taxa. Williams el al. ( 1996) 

found that bird richness hotspots were not efficient at representing all British birds, while Williams and 

Gaston ( 1998) using 10 km' grid cell richness data on British fauna agree that the value of indicator taxa 

for biodiversity conservation planning is far from established. Van laarsveld el al. (1998) discovered 

limited overlap between 26km x 26km grid cells selccted in South A frica using spccies richness, rarity 

and complementarity measures between various vcrtebrate, invertebrate and plant taxa. In a qualitative 

assessmcnt of richness hotspots for the USA and Canada for a variety of vertebratc, in vertebrate and 

plant taxa, Flather el al. (1997) found a genera l lack of ove rl ap between cross taxon hotspots. Lawton el 

al. (1998) found that no single vertcbrate or invertebrate taxon served as a good indicator for changes in 

species riclmess of other taxa with changing disturbance levcls in Cameroon. 

These results seem to suggest that at a scale relevant to practical conservation planning, the use 

of indieator taxa for biodiversity conservation has limited potential. However, although hotspots display 

little congrucnce among taxa and are less effic ient at reprcsenting the full complement of specics than 

complcmcntarity approaches (Ki rkpatrick, 1983; Margulcs el aI., 1988; 1994; Pressey & Nicholls, 1989; 

Bedward el aI. , 1992; Nicholls & Margulcs, 1993; Freitag el aI., 1997; Prcssey el al., 1997; van 

laarsveld el al. , 1998), conservation planning in the real world is only able to protcct a limited number of 

si tes (Reid, 1998). The question then is what proportion of overall divcrsity can be captu red in thcse 

conservation arcas identi lied by hotspot approaches. 

The previously mentioned studies appear to undermine the use of indicator groups, however, 

when viewed from an alternative perspectivc, priority conservation areas for an indicator taxon appear to 

sample overall biodiversity quite efficiently. Both Prendergast el al. ( 1993) and Lombard (1995) showed 

that a hi gh proportion of species was captured within priority areas for other taxa, ranging from 48 to 

100% (x = 80.4%) and 66 to 92% respectively. In Oregon, USA, complementary areas rcpresenting one 

taxon were good at representing the diversity of other terrestrial taxa (Unpublished data in Csut i el al. , 

1997). Similarly, Howard el al. ( 1998), using the approach developed by Williams el al. (2000), fo und 

that despite little spatial congruence in spec ies richness of a variety of taxa in Uganda, complementary 

areas chosen using information on one taxon effective ly captured overall di versity. Thus spatial overlap 

in areas based on species ri chness of different taxa may be an inadequate assessment of the val ue of 

across taxon biodiversity indicator value (Balmford, 1998; Howard el al. , 1998). Possibly measures of 

degrees of representativeness (how completely the reserve system includes the spccies pool of a region 

(Margul es & Usher, 1981)) of various taxa within indicator areas is a morc appropriatc mcthod of 

assessment. Arcas containing high levcls of divcrsity for one indicator taxon sclected by richness, rarity 

or complementari ty approaches are likely to include a diversity of habitats and therefore a large amount 

of diversity fo r other taxa (Reid, 1998). 

One shortcoming of thi s approach towards assessing thc value of indicator taxa is that although 

indicator derived conservation areas may capture a large amou nt of regional diversity they may be 
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nlJSsmg species essential for effective conscrvation, e.g. rare or endangered species. Consequently, 

richness hotspots may capture a high percentage of overall spec ies diversity, but many rare species do 

not occur in these hotspots (Prendergast ef aI., 1993). Red Data Book listed species and endemic species 

in South Africa wcre not well represented within hotpots (Lombard, 1995). The distributions of rare 

species were found to be not strongly nested within the di stributions of more widespread specics in a 

study on British birds (Williams el al., 1996). Endangercd species hotspots in thc USA rarely captured 

cndangered species of othcr taxa and at Icast half of the rarc species do not occur in hotspots in Australia 

and Britain (Curnutt et af., 1994; Dobson et aI., 1997) . 

The prescnt study investigated the across taxon value of indicator taxa using spatial congruencc 

and representativeness of riclmess hotspots, rarity hotspots as well as areas se lccted by complcmentarity 

based riclmess and rarity algorithms. 1n addition, a critical eval uation of the conservation status of 

spcc ies overlooked by indicator conservation areas was conducted. 

Methods 

Study area and databases 

The study area comprises the Northern Province of South A frica (Figure I), which rcpresents 

approximately 10% (122305 krn') of one of thc most biologically rich nations in the world (WCMC, 

1992). 1nformation on specics prcsence within 26krn x 26km grid cells (ca. 700 km'; n ~ 215) was 

collated for birds (Avcs), butterflies (Lepidoptera: superfamilies Hesperioidea, Papilionoidea) , manmlals 

(Mammalia) and vascular plants (Plantae) (Table I). These taxa are all well surveyed within the study 

area and reflect little survey bias (Harrison, 1992; Freitag & van laarsveld, 1995; Frcitag el al., 1998) 

with the possible exception of the butterfly dataset which contains the lowest number of records 

surveyed in the fewest grid cells (Table I). The buttcrfly dataset is the best available invertebrate dataset 

for the study region and has the additional advantage of being a taxonomically we ll-known group 

(Muller, 1999). Only endemic plant species (species that were not recorded outsidc of the former 

Transvaal Provincc) were included in the analyses, since the representation of all plant species sets 

unattainable formal conservation goals, rcquiring over 50% of the study area to represent all species 

once. All grid cells have been survcyed for plant species; however, only 88.4% of the grid cells contain 

endemic plant species (Table I). 

Priority cOl1servation area identificatioll 

Richness and rarity hotspots were identified within the study arca for all four taxa separate ly, as well as 

for all taxa combined. Richncss hotspots were defined as the 5% richest grid cells containing records for 

that particular taxon or group of taxa. Rarity hotspots were identified as grid cells containing rare spec ies 

defined by Gaston (1994) as the 25% species with the lowest abundanccs or number of distribution 

records (Williams et al., 1996). 
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o 100 200 300 400 Kilomders 

Figure I: Map of South Africa showing location of North em Province study area. 
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Table I: Species distribution data. 

Taxon Unique Unique species Rare species Endemic species Grids with 

records records 

Birds 49089 574 141 63 214(99%) 

Butterflies 2062 328 79 4 84 (39.1 %) 

Mammals 5218 214 56 183 (85.1%) 

Plants 2694 472 125 472 190 (88.4%) 

Combined 59063 1588 353 540 215 (100%) 
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However, from a conservation perspective it is the overall regional biodiversity that is of interest, not 

just the extremes of the diversity continuum rcprcsented within hotspots (Gaston, 1996a). For this reason 

the principle of complcmcntarity, which rccognises the identity of uni ts or species within grid cells, is 

included in this study. Complcmentary sets of grid cel ls representing all species at least once were 

identified using a rarity-based complementarity algorithm based on Nichol ls and Margules (1993) as 

well as a richness-based complementarity algorithm. These reserve selection procedures arc based on 

simple heuristic algorithms which proceed in a stepwisc fashion, adding grid cells on at each step that 

contain features most complementary to those in the grid ce lls al ready reserved. The algorithms are 

essentially similar, varying in their point of departure. The former starts with grid cells containing 

unique features and adds sites progressively according to which contains the rarest unrepresented feature 

(Nicholls & Margules, 1993). The richness-based algoritlull bcgins with the most species rich grid cell 

and seq uentially includes grid cells that add the most unrepresented species (Kirkpatrick, 1983; Howard 

el aI., 1998). These algorithms were run on all four taxa separately and then on all taxa combined. 

Spalial congruellce ill species diversily 

The dcgrcc of spatial overlap among conscrvation networks varies substantially, but consistcntly, whcn 

using different measures (Chapter 3). A measure of proportional overlap used by Prendergast el al. 

(1993) and Lombard (1995) provides thc most appropriate assessme nt. 

Proporlional overlap = N, / N, 

where: N, is the number of common grid cclls in a pair of pri ority areas and N, is the number of grid cells 

in the smallest priority set of areas containing data for both groups, i.e. the maximum number of 

overlapping grid cells possible. 

As pointed out by Pressey el al. (1993), Margules el al. (1994) and Williams el al. (1996), 

flexibility is an inherent characteristic of most complementary sets of areas. Thus perhaps measures of 

proportional overlap arc not suffi cient in comparing overlap between complementary sets. Few studies 

have been conducted on the similarities of sets of complementary areas based on differcnt taxa, 

providing limited evidence of similarities (Ryti, 1992; Saetersdal el aI., 1993; Vane-Wright el aI., 1994; 

Gaston el al., 1995). A method si milar to that of Williams el al. (1994) and Gaston el al. (1995), using 

the se lection order of grid cells for complementary sets as an indication of the grid ce ll 's diversity value 

(in terms of richness or rarity; and complementarity), is app li ed. The grid cells selectcd first would thus 

be assumed to have the highest diversity value. An evaluation of the sequenecs of grid cel ls selected for 

pairs of complementary sets allows for a comparison of patterns of between-taxon diversity. The 

selection orders of the ri ehness- and rarity-based complementary algoritluns were analysed by Pearsons 

prod uct moment correlations. 
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Species representation 

The number of species falling into priori ty conservation areas was calculated for each of the four taxa as 

well as fo r all taxa combined. The number of additional grid cells required to represent all taxa once was 

calculated. The perfonnanee of pri ority sets in representing overall diversity was evaluated followi ng the 

approach devcloped by Williams and colleagues. (Williams et aI., 2000), and subsequentl y employed by 

Howard et al. (1998). Thc manner in which cumulative pcrcentage species increased as a function of 

cumulative percentage grid cells selccted was detennincd. This was done for all indi cator groups, 

ri chness and rarity hotspots, as well as their complementary areas selected using riehness- and rarity

based algorithms. 

Rare Gild endemic species representation 

The ability of the various indicator based priority conservation areas to represent rare and endemic 

species was investigated. Endemic butterfly, manmlal and plant species were defined as species 

occurring only within the former Transvaal provi nce and rare species as the lowest quartile of species 

based on distributi on records or abundances as in Gaston (1994) . There arc no birds restricted to the 

former Transvaa l provi nce, thus endemic birds were dcfined as birds occurring only in South Africa 

(Table I). The percentage rare and endemic species rcpresented within the priority conservation areas 

was calculated. The relationship between cumulati ve representation of rare and endemic species and the 

number of grid cells selected witbin each priority conservation area was examined using an approach 

simi lar to that of Williams et al., (2000). Thc rate at which species and especially rare and endemic 

species are represented within priority conscrvation areas could then be ascertained. 

Results 

Priority conservation areas 

Table 2 shows the percentage of grid ce ll s required for priority conservation areas based on all four 

indicator groups, as well as for all groups combined. The grid cell requirements for these conservation 

areas vary from 1.9% for the butterfl y ri chness hotspots to 81.9% for the bird rarity hotspots. In genera l, 

rarity hotspots required many grid cells whilc richness hotspots required fewer grid cells. The richness

and rarity-based complemcntari ty networks contained almost identical numbers of grid cells. Thc birds 

and combined taxa required the most grid cells within the richness and rari ty hotspots while the 

combi ned taxa and endemic plants required the most grid cells withi n the richness and rarity-based 

complementary networks. 

Spatial congruence in species diversity 

The measure of proportional spatial congruence suggests a high degree of spati al overlap between pairs 

of priority conservation areas (Figure 2a), and a moderate degree of overlap among priority conservation 
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areas based on indicator taxa (Figure 2b). Ovcrlap between rarity-bascd complementary networks and 

rarity hotspots was highest, with overlap betwcen rarity-based complementary networks and richness

hotspots being lowest (Figure 2a). Rarity hotspots and richness hotspots demonstrate the highest and 

lowest overlap between indicator groups, respectively (Figure 2b). Thc selection order of the 

complementary scts of grid cells showed no significant correlations between taxa. The richness- and 

rarity-based complementary networks based on the same taxa werc significantly positively correlated (r 

> 0.8; p < 0.05). 

Species representation 

The percentage of species captured in priority conservation areas was high (Table 2); ranging from 

59.2% for buttcrfly richncss hotspots to 99.9% for the richness hotspots based on all taxa combi ncd. 

This excludes the 100% rcprcscntation achieved by the riclmess and rarity-based algorithms run on all 

taxa combined, as these algorithms run until the targct representation of 100% of species is achieved 

(Table 2). Richness hotspots display the lowcst degrec of spccies representativeness (x = 75.2%) with 

rarity-based complemcntary networks, richness-based complementary networks and rarity hotspots 

displaying higher average spec ies representation percentages across all indicator taxa (x = 91.4 , 92.1 

and 96.3%, respectively). 

The additional grid cells required to represent all species at least once rangc from 0.5% for rarity 

hotspots based on all taxa combined to 39.1 % for butterfly richness hotspots (Table 2). The total 

pcrcentage grid cells required (i.e. grid cclls selected as part of priority conservation arcas and additional 

grid cells required to rcpresent all species once) are similar for the various priority conservation areas 

(ca. 41 %), with the exception of the rarity hotspots for all taxa combined and for birds (55.3 and 83 .7%, 

respectively) (Table 2). 

Although it would appear that thc pcrccntagc of spccies excluded by the priority conservation 

areas is low (Table 2), upon closer examination these spec ies are primarily rare and cndemic spccies. 

Out of the species from non-target groups excluded by the indicator priority conservation areas, on 

average 77.6, 76.5, 92.1 and 90.7% are rare and endemic species mi ssed by richness hotspots, rarity 

hotspots, riclmess-based complemcntary networks and rarity-based complemcntary networks, 

respectively (Table 2). From a different perspective, the richness hotspots, richness-based 

complementary networks, rarity-based complementary networks and rarity hotpots for indicator groups 

exclude on average 51.4, 21.7, 23.7 and 8% of the rare and endemic species from non-target groups, 

respectively (Table 2). 



Table 2: Results on efficiency, representativeness and rare and endemic species representation within the priority conservation areas selected 

Priority conservation % grid cell s % total species % additional grid % total grids % excl uded species % excluded species % rare & endemic % rare & endemic 
areas selected represented cell s to represent to represent that are rare & endemic that are common species represented species excluded 

all species a ll species 

Richness hotspots 
All taxa 5. 12 82.93 35.8 1 40.93 90.04 9.96 64.48 35.52 

Birds 5.12 77.90 35.8 1 40.93 9 1.45 8.55 53.28 46.72 
Butterflies 1.86 59.19 39.07 40.93 62.96 37.04 40.61 59.39 
Mammals 4.19 82.93 38.60 42.79 75.04 24.96 26.93 73.07 

Plants 4.65 73.24 36.28 40.93 68.47 3 1.53 57.64 42.36 
Average 4.19 75.24 37.12 41.30 77. 59 22.41 48.59 51.41 

Rarity hotspots 
All taxa 54.88 99.94 0.47 55.35 0.00 100.00 100.00 0.00 

Birds 8 1.86 99.69 1.86 83.72 100.00 0.00 99.27 0.73 
Butterflies 16.74 92.07 25. 12 4 1.86 93.65 6.35 82.82 17. 18 
Mammals 24.65 93.83 2 1.86 46.51 96.94 3.06 86. 17 13 .83 

Plants 24.65 96.03 16.28 40.93 92.06 7.94 91.56 8.44 
Average 40.56 96.31 13.12 53.67 76.53 23.47 91.9 7 8.03 

Richness algorithm 
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Figure 2: The degree of proportional overlap (mean ± s.e; n = 4): (a) between pairs of conservation areas 

generated by means of different prioritisation criteria (richness and rarity hotspots, richness- and rarity

based complementarity algorithms), and (b) within conservation areas based on different indicator taxa 

(rich = richness, rare = rarity). 
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Figure 3 illustratcs the rate at which species arc represcnted within the priority conservation areas. Thc 

ini tial rate of representation is rapid, with an avcrage of 70, 87.9, 88 and 86.2% of all spceies 

representcd within Icss than 10% of the study arca for indicator richness hotspots, rarity hotspots, 

richness-based complementary networks and rarity-based complementary networks, respectively. The 

rate then slows dramatically as all priority conservation areas target thc representation of all species. 

The rate of representation of rare and endemi c species is lower than the rate ofrcpresentation for 

all species illustratcd in Figure 3. Thi s slower rate, with richness hotspots, rarity hotspots, riehncss-bascd 

complementary networks and rarity-based compl ementary networks respective ly capturin g 48.6, 71.6, 

74.7 and 75.3% of the rare species within 10% of the study arca, is demonstrated in Figure 4. The rate 

also slows further as full representation of all rare and endcmie specics is targeted. 

Discussion 

The results from the present study provide qualified support for the use of indicator taxa in the selection 

of representative conservat ion areas. The high levels of spatial congruence are encouraging, but due to 

the lack of general support from previous studies (Prendergast el aI., 1993; Lombard, 1995; van 

l aarsveld el al., 1998), thi s result should be intcrpreted with cauti on. The high levels of species 

representat ion within the indi cator priori ty conservation areas would appear to support Prendergast el al. 

(1993), Balmford (1998), Howard et al., (1998) and Reid, (1998) in their suggestion that conservation 

areas species rich for one indicator taxon may represent considerable diversity in other non-target taxa. 

However, within the species representation analyses as well as within the spat ial congruence 

assessments, the effect of conservation area size is often overlooked. An extensive indicator 

conservation area has a much higher probability of coinciding with another indicator conservation arca, 

and also stands a greater chance of capturing higher levels of regional biodiversity than restricted 

conservation areas. Thi s is obvious from the results where complementary networks and rarity hotspots 

(all large areas) coincide more with one another than with the smaller richness hotspots and also have 

higher species representation values, capturing more regional species diversity than smal ler richness 

hotspots. 

In accordance with findings by Lombard ( 1995) and Williams el al. (1996) richness hotspots 

contai n the highest number of species records per grid ce ll and thus would appear to be the most 

effective at representing large numbers of species within fewer grid cells. Taking the present limited 

state of financ ial and land resources for conservation into account, thi s is perhaps an important result. 

However thi s result is misleading and should be interpreted with caution. Altbough riciU1ess hotspots 

may appear to be the most efficient at representing ncar-max imum regional biodiversity in a minimum 

number of areas, thesc richness hotspots exc lude up to onc-quarter of the species in non-target groups 

and perhaps morc importa ntl y they excl ude half the rare and endemic spec ies in non-target groups (Tablc 

2; Figure 5). 

52 



2. Complementarity as a biodiversity indicator strategy 

100 100 .. .. .;;;;;;.;-:;-.. .;. .. ;:.--_ . 
ro . ' ro r "' .1 

~ 
AO 

"' ,1 """ ...... 
so -- so -.. ......... M_' 

P .... 
.. 

p"," 

-0 30 30 .. 
C 20 20 .. 
~ 10 10 .. ... 
fr 0 0 

0 , 10 " 20 " 30 " 0 , 10 " 20 " 
,. 

" ~ (a) (e) 
" .y 

" 100 --.. 100 ... 
Q. - ._-. . 11 .,...-
~ ,...,.... ~~ .. '" /;.;M> 

.. .;~ 
.i:: ., ., r - ~ .= 70 , ro = e "' f rn All 

= ... " - , .... 
U so I -- so _ 8u1lCfn .. 

::R M ....... -0 ... '" ...... P .... 

" " 
20 '" 
10 10 

0 0 

0 , 10 " 20 " 
,. " 

, , 
" " '" " '" " (b) 

% G rids selected 
(d) 

% C rids selected 

Figure 3: Cumulative percentage representation of all four taxa (birds, butterflies, mammals and plants) 

and all taxa combined as a function of cumulative percentage grid cells selected by (a) richness hotspots, 

(b) rarity hotspots, (c) the richness-based complementarity algorithm, and (d) the rarity-based 

complementarity algorithm. 
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Figure 4: Cumulative percentage representation of rare and endemic species of birds, butterflies, 

mammals, plants and all taxa combined as a function of cumulative percentage grid cells selected by (a) 

richness hotspots, (b) rarity hotspots, (c) the richness-based complementarity algorithm, and Cd) the rarity

based complementarity algorithm. 
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Rarity hotspots represent species, as well as rare and endemic species, of non-target taxa very well, but 

this comes at a high land cost, requiring over 40% of the land available (Table 2; Figure 5). Thus it 

would appear that, as Pressey el al. (1993) and Williams (1998) argue, indicator complemcntary sets of 

grid cells arc perhaps the most cfficient conservation solution. These areas protect high levels of non

target biodiversity (92%), missing only 20% of the rare and endemic species (a result similar to the very 

high level s attained by the land area costly rarity hotspots), in only half the area required by the rarity 

hotspots (Figure 5). 

Although these priority indicator areas appear to efficiently represent a large pcrcentage of 

regional biodiversity and thus perhaps support the notion of indicator taxa as valuable biodiversity 

sun'ogates, two important issues emanating from the present study remain problematic. First, attempts to 

achieve full reprcsentation of all known regional biodiversity wil l be expcnsivc in terms of land 

req uirements irrespective of which indicator approach is used. This is emphasised by the high number of 

grid cells (40% of the study region) rcquired to achieve 100% representation of all taxa within all the 

generated conservation areas. Also, representative networks can be very fragmented and scattered, as is 

the case with most of the current conscrvation areas and these highly fragmcnted or diffuse networks 

require intensive managemcnt and therefore demand high management costs (Bcd ward el al. , 1992). 

Second, although species missed by the indicator conservation areas represent a small fraction of 

the species known to occur within the region, th is small component is important in conse rvation terms. 

More than hal f of these excluded species arc rare and endemic, and add to the fact that a signi ficant 

portion of all the rare and endemic species within the region are mi ssed by the various indicator priority 

conservation networks. Thus, existing methods used to identify indicator priority conservation areas do 

not seem to be efficient at representing rare and endemic species across taxa and represent them at a very 

slow rate. Tllis obviously has significant implications for regional conservation planning, as it suggests 

that the rare and endemic taxa from different groups may be found in different areas (Dobson el al., 

1997). It also highlights the need to c larify conservation goals and to decide whether the goal of total 

species rcpresentation, or rare and endemic species representation is the most appropriatc one. 

Conclusion 

This study supports the use and importance of indicator taxa as surrogates for regional biodiversity. The 

occasional lack of cross-taxon congruencc between indicator conservation areas (overlap values 

generally being higher than 90% with values of 76 and 78% between richness-based complementary 

areas; and rarity and richness hotspots, respectively (Figure 2», is not sufficient to invalidate the use of 

indicators as surrogates. Hi gh level s of cross-taxon species representativeness within the indicator 

conservation areas (75-96%) seem to lend support to the assumption that areas of conservation 

importance to one taxon will capture high levels of di versity for non-target taxa. Although encouraging, 

thi s result does not extend to regionall y rare and endemic taxa (indicator areas excluding between 8 and 
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50% of rare and endemic species) and should therefore be implemented with cauti on. The exclusion of 

rare and endemic species highli ghts the need for some form of species specifi c conservation 

managcment. The lack of unqualified support for the indicator taxon strategy, the abscnce of completc 

biodiversity inventories and the lack of standard assessment techniques for indicator taxa as surrogates 

(Flather ef al., 1997) all raise important questions about the validity of the surrogate indicator approach. 

Hi gh level s of species representation, especially of rare and endemic spccics, appear to come at a 

cost, req uiring large areas of land ranging from 40 to 50% of the land available. Thi s tradc-off between 

land-usc effic iency and the represcntation of spccies, especially rare and endemic species, suggests that 

an indicator strategy that manages to rcach a compromise betwcen land-use rcquirements and species 

representation may be appropriatc. It would seem from these assessments that the complcmentarity 

indicator approach is sti ll the most efficient approach for maximising non-target species gains in the 

minimum area possibl e. 

Acknowledgements 

The Department of Zoology and Entomology, University of Pretoria; Avian Demographic Unit, 

University of Cape Town; National Botanical Institute and the Transvaal Museum arc thanked for 

allowing access to primary data. We al so thank the Mellon Foundation, the University of Pretoria and 

the Foundation for Research Development for financial assistance , as well as GIMS® for G IS software 

and support. 

57 



2. Complementarity as a biodiversity indicator strategy 

References 

Balmford, A. (1998). On hotspots and the usc of indicators for reserve selection. Trends in Ecology and 

Evolution 13,409. 

Balmford, A. & Gaston , K.J. (1999). Why biodiversity surveys arc good value. Nature 398, 204-205. 

Bedward, M. , Pressey, R.L. & Keith , D.A. (1992). A new approach for selecting fully representative 

reserve networks: addressing efficiency, reserve design and land suitability with an iterative 

analysis. Biological Conservation 62, 115-125. 

Belbin, L. (1993). Environmental representativeness: regional partitioning and rescrve selection. 

Biological Conservation 66, 223-230. 

Csuti, B. , Polasky, S., Williams, P.H. , Pressey, R.L., Camm, J.D., Kershaw, M., Kiester, A.R., Downs, 

B., Hamilton , R., Huso, M. & Sahr, K. (1997). A comparison of reserve selection algorithms 

using data on terrestrial vertebrates in Oregon. Biological Conservation 80, 83-97. 

Curnutt, J., Lockwood, J. , Luh, H.K., Nott, P. & Russell, G. (1994). Hotspots and species diversity. 

Nature 367, 326-327. 

Dobson, A.P., Rodriguez, J.P. , Roberts, W.M. & Wileove, D.S. (1997). Geographic distribution of 

endangered species in the United States. Science 275,550-553. 

Faith, D.P. & Walker, P.A. (1996). How do indicator groups provide information about the relative 

biodiversity of different sets of areas?: on hotspots, complementarity and pattern-based 

approaches. Biodiversity Leiters 3, 18-25. 

Flather, e.H., Wilson, K.R., Dean, OJ. & McComb, W.e. (1997). Identifying gaps in conservation 

networks: of indicators and unccrtainty in geographic-based analyses. Ecological Applications 7, 

531-542. 

Freitag, S., Hobson , e., Biggs, H.e. & van Jaarsveld, A.S. (1998). Testing for potential survey bias: the 

effect of roads, urban areas and nature reserves on a southern African mammal data set. Animal 

Conservation I, 119-127. 

Freitag, S. & van Jaarsve ld, A.S. (1995). Towards conserving regional mammalian diversity: a case 

study and data critique. South Aji-ican Journal oJZoology 30, 136-144. 

Freitag, S. & van Jaarsveld, A.S. (1997). Relative occupancy, endemism, taxonomic distinctiveness and 

vulnerability: prioriti sing regional conservation actions. Biodiversity & Conservation 6, 211-

232. 

Freitag, S., van Jaarsveld, A.S. & Bigss, H.C. (1997). Ranking priority areas: an iterati ve conservation 

value based approach. Biological Conservation 82, 263-272. 

Gaston, KJ. (1994). Rarity. London: Chapman and Hall. 

Gaston, KJ. (1996a). Biodiversity - congruence. Progress in Physical Geography 20, 105-112. 

Gaston, KJ. (1996b). Species richness: measure and measurement. In Biodiversity: a biology oj numbers 

and difference. (Ed. KJ. Gaston), pp. 77-113. Blackwell Science, Oxford. 

58 



2. Complementarity as a biodiversity indicator strategy 

Gaston, K.J. & Williams, P.H. (1993). Mapping the world's species - the higher taxon approach. 

Biodersity Lellers I, 2-8. 

Gaston, KJ., Williams, P.H., Eggleton, P. & Humphri es, C.1. (1995). Large scalc patterns of 

biodiversity: spatial variation in family richness. Proceedings oj the Royal SOCiety, London (B) 

260,149-154. 

Harrison, 1.A. (1992). The Southern African Bird Atlas Project databank: five years of growth. South 

AFican Journal oj Science 88, 410-413. 

Howard, P.C., Viskanic, P. , Davenport, T.R.B., Kigenyi, F.W. , Baltzer, M., Dickinson, CJ., Lwanga, 

1.S., Matthews, R.A. & Balmford, A. (1998). Complementarity and the use of indicator groups 

for reserve selection in Uganda. Nature 394, 472-475. 

Kirkpatrick, 1.B. (1983). An iterativc mcthod for establishing priorities for the selection of nature 

reserves: an example from Tasmania. Biological Conservation 25, 127-1 34. 

Lawton, J.H., Bignell, D.E., Bolton, B., Bloemers, G.F., Eggleton, P., Hammond, P.M., Hodda, M., Holt, 

R.D., Larsen, T.B., Mawdsley, N.A., Stork, N.E., Srivastava, D.S. & Watt, A.D. (1998). 

Biodiversity inventories, indicator taxa and effects of habitat modification in tropical forest. 

Nature 391, 72-75. 

Lombard, A.T. (1995). The problems with multi-species conservation: do hotspots, ideal rcserves and 

existing reserves coincidc? South AFican Journal oj Zoology 30, 145-163. 

Margules, C.R., Cresswell, 1.0. & Nicholls, A.O. (1994). A scientific basis Jar establishing networks oj 

protected areas. In Systematics and conservation evaluation (Eds. P.L. Forey, CJ. Humphrics 

and R.1. Vane-Wright), pp. 327-350. Oxford University Press, Oxford. 

Margules, C.R., Nicholls, A.O. & Presscy, R.L. (1988). Sclecting networks of rescrves to maximise 

biological diversity. BiologicaL Conservation 43, 63-76. 

Margules, C. R. & Redhead, TD. (1995). BioRap: guidelines Jar using the BioRap methodology and 

tools. Australia: CSIRO. 

Margules, C.R. & Usher, M.B. (1981). Criteria used in assessing wildlife conservation potential: a 

review. Biological Conservation 21, 79-109. 

Muller, C. (1999). The distribution and conservation oJtermites (Isoptera) and butterflies (Lepidoptera) 

in South AFica. Unpublishcd MSc dissertation. University of Pretoria, Pretoria , South Africa. 

Nichol ls, A.O. & Margules, C.R. (1993). An upgraded reserve selection algorithm. Biological 

Conservation 64, 164-169. 

Noss, R.F. (1990). lndicators for measuring biodivcrsity: a hierarchical approach. Conservation Biology 

4, 355-364. 

Pearson, D. L & Casso la, F. (1992). World-wide species richness patterns of tiger beetles (Coleoptcra: 

Cicindelidae): indicator taxon for biodiversity and conservation strategies. Conservation Biology 

6,3 76-391. 

59 



2. Complementarity as a biodiversity indicator strategy 

Prendergast, 1.R. & Eversham, B.c. (1997). Species richness covariance in higher taxa: empirical tests of 

the biodiversity indicator concept. Ecography 20, 210-216. 

Prendergast, 1.R. , Quinn, R.M., Lawton, 1.H., Eversham, B.C. & Gibbons, D.W. (1993). Rare species, 

the coincidence of diversity hotspots and conservation strategies. Nature 356,335-337. 

Pressey, R.L. (1994). Land classifications are necessary for conservation planning but what do they tell 

us about fauna? In Futllre of the fauna of western New SOllth Wales (Eds. D. Lunney, S. Hand, P. 

Reed and D. Butcher), pp 31-44. Royal society ofNSW, Mosman. 

Prcssey, R.L., Humphries, C.J., Margules, C.R., Vane-Wri ght, R.t. & Williams, P.H. (1993). Beyond 

opportuni sm: key principles for systematic reserve selection. Trends ill Ecology & Evoilitioll 8, 

124-128. 

Prcssey, R.L. & Logan, V.S. (1994). Level of geographic subdi vision and its effects on assessments of 

reserve coverage: a review of regional studies. Conservatioll Biology 9, 1506-1517. 

Pressey, R.L. & Nicholls, A.O. (1989 Efficiency in conservation cvaluation: scoring versus iterative 

approaches. Biological Conservatioll 50, 199-21 8. 

Presscy, R.L., Possingham, H.P. & Day, J.R. (1997). Effectiveness of alternative heuristic algorithms for 

identifying indicative minimum requirements for conservation reserves. Biological Conservatioll 

80,207-219. 

Reid, W.v. (1998). Biodivcrsity hotspots. Trends in Ecology & Evoilition 13,275-280. 

Ryti, R. (1992). Effects of the focal taxon on the selection of nature reserves. Ecological Applications 2, 

404-410. 

Saetersdal, M., Line, 1.M. & Birks, H.J.B. (1993). How to maximise biological diversity in nature 

reserve selection: vascular plants and breeding birds in deciduous woodlands, western Norway. 

Biological Conservatioll 66, 131-1 38. 

Scott, 1.M. , Csuti, B., Jacobi , 1.D. & Estes, J.E. (1987). Species riclmess: a geographic approach to 

protecting future biological diversity. BioSciellce 37,782-788. 

Scott, 1.M., Davis, F., Csuti , B., Noss, R., Butterfield, B., Groves, c., Anderson, H., Caiceo, P., 

D'Erchia, F., Edwards Jr, T.C., Ulliman, J. & Wright, R.G. (1993). Gap analysis: a geographic 

approach to protection of biological diversity. Wildlife Monographs 123, 1-41. 

Vane-Wright, R.t. , Humphries, C.J. & Williams, P.H. (1991). What to protect? Systematics and the 

agony of choice. Biological Conservatioll 55, 235-254. 

Vane-Wright, R.I. , Smith , C.R. & Kitching, 1.1. (1994). Systematic assessment of taxic diversity by 

summation. 111 Systematics and conservatioll evaluatioll. (Eds. P.L. Forcy, C.J. Humphries & 

R.t. Vane-Wright), pp 309-326. University Press, Oxford. 

van l aarsveld, A.S. , Freitag, S., Chown, S.L. , Muller, C., Koch, S. , Hull , H., Bellamy, C., KrUger, M. , 

Endrody-Younga, S. , Mansell, M.W. & Scholtz, C.H. (1998). Biodiversity assessments and 

conservation strategies. Sciellce 279,2106-2108. 

60 



2. Complementarity as a biodiversity indicator strategy 

WCMC. (1992). Developlllent oj a National Biodiversity Index: a discussion paper prepared by World 

Conservation Monitoring Centre. Report on the WCMC, 15 September, 1992. 

Williams, P.H. (1998). Key sites for conservation: area selection methods for biodiversity. In 

Conservation in a changing world: integrating processes into priorities Jor action. (Eds. G.M. 

Mace, A. Balmford & l.R. Ginsberg), pp. 211-249. Cambridge University Press, Cambridge. 

Williams, P.H. , Burgess, N. & Rahbek, C. (2000). Assessing large 'flagship ' species for representing the 

diversity of sub-Saharan manullals, using hotspots of total richness, hotspots of endemism, and 

hotspots of complementary richness. In /-las the panda had its day? Future priorilies Jor the 

conservation oj lIIallllllalian biodiversity. (Eds. A. Entwi stl e & N. Dunstone), (In press). 

Symposium of the Zoological Society of London, 14-15 November 1997. Cambridge University 

Press, Cambridge. 

Williams, P.H. & Gaston, K.J. (1994a). Higher taxon surrogacy and riclmess. Proceedings oJlhe Royal 

Society, London (B) 256, 67-73. 

Williams, P.H. & Gaston, K.1. (I 994b). Measuring more of biodiversity: can higher taxon richness 

predict wholesale species richness? Biological Conservation 67, 211-217. 

Williams, P.H. & Gaston, K.J. (1998). Biodiversity indicators: graphical tecimiques, smoothing and 

searching for what makes relationships work. Ecography 21 , 551-560. 

Williams, P., Gibbons, D. , Marguics, C., Rebelo, A., Humphries, C. & Pressey, R. (1996). A comparison 

of richness hotspots, rarity hotspots, and complementary areas for conserving diversity of British 

birds. Conservation Biology 10, 155-174. 

61 



CHAPTER 3 

Assessment techniques for biodiversity surrogates 

62 



Assessment techniques for biodiversity surrogates 

B. Reyers" and A.S van laarsveld'2 

I Conservation Planning Unit 

Department of Zoology & Entomology 

and 

'Centre for Environmental Studies 

University of Pretoria 

Pretoria, 0002 

South Africa 

• To whom correspondence should be addressed 

Conservation Planning Unit 

Dcpartmcnt of Zoology & Entomology 

Univcrsity of Pretoria 

Pretoria, 0002 

Tcl: (012) 420 4396 

Fax: (012) 420 3210 

E-mail: breycrs@zoology.up.ac.za 

3. Surrogate assessment tcclmiques 

Published in: South African Journal of Science (2000) . 96,406-408. 

63 



3. Surrogate assessment techniques 

Abstract 

The use and cvaluation of indicator taxa as surrogates for unsurveyed species in the identification of 

sitcs important to conservation is a widely researched field. Howcvcr, support for the use of indicator 

taxa in reserve sclection is often varied and conflicting. We considcr that thcse discrepancies in the 

levels of support fo r differcnt indicator approachcs are often a result of the asscssmcnt tcchniques 

employed. Our results appcar to confirm thc assumption that the assessment technique influences the 

lcvel of support for indicator taxa as biodivers ity surrogatcs. Because the tecimiques examine diffcrent 

aspects of indicator approaches, we recommend consideration of final goals and standardisation of 

techniqucs be fore the implcmcntation of indicator-bascd approaches in conservation planning. 
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The plight of biod iversity as well as the inadcquacy of existing protected areas are well established and 

much cited facts in conservation biology. '" Existing reserve networks were proclaimed primari ly on an 

ad hoc basis and usually contain land with either a low potential for cconomic and political conflict or a 

high potcntial for recrcati on and tourism."' ·8.'o There is therefore a widc ly rccognised need for thc 

systematic cstablishment of protccted areas for effcctivc in situ species conservation." '" This realisation 

has led to the developmcnt of systemati c, explicit procedures fo r the se lection of representativc reserve 

networks. ". 17·'9 These procedurcs rely on a suitablc databasc of gcographica l areas of land or water, such 

as sample sites, grid cc lls or catchments, containing featu res of species, habitat types, communities or 

environments. 20 Frequently, as is the case in this study, the database conta ins grid ccl ls and unique 

f . . I' h 'd II 16 16 " ·24 occurrcnces 0 species Wit l1n t ose gn ce s. " ,-

Sets of grid cells or reserve networks with a high biodiversity or conservation va lue can then be 

identi ficd and selected from this database by a varicty of reserve selection procedures. Thcse procedures 

identify vario us types of reservc networks wh ich can includc richness hotspots (grid cel ls of high species 

richness), 21 rarity hotspots (grid cel ls with high numbers of rarc spccics)6 and complementary sets of grid 

cells." Complcmentary sets arc grid cells se lected by an iterative algorithm, which proceeds in a step 

wise fas hion adding on grid cclls that contain species most complementary (so far unrepresentcd) to 

species in grid cell s al ready selcctcd. These algorithms may be either ri chness-based (in iti ally selecting 

the richest grid cell),,·23.25 or rari ty-bascd (initiall y se lecting the grid cell with the rarcst species)" and 

then proceed to add grid cells in a complementary fashion until a spcci fi c rcpresentation target is 

achieved. 

However, the specics distribution data used in these rcscrvc sclection procedures are often of 

poor quality, inadequately surveycd and of uncertain taxonomy.21 .25.28 A lthough it is argucd that high 

qual ity biodiversity inventori es fo r the selection of representative reserve systems wi ll be more cost 

efficient in the long mn," the resources and timc rcq uircd to conduct these regional biodivcrsity 

inventories arc usually unavailable. Thus the use of substitute or surrogate biodivcrsity measures in 

rcserve selection procedures is often recommcnded. These surrogate measures can be surveyed in a more 

cost and time efficicnt mann er and include broad-scale environmental measures (e.g. climate or 

vegetation data), highcr taxa (e.g. genera or families) or indicator taxa.,,·)O.40 Indicator taxa arc groups 

with a sound taxonomy that have been we ll surveyed in the region (e.g. birds, butterflies). It is then 

assumed that pattcrns of species ri chness, endemism and rari ty in thcsc taxa are indicat ive of similar 

patterns in unsurvcyed taxa with in the region. ,,·27.41 Thus by sclccting sites for the conscrvation of 

indicator taxa (c.g. birds), un surveyed taxa within the rcgion will also bc conserved. Thi s indicator-based 

surrogacy approach has bcen widely used in several countri es to identify sites of conservation 

importance.'·21.22.27.42 Howcver, the assumption s of indi cator taxa reflecting regional biodivers ity pattcrn s 

req uire rigorous testing before rcserve networks selected from indicator distribution data can be 

successful ly implemcntcd in practice. 
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Several assessments of the value of surrogate indicator taxa in reserve selection have been carried out 

with wide ly differing results,·2l·24.25.43,44 Three main types of assessments have been applied in these 

studies. First, several authors have used the degree of spatial overlap between reserve networks based on 

different indicator taxa as a measure of the success of these indicator-based networks in including sites 

of conservation importance for other taxa.2l -'3.25.44 Two measures of spatial overlap exist in the 

conservation biology Ii teraturc: 

(a) Jaccard coefficient = N, / (N, + N, - NJ x 100 

(b) Proportional overlap = N, / N, x 100 

where : N, is the number of com111on sites in a pair of reserve networks, N, and N, are the number of sites 

in the pair of reserve networks and N, is the number of sites in the smallest reserve nctwo rk containing 

data for both groups. Thus the Jaccard coefficient measures spatial congruence as a proportion of the 

total number of sites selected in both rescrvc networks," while the measurc of proportional overlap 

. I I . f h' I 'bl ' 1-'3'54345 measures spatia over ap as a proportIOn 0 t e maximum over ap POSSI e.- - .- .. 

Because flexibility is an inJ,erent characteristic of many reserve sclection techniques,6.,.,o the use 

of spatial overlap is perhaps not an acceptable means of assessing similarities between different 

indicator-based reserve networks. In recognition of this a technique measuring the Pearson's product 

moment correlation of the order in which sites are se lected by reserve se lection procedures based on 

different indicator taxa has been proposed 2 1.46 This se lection order of sites for a reserve network 

indicates the sitcs ' importance in terms of their diversity or conservation values. The sitcs selcctcd first 

have a high diversity value because they contain more spccies, more rare species or more complementary 

species, depending on the specific reserve selcction criteri a. This second method of assessment of 

indicator taxon validity compares the selection order of sites withi n reserve networks , i.e. the diversity 

val ue of those sites, across indicator taxa and thus allows for the assessment of site simil arities among 

different indicator taxa. 

The third type of assessment applied in the more recent conservation literature measures the 

. . f l' d' b d k 62l -23'S'7404J47-49 Th' I' speCIes representatlvcness 0 eae 1 10 IcatOI"- ase reserve networ . ' ,- ,-. , , IS tec lI1lq ue 

investigates how we ll each rescrve nctwork, identified on the basis of one indicator taxon, capturcs non

target species or overall biodiversity in the region. This technique can also include eval uati on of the 

representation of rare and endemic species in the indicator-based reserve nctworks and determines holY 

well these networks represent species essential to effective conservation6 ,2l-21.so.SI 

These di fferent types of analyses have been conducted on various indicator taxa in many regions 

of the world and all provide differing levels of support for the surrogate val ue of indicator taxa. A lack 

of general support, because of low levels of spatial congruence, has becn demonstrated in several 

studies. "-'J.40.4J-45 Conversely, hi gh levels of support for indicator taxa as biodiversity surrogates have 

been demonstrated using measures of species representativeness.21
-
23

,25 Many reasons have been 

advanced for the differing levels of support found in the vari ous studies, including the fact that stud ies 
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conducted in different regions or using different indicator taxa will not agrce with one anothcr." ·47 

However we consider that the range of assessment techniques cmployed to eva luate the val idity of 

surrogate indicator taxa has a large impact on the outcomes of the studies conducted. Thus in the present 

study we applied all the assessment techniques discussed above to a suite of indicator-based reservc 

networks, keeping thc study region and taxa involvcd constant, and eva luated thc dcgrec of support 

providcd by each tcchniq uc to indicator taxa as biodiversity surrogates. 

Using 59063 unique distribution records of 15 88 bird, butterfly, mammal and vascul ar plant 

spccies in 15' x 15' grid ce ll s (ca. 700 km') in thc Northern Province of South Africa wc idcntificd a 

variety of indi cator-based reserve networks. These nctworks wcre identified by sc lcction proccdu res 

usi ng distribution data on indicator taxa of birds, butterflies, mamma ls and vascular plants. Thc 

procedures used these indicator taxa, scparatcly and collectively, to identify different typcs of rcserve 

networks including richness hotspots, rarity hotspots, and complcmentary sets of grid cel ls selected by 

rarity and richness-based complementary reserve selection algorithms. The degree of simi larity within 

each network typc bascd on different indicator taxa was then assessed, e.g. richness hotspots for birds, 

butterflies, mammals, plants and all taxa combined were assessed for spatial overlap, selection order 

correlation and spec ies (inc luding rare and endemic spec ics) rcpresentation. 

Figurc 1 illustrates thc widcly varying lcvels of support for the indicator-bascd su rrogate 

approach asscsscd using different indi cator assessment techniqucs. Similar to findings by van Jaarsveld 

el al.," Jaccard coefficients of overlap are low (x = 28%), and although measures of proportional 

overlap are higher (x = 63%), these resul ts indicate the relati vely low levels of spat ial overlap between 

reserve networks based on different indicator taxa and are in agreement with the low values of spatial 

cd' . d· ' 1- '3 25 44 congruence loun III prevIOus stu ICS. - - . . 

Thus the low levels of spatial congruence appear to question the value and perhaps reject the 

notion of indicator taxa as biodiversity surrogates. The low degree of simi lari ty (x = 9%) of selection 

orders within each reserve network type based on different indi cator taxa is similar to that found by 

Reyers el at." (Chapter 2) and Gaston el al.," suggesting very different conservation or diversity values 

for different taxa within each site, providing limited support for indicator taxa as surrogates. 

The high levels of spec ies representativeness (x = 89%) within the indi cator-based reserve 

networks suggest that a network based on one particular taxon captures high levels of non-target spec ies 

within the rcgion. Thi s appears to support the use of indicator taxa as surrogates and is in agreemcnt with 

thc high lcve ls fou nd by Prendergast el at." and Howard el at." Although moderately hi gh numbers of 

rare and endemi c spec ies are represcnted within thc reserve networks (x = 76%), of the spec ies excludcd 

by the reserve networks an average of 84% arc rare and endemic, which casts doubt on the val idity of 

these networks in the effecti ve conservation of all regional biodiversity.'·'l.5o." 
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Figure I: Reserve network types (x axis) made up of 15' x 15' grid cells were selected by a suite of reserve 

selection procedures using distribution data of four indicator taxa, separately and collectively, in the 

Northern Province of South AtTica. Each indicator-based reserve network of each network type was then 

evaluated in terms of the percentage spatial overlap between networks (measured by Jaccard coefficients 

and proportional overlap measures), percentage similarity of selection orders of sites within networks and 

percentage total species (including rare and endemic species) sampled within each network. The 

percentages were then aggregated and averaged for each network type to illustrate the average degree 0 

support (y axis) provided by the various indicator assessment techniques 
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It thus appears that the biodiversity indicator assessment technique used influences the strength of 

support for indicator taxa as biodiversity surrogates. This is an obvious outcome, as each assessment 

technique is, in fact, testing a di fferent facet of the indicator-based rcserve nctwork. Jaccard cocfficients 

and measures of proportional ovcrlap evaluate spatial aspects of indicator-based networks; sclcction 

order correlations assess thc taxon specific diversity or conservation val uc of sites; and species 

representation (including rarc and endemic species rcpresentation) is an indication of how completely 

the regional species pool is sampled. All methods have their strong and weak points and although 

measures of congruence have important implications for conscrvation, key measures arc thosc that look 

at spccics capture (all spec ies but especially rarc and cndcmic species). 

The lack of spatial congruence bctwccn rcscrvc nctworks based on complementarity, richncss, 

rarity and cndemism, illustrates that indicator taxa cannot bc rclied on to illustrate similar trcnds in 

other, unsurveyed groups. The reason for this could be that reserve networks selected for a particular 

taxon at a regional and local scale often contain species with narrow habitat requirements (e.g. rare and 

endemic species), and thus these networks are not likel y to correspond across different taxa'8 This 

would also explain the different di vers ity values of each si te within reserve networks for a specific taxon 

demonstrated by the highly dissimilar selection orders of sites for different indicator-based reserve 

networks. However, if one considers the amount of non-targct spccies recorded within the indicator

based reserve networks, the picture is far less bleak, perhaps because representing a high level of 

diversity within one taxon, samples a largc number of varied habitats and thcrefore also rcpresents 

divcrsity in other unsurveyed taxa.'5,4,,48 The high numbers of rare and endemic species excluded support 

the notion that species from one taxon wi th narrow habitat requirements do not coincide across taxa and 

suggest the need for caution before implementation of these principles in conservation planning. 

In conclusion it appears that the biodiversity indicator assessment technique used does influence 

the degree of support for the use of indicator taxa as biodiversity surrogates. This, together wi th the lack 

of unqualificd support for the indicator taxon stratcgy, rai ses important questions about the validi ty of 

the indicator approach. Finally, we believe there is a need for the standardisation of assessment 

techniques employed, otherwise levels of support will continue to fluctuate and consensus on the 

adequacy of indicator taxa as biodivcrsity surrogates will remain elusive. 
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Abstract 

Because of the inadequacy of existing data on the distribution of biodiversity, surrogate measures for 

regional biodiversity have long been used in conservation area se lection. These measures include species 

and environmental surrogate measures, which include vegetation types and land systems and classes. 

However, the assumed relationshi p between these surrogate measures and regional biodiversity has 

seldom been demonstrated. This study uses both species and environmental surrogates of vegetation and 

landtypes in selecting important areas for biodiversity conservation in the Northern Province of South 

Africa. The success of these measures in capturing known regional biodiversity is evaluated, as well as 

their success at identifying important areas containing threatened, rare and endemic non-target 

biodiversity features. The spatial congruence of the areas identified using different surrogate measures 

was also assessed. A combined approach to reserve selection usi ng both species and environmental 

measures was also applied and the areas identified were evaluated in terms of thei r efficient 

representation of regional biodiversity. There is a trade-off between success at representing non-target 

biodiversity features (especially rare, threatened and endemic features) and land-usc efficiency. 

Combined approaches have si milar levels of success in representing regional biodiversity, although 

landtype based ones are more land-use inefficient. The trade-off between efficiency and representation 

suggests that many of the important conservation areas identified will rely on off-reserve management 

rather than formal protection. Furthermore, results suggest that recommended national conservation 

targets of 10% are inadequate 
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Introduction 

The need to conserve the world's remaining biodiversity is widely recognised, as human impacts 

threaten an extinction event likely to rival previous mass extinctions of the geological past (Wilson, 

1988; UNEP, 1995; Pimm & Raven, 2000). The resources available for the conscrvation of biodiversity 

arc limited and there is therefore a need to identify priority areas for conservation swiftly and cost

effectively. Several systematic approaches to the identification of conservation areas in which all known 

regional biodiversity is protected have been suggested (K irkpatrick, 1983; Margules et aI., 1988; Pressey 

& Nicho ll s, 1989a; Bedward et aI., 1992; Nicholls & Margules, 1993; Margules et aI., 1994; Underhill, 

1994; Freitag el aI., 1996; Church el aI., 1996; Csuti el al., 1997; Margules & Pressey, 2000). These 

approaches, however, require extensive information on the distribution and taxonomy of species. Often 

regions under evaluation have inadequate databases on species distribution due to poor quality biological 

survey data and inconsistent basic taxonomy (Haila & Margules, 1996). Conservation area se lection 

techniques must then rel y on substitute or "surrogate" measures of biodiversity (Bel bin, 1993; 

Prendergast el al., 1993; Pressey, 1994; Margules & Redhead , 1995; Pressey & Logan, 1995; Balmford, 

1998; Howard el al., 1998; Reid, 1998 ; Pressey et al., 2000). 

These surrogate measures include the species surrogate measures of richness, endemism, rarity 

and complementarity of indicator groups (Margules el al., 1988; Rebelo & Siegfried, 1992; Nicholls & 

Margules, 1993; Prendergast et al., 1993; Pressey et al., 1993; Margules et al., 1994; Lombard, 1995; 

Williams el aI., 1996; Flather el al., 1997; Howard et aI., 1998; Lawton, 1998; van laarsveld el aI., 

1998), higher taxa such as genera or families (Gaston & Williams, 1993; Wil li ams & Gaston, 1994; 

Williams et aI., 1994), or the environmental surrogate measures of vegetation types, land systems or 

classes and environmental domains (Noss, 1987; Purdie el al., 1986; Belbin , 1993 ; Pressey, 1994; 

Pressey & Logan, 1994; Margul es & Redhead, 1995; Pressey & Logan, 1995; Faith & Walker, 1996; 

Wessels et al., 1999; Fairbanks & Benn, 2000; Pressey et al., 2000; Cowling & Heijnis, (In Press)). 

These environmental surrogate classes arc derived from information on vegetation types, soil properties, 

remote sensing data, climatic data and terrain data (Austin & Margules, 1986; Margules & Redhead, 

1995). 

Although the need for surrogate measures is widely recognised, there is stil l no consensus as to 

which measures arc the most applicable. It has also been argued that this assumed relationship between 

surrogate measures and regional biodiversity be demonstrated before it is put into practice in 

conservation planning (Pressey, 1994; Wil liams & Humphries, 1996; Wessels el al., 1999). The 

aforementioned species surrogate measures have been widely used (Prendergast et al., 1993; Launer & 

Murphy, 1994; Williams el aI., 1996; Freitag et al., 1997; KelT, 1997), but have several shortcomings 

including: a lack of correlation between these sUITogate measures and regiona l biodiversity (Chapters 2 

and 3) (Rebelo & Siegfried, 1992; Prendergast et aI., 1993; Gaston & Williams, 1993; Margules el aI., 

1994; Williams & Gaston , 1994; Margules & Redhead , 1995; Faith & Walker, 1996; Gaston, 1996) as 
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well as a lack of coincidence between priority conservation areas selcctcd using various species 

surrogate measures involving different taxa (Chapters 2 and 3) (Lombard el al. , 1995; Prendergast el al. , 

1993; Howard el aI., 1998; van laarsveld el aI., 1998; Mace el aI., 2000). This finding suggests that 

complementary conservation networks selectcd to represent specific taxa are unlikel y to be 

representati ve of all biodiversity. 

When considering the usefulness of envi ronmental surrogates, Faith and Walker (1996) argue 

that, if correctly measured , environmental variation should indicate organismal diversity. Thus different 

envi ronmental classes arc assumed to contain different spec ies assemblages. Therefore thc protection of 

thesc classes should ensure that all or most spec ies within the region will also be protected (Belbin , 

1993). The representativeness of conservation area networks has been assesscd using various 

environmental attributes (Scott et aI. , 1987; Faith & Norris, 1989; Pressey & Nicholls, 1989b; Belbin , 

1993; Margules et aI., 1994; Presscy & Logan, 1995). However, as Presscy (1994) points out, the 

assumed relationship between environmental classes and species distribution and abundancc is unclear 

and seldom investigated. In addition, certain species, especially rare species confincd to small patches of 

habitat which arc not recognised as distinct environmental classcs, may "fall through thc coarse-filter" 

whcn using broad-scale environmental classes (Noss, 1983; Bedward el al., 1992; Panzer & Schwartz, 

1998). 

Neverthelcss, environmental surrogates have compelling practical advantages, as informati on on 

their distr ibution is cheaper and easier to acqui re than detai led species distribution data. Margules and 

Redhead (1995) also point out that by representing environmental classes some unknown species and 

known species with unknown distributions may be represented. The shortcomings of species distribution 

data and the limitations of environmental surrogate measures in the selection of priority conservat ion 

areas suggest that perhaps a combination of the two approaches in conservation planning may be 

advisable. 

This study aims to eomparc the morc traditional species based approach to conservation area 

sclection with site selection based on representing speci fic target levels of environmental surrogate 

classes within the Northern Province of South Africa. In other words, conservation areas in which all 

spec ies known to occur regionally are represented at least once will be compared with conservation arcas 

in which specific leve ls of vegetation and landtypcs are represented. 

As Pressey and Logan (1995) argue, assessments of conservation area coverage using 

environmental classes are scale dependent and influenced by the definition of the various environmental 

classes . Broad scale classes are relatively heterogenous (Scott et al., 1989), thus selection of these coarse 

classes is still likely to miss much variation. Fine-scale classes are more homogenous and should 

therefore lead to a better representation of the environmental variation within a network of conservation 

areas. This study will also examine the influence of mapping scale on the selection of sites based on the 

coarse environmental classes of vegetation types, as wel l as the fine scale classes of landtypes. 
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Finally a set of conservation areas will be se lected and evaluated using a combination of species 

distribution data and environmental surrogates. Thi s combined approach to conservation area selection is 

si milar to that used by Bull et al. (1993) in Margules and Redhead (1995) and Lombard et al. (1997). 

The former study identifies a set of sites, referred to as seed points (which include the location ofrare or 

threatened species, existi ng conservation areas or rest arcas for migratory specics). Grid cell s were then 

added until a predetermined proportion of each environmental class was contained within the 

conservation area network. The present study uses known localities of vertebrate, invetiebrate and 

vascular plant species as seed points and then adds grid cells until a predetermined percent of all 

vegetation types or landtypes are represented within the network. In addition to this, grid cells with 

specified representations of these vegetation and landtypes will be used as an initial set of sites to which 

grid cells will be added until all known species within the region occur at least once in the protccted 

areas. 

Methods 

Thc study area compriscs the Northern Province of South Africa (see Figure I in Chapter I). 

Species based approach 

This part of the study incorporates 2060 species with 61329 unique distribution records for in vertebrate, 

vertebrate and vascular plant species. Selection units arc quarter degree or 15' x 15' grid cells (n = 215) 

with an average area of700 km' (Table I). 

Species distribution databases 

The species data used includes databases on the distribution of taxa that are freq ucntl y used as 

biodiversity indicators, name ly mammals, birds, vascular plants and butterflies. These taxa have a 

relatively sound taxonomy, are well surveyed within the study area and their distribution data are fairly 

rccent (Table I) (Harrison, 1992; Freitag & van Jaarsveld, 1995 ; Freitag et al., 1998; Muller, 1999.). 

Additional data on the distribution of invertebratc spccics including buprestid bectles, scarab beetlcs, 

termites and neuropterans are also included in thc analyscs, although these taxa arc less well known 

taxonomically, have older di stribution records and are less well surveyed within the study area (Table I) 

(Frcitag & Mansell, 1997; Muller et al., 1997; Hull et al., 1998; Koch, el aI., 2000). Because ofthc large 

sizc of the vascular plant dataset (78% of all species) and the disproportionate effect it has on the 

resultant conservation arca networks (43 additional grids cclls out of a possible 215 required to protect 

all plant species), it was decided to excludc all plants not endemic to thc study area. The species 

distribution data used in this chapter were later updated with the rcmoval and addition of some species 

due to taxonomic changcs as well as the discovery of vagrant and exotic spec ies, this cxplains the sl ight 

differences that exist between this databasc and thc ones used in the othcr chapters. 
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Table 1: A description of the spec ies di stribution databases used in the analyses 

Taxon Species Records Grids Survey date 

Mammals (Mammalia) 182 4207 170 1980-1995 

Birds (Aves) 575 49427 214 1980-1992 

Vascular plants (Plantae) 5711 42055 215 1900-1996 

Subgroup: Endemic plants 472 2694 215 1900-1996 

Butterflies (Hesperioidca & Papilionoidea) 328 2062 84 1905-1980 

Buprcstid beetles (Buprestidac) 247 977 119 1900-1996 

Scarab beetles (Scarabacinac) 218 1372 124 1900-1992 

Termi tes (Isoptera) 16 464 160 1972-1980 

Neuropterans (Myrmeleontidac) 22 126 41 1900-1996 

COlilbined darabases 

All taxa 7299 100690 215 

All taxa (excluding non -endemic plants) 2060 61329 215 
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Conservation area selection procedures 

A rarity-based conservation area sclection algorithm based on that of Nicholls and Margules (1993) was 

applicd. Thi s itcrati ve algorithm begins by selecting grids cells containing unique occurrences of species 

and proceeds from there in a step wisc fashi on selecting the grids containing the next most rarest species 

until all species are represented at Icast once within the conservation area network. Tics between grid 

cells are resolved by applying the principles of adjacency of grid cclls and complementarity of species 

content within grid cell s respecti vely. 

Environmentaf surrogacy approach 

The environmental surrogates of vegetation types and landtypes were used in the present study. 

Vegetati on types 

Low and Rcbelo ( 1996) define a vegetation type as: "a coherent array of communiti es which share 

com111on species (or abundances of species), possess a similar vegetation structure (vertical profile), and 

share the same set of ecological processes". Vegetation data for the Northern Province were extracted 

fro m the national-scale vegetat ion map of South Africa (Low & Rcbelo, 1996). The Northern Province is 

covcrcd by three biomes (Forest, Grassland and Savanna) and fifteen vegetation types of which Mixed 

Bushveld, Mopane Bushveld and Sweet BushveJd are the most dominant (see Table I in Chapter I). 

Landtypes 

Pedosystems arc areas with uniform telTain and so il patterns (MacVicar et of., 1974; Land Type Survey 

Staff, 1986) and arc similar to land systems (Christian & Steward 1968; Lawrence ef of., 1993), which 

have been extensivel y used as environmental surrogates during conservation area eval uation at broad 

regional sca les in Austral ia (Purdie ef of., 1986; Pressey & Nicholls, 1989b; Pressey & Tully, 1994). 

Climate zones (mapped at I :250000 scale) have been superimposed upon pedosystem maps to arrive at 

maps of landtypes coveri ng the majority of South Africa (MaeVicar ef aI., 1974; Land Type Survey 

Staff, 1986) . A landtype therefore delineates an area at I :250000 scale which displays a marked degree 

of uniformity with respect to terrain form, soil pattern and climate (MaeVicar ef of., 1974; Land Type 

Survey Staff, 1986). Landtype data for the Northern Province were prepared by the Institute for Soil, 

Climate and Water (lSCW) of the Agricultural Research Council (ARC). A total of 676 different 

landtypes occur within the study area. Due to the large size of thi s database as wel l as the sensit ive 

nature of the data, the landtypes arc represented as numeric codes and therefore no specific references 

can be made to or conclusions drawn about specific landtypes in the present study. 

Conservation area selection procedures 

The vegetation map and landtypes of the Northern Province were respective ly overlaid with the 
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aforementioned IS' x IS' grid cells. The areas of various vegetation and landtypes within cach grid cell 

(n ~ 21S) were subsequcntly calculated using Arclnfo. 

A percentage representation approach simi lar to that used by Prcssey and icholls (1989b), and 

Pressey and Tully (1994) was applied; this approach attcmpts to sample a nomi nated percentage area (S

SO%) of cach vegetation and landtype. Thc algorithm initially selects thc feature eovcring the smallest 

total area and thus conforms to the rarity-based algorithm of Margules et 01. ( 1988). An over 

representation constraint rule was designed to rest ri ct overshooting initial target representation levels, as 

is often the case in conservation area se lection procedures (Bcdward et 01., 1992; Nicholls & Margules, 

1993; Wesscls et 01., 1999). The adjacency constraint rule was also included to resolve tics and ensure 

larger contiguous areas where possible (Nicholl s & Margules, 1993; Lombard et 01., 1995; Freitag et al., 

1996; Willis et 01. , 1996). 

Comparison of the species based and surrogacy approaches 

The conservat ion area network selected by the species based approach was cvaluated in terms o f the 

percentage of each vegetation and landtype it contained. Similarly, the percentages of total species 

captured with in the conservation areas se lected to rcprcsent target levels of the vegetation and landtype 

classes were also calculated. In addition to this the spatial congruence or overlap of the conservation 

arcas selccted by both species and envi ronmental surrogate based approaches was compared using 

measurcs of proportional overlap (Chapter 2 and 3) (Prendergast et 01., 1993; Lombard et al. , 1995) 

Proportional overlap ~ Ncl N, x 100 

where: N, is the numbcr of conUTIon sites in a pair of conservat ion area networks and N, is the number of 

sites in the small est network containing data for both groups. Thus the measure of proport iona l overl ap 

measures spatial overl ap as a proportion of the maximum overlap possiblc (Chapter 2 and 3). Finally the 

success of thc conservation area networks based on species and envi ronmental surrogates in rcpresenting 

rare, threatened and endemic spec ies and environmental features was evaluated (Chapter 3). 

Combilled approach 

The present study uses two combined approaches. The first, similar to that of Bull e/ al. ( 1993) ill 

Margules & Redhead ( 199S) , preselects a set of grids cells (seed points) requi red to represent all species 

at least once. From here it then calculates the percentage of each vegetation or landtype already 

represented in the preselected seed points and then adds on grids ce ll s necessary to ensurc that the target 

leve ls of each vegetation and landtype representation (S -SO%) are reached. This approach will be tcrmed 

the species-fi rst combined approach. The second approach, or surrogate-first combined approach, 

preselects a set of grid ccll s required to represcnt spec i tied levcls of the surrogate classes of vegetation 

and landtypes (S-50%). The species represented within thesc preselected grid cells arc countcd and then 

grid cell s containi ng the unrepresented species arc se lected until all species within the database are 
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contained at least once within the set of sitcs. 

These two approaches were then evaluated in terms of efficient representation of regional biodiversity, 

i.c. maximum biodiversity representation at minimum cost in terms of land required. This efficiency was 

determined for the species-first approach by calculating the number of additional grid cells required to 

represent tbe target levels of the surrogate classes after preselection of the seed points. Similarly, 

efficiency of the surrogate-first approach was calculated as the number of additional grid cells needed to 

represent all species at least once after preselection of grid cells containing target levels of the 

environmental surrogate classes. 

The influence oj scale 

The above mentioned analyses use both the environmental surrogates of vegetation types (a broad scale 

surrogate) and landtypes (a finer scale surrogate) . Because the scale and definition of environmental 

classes can influence the results of studies of this nature (Pressey & Logan, 1995), the effects of the 

different scales of resolution of these two classes arc investigated throughout the present study. 

Results 

Species based approach 

The species-based conservation area se lection algorithm required 116 grid cells (54%) to represent all 

2060 species once, more than all conservation areas based on vegetation types, but less than landtype 

based areas (Figure I). This conservation area network represents an average of 59% of the 15 

vegetation types within the Northern Province (Table 2). Nearly all vegetation types arc well 

represented, with the majority having between 70-80% of their areas represented in the species-based 

networks. Most lie above a 40% representation with the exception of the Kalahari Plains Thorn 

Bushveld which is not represented at all and the Lebombo Arid Mountain Bushveld wh ich has only 

12.5% of its area represented (Table 2). On average 60% of each of the landtypes are represe nted in this 

conservation area network. The majority of landtypes are either not represented at all (0%) or fully 

represented (100%), the remainder appear to be evenly distributed between all percentage representation 

classes (Figure 2). Of the 676 landtypes within the Northern Province 134 (20%) arc less than 10% 

represented, while 256 (38%) are more than 90% represented (Figure 2). 

Environmental surrogacy approach 

Figure 3 illustrates the increase in the percentage species captured in conservation areas se lected to 

represent increasing levels of vegetation and landtypes. More than 50% of all species are captured by 

areas selected to represent vegetation types, however more than 50% of the vegetation type must be 

selected before 80% of the species are captured, req uiring over 45% of the available land area. Areas 

selected to protect nominated levels of finer-scale landtypes appea r to capture more species than areas 
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Figure 1: Relative efficiencies of conservation area selection procedures measured as the percentage grid 

cells required. 
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Table 2: Percentage of each vegetation type represented in grid cells selected by species-based 

approach. 

Vegetation type 

A fromontane Forest 

Clay Thorn Bushve ld 

Kalahari Plains Thorn Bushveld 

Lebombo Arid Mountain Bushveld 

Mixed Bushveld 

Mixed Lowveld Bushveld 

Moist Sandy Highveld Grassland 

Mopane Bushveld 

Mopane Shrubveld 

North-eastern Mountain Grassland 

Sour Lowveld Bushvcld 

Soutpansberg Arid Mountain Bushveld 

Sweet Bushveld 

Sweet Lowve ld Bushveld 

Waterberg Moist Mountai n Bushveld 

% Represented 

98.22 

40.53 

0.00 

12.58 

49.30 

61.16 

74. 15 

54.25 

77.66 

85.97 

79.76 

77.65 

34.84 

86.94 

56.11 
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Figure 2: Number of landtypes falling into representation classes in a conservation area network based on 

species data. 
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Figure 3: Percentage species represented in conservation area networks based on vegetation and landtype 
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Figure 4: Degree of proportional overlap between conservation area networks based on Spec Ies 

distribution data, and vegetation and landtype representations. 
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The landtype based conservation areas capture species well, representing over 90% of species within the 

region when j ust five percent of the landtypes being represented. However this comes at a high cost to 

land, requiring a lmost 60% of the land area. Although the numbcr of species increases with increasi ng 

levcls in surrogate representation, this incrcase rcquires a disproportionate increase in land area. An 

increase of 30% in species represented by the vegetation based areas (from 52-82%) req uires an almost 

40% increase in land (from 7-45%). Whi le a five percent increase (from 93-98%) in spec ies captured by 

landtype based conservat ion areas req uires an al most 30% (from 59-88%) increase in land area. 

Comparison o/approaches 

The success at which each of the spec ies and envi ronmenta l surrogate approaches represcnt non-targct 

biodiversity features (spccies, vegetation and landtypes) is varied. Species-bases approachcs represent 

relatively high levels of vegetation types and landtypes, whi le envi ronmental surrogate approaches also 

represent speeics well, but at a high cost to land. Thc spat ial configurations of these diffcrcnt sets of 

conservation areas, comparcd usi ng measures of proport iona l overlap (Figure 4), dcmonstrate a 

relatively low degrec of ovcrlap and suggest that areas of conservation importance to species do not 

necessaril y co inc ide wi th areas ident ifi ed fo r the effi cient representation of vegetatio n and landtypes. 

Fi gu re 5 illustrates the success with which the environmental surrogate based approaches 

captu re species important to effective conservation, i.e. rare and endemic species. Landtype based 

conservat ion areas are very effective at represent ing rare and endemi c species, representing between 89 

and 98% of all rare and endemic species identi fied. Whil e the vegetation based areas arc not as effect ive, 

especially at low levels of vegetation types representation, onl y representing over 50% of the rare and 

endemic species when more than 20% of each vegetation types is represented . Once all vegetation types 

arc 50% represented, still more than 30% of these important species arc excluded. 

Combined approach 

Figure 6 illustrates the results of the specics and environmcntal surrogate fi rst approachcs. In thc spccies 

first approach (F igures. 6a & 6b) there is a general increase in the number of add itiona l grid cel ls 

requircd as the percentage of vegetation and land types represented increasc. The numbcr of addit ional 

grid cel ls requi red to protect a specified percentage of landtypes (Figure 6b) is more than that required to 

protect the same level of vegetation types (Figure 6a). Figures 6e and 6d show the number of grid cells 

required for the surrogate-fi rst approach bascd on vegetation and landtypes respectively. More additional 

grid cc ll s are required to protect all spccics whcn vcgetation types (Figurc 6c) arc prc-selectcd than when 

landtypes arc pre-selected (Figurc 6d). Howevcr, the vegetation types rcquire fewcr init ial grid cells than 

the landtypes, thus the vegetation type based approach uses fewer grid cell s in total for thi s surrogate

first approach. As both vcgetation and landtype based approaches tend towards a 50% level of 

representation, so thc number of additional grid cclls requircd decreases. 
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Discussion 

Although many studies using surrogate measures of biodiversity in an attempt to identify areas important 

to the conservation of regional biodiversity have been conductcd, they have madc little attempt to tcst 

whether a relationship ex its between these surrogate classes and biodiversity within the area (Pressey & 

Nicholl s, 1989b; Bedward el aI., 1992; Pressey & Tull y, 1994). Many authors havc actually questioned 

the existence of such a relationship and recommend that it be demonstrated before being applicd in 

conservation planning decision making (Landres el al., 1988; Bedward el aI., 1992; Pressey, 1994; 

Wcssels et al., 1999). Thi s study highl ights various aspects of thi s assumed rclati onship. First, it is once 

again evident from the results that support for the use of specics or environmental measures as surrogates 

for regional biodiversity will depend on thc assessment techniques used (Chapter 3), with measures of 

proportional overlap showing little support whi le level s of non-target fcature rcprcsentation provide 

more support for surrogate mcasurcs. 

Second, the more effective the conservation area sclection techniques arc at representing 

regional biodiversity, the less land-usc efficient they become, requiring large tracts of land. Thi s trade

off between the degree of feature rcprcscntation achieved with in surrogate based conservation arcas and 

the amount of land rcquired is a recurrent thcme in conscrvation planning (Chaptcrs 3) (Williams & 

Humphries, 1996; Pressey & Logan, 1995; Pressey & Logan, 1998; Wessels el al. , 1999). Simi larl y the 

scale at which the surrogate classes are defined, the number of these classes and the sizc of the selection 

units wi ll also influence the outcome and effic iency (Bedward el al., 1992; Nicho ll s & Margulcs, 1993; 

Pressey & Logan, 1995). With larger or more classes (c.g. landtype classes) and se lcction units often 

resulting in overrepresentation of regional biodiversity features and a decrease in land-use efficiency. 

Thi s however is often traded off against an improvcment in the persistence of organi sms in larger 

reserves and a small er need for expensive interventioni st management (Pressey & Logan, 1998). The 

more heterogeneous classes of vcgetation types do scem to miss some of thc underlying variation in 

species diversity, which the finer homogcnous landtype classcs seem to capture . Howevcr, it is difficult 

to make definite conclusions on this aspcct of scale duc to the diffcrcnce in total area rcquired by the two 

approaches, with landtypes requiring much more land to reach the same levels of surrogate 

representation as vegetation types (Fig. 7). 

Figure 7 illustrate thi s trade off between effecti ve biodiversity representation and efficient land

usc for conservation area selection by species and environmental surrogate approaches, both separately 

and combined. It illustrates the higher land-use requirements when using a surrogate like landtypes 

whi ch have many c lasses defined at a fin er resol ution, as opposed to the vegetati on types. The vegetation 

type approach (Veg) requires little land but ach ieves low level s of species and environmental surrogates 

representation, whereas the combined approaches using land type data (Comsplan and Com Ian) represcnt 

many species but at a much hi gher land-usc cost. 
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Figure 7: Graphical comparison of the efficiencies (% grid cells required) and representativeness (% 

species and % environmental surrogates represented) of conservation area selection techniques targeting 

(a) 10%; and (b) 50% surrogate representation. Techniques include: species-based (Spp), vegetation type 

based (Veg), landtype based (Lao), combined species first with vegetation type targets (Comspveg), 

combined species first with landtype targets (Comsplao), combined vegetation type first with species 

targets (Comveg), and combined landtype first with species targets (ComIao). 
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It appears that both species first and environmenta l surrogate first combined approaches display similar 

degrees of success in representing species and environmental surrogates, but that the land type bascd 

ones arc more costly in terms of land area. It therefore appears that the species-based approach (Spp) 

effectively reaches a compromise between representing many species and moderately hi gh levels of 

cnvironmental surrogatcs at a lower cost to land . It must however be noted that levels of envi ronmental 

surrogates represcnted by the environmental surrogate based techniques in Figure 7 are averages of the 

representation target levels (5-50%). 

Third, although the results appear encouraging for the use of both species and cnvi ronmenta l 

surrogates in conservation arca sclection in that thcy capture many non-target biodivcrsity featurcs , thcse 

approaches still exeludc somc important components of regional biodiversity. As found in Chapter 3 as 

well as other studies on biodiversity surrogates (Prendergast et al., 1993; Curn utt et al., 1994; Williams 

et al., 1996; Dobson et al., 1997), many su rrogate approaches miss species and other biodiversity 

features of conservation importance due to high levels of threat, endemism or rarity. The vegetation type 

approaches mi ss many rare and endemic species, while the landtype approach selects many more grid 

cells and misses less of these species. The species-based approach may represent high levels of 

vegetation and landtypes, however it does exclude some of these totally in the areas identified. 

This approach excludes nearly 20% of all the landtypes and although it represents the vegetation 

types well, the Kalahari Plains Thorn Bushveld it totally excluded and is reeognised as one of the most 

threatened vegetation types in South Africa (sec Addendum I). This is an important shortcoming in most 

current biodiversity surrogate measures and must be highlighted. As Pressey (1994) points out, it is not 

only the geographi c rarity and the increased likelihood of being mi ssed by conservation areas that makes 

threatened, rare and endemic biodiversity features a conservation priority. Even ifsome of these features 

are captured in the coarse-filter surrogate approach they will not necessarily be adequately protected, 

often requiring additional protection and active management. 

Lastly, these results seem to suggest that the 10% protected area coverage recommended by the 

IUCN (1993) is far from adequate. Protecting 10% of all vegetation types only rep resents some 50% of 

the species known to occur in the Northern Province, and excludes almost 65% of all rare and endemic 

species. Thus this study supports Soule and Sanjayan (1998) in their review of findings on conservation 

targets where they illustrate that approximately 50% of the land area would be required to represent and 

protect most clements of biodiversity. Not only arc these politically conven ient conservation targets 

therefore inadequate in preventing a mass extinction of species, thcy also run the risk of bccoming 

ceilings abovc which no nation feels the need to protect. 

Thus it would appear from the results that the best approach to conservation area selection is one 

that uses all available forms of data, thereby incorporating more biodiversity components (Lombard el 

aI., 1997; Maddock & Du Plessis, 1999; Maddock & Benn, 2000). Including both species and 

environmental measures into se lection procedures ensures that not only are all facets of biodiversity 
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better represented but that the important aspects of biodiversity; the threatened, endemic and rare 

features, are also captured. This of course requires much land area and thus perhaps off-reserve 

management and conservation are the only feasible ways of ensuring that these identified areas are 

guaranteed some level of protection, even if it is outside of reserves (Pressey & Logan, 1997). 
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Abstract 

Existing reserve selection techniques concerned with maximal biodiversity representation within 

minimum land area, do not necessarily ensure the long-term maintenance of biodiversity. These 

traditional approaches ignore the maintenance of natural processes, turnover of feature diversity and the 

need to minimise threats within conservation areas. We address these three emergent issues in the 

identification of potential aVIan conservation areas in the Northern Province of South Africa, by 

combining ordination and spatial autocorrclation analyses, as wel l as land transformation data into 

traditional reserve se lection techniques. Existing conservation areas are biased and inefficient and 

traditional methods do little to correct this skew. The inclusion of species assemblage stTucture as well 

as the underlying environmental gradients cnsures a conservation area network that strivcs to maintain 

both biodiversity pattern and process. Spatial autocorrelation analysis allows for the identification of 

areas with high beta diversity, important areas for the long-tclm maintenance of biodivcrsity. The 

inclusion of land transformation data leads to viable conservation area nctworks and highlights areas of 

potential conflict betwccn biodiversity conservation interests and human land-usc issues. Thesc 

improvements on the current gcneration of reserve selection techniques bring us a step closcr to ensuring 

the long-tcrm maintenance of biodiversity within conservation areas. 
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Introduction 

Historic opportunisti c methods for assigning land with low potential for economic and political conflict; 

or high potcntial for recrcation and tourism to biodiversity conservation arc inefficient and ultimately 

more costly means of conservation area allocation (for revicw see Pressey & Tully, 1994; Rodrigues et 

al., 1999). Thi s rcali sation has led to the development of a wide array of systematic rcscrve selection 

techniques designed to make conscrvation area selection more effi cient. These techniques arc concerned 

with the maximal coverage problem and include complementarity-based reserve sclcction and linear 

progranmling algori thms (for review sce Church et al., 1996; Csuti et aI., 1997; Williams, 1998; 

Margules & Pressey, 2000). However, the ultimate goal of conservation planning is to ensurc the long

term security of the planet's biodiversity (Scott et al., 1989) and the extent to which conservation areas 

fulfil this role dcpends onl y partly on this long establi shed rcprescntation goa l concerned mainl y with 

sampling the biodiversity pattern in a compl ementary fa shion. 

Several authors have emphasised that current biodi versity representation within conservation 

areas is not equivalent to the ultimate goal of maintaining biodiversity in the long-term (Balmford et al., 

1998; Williams, 1998; Cowling et al., 1999; Margules & Pressey, 2000; Rodrigues et 01.,2000). Many 

suggestions have been put forward as to how to ensure the long-term maintenance of biodivcrsity within 

conservation arcas. Williams (1998) suggcsts promoting viabili ty and rcducing threat as vital 

components of the conservation area se lcction process. Margules and Presscy (2000) agree but add the 

maintenance of natural processes as an important component of conservation arca sc lection. Cowl ing e/ 

al. (1999) scparate these issues into retention goals, generally formulated in thc context of thrcats to 

biodiversity, and long-term persistencc goals, which concern the maintenancc of natural processes. 

Rodrigues e/ al. (2000) argue that as specics diversity distribution patterns change ovcr time, thc 

selection of conservation areas which are robust to turnovcr in feature diversity is a criti cal component 

of conservation area selection for ensuring thc long-tcrm maintcnancc of biodiversity. We address all 

three emergent issues of natural process maintenance, turnover of feature diversity and minimising threat 

in the present study as we idcnti fy potential avian conservation areas in the Northcrn Province of South 

Afri ca for the long-term maintenance of regional avian di versity. 

Maintenance afnatural processes 

In order to ensure the long-term maintenance of biodiversity within conservation areas, these areas must 

conserve not only the biodiversity pattern , but also the natural processes that control and maintain that 

pattern (Balmford et 01., 1998). Conservation of ecosystem processes that sustain ecosystem structure 

and fu nction , and evolutionary processes that sustain lineages and generate diversity, are essential for 

achieving the long-term maintenance of biodiversity in conservation areas (Nicholl s, 1998). These 

processes include interspecific interactions, regular and nomadi c faunal movements, di sturbance regimes 

and climate change among many others (Balmford et al., 1998; Cowling et al., 1999). But, as Margules 
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and Pressey (2000) point out, because conservation area se lection is often a spatial exercisc, protection 

of these natural proccsses is often based on their spatial surrogates rather then on the processes 

themselves. These surrogates can include sizc, lack of roads, watershed boundaries, dispersal routes, 

land classes, landscapes and other geographic features (Cowli ng ef al., 1999; Margules & Pressey, 

2000). There are numerous natural proeesses that need to be considered and, as is often the case, they 

have not been adequately documented for a region such as the Northern Province. However, as Noss 

(J 996) points out, by ensuring that conservation areas are large and span substantial cnvironmental 

gradient s it should be poss ible to acconml0date, at least partially, many of these processes. 

We aim therefore to investigate not on ly the avian diversity pattern within the rcgion but also the 

processes responsible for that pattern by identifying broad avian eonm1Unities in the study area, as wel l 

as the environmental gradients that drive this emergent conm1Unity structure. In pursuit of identi fyi ng 

these environmental gradients responsib le for the biodiversity pattern, ordi nat ion (gradient) analyses 

have ill ustrated tremendous potentia l (Taggart, 1994; Faith, 1995; Faith & Walker, 1996a). This 

anal ytica l approach has a long history in community ecology and is used for identifying key processes 

responsible for the control and maintenance of biodiversity pattcrns by integrating multipl e 

environmenta l effeets aeross a landscape (Bray & Curti s, 1957; Whittaker & Niering, 1965; Jongman ef 

al., 1995). In addition to this, ordination explores biodiversity patierns by interpreting entire specics 

assemblages of sample sites, rather than through spccies-by-species relations, offering community level 

resul ts and responses to often complex environmental grad ients (Jongman ef al. , 1995). 

Turnover in feature diversity 

Despite the importance orbeta diversity in determining regional species richness pattern s, li ttle attention 

has been paid to thi s component of diversity within conservation area se lection (Whittaker, 1977; 

Cowling ef 01., 1989). Alpha divcrsity refers to the number of species within a homogenous community 

(Whittaker, 1972; 1977); beta diversity on the other hand is concerned with species turnovcr or the rate 

at which spec ies arc rcplaced by others along habitat gradients (W hitiaker, 1972). Conscrvat ion areas 

selected based on rcprescntation of alpha feature diversity patterns, without considering the turnover of 

fea tures or beta diversity, may not necessarily continue to serve their purpose over a period of years. 

Several authors have found that traditional complementary-based approaches to conservation area 

seleetion may not be adequate if the role of a conservation areas is to maintain biodiversity in the long

term rather than simply represent eurrent biodiversity patterns (Margules ef 01., 1994; Virolainen ef 01., 

1999; Rodri gues ef 01., 2000). In this study we aim to address thi s issue of beta diversity by identifyi ng 

and focuss ing on areas with a high turnover in species along assoc iated environmental gradi ents. 

Minimising threa t 

The basic role of conservation areas is to protect elements of biodiversity from external processes and 
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factors that threaten thcir cxistence (Margules & Presscy, 2000). Vcry few of thc existing methods for 

idcntifying conservation areas include measures of threat into the selection process (Balmford et al., 

1998; Faith & Walker, 1996b; Williams, 1998). Land-cover changes, caused mainly by agriculture and 

urban development, prescnt the single most important threat to global biodiversity (Soule, 1991; Dale el 

al., 1994). As a result , signatories to the Convention on Biological Diversity arc obligated to assess the 

impaet of land transformation on biodivcrsity and to implement appropriatc responses if necessary 

(DEAT,1997). 

Many areas identified as important areas for conservation based on historical spccics dist ri bution 

data may in reality be largely transformcd (Wessels et al., 2000 (sce Addendum 11)). In addition, 

although transformed areas may currently harbour some species, these areas may not be able to sustain 

natural ccological processes and completc samples of non-target taxa (Baudry, 1993 ; Di Bcnedetto et al., 

1993; Freemark, 1995), thus precluding these areas from viable conservation area nctworks. Therefore 

the incorporation of land-cover (the suite of natural and human-made features that covcr the earth's 

immediate surface) infonnation into conservation planning is cssential (Wessels et al., 2000 (see 

Addcndum 11)). Wc include these data into conservation area selection techniques in thc Northern 

Province of South Africa in order to idcntify and minimise threats within thc proposed avian 

conscrvation area network. 

Methods 

Study area 

The Northern Province of South Africa occupies about 10% (122305 Jcm2) of the country and lies at the 

northeastern tip of South Africa bordering on the countries of Mozambique, Botswana and Zimbabwe 

(Figure I). The province includes the northern end of the Drakensberg cscarpment which separates the 

low-lying, warm and humid Lowveld region on the east from the higher lying, drier and cooler Bushveld 

plateau region in the west (Figure I). The Limpopo ri ver forms the northern and northeastern boundary 

of the province where it borders on the neighbouring states of Botswana and Zimbabwe. This Limpopo 

river valley is separated from the Lowveld and central Bushveld plateau by the Soutpansberg and 

Blouberg mountain ranges. The Waterberg mountain range falls within the central Bushveld plateau 

region and together with the escarpment encircles the Springbok flats, a clay substrate basin within the 

Bushveld plateau with a long history of dry land cultivation (Figure I). 

The study area consists primari ly of the savanna biome, wi th small areas on the escarpmcnt 

covered by grassland and forest biomes (Low & Rebelo, 1996). The province includes extensivc arcas of 

arable land and as a result 14% of thc province has becn transformed by cultivation. Urbanisation (1.6%) 

and forcstry plantations (0.8%) account for the remaining land transformations (Thompson, 1996; 

Fairbanks et al., 2000). Howcvcr thc study area has not been excessively degraded and transformed since 

73% is sti ll covered by natural vegetation (Table I; Figure 2) and 11.36% is under formal protection in 

107 



5. Multicriteria reserve selection 

provincial and national protected areas. 

Avian distribution data 

Infornlation on avian distribution at a quarter degree grid cell (15' x 15'; - 700 k111' hereafter referred to 

as a grid cell) resolution was collated from the South African Bird Atlas Project (Hanison, 1992; 

Harrison et al., 1997). The presence/absence of 565 avian species, comprising 60% of tbe bird di versity 

recorded in the Southern African sub-region (South Africa, Lesotho, Swaziland, Namibia, Botswana, 

Zimbabwe and southern Mozambique), was recordcd from 1980-1992. The Northern Province contains 

48803 unique di stribution rccords for these bird species within 214 grid cells (Figure 3). 

Environmental data 

Among the factors and processes that have been hypothesised to account for spatial patterns of species 

diversity arc climatic extremes, climatic stabi li ty, producti vity, and babitat hetcrogeneity (Brown, 1995; 

Wickham et at., 1997). Data were compiled from existing sources to reprcsent these factors (Table 2), 

including interpolated weather stations (Schulze, 1998) and topographic contours (SA Surveyor General, 

1993) mapped in a geographic infonnation system (GIS; ESRl, 1998) using Albcrs equal area projection. 

Thi s GIS database had a grid cell resolution of I km x I k111, which was determined by the cell size of 

existing rasterised data sets and a logical cell size for future integrative work. 

Land-cover data 

Land-cover data were mapped from I :250000 scale geo-rectified space-maps, based on seasona lly 

standardi sed Landsat TM satellite imagery captured primarily during 1994-95 (Thompson, 1996; 

Fairbanks et 01.,2000). For the purpose of the present study the 31 land-cover classes were reclassifi ed 

into three categories, namely natural vegetation, modified vegetation and transformed (Table I; Figure 2) 

(based on Wessels et 01., 2000 (see Addendum II)). Natural vcgetation included all untransformed 

vegetation, e.g. forest, woodland, thicket and grassland. The modified vegetation category was 

dominated by degraded classes of land-covcr. These areas have a very low vegetation cover in 

comparison with the sunounding natural vegetation cover and were typically associated rural population 

centres and subsistencc level farming, where fuel -wood removal, over-grazing and subscquent so il 

erosion were excess ive (Thompson, 1996). 

The transformed category consisted of areas where the structure and species composition were 

completely or almost completcly altered (Poore, 1978) and includes cultivated, afforested or urbani sed 

arcas, as well as mines and quarri es . The average thematic mapping accuracy for the provi nce was 73%, 

with much of the error being attributed to misclassification in bushland-woodland transition zones, not in 

identifying human land-use impacts (Fairbanks & Thompson, 1996; Fairbanks et 01. , 2000) . 
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Figure 1: Map oflhe Northern Province study region with major geographical features. 
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Table 1: Land-cover classes reclassified into transformation categori es (after Wessels el al. , 2000 (see 

Addendum II)) . 

Transformation category 0/0 area 

Natural vegetation 73.4% 

Modified vegetation 10.1% 

Transformed 16.5% 

Land-cover class 

Wetlands, grassland, shrub land, bushland, thicket, 

woodland, forest 

Degraded land (9.9%), erosion scars (0.1 %), 

waterbodies (0. 1 %) 

Culti vated lands (14%), urban/built-up areas 

(1.6%), mines and quarries (0.0 I %), forestry 

plantations (0.8%) 
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Table 2: Codes and definitions of explanatory variables used in canonical correspondence analysis. 

Code Definition 

Topography 

DEMMEAN 

DEMSTD 

Climate 

GDMEAN 

MAP 

GTMEAN 

NGTMEAN 

MAT 

MAXMNTHMN 

MINMNTHMN 

EVANNMN 

PSEAS MN 

TSEAS MN 

MXSEAS MN 

Elevation (m) 

Elevation heterogeneity (std. Deviation) 

Number of days per annum on which sufficient water is available for plant 

growth 

Mean annual precipitation (mm) 

Annual mean of the monthly mean temperature (0C) weighted by the monthly 

GO 

Mean temperature (0C) during negative water balance 

Mean annual temperature (0C) 

Mean temperature of the hottest month , usually January (0C) 

Mean temperature of the coldest month, usually July (0C) 

Total annual pan evapotranspiration (mm) 

Precipitation seasonality from the difference between the January and July 

means 

Temperature seasonality from the difference between the January and July 

means 

Maximum temperature seasonality from the difference between January and July 
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Figure 2: Map of the study region illustrating the percentage of natural vegetation remaining in each grid 

cell. National and provincial protected areas are also indicated. 
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Figure 3: Avian species richness within each grid cell of the Northern Province 
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GIS analysis 

The cnvironmental and land-cover data were overlaid with the 15' x 15' grid. Each grid cell had an 

aggregated mean statistic recorded of thc cnvironmental and topographical fcatures found within that 

grid cell, with the addition of the standard deviation of the elevation also being recorded. The extent of 

land-cover classcs, as well as national and provincial protected areas within each grid cell were 

calculated using ArcInfo (Figure 2) (Albers equal area projection). 

Ordination analysis 

Our primary analytical tool was canonical correspondence analysis (CCA; ter Braak & Prentice, 1988) , a 

direct gradient analysis method used widely in community ecology (Palmer, 1993), and detTended 

correspondence analysis (DCA), an indirect gradient analysis method (Gauch, 1982). The program 

CANOCO, version 4.0 (ter Braak & Smilauer, 1998) was used to conduct all gradicnt analyses. DCA 

was used to dctermine the dominant avian species cOllUnunities within the Northern Province. 

Environmcntal data (e.g. the 12 environmental parametcrs found under topography and climate in Table 

2) wcre entered with thc species data using stcpwise CCA to investigate which environmental variables 

explained the pattcrns in observed avian diversity (ter Braak & Smilauer, 1998). 

Spatial autocorrelation analysis 

In order to combine this information on species patterns and the environmental gradicnts rcsponsible for 

those patterns into practical conservation planning techniques, we employed spatial autocorrelation 

analyses . This form of analysis identifies areas with high Icvcls of species and associated cnvironmental 

gradi ent turnover. Using Moran's I analysis based on the infonnation gained from the previous 

ordination analyses we identified local spatial clusters of integrated species composition and thcir 

associated environmental gradients (Fairbanks et al., In Press). A grid cell with a hi gh positive Moran I 

value is highly autocorrelated, or similar, to neighbouring grid cells in terms of the avian specics it 

contains i.e. its spccies assemblage structure as well as envi ronmental characteristics responsible for the 

presence of those species. A grid cell with a negative Moran [value shows a low levcl of autocorrelation 

and is thus vcry di fferent from sUlTounding grid cells in terms of its species assemblage composition and 

the environmental variables associated with those assemblagcs. Thus those grid cells with low levels of 

spatial autocorrelation are indicative of areas with high tmnover in species divcrsity as well as the 

enviroIUnental gradients responsible, and should be included into conservation arca selection proccdures. 

Conservation area selection 

Richness-based complementary algorithms (Kirkpatrick, 1983; Howard et al., 1998; Chapters 2 & 3) 

were initially run on the bird species distribution data. However, as mentioned previously and as 

evidenccd by the results, species-based conscrvation area selection does not successful ly select areas for 
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the representation of natural processes responsible for generating biodiversity patterns, Nor does it target 

areas of high beta diversity i,e, areas with a high turnover in fcature diversity, Thus, the traditional 

techniques of complementarity bascd algorithms were adapted to include steps that select areas 

important to the representation of alpha species diversity patterns, as well as beta spccies diversity and 

their associated environmcntal gradients or proccsses, 

The spatial analysis results enabled thc addition of not only species assemblagc structure and 

turnover into reserve sclcction procedures, it also allowed for the inclusion of thosc cnvirOimlental 

characteristics responsible for assemblages and assemblage turnover. Moran's I valucs were used as 

indicators of the importance of a grid cell in terms of species and environmental turnover with respcct to 

neighbouring grid cells, This was done by cmploying Moran I values as an indication of the uniqueness 

of the spccies assemblages contained in that grid cell, as well as the uniqueness of the underlying 

environmental factors , with respect to thc neighbouring cells (Fairbanks ef ai" Tn Press), This then madc 

it possiblc to include the represcntation of not only alpha diversity patterns, but also beta diversity 

patterns and the underlying environmental gradients of these patterns into a conservation area selection 

procedure, Thus the traditional complementarity-based algorithm was reprogrammed to selcct areas that 

were high in complementary species richncss and low in spatial autocorrelation, 

This was donc by categorising Moran I val ues of cach grid cell into four groups: negativc 

autocorrelation, weak positivc autocorrelation, moderate positive autocorrelation and strong positive 

autocorrelation, The algorit1ull started by selecting grid cells with a low level of spatial autocorrelation 

(i,e, grid cells in the first category of negativc autocorrelation), if thcre was more than one grid cell 

within thc category then complementary species richness of the grid cells was used to resolve ties, The 

algorithnl thcn proceeded through all spatial autocorrelation categories until all spccies were reprcsented 

at least once, In this way grid cells wcre selected with a high complementary species richncss (high 

alpha diversity), but a lso with highly dissimilar species compositions and related environmental 

characteristics from neighbouring and previously selected grid cells (high beta diversity), This beta 

diversity (ED) algoritlml, therefore, selects a network that not only represents all species in the arca, but 

also the unique species assemblages, heterogeneous areas, transition zones, and environmental gradients, 

i,e, it samples both biodiversity pattern and proccss in a reprcsentativc manner. 

To identify a conservation area nctwork that reduces conflict with other land-uscs and avoids 

areas that are largcly modified and transformed, the algorithms were then modified to successively 

exclude from selection grid cells that were more than 10, 20 '" 90% transformcd and modified 

(Lombard ef aI., 1997; Wessels ef aI., 2000 (see Addendum II)), Tn essence, this land-use constrained 

(LUC) algorithm was initially limited to select only grid cells that containcd more than 90% natural 

vegetation until no ncw species could be added to the system, After that it proceeded in a step-wise 

fashion to sclect grid cells that contained less than 90, 80 10% natural vegetation, until all spccies 

were representcd, Thc LUC algorithm was therefore based on a trade-off between the primary objective 
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of avoiding transformed land and a secondary objective of reprcsenting all species, including unique 

species assemblages and heterogeneous transition zones . This land-use constraint option was includcd 

into a traditional species richness-based reserve selection algorithm, and was also included into the BD 

algorithm. This BD algorithnl first invoked the LUC before using Moran J values to select grid cells. 

Grid cells where there was a conflict between biodiversity conservation and alternative land-uses could 

be identified and local scale issues highlighted for further investigation. In all conservation area 

selection procedures species recorded in grid cells with more than 25% currently protected were 

assumed to be already represcnted and were excludcd from the reserve se lection algorithnls. 

Results 

Ordination analysis 

Geographic patterns of DCA scores are indicated in Figure 4 illustrating the four dominant aVIan 

assemblages present in the province. The Lowveld community in the east, the central Bushveld plateau 

conununity, the Limpopo river basin conununity forming the northern and western borders of the 

province and the Escarpment conununity at the northern tip of the Drakensberg escarpment all 

containing unique combinations of species . Eigenvalues and gradient lengths were slightly higher for 

DCA than for the detrended canonical correspondence analysis (DCCA) for the first two axes (Table 3). 

This fact together with the strong and significant correlations between the DCA for axis I and 2 and the 

explanatory variables (Table 4) suggested that much of the variation in avian diversity distribution is 

related to the measured environmental variables. The stepwise CCA reduced the number of significant 

variables required to explain the varia tion in species gradients (Table 5). The majority (94%) of the 

species variation in the Northern Province was accounted for by the explanatory envirorunental variab les 

of mean growth days, mean minimum monthly temperatures and mean height above sea level. 

The CCA results arc graphed as a biplot, in which arrow length and direction indicate 

correlations between explanatory variables and CCA axes, smaller angles between arrows indicate 

stronger correlations between variables (ter Braak & Smilauer, 1998) (Figure 5). The dominant 

compositional gradient (axis I) reflected an altitudinal gradient, which was primarily represented by 

mean temperature of the coldest month and mean elevation, from the tropical climate of the low lying 

savanna of the Lowveld to the subtropical savanna of the bush veld plateau. These two variables are 

moderately correlated with each other, but reflected low inflation factors in the CCA analysis therefore 

each was able to provide explanation for the species compositional gradients. With minor exceptions, the 

axis I gradient was generally longitudinal from the low lying Lowveld with mild winter temperatures up 

to the high lying Bushveld plateau areas with colder winter temperatures region (Figure 5). 

The second CCA axis was a gradient in growing season moisture stress, from the areas of warm, 

dry growing seasons at lower elevations to areas of cooler, wet growi ng seasons (Figure 5). 
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Table 3: Eigenvalues and gradient lengtbs (I Standard Deviation) for tbe first two axes from 

DCA and CCA of all bird species for tbe NOIthem Province. 

Eigenvalue 

Gradient length 

DCA 

0.13 

1.62 

Axis 1 

CCA 

0.11 

DCA 

0.07 

1.42 

Axis 2 

CCA 

0.08 
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Table 4: Speannan's rank correlations of explanatory factors with axis scores from DCA and intraset 

correlation coefficients from CCA that included all explanatory variables. 

Axis 1 Axis 2 

DCA CCA DCA CCA 

DEMMEAN -0.4247 -0.6798 0.7551 0.6142 

DEMSTD 0.1985 0.1187 0.6620 0.7095 

GDMEAN 0.3270 0.23 1 0.6264 0.7783 

MAP 0.2855 0.2178 0.5636 0.7313 

GTMEAN 0.2302 0.454 1 -0.8602 -0.7517 

NGTMEAN 0.3445 0.5649 -0.8145 -0.7029 

MAT 0.3945 0.6238 -0.7992 -0.6525 

MAXMNTHMN 0.23 17 0.4421 -0.8601 -0.7477 

M INMNTHMN 0.5982 0.8155 -0.6034 -0.4416 

EVANNMN -0.653 I -0.581 -0.3561 -0.4908 

PSEAS MN 0.1677 0.0671 0.6040 0.7319 

TSEAS MN -0.7629 -0.7482 -0.1321 -0.3065 

MXSEAS MN -0.7907 -0.8054 0.0319 -0.1538 
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Table 5: Inter set correlations of environmental variables for step-wise CCA for first two axes 

Variable Axis 1 Axis 2 

GDMEAN 

MTNMNTHMN 

DEMMEAN 

0.1765 

0.8504 

-0.7279 

-0.6896 

0.3393 

-0.5627 

Note: Sign reflects arbitrary selection of gradient direction by CANOCO. P <0.0 I 
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Figure 4: Identified avian diversity communities derived /Tom hierarchical classification of first two axes 

of detrended correspondence analysis results. 
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Areas of low summer precipitation and high summer temperature include the Limpopo river valley and 

the low lying Lowveld of the Kruger National Park. The Drakensberg escarpment represents the cool, 

high sununer precipitation, with low evaporation leading to the longer positi ve water balance. 

Spatial autocorrelation analysis 

This form of analysis was performed on axis I and axis 2 of the CCA analysis (Figure 5). The resultant 

Moran I values for both axes were then combined for each grid cell, allowing for the analysis of the 

species-environment gradient spatial structure. Thi s revealed strong positive autocorrelated clusters of 

similar species-environment composition in the Lowve1d and western Limpopo river valley regions 

(Figure 6). The Lowveld region is a well-protected region as a result of the Kruger National Park (Figure 

4). Negative and weak positive spatial autocorrclated clusters were found in the central Bushvcld plateau 

region representing the Waterberg mountains and the Springbok flats, as well as the northwestern areas 

representing the Bloubcrg and Soutpansberg mountain ranges (Figures I & 6). These grid cells identify 

dissimilar species-envi ronment compositions from their immediate nei ghbours and therefore represent 

areas of high spec ies turnover of species along the identified environmental gradients. These areas also 

tended to have poor levels of protection. 

Conservation area selection 

The study region of 214 grid cells included 27 (12.6%) grid cells that were more than 25% protected. 

These fell mostly within the Lowveld region in the Kruger National Park, and represented 89.73% of the 

bird species recorded within thc province. In order to represent the remaining species, 8.56, 12.83 , 15.51 

and 18.18% of the province was requircd by the richness-based, BO, richness-based with LUC and BD 

with LUC algorithms respectively (Tablc 6; Figure 7). The traditional richness-based algoritlull, 

although the most efficient in that it rcpresents all species in the least amount of land area possible, 

because of its selection criteria, concentrates on the areas of high species richness (Figure 3). By 

selecting these species rich areas mostly in the southern Escarpment and Bushveld plateau regions the 

richness algorithm tends to avoid areas of negative and weak positive autocorrelation in the northern and 

western Bushveld plateau (Figure 7). While the BD algorithm, although selecting similar grid cell s to the 

richness algoritlun, also selects areas of high turnover in spec ies and environmental variables in these 

north and northwestern regions of the province (Figure 7). The selection orders of the grid cells by the 

two algorithms, illustrated in Figures 7a and 7b, demonstrate the different values accorded to each grid 

cell by the two different approachcs. The traditional richness algorithm placing higher precedence on 

areas with high species richness in the southern regions of the province, while the BO algorithm gives 

priority to the grid cells in the northern and northwestern regions with high levcls of spec ies

environment l11rnover. 
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Figure 5: Species-environment gradients identified in stepwise canonical correspondence analysis with 

colours illustrating avian assemblage biogeograhic zones. T = mean monthly temperature of the coldest 

month, DEM ~ elevation, GD = growth days (see Table 2) 
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Figure 6: Moran' s I spatial autocorrelation results for combined Moran's I axes I and 2. 
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Table 6: Results of reserve selection algorithms. 

Algorithm type 

R.ichness-based complementary 

Beta diversity (BD) 

Richness-based complementary with land-usc constraint 

BD algorithm with land-use constraint 

5. Multicriteria reserve selection 

Number and percentage grid cells 

selected (with 25% prcsclection) 

16 (8.56%) 

24 (12.83%) 

29 (15.51%) 

34(18. 18%) 
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Figure 7: Output resu lts for: (a) traditional richness-based complementary algorithm, (b) beta diversity 

algorithm, (c) traditional richness-based complementary algorithm with land-use constraint, and (d) beta 

diversity algorithm with land-use constraint. Illustrating degree of spatial autocorrelation within selected 

conservation area networks (a, b), and percentage of natural vegetation remaining in selected conservation 

area networks (c, d). Numbers in grid cells indicate selection order of grid cells by algorithms. 
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Once the land-use constraint is included, the level of efficiency decrcases, but the amount of natural 

vegetation within the conservation area networks increases from 71.3 to 78.92% for the richncss-based 

algorithm and from 74.53 to 80.7% for the BD algorithm (Figures 7 & 8). Although the diffcrencc may 

not seem large, the selection orders of the grid cells within the various networks demonstrate the 

different values accorded to the grid cells once the land-usc constraint is includcd (Figure 7). The land

use constraint placing higher values on grid cells with low Icvels of land transfomlation in the northern 

and northwestern regions (Figures 7c & 7d)). There is therefore a trade off between land-usc efficiency 

and the representation of species compositional and environmental turnover, as well as a trade off 

between thi s efficicncy and the avoidance of largely modified and transformed areas. 

Discussion 

Traditional complementary approaches to conservation focus primarily on maximising the conscrvation 

of contemporary alpha diversity patterns using mcasures of species or feature richncss (Presscy el al., 

1993, Margules & Pressey 2000). But as cvidenced by the rcsults of the present study, thc usc of 

traditional principles such as complementarity, nexibility and irreplaceability are not sufficient. 

Although thcy successfully represent existing biodiversity patterns, they do not guarantee the long-term 

maintenancc of these patterns through conservation of governing natural processes, feature diversity 

turnover and the reduction of human driven threats on these patterns (Cowling el al., 1999; Balmford et 

al., 1998; Rodrigues el al., 2000). 

MailllellOllce o/llolural processes 

Species, although an important componcnt of the biodiversity hierarchy and a popular focus of many 

conservation efforts, should not be the only rcpresentation goal of conservation area selection (Faith & 

Walker, 1996a; Maddock & du Plessis, 1999; Noss, 1990; Pressey, 1994a; Wessels el 01., 1999). By 

focussing on only the species level many avian species cOl1Ununities and species-environment gradients 

important to avian diversity in the Northern Province are potentially ignored or Icft underrcpresented. 

This underrepresentation results in an inefficient representation of ovcrall regional biodiversity pattern 

and proccss. 

Existing protected areas within the study area are concentrated mostly within the Lowveld 

rcgion, most of which is made up by the Kruger National Park. This leaves the other avian communitics 

largel y unrepresentcd. Thc traditional complementarity based algorithm, does littl e to correct this 

represcntation bias selecting additional grid cclls in the relatively homogenous southcrn Bushveld 

plateau regions, leaving the northern Bushveld plateau, Escarpment and Limpopo valley avian 

communities largely unprotected. This is due mostly to the fact that the Lowveld and southern Bushveld 

plateau regions arc highly species rich areas (Figure 3) containing over 90% of the avian spec ies 

recorded within the provincc. 
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Figure 8: Graph of percentage land-cover categories included in conservation area networks selected by 

richness-based complementary algorithm and beta diversity (8D) algorithm (with and without land-use 

constraint (LUC)). 
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Thus, once these areas are represented, almost all of the avian diversity wi thin the province is 

represented and from a species representation point of view there is no need for additional grid cells. 

Thi s makes the investigation and identification of the species community structure as we ll as the 

environmental gradients responsible for controlling and maintaining that structure an essential part of 

conservation area se lection procedures. By attempting to protect not only the biodiversity pattern but 

also the processes responsible for that pattern , we come closer to guaranteeing the representati on as well 

as the long-term maintenance of regional biodiversity. The grid cells selected by the new SO algorithm, 

although similar to those selected by the traditional algorithm, differ in that some grid cells fall within 

the other avian eonununities, particularly the highly heterogeneous areas in the northwestern and central 

Bushveld plateau community. These areas fa ll mostly within the Blouberg, Soutpansberg and Waterberg 

mountain ranges, as we ll as the Springbok fl ats region (Figure I). 

In addition to the underrepresentation of many of the avian species-environment communities by 

the traditional reserve selection procedures, it is obvious from the CCA analyses that they succecd in 

representing only one extreme of the CCA species-environment gradients. By focusing on species 

representation alone the low lying, moist, warm Lowveld region is well reprcscnted, but the dryer, higher 

lying, cooler areas with their unique species assemblages are excluded as well as the areas lying between 

these extremes. The role of the environment as a generator of species di stribution patterns has long been 

a recogni sed fact (e.g. Whittaker, 1977; Wiens, 1989; Brown, 1995; Maurer, 1998). Fairbanks el al. 

( 1996) presented evidence showing that the end points of species-environment gradients, areas where the 

climate is more stress ful for life (overly cold, hot, or dry) (Jongman el al., 1995), were found to be more 

strongly affected by climate change and therefore resulted in a possible species composition change. A 

South African climate change study conducted on invertebrate and vertebrate taxa estimated that 66% of 

all species found within the Kruger National Park, one extreme of the species-environment gradients, 

will have a less than 50% chance of being found there after a doubling of CO, levels (van Jaarsveld el 

al., 2000). An issue often discussed but rarely applied in conservation biology regards the effect of 

climate change on current conservation areas and future conservation planning (Peters & Darling, 1985; 

Balmford el al., 1998; Huntley, 1998). 

Therefore, although the BD algorithm is less land-usc efficient, requiring four percent more land 

area, it manages to represent high levels of species richness and avian conununiti es, as well as the 

identified species-environmental gradi ents in the final proposed conservation area network. Thereby 

ensuring the representation of natural processes, and consequently the long-term maintenance of regional 

biodiversity in the face of less obvious human disturbances (e.g. climate change and altered fire regimes) 

as well as longer-term evolutionary and ecological processes (Balmford el al. , 1998; Cowling el al. , 

1999). 
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Turnover ill feature diversity 

Spatial autocorrelation analysis proved to be a valuable tool in the identification of areas of high beta 

diversity, as opposed to employing simple measures of alpha diversity traditionally used by reserve 

selection teclmiques. Moran J values for both the altitudinal-temperature species-environment gradient of 

axis I and the water balance species-environment gradient of axis 2 from the CCA anal ys is (Figure 4) 

enabled the identification of areas high in beta di versity. These areas highlighted by low Moran J val ues 

eontained very different species assemblages from their neighbouring grid ce ll s, as well as different 

environmental variables control ling these assemblages. By focussing on grid cells with low levels of 

spatial autocorrelation, the BD algorithm identified areas with highly dissimilar species, community, and 

environmental composi tions from neighbouring grid cells in the Waterberg, Blouberg and Soutpansberg 

mountain ranges as well as the Springbok flats region. These areas contain unique environmental 

characteristics not found in surrounding areas. The northern mountain ranges of the Blouberg and 

Soutpansbcrg are the meeting point of the southern limit of the Zambezi flora and the northern limit of 

the South African faunal and floral species. The Sprinbok flats is a basin surrounded by the Waterberg 

and escarpment in the Northern Province and by the Magaliesberg, a mountain range in the Gauteng 

Province which lies to the south of the study area. Due to its clay substrate the basin has poor drainage 

and contai ns wetlands as well as part of the Olifant River in the east and is therefore considered a 

birding hotspot. Thus these regions identified by the spatial analysis are important areas with unique 

species assemblages and environmental characters and are sites of hi gh turnover in spec ies diversity 

along the identifi ed environmental gradients. 

The different selection orders (Figure 7) of the richness-based and BD algorithms illustrate the 

highly di ssimilar approaches and values assigned to each grid cell by the two algorithms. The traditi onal 

richness method favouring areas of high species richness (Lowveld and southern Bushveld regions) and 

the BD method placing more importance on areas containing highly dissi milar species and 

environmental compositions from surrounding areas (northern and central Bushveld plateau). In order to 

identify conservation area networks that are robu st to turnover in feature di versity, the identification of 

dominant environmental gradients controlling turnover in species composition using ordination 

teclmiques like CCA is important for understanding future environmental sensiti vi ties and evolutionary 

potential (Cowling et al., 1999; Noss, 1996). This spatial autocorrelation method allows for the 

incorporation of measures of beta di versi ty into what are traditionally alpha diversity based reserve 

selection techniques. The results of the present study illustrate the value of the inclusion of areas with 

hi gh levels of alpha and also beta di versity. The mountain ranges and other regions highli ghted by these 

analyses are areas of high turnover in avian diversi ty along unique environmental gradients, and under 

the existing protected area system are left largel y unprotected. 
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Mil/imising threats 

Since the early 1900's the area of cultivated land within South Afri ca has inereascd from 3 to 8% 

(Seorney et aI., 1988). Despite this increase the Northern Province remains largel y untran sformed and 

includes many land-uses considered to be more amenable with biodiversity conservation (Pressey, 1992), 

e.g. wildlife reserves, game ranching and li vestock grazing. Including these largely untransfornled areas 

into potential conservation areas and attempting to avoid connict with other land-uses entai ls selecti ng a 

larger area. However, minimi sing land area requirements tlu·ough efficient complementarity approaches 

often in vo lves selecting highly transformed areas that may not be able to sustain species or ecological 

processes over the long-term (Freemark, 1995). These areas arc therefore impractical conservation 

options and should be precluded from conservation area networks (Wessels et at., 2000 (Addendum lJ)). 

The present study docs not demonstrate a large difference in the proportion of transfornled land 

within conservation areas (seven percent difference) selected by techniques with or without the land-usc 

constraint. This is probably due to the fact that the Northern Province, with over 70% natural land-cover, 

docs not contain large areas of transfonned and degraded land, thus thc chanccs o f selccting transformed 

land during reserve sclection is rare. Howevcr, the selection order of the grid cell s by the various 

algorithms illustrates how the land-use constraint gives preferencc to largely untransformed areas in the 

northern and western regions of the study arca. It attempts to avoid the Springbok nats wi th high levels 

of commcrcial dryland culti vation, as we ll as the central , southwestern and escarpment regions with 

combinations of commcrcial and subsistence dryland cultivation and the associatcd erosion and 

degradation. The LUC algorithms sclect grid cells with less than 50% natural vegetation in these 

transformed and degraded regions only as a last rcsort if the species they contain are not prcsent in any 

of the other less transformcd grid cells. 

This is similar to thc finding by NatHel el at. (! 998) and Wcssels et at. (2000) (sec Addendum 

II) that it is often the irreplaccable grid cells, containing some of the rarest species, which are more 

potentially eonn icting than others, being closer to human populations, infrastructure and agriculture. 

This thcn enables one to investigate thc potcntial eonnict between conservation interests and land-uses 

wi thin these irreplaceab lc grid cells at a local scale. Appendix I contains a li st of the species found only 

within grid cells that arc more than 50% transformed and is an example of how loca l scale potential 

conn ict issues can be hi ghli ghted, specifically in the case of threatened and endangered species (Wessel s 

et at., 2000 (see Addendum II)). Fortunately in the case of the Northern Province it would appear that of 

the scvcn bird species found only within thcsc transfornled and irreplaceable cells in the study region , 

most do in fact occur elsewhere in southern Africa and oftcn in the rest of Africa. The Ground 

Woodpecker, a globally thrcatcncd species, and the Caspian Tern, listed as rare in the South African Red 

Data Book are the only spccies of special conservation interest, but occur either widely in South Africa 

or clse in the rest of the world. The Bluespottcd Dove and Grey Waxbill rcquire monitoring, but are not 

particularly threaten cd (Harrison e l at., 1997). 
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Conclusion 

South Africa, ranked as one of the top 25 richest cou ntries in the world in terms of its biodiversity 

(WCMC, 1992), faces large threats through human land-use and transformation (Macdonald, 1989; 

Fairbanks el at., 2000). Existing conservation measures required to address and prevent these land-use 

changes are largely inadequate, with much of the country's biodivcrsity wealth lying outside of formal 

protected areas (Rebclo & Siegfried, 1992; Freitag el at., 1998). This inadequacy of existing 

conservation measures is not unique to South Africa and is in fact a worldwide phenomenon. The 

techniques required to redress this issue are largely inadequate and seldom implemented . The issues of 

process and pattern maintenance, turnover and land transformation that we attempted to address proved 

to be important issues in reserve selection. 

The benefits of the current generation of iterative complementarity based reserve se lection 

algorithms arc well-cited (Pressey el at., 1993). These techniques do have their va lue and are an 

improvement on the largel y ad hoc methods of the past. However the shortcomings associated with the 

usc of these techniques alone are obvious and arc a major contributor to their lack of implemcntation in 

conservation and land-use planning. The framework of complementarity analysis makes a large 

contribution to assessing the selection of important spec ies assemblages for conservation, but extending 

this tool to capture the underlying processes ensures the maintenance of those assemblages. 

The ordination and spatial structure additions to traditional complementarity based algorithms 

make severa l contributions to biodiversity conservation. These additions improve our knowlcdge on 

important environmental factors responsiblc for biodiversity patterns. They also identify species and 

environments that are currently underrepresented or threatened, as well as areas of high spccies turnover 

along the associated environmental gradients, areas which arc often severely vulnerable to land 

transfornlation. By protecting these areas we can allow for possible changes in species turnover due to 

climate change, something which would not be possible usi ng only species-based conservation area 

identification. 

The benefit of maximising the area of natural habitat within a conservation area network carries 

with it the cost of higher land area requirements. However the inclusion of a land-usc constra int makes 

for far more feasible conservation options by including largely untransformed areas into conservation 

networks. The identification of potential conflict within areas that are irreplaceable in terms of 

biodiversity conservation and also largely transformed IS an important component of regional 

biodiversity assessments (Wessels el at., 2000 (sec Addendum II)) . Thi s enables the identification of 

crucial habitats within these areas required for the continued survival of specific species, as well as the 

investigation of land-use circumstances within the ranges of other important species. 

However, it is unlikely that all the areas identified with in these analyses can be formally 

protected. The future of conservation in South Africa, as in many other developing countries, is 

unccrtain. The lack of resources for the cxpansion of current formal protected areas in an effort to 
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address the inadequate conservation efforts existing, evidenced by the largely biased current 

reprcscntation ofthc Lowveld region only in the Northern Provincc, is not the only problem facing South 

African conscrvation cfforts. Land reform proposals and thc rcdistribution of privatcly and state owncd 

land to small-scalc subsistence farmers could potentially conflict with conservation objectives. But, the 

development of effective and scientifically sound tcchniques for the identification of arcas important to 

conservation need not only be Iim.ited to the expansion of existing formal protected areas, but also has an 

important role to play in the identification of conservation areas to be managed in thc human matrix 

outsidc of formal protccted area nctworks. 
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A ppendi x 1: Range and conscrvation statlls of avian spec ies restricted to grid cells with less than 50% 

natural vegetation. 

Common name Species name G rid ce tl Conser vation sta tus Range 

% natu ral la nd-

cover 

Blue'potted Dove Turlllr afer 2330AB (30-40%); Locally common. Restricted range in eastern 

2330CC (30-40%) Population moni toring Zimbabwe, adjacent 

required Mozambique and 

northeastern South Africa. 

Caspian Tern Hydroprogl/e 2330AD (30-40%) Rare in the South Occurs throughout the 

caspia African Red Data Book ho loarctic, Australasian, 

Oriental and Afrotropical 

regions 

Goldenrumped POgOl/ill/US 2531 AA (40-50%) Common in forest Widespread African species. 

Tinker Barbet bilineatus habitat. Not threatened Occurs in the eastern 

lowlands of South Africa, 

lowland forest of eastern 

Zimbabwe & Zimbabwe 

highlands, as we\l as 

Mozambique. 

Grey Wagtail Motacilla 2329DD (40-50%) Regular occunence in Non-breeding African 

cinerea southern Africa. palearctic migrant. Common 

in Africa as far south as 

northern Tanzania. 

Grey Waxbill Estrilda 2230DA (50-60%) Not pal1ieularly Occurs in Gabon, Angola and 

perrei11i threatened but worth Zaire eastwards to Tanzania 

monitoring in southern and Mozambique, and 

Africa. southwards to South Africa. 

Ground Geoco/aptes 2430DD (40-50%) Globatly ncar South A frican endemic 

Woodpecker olivaceus threatened. Wide range 

Southern Tchagra Tchagra 2430DD (40-50%) Fairly common in its Southern African endemic 

tchagra restricted range. Not of 

particular conservation 

concern. 

Harri son el 01., (1997) 
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Introduction 

Humans have transformed almost half of the world's iee-free land surfaee area into agricultural and 

urban systems. Through this transformation humankind dominates (directly or indirectly) almost one 

third of the land' s net primary productivity and uses 54% of the available freshwater (Vitousek et al., 

1997; Chapin et al., 2000). In the absence of policy and behavioural changes, anthropogenic land-use 

impacts are said to become the largest tlueat facing terrestrial global biodiversity by the year 2100, 

particularly within the tropics (Chapin et al., 2000; Sal a et aI., 2000). Although there are several other 

drivers of biodiversity change, including changes in atmospheric CO, levels, nitrogen deposition and 

acid rain, land-use changes will have the largest impact mostly due to their destructive effects on habitat 

availability and consequent species extinctions (Sala et al., 2000). Not only will these changes have 

implications for ecosystems, altering their processes and resilience to environmental change, but will 

also have important consequences for humankind due to increasingly threatened ecosystem services and 

products (Kunin & Lawton , 1996; McCann, 2000). 

The establishmcnt of conservation areas in which features of biodiversity arc separated from 

processes that threaten their persistence in the wild, is one of the widely used approaches for addressing 

these threats (Pressey, 1998; Margules & Pressey, 2000). Shortcomings of existing conservation areas, 

the need for systemat ie conservation area se lection procedures, as well as the need for these procedures 

to minimise threats facing regional biodiversity within selected areas has been widely researched (for 

review see Balmford et aI., 1998; Williams, 1998; Margules & Pressey, 2000) and discussed in Chapters 

I and 5, as well as Addendum IJ. The study in Addendum II, eonducted in the tluee northern provinees 

of South Africa, foeused on the need to identify and minimise eurrent land-use threats facing 

biodiversity. The incorporation of measures of threat into conservation area selection is essential and has 

important implieations for land-use planning, enabling the identification and therefore avoidance of 

areas of threat to biodiversity and highlighting areas where there may be conflicts between conservation 

and land-use development issues (Lombard et al., 1997; Nantel el aI., 1998, Williams, 1998). These 

analyses in Addendum \I illustrated how human land-use impacts increase the costs of achi eving a 

representative conservation area network, decrease the flexibility of conservation options and in many 

cases actually conflict with areas irreplaceable to biodiversity conservation. 

It is however, also important to remember that human land-use impacts are not static and will 

conti nuously evolve and spread as populations and their land-usc and resource needs expand. This will 

subseq uently further increase costs, decrease conservation options and increase the amount of conflict 

between the various forms of land-use and conservation. It is therefore essential that cx isting natural 

areas with high potential to become tran sformed by other land-uses be identified at as early a stage as 

possible in order to identify arcas where there may be future conflict between these potential 

developments and existing biodiversity. These altcrnative forms of land-use include agriculture, forestry, 

mining, and urbani sation, as well as land degradation through overgrazing, fuel wood harvesting and 
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alien plant invasions (Fairbanks ef at., 2000). There is thus a need for a conservation area selection 

technique which avoids areas that arc currently largely transformed and also identifies areas crucial to 

biodiversity conservation requiring management because of high levels of transformation (Addendum 

II). In addition to this a technique that also identifies untran sformed areas that arc suitable for 

development will hopefully help to guarantee persistence of regional biodiversity (Pressey el aI., 1996; 

Williams, 1998). 

These untransfornled areas identified as highly suitable for alternative land-uses can then, 

applying the principle of flexibility (Pressey el aI., 1993), be avoided by conservation planners and used 

for development. If however these areas are irreplaceable due to rare or endemic biodiversity features 

(Pressey el aI., 1994; Ferrier el aI., 2000) they can be targeted as conservation priorities due to high 

biodiversity and threat values. A better understanding of the current and future patterns of threats 

(especially land-use threats) facing biodiversity will allow for more effective trade-offs between 

biodiversity conservation and development opportunities (Faith, 1995; Faith & Walker, 1996), as well as 

a more efficient allocation of limited conservation resources for areas most at risk (Margules & Pressey, 

2000). 

Pressey (1997) highlights the fact that many of the existing conservation area selection 

techniques say nothing about the relativc need of areas selected for protection. Funding and resource 

shortages dictate that although a large number of areas may be identified as important to the 

representation of biodiversity, only a small number of them can be protected in the ncar future. As 

Cowling ef al. (1999) point out, in order to maximise the retention of biodiversity features within a 

region, one must minimise the extent to which the original representation goals arc compromised by 

habitat loss while the conservation area network is developing (a process that can take decades). It is 

therefore crucial to identify areas of high conservation value or urgency within thi s selected set of areas. 

These arc areas with a high biodiversity, or irreplaceability value, as well as a high threat or vulnerability 

value (Faith & Walker, 1996; Pressey ef at., 1996; Pressey, 1997; Pressey, 1998; Cowling ef at., 1999). 

Much work has been done on measuring biodiversity values of areas, and inel udes species 

richness, endemism and rarity of areas as well as complementary species richness discussed in Chapters 

2 and 3 (Williams el at., 1996; Williams, 1998; van Jaarsvcld el at., 1998b). Also included as a measure 

of biodiversity va lue are measures of irreplaeeablity (Pressey ef aI., 1994; Ferrier ef at., 2000), which 

illustrate how crucial a site is for achieving representation goals within a region due to its biodiversity 

feature content. Other measures of biodiversity value focus less on the biodiversity pattern of an area and 

more on the biodiversity processes within the region (Balmford el at., 1998; Pressey, 1998). These 

techniques focus on the spatial surrogates for biodiversity processes and include measures of hi gher 

levels of the biodiversity hierarchy (Pressey, 1994; Noss, 1996; Maddock & du Plessis, 1999), 

environmental gradients (Noss, 1996; Cowling el at., 1999) and measures of spatial and temporal 

turnover (Chapter 5; Rodrigues ef aI., 2000). However, there is a large need for work on the inclusion of 
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tllreat or vulnerability values of areas into conservation areas selection. (Chapter 5; Addendum TI ; Faith 

& Walker, 1996; Pressey et al., 1996; Williams, 1998). 

The present study therefore aims to address several shortcomings with existing conservation area 

selection techniques in an effort to incorporate cu rrent and potential threat values into conservation 

planning in the Northern Province of South Africa. First areas with high biodiversity val ue will be 

identified using all techniques mentioned previously. Second, areas wi thin the province suitable for 

alternate land-uses will also be determined. The identified areas of high biodiversity val ue will then be 

investigated as to their land-usc threats from existing and potcntial land-uses. Finally, using the 

biodiversity data available for the province, a conservation area network will be identified which avoids 

areas currently transformed and degraded while representing all known regional biodiversity. The areas 

selected will then be investigated in terms of their current and potential land-usc threats in an attempt to 

prioritisc areas for imlllediate conservation action. 

It is important to note that the current study focuses only on the forms of land-use deemed 

important and likely threats to biodiversity within the Northern Province. These land-uses include 

cultivation (both rain-fed and irrigated), afforestation of various species of Eucalyptus and Pinus, as well 

as Acacia lIIearnsii (black wattle), and mining and quarrying. Although several other forms of land-use 

may also have impacts on biodiversity, these future forms of land-use are not taken into account. 

Li vestock grazing may result in structural as well as compositiona l changes to vegetation, but under 

controlled conditions, does not usuall y result in major land-cover transformation or alteration in 

ecologica l function, and is considered to be more amenable with biodiversity conservation (Pressey, 

1992; Mishra & Rawat, 1998; Allsopp, 1999). In addition to this the impacts of grazing on biodiversity 

are difficu lt to quantify and have not been fully investigated within the study region. Although areas of 

land-cover degradation are often indicative of overgrazing (Thompson, 1996; Newby & Wessels, 1997) 

and can be used as a currcnt indication of threats to biodiversity, future patterns arc difficult to predict. 

Therefore areas not suitable to the main land-uses of forestry, cultivation or mining were assumed to 

remain natural and unimpacted. Although urbani sation has direct effects on biodiversity, due to limited 

urban development in the provincc only current level s of urbani sation were considered in the 

determination of threats to regional biodiversity (Rotten born, 1999). 

Road networks, however, were evaluated as to the impacts of thi s form of infrastructure 

development on biodiversity. Although road networks occupy sma ll areas, the ecological effects that 

roads have on regional biodiversity extend far beyond thc cdges of the road itself (Reijnen ef al., 1995; 

Forman & Alexander, 1998; Forman, 2000). Road networks affcct landscapes and biodiversity in sevcn 

general ways: (I) increased mortality from road construction; (2) increased mortality from vehiclc 

collisions; (3) animal behaviour modification; (4) alteration of the physical environment; (5) alteration 

of the chemical environment; (6) spread of cxotic species, and (7) increased alteration and use of 

habitats by humans (from Trombulak & Frissell, 2000). As illustrated in Addendum I, road-effect zones 
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can be used to provide an estimate of the potential threat to regional biodiversity through changing land

uses and increased future human impacts. 

Methods 

Study area 

The Northern Province lies at an average 880m above sea level, with higher lying areas reaching just 

over 2000m in the escarpment and low lying regions in the lowveld of the Kruger National Park falling 

below 300m (sec Figure I in Chapter I). This varied elevation results in different rainfall regimes within 

the region. The province is largely a low sununer rainfall area with an average rainfall of 500null per 

annum. However there arc areas within the higher lying escarpment which reccivc in excess of 1200mm 

per year, while other arcas in the far north of the provinec receive less than 300 mm (Schultzc, 1998). 

The temperaturcs recorded in the provincc are also variable, with an average tempcrature of 19°C falling 

to 16°C in the southern and central high lying highveld region, and climbing to 23°C in the low lying 

subtropieal lowveld (sec Figure I in Chapter I). 

In a similar fashion to most of South Africa, the Northern Province has large tracts of 

untransformed land (Figure I) (see Figure 4 in Chapter I; Addendum J). There are few urban centres 

within the province (see Figure 3 in Chapter I), therefore urbanisation and industrialisation do not pose a 

large threat within the province, accounting for only 1.6% of the area. Other forms of infrastructure 

occupy small areas of the province, e.g. the road network takes up Icss than 0.02% of the area. The 

province includes extensive areas of arable land and as a result 14% of the province has been 

transformed by cultivation. However due to the relatively low rainfall in most parts of the provinee, 

dryland (or rain-fed) cultivation at a conmlcrcial sca le, whieh makes up two pereent of the total 

cultivation in the province, is limited to the cscarpment, mountainous regions and Springbok Flats where 

it is considercd a viable land-use option. In the rest of the province rain-fed agriculture is not possible at 

a commercial scale and is limited to temporary and subsistence level cultivation, making up 38 and 48% 

of the total cultivation in the province respectively (see Table 2 in Chapter 1) (Fairbanks et aI., 2000). 

Other areas under cultivation require irrigation , and because of the scarcity of suitable rivers in 

the province this form of cultivation is very limited making up three percent of the total cultivation at a 

conmlercial level and eight percent at a temporary level (Fairbanks et aI., 2000). In a similar fashion, 

afforestation within the province is limited (0.8% of the province) by the low levels of rainfall to the 

higher lying and moister escarpment. Despi te its mineral wealth mines and quarries occupy only 0.1 % of 

the land area (Wilson & Anhaeusser, 1998). 

Thus, although the province is largely untransformed at present, it does contain substantial areas 

that are suitable for alternate land-uses. Afforestation, cultivation and mining are considered to be major 

land-uses that threatened biodiversity and all three are viable within the Northern Province . 
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Figure 1: Study area of the Northern Province showing areas of land-cover change. Land-cover categories 

from Chapter 5. 
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Figure 2: Northern Province showing areas of: (a) high suitability for: cultivation (both irrigated and rain

fed) and forestry, and (b) known mineral and dimension stone deposits_ 
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The low rainfall within the province, as well as new water laws within South Africa (DWAF, 1996) limit 

the potential for further afforestation or dryland cultivation. However there arc large areas which would 

be suitable for cultivation and afforcstation (especially of speciali sed specics) within the province 

(Figurc 2a) (Fairbanks, 1997). In addition thc province has large mineral fields, as well as unexploited 

mineral and dimension stone deposits (Figure 2b) whi ch may have serious implications for regional 

biodiversity. The province includes IS vcgetation types falling largel y within the savanna biomc, as well 

as smaller parts of the forest and grassland biome on the escarpment and in the mountain rangcs (Low & 

Rebelo, 1996; sec Figure 2 in Chaptcr I). 

Databases 

All spatial data used in the study were projected in an Albers cqual area projection, based on Clarkc 

1880 Spheroid with 24° E as the central longitude and -18°S and - 32°S as the standa rd parallels. All 

analyses were performed in Geographic Information Systems (GIS) using Arelnfo and ArcYiew (with 

Spatial Analyst) (ESRl, 1998). Each of the spatial coverages used arc described below. 

Species distribution data 

Di stribution data on scveral vcrtcbrate, invcrtebrate and plant taxa used to investigate areas of high 

biodiversity value are available for the study area (sec Table 3 in Chapter I). Howcver due to the 

taxonomic inconsistcncies and survey biases (Freitag & Mansell, 1997; Hull el aI., 1998; Muller, 1999; 

Koch et al., 2000) found within a large majority of these databases it was decided to only include 

databases on the well studied taxa with sound distribution data and taxonomy. These taxa include the 

birds, mammals and to a lesser extent the butterflies (Harrison, 1992; Freitag & van laarsveld, 1995; 

Freitag ef al., 1998; Muller, 1999). The database included 48803 unique records for 565 bird spec ies, 

2062 records for 328 butterfly species and 7040 records for 214 mammal species. In this study most of 

the analyses focussed on the bird distribution data due to its well-assessed quality and reliability. The 

other taxa are only employed for the final analysis. These distribution records ranged from point 

localities to 15' x 15' grid cell records, and were therefore generalised up to the 15' x IS' (- 700 km') grid 

cell resolution for the purposes of thi s study. 

Yegetation data 

A GIS layer of the vegetation types defined by Low and Rebelo ( 1996) was used to detennine current 

and future impacts on these areas withi n the province. These vegetation types arc defined as units with 

similar vegetation structures, ecological processes and important species (Low & Rebelo, 1996). This 

layer also serves as a broad-scale surrogate for regional biodiversity (sec Chapter 4). 
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Protected area coveragc 

A GIS layer of the national and provincial protected areas (OEAT, 1996) was used to determine cxtcnt 

of cxisting protected areas. These protcctcd areas all fall within IUCN categories I and 11. A 

comprehensive layer of private reservcs is currcntly unavailable. 

Land-cover data 

This laycr utili sed the National Land-cover database for South Africa (Thompson, 1996; Fairbanks et aI., 

2000). This is derived from a series of 1 :250000 sca le geo-rectified maps, based on scasonally 

standardi sed, single date LANDSAT TM satellite imagery captured during the 1994-95 period 

(Fairbanks & Thompson , 1996; Thompson, 1996; Fairbanks et al., 2000). In a similar fashion to Chapter 

5 and Appendices 1 and 2, these 3 I land-cover classes were grouped into three categories of natural, 

degraded and transformed land-cover (Figure I). Thc transformcd class was then further subdivided into 

cultivated, forestry, mining and urban areas. 

Road-effect zone 

The spatial cxtcnt of ecologica l effect of roads, or road-effects, can be used as an ecological indicator 

that directly represents impacts on biodiversity. The affected distanccs were estimated in a similar 

fashion to the one used in Addendum I in a hierarchical manncr from Stoms (2000) using esti mates of 

spatia l extent of the road-effect zone from rcviews mentioncd previously, as well as from local studies 

(Milton & Macdonald, 1988). The road-effect zone of large main roads was assumed to be larger (lk.Jll 

on either side of the road) than that of smaller farm roads (100m) (see Addendum I). This zone was 

determined from road segments from the South African Surveyor General (1993) 1 :500000 scale map 

series files. These were buffered in a standard geographic information system operation to the di stance 

related to its class. The roads in protected areas were cxcluded from thi s analysis as the road-effect in 

national parks is of limited biodiversity concern. 

Suitable areas for afforestation, cultivation and mining 

Areas suitable for afforestation by eucalyptus, pine and watt le species, the main species used in the 

forestry industry within the Northern Province, were evaluated using an afforestation potential land 

eva luation developed by the CSIR (Fairbanks, 1997) . Thi s evaluation uses a GIS modelling approach, 

based on fuzzy sets logic techniques, using information on climate and soils (Fairbanks, 1997). The 

suitability for summer rainfall pure types of Eucalyptus camaldulensis, E. nitens, E saligna, E. 

tereticomis, and E. urophylla, as well as Pill us eliiotlii, P. patula, P. taeda and Acacia lIlearnsii (black 

wattle) were classified. This evaluation uscd one minute by one minute grid cell data on scvcral 

physiologically based climate variables including median annual precipitation, mean annual temperature, 

mean maxima of the hottest month (January), mcan minima of the coldest month (July) and scasonal 
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precipitation patterns. In addition broad so il pattcrn and soil depth wcrc uscd from I :250000 soil types 

mappcd by the Institutc for Soil, Climate and Water (TSCW, Agricultural Rcsearch Council). 

Suitabilities of species wcrc then grouped into five potential classes: (see Fairbanks, 1997). 

0-20% = Highly unsuitable 

20-40% = Unsuitable 

40-60% = Low suitability 

60-80% = Suitablc 

80-100% = Optimal 

For the purposes of thi s study only areas with a greatcr than 60% suitability were considered likely 

biodiversity threat arcas. 

Areas suitable for mai ze, whcat and sorghum cultivation were calculated in two ways. First, 

potential for rain-fed crop production was mapped from land types (MacYicar, 1974; Land Type Survey 

Staff, 1986, Schoeman & Scotney, 1987) by the ISCW (ARC). Thi s was based on mean annual rainfall 

(>550mm), soil depth , soil fonll, clay percentage and slope at I :250000 scale (for example see Smith, 

1998). Areas with a grcatcr than 60% suitability were then classificd as regions suitablc for ra in-fed or 

dryland agriculture. Second, potential for irrigated crop production was extracted from Sehoeman e/ 01. 

(1986), usi ng landtype information, expert knowledge on irrigation schemes, the availability of water 

and Landsat MSS data to map extant areas of irrigation. 

Data from the Metallogenic Map dataset and SAMlNDABA (2000) provided in digital fornlat by 

the Council for GeoScience was used to estimate the potential impacts of mining and quarryi ng in the 

province. Localities of deposits and mines for the top 20 minerals and 5 dimension stone types werc 

buffered with a I km buffer in order to derive a layer of what the potential ecological impacts of mining 

and quarrying in the area could be (Table I). These localities were of varying deposit statu ses including: 

Occurrence: a naturally occurring commodity, usually in outcrop, on which subsurface 

exploratory work has or has not been carried out or is in progress, and which has not yet been 

proved to be economically viablc or is very unlikcly to become viable in futurc 

Deposit: an occu rrence at which subsurface exp loratory work has provcd that the quality and 

quanti ty of the conullodity(ies) arc such that exploitation has been, or is currcntly fcasible, or is 

very likely to become fcasible in future. This ternl automat ica ll y applies to all producing mines, 

past and present. 

Potential threat 

These layers on potcntial land-use impacts and road-effect zones will then be combined to provide a 

layer of all potential land-use tlueats within the region . Thi s allows for the evaluation of overlap with 

eurrcnt land-uses and determination of impact on areas that are as yet untransformed, especially those 

important to biodiversity conservation. 
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Table I: Mineral and dimension stone deposits in the Northern Province. 

Mineral or dimension stone type 

Gold 

Platinum 

Chrome 

Ti tanium 

Copper 

Lead 

Z inc 

Nickel 

Iron 

Vanadi um 

Manganese 

Andalu site 

Antimony 

T in 

Coal 

Fluorspa r 

Phosphate 

Limestone 

Magnesite 

Vermiculite 

Diamond (a lluvial) 

Diamond (in kimberlite) 

Quartzi te/Sandstone 

G ran i te/Quartz-porph yry/S yen i te 

GabbrolDo lcritelNorite 

Shale/Slate/ Jaspi lite/Sch ist 

Ma rble 

Number of known deposit s 

87 

15 

21 

23 

119 

23 

5 

25 

65 

26 

19 

12 

6 

40 

6 

34 

18 

23 

38 

6 

9 

6 

3 

6 

6 

13 

71 

6. Potential land-use 
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Lalld-use impacts 

Analyses were perfonned on these data layers to investigate the current and potential land-usc scenarios 

for the Northern Province. Using the current and potcntial land-usc layers available one could ascertain 

how much of the area suitab le for the various land-uses was actually being used or still remained 

untransform ed as an indi cation of threats facing the province. Similarl y the vegetati on types could be 

assessed as to the amount of natural land remaining within each vegetation type, and the percentage of 

that land that is suitab le for other land-uses. In this way vegetation types could be prioriti sed for 

conservation action. 

Biodiversity vallie 

Because of the high quality of the bird species distribution database it was large ly employed in th is 

section of the analysis. Traditional pri ori ty conservat ion areas including rich ness and rari ty hotspots 

were identi fied. Due to the fa ct that there are very few known species limited to the Northern Province, 

endemic hotspots were not applicable. Areas contai ning priority species were se lected. These priority 

spec ies were identified based on Freitag & van Jaarsveld's, (1997) Regional Priority Score (RPS) 

tecllllique. Thi s techniq ue uses a combinati on of relative rarity, endemi city, vulnerabi li ty and taxonomic 

distinc ti veness of each species to determine how important they arc within the region (sec Freitag & van 

Jaarsve ld., 1997 for formulae and descripti ons of the techniques). Grid cel ls containing the top fivc and 

ten pcreent of these priority species were then identified. Addit ional ly grid cells of biodiversity 

conservation importance were identified using CPlan (Pressey e/ al., 1993; Pressey & Logan , 1997; 

Cowling et al., 1999; Ferri er et aI., 2000). These areas arc irreplaceable (site irreplaceability = 1) grid 

cell s for a target of 100% species representation i.e. they contain species not recorded anywhere else in 

the province. 

Complementary networks of conservation areas se lectcd by richness-based algorithms (Chapter 

2,3,4 and 5), land-use constrai ned (LUC) a lgorithms (Chapter 5; Addcndum fJ) and beta diversity (BD) 

algorithms (Chapter 5) were se lected for all bird species. The ri chness-based a lgorithm se lects a 

complementary set of grid cc ll s that represents all spec ies at least once. The LU C algorithm docs the 

samc, whi le attempting to avoid areas currently largely transformed and degraded. The SO algorithm 

also represents all species once in a complementary fashi on, but focuses on areas with high turnover in 

species di versity (beta diversity). These areas were all identified using a 50% leve l of preselection; this 

means that species in grid cells whi ch arc more than 50% protected by the provincial and national 

protected area network were assumed to be al ready represented and were excluded from subsequent 

selection proccdures. The databases used were the most recently updated and revised; these datasets and 

the outputs may therefore di ffer from those in previous chapters. Another algori thm, whi ch identifies 

complemcntary grid cel ls requi red to represent 10% of cach vegetation type, was also employed. Thi s 

vcgctation based algorithm al so used a 50% level of preselection , taking the perccntagc of cach 
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vegetation type represented within grid cells more than 50% protected into account. These areas were 

then investigated as to the current and potentia l land-use threats they face . 

Conservation area prioritisatioJ1 

The areas of high biodivcrsity val uc identified are all of importance in terms of their biodiversity 

content. However, due to the limited number of these areas that can be protected inmlediately some form 

of priority ranking for conservation action is essential. Using the cu rrent and potentia l land-uses within 

each of these areas one can in vestigatc which of them need inmlediate attention. With this in mind, a 

fmal set of grid cells, a potential provincial conservation plan, will be identifi ed to complement the 

existing protected areas using all data available, including species and vegetat ion type data. This set of 

grid cells will aim to represent all known biodiversity (all bird, butterOy and mammal species, as well as 

10% of each vegetation type) within the region, whi le at the same time avoiding areas that are largely 

currentl y transformed and degraded using a land-usc constrain ed (LUC) algori thm (Chapter 5; 

Addendum Il). This combined algorithm is a species richness-based complementary algorithm. It 

identifies grid cell s conta ining the most complementary species to ones already selected. These grid cells 

arc then used as preselected grid cells which are then added on to represent 10% of each vegetation type 

(the spccies first vegetation based combi ned algorithm from Chapter 4). During the selection of these 

grid cells areas of high land use change are avoided (see Chaptcr 5 & Addendum 11). 

Each of these grid cells will then be investigated as to their arca already transformed, the area 

suitable for other land-uses and the number of different land-uses that could be practised within that grid 

cell. The grid cell s wi ll be ranked from I-55 according to increasing levels of suitability for various land

uses, area of road-effects and the number of alternate land-uses for which they are suitable. Thcy will 

also be ranked from 55-1 according to increasing levels of natural vegetation remaining. Therefore a grid 

cell with high sui tability for a large number of land-uses, a large road-cffect zone and li ttle natural 

vegetation remaining will be ranked close to 55 fo r all categori es. These ranks will be avcraged for each 

grid cell and this will then provide a priority ranking of these areas for conservation action. 

Results 

Lalld-use ill1pacts 

Table 2 and Figure 3 illustrate that 78.4% of the province is either suitable fo r alternate forms of land

usc or affected by the road-effect zone. Of that area 71.87% is still natural, wh ile 18.4% is already 

transformed and 9.73% degraded. This already transformed area is made up of cultivated land (86.18%), 

urban areas (7.75%), forestry (5.48%) and mining (0.5%). Forestry potentially poses one of the largest 

threats to the area with over 75% of the province being suitable for afforestation, largely through 

ElicalypllIs call1aldulensis and E. tereticornis. Pine and wattle plantations each threaten only about 2.5% 

of the land. Cult ivation, mostly rainfed, is possible in 8.7% of the province. 
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Table 2: Land area potentially suitable for land-uses and/or impacted on by road-effects in the 

Northern Province. 

Ge neral land-use Land-use type Area suitable Area suitable Average area in 

(km' ) (% ) grid cells (% ) 

Forestry 93084.35 75.65 61.04 

Eucalyptus 93016.64 75.59 60.99 

camaldu/ensis 86793.40 70.54 56.91 

IIi/ellS 1804.84 1.47 118 

saliglla 47 13.29 3.83 3.09 

(ereticofl1is 33532.35 27.25 2 1.99 

urophylla 4254.59 3.46 2.79 

Pinus 307 1.46 2.50 2.01 

elliott;; 3040.30 2.47 1.99 

pawla 115 1.85 0.94 0.76 

taeda 1563.57 1.27 1.03 

Acacia mearnsii 3055.43 2.48 2.00 

C ultivation 10728.95 8.72 7.04 

Rai nfcd 8 144.47 6.62 5.34 

Irrigated 2750.56 2.24 1.81 

Mining 1957.42 1.59 1.29 

Mineral 1694.59 1.38 I. I I 

Dimension stone 292.43 0.24 0. 19 

Road-effect 5772.54 4 .69 3.78 

Total area suitable 9645 1.94 78.38 63.95 
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Suitable areas and roa<kITect zones 
o Unsuitable area, 

Figure 3: Areas suitable for afforestation, cultivation and mining as well as areas with in road-effect zones. 
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Mining and quarrying can potentially occur in 1.6% of the area, while road-effects impact on almost 5% 

of the provincc. Table 2 also illustrates the average area within all IS' x 15' grid cells suitable for the 

various forms of land-usc and/or exposed to road-effects. Similar pattcrns dcscribed in thc previous 

paragraph arc once again evident. On average 64% of the area within grid cells can bc potentially 

impacted on by land-uses or roads, primarily through commercial forestry, followed by culti vat ion and 

finally road-effects and mining. Figure 4 illustrates the CutTent land-cover occurring within areas su itable 

for alternate land-uses, as well as within the road-cffect zones. It is evident that most of the areas suitable 

for various land-uses arc not currently occupied by these specific land-uses. Most of the potential land

uses and road-effects occur in largely natural areas. The second form of existing land-cover type found 

within these potentially su itable areas is cultivation followed by degraded arcas. 

Table 3 presents the results of the vegetation analysis. 11 illustrates the percentage natural area 

remaining within the vegetation types as well as the percentage of that remai ning natural vegetation 

suitable for alternatc land-uses and/or impactcd on by road-cffects. Most of the vegetation types have 

large tracts of natural vegetation remaining. Only the Clay Thorn Bushveld, Mixed LOlVVeld Bushveld, 

and Sour Lowveld Bushveld contain less than 60% natural vegetation. Most of these largely natural 

vegetation types are highly suitable for alternate land-uses or are impacted on by road-effects. The Sweet 

Bushveld, Mopane Bushvcld and Soutpansberg Arid Mountain Bushveld are possible exceptions with 

just over 50% suitable andlor contained within the road-effect zone. 

Biodiversity vallie 

Table 4 li sts all potential priority conservation areas identified in this study, using a wide variety of 

approaches, along with the number of grid cells they require. Richness hotspots and irreplaceable grid 

cells require the least amount of land area (4.65%), while rarity hotspots and grid cells containing 

specics with high RPS scores require the most (from 14.9-35.8%). Thc arcas identified are not largely 

transformed at prescnt, all containing approximately 70% natural vegetation. Howcver, a largc 

proportion of these arcas of high biodiversity va lue is suitable for alternate land-uscs. Once agam 

afforestation poses the largest thrcats, followed by cultivation, road-effects and mining. Similarly, the 

combined algorithm sc leets grid cells that are currently largely untrans formed but have a high suitability 

for forestry and cultivation. The area required by this algorithm (25%) is large in comparison with the 

other areas identificd, with the exception of thc grid cells rcpresenting species with the top 10% RPS 

scores. 

Figure 5 illustrates the grid cells sclccted by thc final combincd algorithm based on one 

represcntation of all bird, butterfly and manU11al spccies as wcll as 10% of each vegetation type. This 

algoritllm contained a land-use constraint component and attempted to avoid grid cclls largely currentl y 

transformed and degraded. The grid cells are colour coded according to their priority rank calculated 

from the average threat ranks ofthc grid cell s provided in Table 5. 
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Table 3: Remaining natural vegetation within eaeh of the vegetation types of the Northern Province as 

well as the percentage of that area sui table for alternate land-uses . 

Vegetation type 

AfroJ11ontane Forest 

Mopane Shrubveld 

Mopane Bushveld 

Soutpansberg Arid Mountain Bushveld 

Waterberg Moist Mountain Bushveld 

Lebombo Arid Mountain Bushveld 

Clay Thorn Bushveld 

Sweet Bushveld 

Mixed Bushveld 

Mixed Lowveld Bushveld 

Sweet Lowveld Bushveld 

Sour Lowvcld Bushveld 

Kalahari Plains Thorn Bushveld 

Moist Sandy Highveld Grassland 

North-eastern Mountain Grassland 

Remaining 

natural area (%) 

77.61 

100 

92.05 

83.79 

90.24 

98.77 

48.68 

78.12 

65.68 

59.73 

94.37 

51.72 

86.03 

48.28 

81.61 

Natural area 

suitable (%) 

98.94 

84.51 

55.79 

5 1.1 6 

95.21 

87.73 

99.34 

51.55 

85.90 

92.06 

88.26 

95.37 

95.69 

100.00 

99.83 
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Figure 4: An investigation into the current land uses within areas suitable for alternate land uses. An 

evaluation of the degree of overlap between areas suitable for: (a) forestry, (b) cultivation, (c) mining, or 

(d) impacted on by road-effect zones, and current land-cover. 
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Table 4: Percentage area requ ired, currently transformed, potentially suitable for a variety of alternative land-uses and impacted on by road-effects wi thin grid ce ll s of high 

biod iversity value. 

Conservation area Required Transformed Suitable Forest Eucalyptus Pine Wattle Cultivated Rainfed Irrigated M ine M ineral Dimension Road-

stone effect 

Richness hotspot 4.65 38.63 62. 13 60. 11 60. 11 12.73 7.40 19.83 19.45 0.47 0.62 0.57 0.05 7.63 

Rari ty hotspot 14.88 3 1.67 64.18 62.06 62.05 7.47 5.39 12.68 10.64 2. 12 1.38 1.34 0.04 4.70 

RPS (5%) 17.67 27.93 69.36 67.97 67.76 3.96 3.06 8.08 7.35 0.77 1.05 0.96 0. 12 4.56 

RPS ( 10%) 35.81 31.30 69.43 67.49 67.38 4.59 4.22 9.82 8.40 1.66 1.30 1.24 0.09 4.51 

lrreplaceable sites 4.65 29.05 42.62 4 1.55 4 1.55 1.07 0.62 3.0 1 1.35 1.66 0.79 0.75 0.03 2.74 

Richness algorithm 7.9 1 26.69 46.84 45.48 45.48 5.56 1.73 9.7 1 8.73 1.03 0.93 0.89 0.04 4.5 1 

LUC algoritlull 9.30 23.89 54. 17 52.40 52.37 5.67 3.74 7.10 5.50 1.64 1.21 1.1 7 0.04 3.90 

Beta diversity a\goritlml 11.1 6 25.47 6 1.50 58.8 1 58.8 1 4.34 1.44 6.5 1 4.67 1.87 1.23 1. 18 0.06 4.68 

Vegetation algoritlU11 9.30 22.85 60.77 57.88 57.88 1.88 2.64 8.67 6.7 1 2.38 1.60 1.03 0.63 4.23 

Combined algorithm 25.58 26.05 66.00 63.61 63.52 5.34 4.87 10.00 8.30 1.85 1.45 1.33 0.15 4.78 
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FIgure 5: Priority ranks due to land-use threats facing grid cells selected by a species and vegetation 

combined algorithm including a land-use constraint. Numbers in grid cells represent grid cell codes (see 

Column I in Table 5). High ranks (i.e. dark red) illustrate high priority. 

158 



6. Potential~land-use 

Table S: Grid cells selected by combined algori tiun and the ranked threats they face. The highest priority rank (55) 

denotes the grid cell under highest th reat. 

Grid cell Natural Suitability Cultivated Mining Forestry Road-effect Number Average Priority 

code of threats threat rank rank 

179 

153 

157 

102 

92 

163 

162 

91 

103 

95 

158 

106 

141 

166 

33 

152 

83 

32 

185 

145 

89 

25 

58 

178 

34 

77 

69 

138 

181 

87 

177 

67 

147 

24 

194 

45 

39 

46 

52 

40 

29 

23 

55 

48 

51 

30 

18 

28 

41 

43 

37 

31 

36 

33 

24 

35 

17 

2 

9 

44 

38 

22 

13 

16 

42 

54 

53 

19 

5 

10 

52 

50 

41 

54 

51 

49 

48 

55 

34 
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42 

44 

40 

43 

37 

39 

27 

31 

28 

30 

21 

22 

45 

46 

23 

20 

25 

38 

47 

26 

29 

32 

35 

19 

36 

49 

47 

48 

55 

52 

21 

40 

53 

54 

34 

25 

51 

45 

41 

50 

39 

22 

43 

42 

32 

44 

29 

19 

38 

37 

31 

16 

46 

33 

9 

10 

11 

13 

35 

28 

54 

50 

47 

13 

36 

53 

44 

12 

32 

43 

46 

31 

49 

38 

29 

30 

51 

48 

22 

55 

15 

24 

35 

42 

45 

20 

41 

17 

21 

18 

25 

23 

33 

27 

10 

50 

44 

40 

52 

55 

48 

47 

51 

34 

54 

41 

46 

35 

43 

42 

39 

24 

31 

28 

30 

22 

23 

53 

49 

21 

19 

27 

38 

45 

25 

29 

32 

37 

17 

36 

43 

53 

55 

46 

39 

52 

49 

47 

45 

21 

48 

44 

38 

24 

27 

37 

50 

28 

42 

32 

4 1 

51 

29 

8 

17 

40 

36 

22 

10 

54 

23 

19 

26 

35 

34 

45 

54 

55 

48 

41 

53 

50 

21 

47 

29 

49 

46 

40 

31 

32 

39 

51 

33 

44 

35 

43 

52 

34 

24 

28 

42 

38 

30 

26 

22 

17 

15 

18 

37 

20 

48.3 

48. 1 

47.4 

45.7 

44.9 

43.6 

43.0 

42.0 

42.0 

40.7 

40.1 

40.0 

39.3 

37.3 

37. 1 

37.1 

36.6 

35.7 

34.1 

34.0 

3 1.6 

31.1 

3 1. 0 

30.9 

30.7 
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29.3 

29. 1 

28.3 
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187 27 17 36 16 18 9 25 21.1 20 

149 25 33 12 6 33 30 8 21.0 19 

20 12 18 7 39 20 31 19 20.9 18 

12 11 24 28 10 33 36 2004 17 

188 21 13 26 26 13 6 23 18.3 16 

27 7 9 20 52 5 16 14 17.6 15 

190 32 14 23 9 14 15 13 17.1 14 

52 14 16 15 19 16 12 27 17.0 13 

29 20 7 27 37 3 13 11 16.9 12 

192 8 15 6 34 15 20 16 16.3 11 

191 50 4 17 8 8 4 9 14.3 10 

11 11 8 30 11 7 14 12 13.3 9 

204 34 3 18 14 2 11 10 13.1 8 

137 4 24 8 5 26 18 6 13.0 7 

13 3 6 3 40 4 25 7 12.6 6 

214 49 14 7 10.6 5 

205 47 5 2 2 9 5 4 10.6 4 

213 26 10 4 3 11 3 3 8.6 3 

124 15 12 5 4 12 7 5 8.6 2 

39 6 2 6 2 2 2.9 
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Grid cells with high priority ranks have a combination of hi gh suitabi li ties for a large number of 

alternate land-uses, large road-effect zones and low levels of current natural land-cover extent. Appendix 

I provides the raw va lues used for these rank calculations in Table 5. Grid ce lls of high priority are 

concentrated in the central and southern regions (Figure 5). These areas are currently large ly cultivated, 

urbanised and degraded (Figure I) and are also suitable to most forms of land-use (Figure 2). 

Discussion 

Fulure land-use scenarios 

The Northern Province is a largel y untransformed area with over 70% of the region st ill covered by 

natural vegetation. When this is compared with other regions, where only 34% (Hoki ti ka, New Zealand; 

Awimbo el al., 1996), 8% (Bega Valley, New South Wales; Keith, 1995) or as litt le as 7% natural 

vegetation remains (Western Australian wheatbelt; Saunders el 01., 1993), the biodi versity in the 

province does not appear to be in the dire situation prevai ling elsewhere. However, this low level of 

transformation within the province is no reason for complacence. First, thi s estimate gives no indication 

of how intact or fragmented that remaining vegetation is; some of the natural pieces of land left may 

have lost their abi lity to sustain biodiversity and eco logical processes. This would depend on the 

susceptibility of individual species to extirpation, local scale landscape patterns, the nature and 

environmental impact of intcrspersed altcrnative land-uses, the impact of e.g. agricul tural or forestry 

practices on hydrological processes and soil propert ics, and dcgradation withi n natural arcas (Saundcrs 

el 01., 1993; Scholtz & Chown, 1993 ; Freemark, 1995 ; Allan el al., 1997; White el 01., 1997; Brokaw, 

1998; van Jaarsveld et 01., 1998a; Joubert, 1998; Scymour, 1998). 

Second, the fact that the land is as yct undcvelopcd is not due to its unsuitabili ty for alternate 

land-uses. As illustrated by the resul ts there are substantial tracts of land suitable for a variety of largely 

destructive land-uses. Almost 80% of the province can be used for some form of afforestation, 

cultivation and mining or quarrying. With increasing population sizes and their associated resource and 

land-usc demands those areas currently under some form of cultivation, fo restry or other land-usc arc 

likely to incrcase. South Africa has already witnessed an increase of 50.5 and 7.5% in areas under 

afforestat ion and cultivation, respectively, since the mid-1 980's up to the 1994 National Land-cover 

database esti mates (Fai rbanks et 01.,2000). 

Forestry 

The Northern Provi nce is part of the major commercial fo restry area in South A fri ca and the current 

level s of afforestation (0.81 %) could increase substantially with the use of specialised species 

(Thompson, 1995 ; Fairbanks, 1997). With almost 75% of the province being suitable for forestry, as 

well as the fact that the forestry sector has been identified as one of the sectors that can provide 

additiona l empl oyment and financial resources in South Africa, the potential impact of forestry on 
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regional biodiversity is cause for concern. The South African Reconstruction and Oevelopment Program 

(ROP) strategy identifies the forest sector as an important element of local natural resources 

development that can contribute to creating better living environments and economic opportunity. The 

forest and forest products industry is a major employer and of great importance to the South African 

labour market. It is estimated that about 200000 to 260000 people arc employed in the forest and wood 

processing industries. An estimated 120000 people are employed in those industries which use wood as a 

primary input (OW AF, 1996). In addition, there arc those employed by the sma ll er primary converters 

such as in making poles, matches and charcoal. 

Industrial forestry began in the last quarter of the nineteenth century and has proved to be highly 

profitable in the use of natural resources, although it comes at an environmental and social cost (OW AF, 

1996). By 1994, industrial forests in South Africa had grown to about 1,45 million hectarcs. Of the 

planted areas, 56% was pines, 32% was eucalyptus and II % was wattle. New afforestation has increased 

the total area of plantation by about 17000 ha pcr year recentl y (OWAF, 1996). Thi s has been supported 

by past Government policy to expand the plantations, and by the need for wood for the pulp and paper 

sector. New afforestation has slowed down, however, with very few permits having been issued in the 

last year (OW AF, 1996). 

Potcntial productivity of these forests is relatively high by world standards, which sat isfies over 

90% of domestic demand and provides for a surplu s for export, largely as pulp, paper, wood chips and 

other products. The forest products industries, i.e. all those industries using wood and wood products as 

raw material, constitute a signi ficant part of the South A frican economy, contributing about 7,4% to the 

output of the country's manufacturing scctor in 1993/94 (OWAF, 1996). They earned about RI,28 

billion in net foreign exchange from total export earnings of about R3,6 billion in 1994/95. Their relative 

contribution to the economy has grown steadi ly in the past 20 years. The many jobs involved in these 

industries mean that over one million mainly rural people depend on this industry directly (OWA F, 

1996). 

Cultivation 

Cultivated land has steadil y increased in South Africa since the turn of the century from approximately 

three percent in 1911 to eight percent in 1981 and finally to 12.11 % in 1994 (Seotney el al. , 1988; 

Fairbanks el aI., 2000). Agriculture is an important primary component in the South African economy as 

well as for the conununity. Not only is agriculture often the major factor in rural economic growth and 

development, but the necessary programmes to support agriculture playa distinctive role in broadening 

the economic and social options of rural and urban people, and consequently in improving their quality 

of life (NOA, 1995). The contribution of primary agriculture to the South African GOP dcclined from a 

level of 12% in 1960 to approximately 5% in 1990. Since 1994 this contribution has varied between 3 

and 4% of the GOP. This relative decline in the nominal contribution to GOP does not imply that the 
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agricultural GOP has declined in real tenns, but that there was a faster growth in other sectors. In 1998 

the contribution of primary agriculture to the GOP amounted to R21 607 million, which represented 

3,2% of GOP (NDA, 2000). It should be added that with strong linkagcs to thc rest of the economy, thc 

"agro-industrial" complex is estimated to contribute at Icast 15% of the GOP (NDA, 2000). 

In their review of agricultural production for 1999/2000 the National Directorate of Agriculture 

(NDA, 2000) state that South Africa has for some time been one of the few countries in thc world that 

are net exporters of agricultural produce. In the period 1994 to 1998 the agricultural contribution to total 

export values was in thc order of 8 to 10%. Thc agricultural share in total imports varicd bctween 6 and 

7% during the samc period. Exports excecdcd the value of imports during this period by percentagcs 

which varicd between 19 (1995) and more than 60 (1998). Agriculture has also long been thc scctor with 

the largcst formal wage employment in the South African economy. In 1970 30,6% of the economically 

active population was employcd in the agricultural sector. Even though this percentagc declined to 

13,2% in 1994, it st ill represented 1,28 million jobs. With only 3,3 million workcrs in the rural arcas of 

South Africa, this means that agriculture provided for almost 40% of formal employmcnt in rural areas. 

Forestry and cultivation scenarios 

The NorthcIll Province has large areas of mostly untran sformed arabic land as illustrated in this study. 

However, as cvidenced by the results therc is a lot of ovcrlap bctween areas suitable for forestry and 

cultivation. Suitable agricultural land is limitcd duc to scarce watcr rcsources and suitable land of high 

agricultural potential. There is also an incrcased demand for land by non-agriculturalland-uscs including 

residential and industrial development. In addition to this cconomic dcvelopment and national food 

security depend on the availability of productivc and fertile agricultural land. The White Paper on 

Agriculture (NDA, 1995) thercfore states that it is imperative for agriculture to utili se thcse two 

resources to ensure thc sustainable production of agricultural products. Thus South Africa's productive 

agricultural land should be reta ined for agricultural use and the use of agricultural land for other 

purposes should be minimiscd. Thi s trade-off and land-use decision making with respects to thcse two 

large land-uses of forestry and agriculture will depend on the policies and economics of the day. 

Limiting factors for the further expansion of forcstry and cultivation within the province include 

thc low rainfall and new water laws (OW AF, 1996). The aridity of the province has up till now limited 

the afforested areas to the moi st escarpment and mountain regions (see Figure 4 in Chapter I) and the 

commercial cultivated areas to the samc areas as well as the Springbok flats. However thc deve lopment 

of spcciali sed species with higher levcl s of drought and frost resistance has increascd the afforestable 

areas within the province (Figure 2) (Fairbanks, 1997). In opposition to thi s expansion, the South 

African National Water Act (Act 36 of 1998) now includes a section on stream flow reduction activities. 

Thi s allows for the regulation of land-based activities that reducc stream flow. These activities include 

thc usc of land for afforestation which has been or is being established for conuncrcial purposes. Other 
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activities including the cultivation of any particular crop or other vegetation can also be declared to be a 

stream !low reduction activity. Therefore although the areas under forestry and cultivation will in all 

likelihood be more intensively farmed and expanded in South Africa in order to meet the needs of 

expanding future generations, the arid ity of the province as well as the water laws will in probability 

constrain this expansion. Stream !low reductions and failure of irrigation schemes all contribute to the 

fact that these two forms of land-use will not expand and may in fact recede. 

Alternate land-uses 

The province's wide variety of mineral and dimension stone wealth is clear, as well as the potential 

implications this would have for regional biodiversity. However thi s wealth and impact may be 

underestimated within the current study due to the limited number of areas that have been explored 

within the province. Many mineral regions and provinces within the study area remain unexplored 

(Wi lson & Anhaeusser, 1998). Finally the impacts of roads on the biodiversity appears to be consistent 

with levels of impacts found in the rest of the country at approx imately 5% of the region being impacted 

(Addendum I). Although these road-effect zones are use ful ways to approximate the threats facing 

regions due to road infrastructure they may not be the best indicators and more work is required on 

determining the impacts of roads on biodiversity. As Stoms (2000) points out, many aspects of roads 

affect biodiversity: road width, traffic volume, traffic speed, vehicle miles travelled, road network 

structure or its spatial confi guration, management of the right-of-way, noi se level s, light disturbance, and 

chemical pollution. Most of these factors vary over daily, weekly and annual cycles, which may interfere 

with critical behavioural periods such as breeding or migration. As such, the road-effect zone can 

represent on ly a first order approximation attempt to capture more of the multi-dimensional nature of 

road network effects 

Impacls of fillure land-uses 

Although all of these land-uses pose a threat to regional biodiversity through land-usc transformation 

and alteration and were treated as equally important threats, it is important to note that the types and 

magnitude of the impacts they have on biodiversity will differ widely. Both afforestation and cultivation, 

the main threats to biodiversity within the province, are monocultures usually planted on a large scale . 

However their impacts on biodiversity structure and function are very different. Afforestation involves 

the replacement of natural vegetation such as grassland or woodland, as well as ancient communities rich 

in species (OWAF, 1996). Fundamental habitat ebanges of this kind obviously impact upon biodiversity 

(Allan el aI., 1997). This is especially the case fo r transfonnation of areas that were open grassland or 

woodland areas (l ike those in the Northern Province) to closed-canopy plantations of alien trees resulting 

in large-scale habitat changes. Afforestation also has biological implications and has important impacts 

on regional biodiversity including decreases and changes in species community diversity (Armstrong & 
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van Hensbergen, 1994; 1995; 1996; 1997; Armstrong el aI. , 1998) espeeial1y of global1y and regional1y 

threatened species (Al1an el aI., 1997). The disruption of natural eco logical processes of normally open 

grasslands and woodlands e.g. fire regimes, species movements, hydrological and nutrient cycles, is also 

enormous (Ri chardson & van Wilgen, 1986; Saunders el al. , 1991). 

Most industrial fores ts in South Africa were establi shed in grassland ecosystems on natural1y 

acid soils which are prone to loss of mineral nutrients. Where mineral nutri ents in the wood arc exported 

by harvesting, or if the forest litter is not effectively recycled, the already acid soils lose fe rt il ity. The 

combination of acidifi cation and forestry effects has been found to be comparable to areas affected by 

'acid rain' to the worst dcgrcc in industrialised countri es (OWAF, 1996). The loss of nutrients is 

worsened by the increasing acidity of rainfal1 over much of the region, caused principally by industrial 

pol1 ution. Afforestation also has serious water budget economic and sociological implications in South 

A fri ea as wel1 as in other regions of the worl d (Macdonald, 1989; National Water Act, (Act 36 of 1998)). 

An example of these broader-scale effects is the impact on water in rivers which flow through protected 

areas, such as the Kruger National Park. This , together with other factors such as irrigation abstract ion 

and prolonged droughts, have jeopardised aquatic ecosystems (OW AF, 1996). The fore stry and fo rest 

products industri es also have other environmental impacts wh ich must be recognised and managed. 

Sawmills, mining timber mills, pulp and paper mill s generate waste and water- and airborne emissions 

whi ch arc environmentally harmful and often offensive to neighbouring people. 

The impacts of agricul ture are argued to be less far-reaching and threatening to biodiversity. 

Structural changes are relatively minor in comparison, water demands are less, and landscapes 

fragmented by areas under culti vation stil1 allow for dispersal of plant and animal species (Freemark, 

1995). There are however some impacts that must be considered and managed within cultivated areas. 

Cultivated areas do disrupt natural ecosystems and their processes (OEAT, 1996). Agro-pestieides and 

herbicides have been shown to have negative impacts on vari ous animal species (Freemark, 1995) . The 

intensificati on and abandonment of traditional fa rming methods have also resulted in declines in 

biodiversity (Suarez el al., 1997). Hinsley el al. ( 1998) point out that abandonment of fields can resu lt in 

plan t species invasion and subsequent biodivers ity declines. 

Mining, a lthough its impacts are fe lt on a finer spatial scale, can result in drastic hab itat changes 

through mine dumps, pol1ution of ground and su rface water, ground and air pol1ution, alien plant 

invasions, erosion and topsoil and vegetation losses. The ecological effects of roads mentioned 

previously arc indications of the far reaching impacts of roads on biodiversity. Therefore it is important 

that although a l1 of these land-uses were considered to be equal1y important in threatening biodiversity, 

any conservation or land-use planning initiative wi thin the province would have to consider the differing 

impacts of these land-uses. 

Another form of land-cover threat in the province, one that is not easily mapped or predicted in 

studies such as thi s one, is land degradation (Scho ltz & Chown, 1993; Hoffman, 1999). Land 
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degradation refers to the loss of primary production of natural vegetation in an area. This includes all 

regions with very low vegetation cover in compari son with the surround ing natural vegetati on cover and 

are typically associated with subsistence level farming and rural population centres, where wood

resource removal, overgrazing and subseq uent soil erosion are excessive (Thompson, 1996). South 

Africa' s natural resources arc being degraded at an alarming rate (Newby & Wessels, 1997; Hoffman et 

al., 1999). Soi l erosion, as a consequence of overgrazing and improper culti vation, is cons idercd to be 

one of the most serious environmental problems facing So uth Africa (Newby & Wessels, 1997; 

Ho ffmann et al., 1999). It is postulated that between 50 and 87% of natural range land is in a poor to 

criti cal condition (Newby & Wessels, 1997), while an esti mated 150 million tons of sediment arc 

transported annually by South African rivers (DEA, 1992). 

The Northern Province is made particularly vulnerable to degradation by two factors. First, its 

high levels of aridity make it vulnerable to the loss of natural vegetation and subsequently to soil 

degradation which in essence makes the degradation process irreversible and permanent (desert ificati on) 

(Newby & Wessels, 1997). Second, a large proportion of the human population in the Province is rural 

and leads a subsistence level Ii festylc. Through fue l wood harvesting and domestic livestock grazing on 

areas parti cul arly susceptible to degradation, thereby exacerbating the process. Other land-uses within 

the area include commercial domestic and wildlife li vestock ranching (land-uses considered to be morc 

amenable to biodiversity conservation) (Presscy, 1992). However, if not managed these land-uscs can 

also degrade thi s sensitive land (Ncwby & Wessels, 1997). Therefore, although various acts, laws and 

permit systems regulate some of the land-usc impacts in an area, something must be done to address the 

ongoing land degradation. Because as Lewis and Berry (1988), and James (1991) predict: if the current 

rate of degradation continues and sustainable utili sation is not achi eved, all attempts at soc iall y and 

econom ica lly upli fting South Africa 's people arc doomed to fail. 

Land-use planning 

General ly, the use of land in South Africa has been poorly planned, with resultant inerficiencies, 

inequities, and environmental degradation. Although the most glaring consequences arise from the 

aparthcid policies as applied in the former homelands, effects are evident throughout the rest of the 

country (DWAF, 1996). Some consequences of inadequate land-use planning arc seen in land disputes, 

the confl icts over water resources, a concern over the loss of land suitcd to crop cultivation and the loss 

of habitats for native species. It is obvious from the di scussion above that there are scveral factors that 

must be takcn into consideration during land-use planning. The economic and social implications of 

various land-uses, are j ust two of the considerations that must be taken in this decision-making process. 

The impacts of these land-uses on biodiversity are substantial and often irreversiblc. As signatories to 

the Conventi on on Biological Diversity South Africa is compe ll ed to revicw the impact of land-use 

changes on biodiversity and seek changes whcre necessary. Thi s study therefore provides an important 
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first step towards achieving this goal in that it highlights areas of extreme importance to biodiversity 

conservation. 

At a broad-scale the results illustrate that simi lar to the findings in Addendum I most of the 

vegetation types of South Africa are not under large threats at present. Howcvcr, the Clay Thorn 

Bushveld and Mixed Lowveld Bushveld arc threatened due to high levels of transformation within South 

Africa as well as within the province and require conservation attention. The fact that thesc vegetation 

types and many of the others face large future threats due to high levels of suitability for various land

uses is important and highlights their conservation needs and should be considered in any land-use plan 

for the area. The Clay Thorn Bushveld as well as the forest and grassland vegetation types are almost 

entirely suitable for some form of land-use development. This has very important implications for 

biodiversity conservation. 

The grassland biome is an endangered biome in South Africa requll'lng urgent conservation 

attcntion. It is the most producti ve agricultural area, hosts most of the human population of South Africa, 

is very rich in minerals (especially coal and gold) and al so includes most of the areas suitable to forestry. 

It is al so one of the most important biomcs in tClms of its biodiversity content due to hi gh levels of 

species endemism, rarity and richncss (Allan ef al., 1997; van Jaarsvc\d ef aI. , 1998a) 

Indigenous subtropical forest is the small cst biome represented in southern Africa, covcring less 

than 0.25% of the total land area (Low & Rebelo, 1996), yet it supports a high proportion ofthc region' s 

floral and faunal diversity (e.g., 14% of all telTcstrial birds and manunal s; Geldenhuys & MacDevette 

1989). The importance of conserving forest biodiversity in southern Africa is widely recogni sed (e.g. , 

Cooper, 1985; Geldenhuys & MacDevette, 1989; Lawes et al., In Press). However, it is evident that the 

forest biome is under increasing and harnlful anthropogenic pressure (Cunningham, 1989; Geldenhuys & 

Macdevette, 1989). Macdonald (1989) estimates that approximately 42 .5% of the fo rest biome in South 

Africa has al ready been transformed, mostly in the recent past. These results therefore emphasise that the 

identification of conservation areas in the forest and grass land biome within the region is an iss ue of 

immediate concern. 

Similarl y most of the regIOns identified as important to biodiversity conservation (hotspots, 

complementary networks etc.) due to their biodiversity composition are currently not largel y threatened 

by alternate land-uses, but may well become so in the near future due to high level s of suitability to 

especially forestry. In both the White Papers for forestry and agriculture (NDA, 1995; DWAF, 1996) it 

is widely acknowledged that demands for both forestry and agricultural products will increase in the 

future as populations increase, therefore these suitable areas must be seen as real potential threats to 

areas important to biodiversity. 

Finally this study makes a contribution to land-use planning especially conservation planning. 

These land-use threats to biodiversity, both current and future, are real and serious (So ul e, 1991 ; Sala ef 

al., 2000). One method of addressing these threats is through the conservation of biodiversity withi n 
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areas that are protected from these land-use impacts (Margules & Pressey, 2000). However, with the 

limited resources on hand for conservation area establishment it is obvious that first , not all areas 

identified as being important to biodiversity conservation will be protected immcdiatcly, and second 

many of these areas may well have to rely on off-reserve management rather than formal protection 

(Presscy & Logan, 1997, Cowling e/ aI., 1999). The techniques highlighted within thi s study providc a 

useful way of deciding which of these areas should receive some form of protection first. The combined 

conservation area selection algorithm identified grid cells that are arguably all important to effective 

biodiversity conservation within the province, but by looking at the threats facing those areas one can 

form an idea of the conservation urgency of some of them. Thus the use of not only the current I~vel s of 

threat facing biodiversity, but also the incorporation of future threats within the region , allows for 

effective and efficient conservation planning. One can decide which of the areas if they were to rcmain 

unprotected would either lose all the biodiversity or become transformed due to a high land-use 

suitability and would subsequently lose their biodiversity at some later stage. 

Conclusion 

Sustainable developmcnt calls for development that meets the needs of current generations without 

compromising the needs of future ones (WCED, 1987). This implies improving the quality of life for 

humans while living within the carrying capacity of the environment (ruCN, 1991). Oftcn though the 

reality of the situation is that the primary focus is on development with conscrvation concerns acting as a 

constraint. However, effective sustainability will only be attainable when a compromise between these 

two seemingly mutually exclusive forms of land-use can be attained. Regional sustainability will depend 

on both effective land allocations for alternative and often-competing land-uses and al so management of 

these areas to satisfy multiple goals (Faith & Walker, 1996). We feci this study brings us closer to the 

goal of regional sustainability in that it acknowledges the need for expansion of currcnt land-use 

practices, as well as investigating their potential spatial extent and implications for regional biodiversity 

(at a broad-scale). Finally it admits that the delay between conservation planning and implementation is 

often lengthy. By ranking the areas of crucial biodiversity importance in order of the numbcr and degree 

of threat they do and will face, biodiversity losses can be minimiscd. 
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Appendix 1: Percentage area currently transformed, suitable for alternate land-uses and impacted on by road-effects with in each oftbe grid cells selected by the 

combined a lgorithm. 
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7. General Discussion 

The need for conservation areas, in which biological diversity can be protected from external 

anthropogenic tlu'eats, is becoming increasingly important (Margules & Pressey, 2000). As human 

populations and their land-use requirements expand, so natural areas in which biodiversity can persist 

become more threatened. This is of crucial importance not just for the preservation of biodiversity, but 

for the continued existence of humankind. Biodiversity provides many goods and services on which 

humans are directly and indirectly reliant, without which our survival is questionable (Ku nin & Lawton , 

1996). Protected areas in which biodiversity is conserved already exist. However, these areas arc 

inadequate both in terms of coverage and in their representation of biodiversity. The total global land 

area within conservation areas is estimated to be approximately 7.9%. In addition to thi s most of the 

current protected areas were proclaimed in a primarily ad hoc and opportuni stic fa shi on, with little 

regard for the biological patterns and processes (Pressey el 01., 1993). These areas were mainly selected 

on the basis of touri sm potential, sceni c va lues, the presence of endemic di sease and the lack of 

agricultural or forestry potential. The resultant biased representation of regional biodiversity and 

increased costs of achieving adequate representation have led to a rap id proliferation in techniques for 

the systematic selection of areas important to biodiversity conservation . These techniques aim to 

represent maximum biodiversity within minimum land area in a region and arc relativel y efficient in 

fulfilling this purpose (Williams, 1998) . However, there arc severa l obvious shortcomings in these 

procedures requiring urgent attention before these techniques can effecti vely be implementcd in real

world conservation planning. This study thereforc sets about to identi fy many of these shortcomings and 

to address them in an effort to improve conservation planning in the Northern Province of South Africa. 

Due to the complexity of biodiversity, a complete inventory of biodiversity is gcnerally 

unattainable (Prendergast et 01., 1993). Thus thc first shortcoming identifi ed and assessed dea ls with 

ineomplete biodiversity databases, finding appropriate surrogate or substitute measu res for biodiversity 

and testing their adequacy in conservation planning. The results illustrate that indi cator taxa (taxa with 

well-known distributions and taxonomy) perform well at representing non-target taxa. Howevcr, two 

problem areas are highlighted: first, these conservation areas based on indicator taxa excl ude many rare 

and endemic species of non-target taxa; and second, the assessment techniques used for testing the 

va lidity of indicator taxa as biodiversity surrogates are varied and provide different level s of support. As 

illustrated in both Chapters 2 and 3 levels of overlap between areas of conservation importance to 

different taxa may be low but arc not an indication of the success with which indicator based 

conservation arcas represent biodivcrsity. Rather onc should look at the number of non-target species 

captured within these areas as a measure of success. Thi s is in agreement with findings by Reid (1998), 

Howard e l 01. (1998), Prendcrgast el 01. (1993) and Lombard ( 1995). Thus recommendations include the 

careful considerat ion of rare and endemic spccies, as well as the standardisat ion of assessment 

techniqucs. 

The reali sation that species arc only one level ofthc biodiversity hierarchy has prompted the usc 
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of higher hierarchical levels of broad-scale environmental classes including vcgetation and land types 

(Wessels el al. 1999). The use of these fornls of data in conservation planning in thc Northern Province 

illustrate that increased success in the representation of regional biodiversity (measured as species 

diversity) comes at an increased cost to land. The results illustrate that the bcst approach is a combined 

one using both environmental surrogates as well as species data. Once aga in the cxclusion of rare and 

endemic biodiversity fcatures through this surrogate-based approach is highlighted. Finally, in a simil ar 

fashion to work by Soule and Sanjayan (1998) these results refute the reconmlended 10% protected area 

coverage, ill ustrating that thi s target results in the exclusion of many biod iversity features, particularly 

rare and endemic ones. 

Existing conservation area selection techn iques have focussed largel y on the representation of 

biodiversity patterns (alpha diversity) and not on the processes responsible for these patterns or turnover 

in the patterns (beta diversity) (Rodri gues et al. 2000). In addit ion, not many of the cxisting techniqucs 

include measures of threat into conservation planning (Wessels el al. 2000). The study addresscs these 

shortcomings through the inclusion of environmental and species grad ients, bcta diversity patterns and 

land-usc thrcats into conservation area selection, maki ng thcse techn iques more useful conservation 

tools. These improvements in conservation planning unfortunately imposc increased land costs, but the 

use of off-reserve manage ment in the human matrix, rathcr than fo rmal protection, can al leviate some of 

these demands. In recognition of the fac t that current land-usc patterns are not static and will expand, 

natural areas of hi gh suitabili ty for altemate land-uses (e.g. culti vation, forestry and min ing) are 

identifi ed and appli ed to conservation planning in the Northern Provi nce. 

Finally, all the methods developed in thi s study arc used to identi fy areas of high importance to 

biodiversity (areas of high biodiversity val ue). However, the rea lity of the situation suggests that not all 

of these areas will receive inmlediate conservation attention. Therefore, the final analysis sets out to 

pri oritise these areas of high biodiversi ty value using threat va lues of current and future land-usc th reats 

in an effort to identify those areas requiring immediate conservation attention. 

Although thi s study goes a long way towards addressing many weaknesses highlighted in 

conscrvation planning techniques, there are still several problems encountered within th e study that 

deserve mention. These shortcomings have implicati ons for conservation planning and must be 

considcred before implementation of the techniques in real world conservation planning scenari os. 

Several of these weaknesses are discussed in the introduction and include the lack of presence/absence 

species distribution data, selection unit size and the resol ution of environmental and biological surrogate 

data. The ideal fo rm of data for the identification of areas important to biodiversity conscrvation is 

presence/absence spccies distribution data, where all areas in the region of interest have bccn su rveyed 

for the presence of all species. Obviously these data arc vcry labour intcnsive to obtain and arc 

subsequently scarce. The only such database for the Northern Province is the Bird At las Databasc 

(Harri son, 1992). Thc other databases are presence-only databases, including the manullal and butterfl y 
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databases. The major problem with datasets of thi s kind is the potential for false absenees and therefore 

the possibility that areas of high conservation value may be exel uded from conservation areas and areas 

of low value may be included. Therefore most of the study employs the bird data on ly, however there 

are sections that require data on other taxa (e.g. indicator work). This requirement, as well as the fact 

that the other datasets can sti ll make an important contribut ion to conservation planning makes the 

inclusion of the other presence-only databases in parts of the study necessary. Thi s is done , howcvcr, 

with full knowledge of these datasets' shortcom ings and any conservation outcomes are treated with 

caution. Similarl y the mapping of the vegctation and landtypcs is at a very coarse scale, but once again 

this is thc best data avail ab le and to exclude it from conservation planning would have more serious 

consequences for biodi versity conservation. Thus all of these shortcomings associated with the 

biological and envi ronmental data were undcrstood, acknowledged and takcn note of in any 

recommendations. But until better databases arc ava ilable, these data form an essent ial, albeit nawed, 

component of conservation area selection. 

The selcction units employed withi n the study arc quarter degree grid squares (QDS's) with an 

average size of 600-700kn,'. Thi s is a large size for conservation planni ng, as thi s area can contain a 

multitude of different habitats and species within one grid sq uare. To treat this then as one homogenous 

unit is very simpli stic and mi sses out on a lot of heterogeneity. In addition many conservat ion areas are 

smallcr than this planning unit size. Because of the heterogeneity present within the grid cell one cannot 

assume that a conservation area placed anywhcre within that cell will capturc and protect all 

biodivcrsity found within it. Therefore although these uni ts are useful for assessi ng some of the 

questions posed in the study, they are not realistic planning uni ts for conservation. Once again the 

limitat ions of the data avai lable imply that we either have to work with the data avai lable or sit back and 

wait for better data to become avai lable. The latter option seems unadvisable considering the plight that 

much of biodiversity is in at the moment. One potential solution to this problem of the planning uni ts 

(QDS's) is to reali se the problems associated, the limitations this places on any conservation outputs, 

and investigate the areas identified at this sca le at a more loca l scale (Wessels e l al., 2000). This was the 

approach taken by the study. Grid ce ll s were used to identify areas of biodiversity co nscrvation 

importance with in the Northern Province. This set of grids is however not a final output of thc 

conservat ion area selection procedure, it highlights areas which must then be investigated at the local 

scale in order to identify regions withi n the QDS's where conservation or off-reserve management in 

essential. 

In conclusion, although the field of conservation planning is beset by weaknesses and 

inadequacies, it is sti ll an essential component of effective biodiversity conscrvation . This thesis has 

succecded in addressing many of these shortcomings, thereby contributing towards thesc techniques 

becoming real-world conservation tools. There arc however still many problems with the techniques 

outlined above. This does not inva lidate the techniques, it merel y argues a degrec of caution in the 
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implementation of the techniques and requires additional local scale work. This does, however, illustrate 

that there is still much work to be done in the field of conservation planning, from the collection of data 

all the way to the implementation and management of the area selected. In the South A frican context, 

with shortages of conservation resources and funds, as well as land redi stribution issues, conservation 

planning faces many difficulties. Therefore, the need to make these procedures as flexible , efficient, 

transparent and reali stic as possible is essential. The role of off-reserve conservation areas is one that 

should also be in vestigated as a potential means for addressing these difficulties and ensuring the 

persistence of biodiversity in one of the world's most biodiverse regions. 
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Abstract 

South Africa has an important responsibility to global biodiversity conservation, but a largely inadequate 

conservation area network for address ing this responsibility. This study employs a coarse-fi lter approach 

based on 68 potential vegetation units to identify areas that arc largely transformed, degraded or 

impacted on by road-effects. The assessment highlights broad vegetation types that face high 

biodiversity losses currently or in the near future due to human impacts. Most vegetation types contain 

large tracts of natural vegetation, with little degradation, transformation or impacts from road networks. 

Regions in the grasslands, fynbos and forest biomes are worst affected. V cry few of the vegetation types 

arc adequately protected according to the IUCN's 10% protected area conservation target, with the 

fynbos and savanna biomes containing a few vegetation types that do achieve this arbitrary goal. This 

investigation identifies areas where limited conservation resources should be concentrated by identifying 

vegetation types with high levels of antluopogenic land usc threats and associated current and potential 

biodiversity loss. 

Keywords : Coarse-filter, biodiversity conservation, land-cover, vegetation types, road-effects 

Running title: South A frican conservation areas 
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Introduction 

South Africa contains a wealth of biodiversity within its borders, unequalled by other temperate regions, 

earning a place in the top 25 most biodiverse nations (WCMC, 1992; Conservation International, 1998). 

In addition South Africa harbours the fifth highest number of plant species in the world, with the Cape 

Floristic Region bcing recognised as one of the six floral kingdoms of the world. This region contains 

8200 plant species of which 5682 are endemic and has lost approximately 30.3% of its primary 

vegetation (Fairbanks et al., 2000; Myers et al., 2000). 

Although its responsibility towards global biodiversity conservation is largc, South Africa with 

only 4.8% (DEAT, 1996) (Figure la) of its land surface under formal protection falls far short of the 

ruCN's nominal reeollUl1endation of 10% protected area coverage. This coverage also lags behind the 

10% average attained by the rest of sub-Saharan Africa, with Botswana reaching 18.5%, Mozambique 

12.7% and Namibia 12.4% (WRJ, 1994; McNeely 1994; Siegfried et aI. , 1998). A moderately expanding 

human population (Central Statistical Survey, 1998) and associatcd land transformation in South Africa 

(mainly urbanisation , cultivation and afforestation (Hoffmann, 1997)) leaves 79% of the country covered 

with natural woody and grassland vegetation eOllUl1unities (Figure Ib) (Fairbanks et al., 2000). 

Waterbodies and wetlands cover less than one percent of the land surface area, with human land uses 

making up the remaining 20% (Fairbanks et al. 2000). Fairbanks et al. (2000) demonstrate that along 

with the approximately 30% transformation in the fynbos biome, the savanna and grassland biomes are 

about 10% and 26% transformed and degraded by human land uses respectively (Figure Ie) (sec also 

Thompson et al., In Review). In addition to this there are a total of 1176 species presently recognised as 

threatened (WRJ, 1994; van laarsveld, 2000). Thus with these valuable and often endemic biodiversity 

resources facing ever-increasing thrcats from human-induced land transformation, and mostly inadequate 

conservation efforts to stem these threats, South Africa has an obvious responsibility to do more towards 

the conservation of biodiversity (van laarsveld, 2000). 

Most of South Africa's existing protected areas were proclaimed in an ad hoc fashion, usually because 

they contained areas with high scenic or tourism potential, contained endemic diseases and did not 

conflict with other forms of land use (Pringle, 1982; Freitag et aI., 1996; Pressey et al., 1993). Because 

this form of land allocation to conservation is highly inefficient and fails to effectively conserve 

biodiversity, several techniques have been developed for the systematic selection of land with a high 

conservation value, i.e. with high levels of biodiversity and large anthropogenic threats facing that 

biodiversity (for reviews see Williams, 1998; Margules & Prcsscy, 2000). However, these techniques 

require data on the distribution of biodiversity and threats facing biodiversity in order to identify areas 

important to conservation. Because the biodiversity of a region can never be fully observed and 

inventoried, species distribution data are often used as a surrogate or substitute measure of biodiversity. 

This form of data however, has a large number of shortcomings associated with it. 

189 



Natiooal and proviociall)3tits 
Protccl:d areas 

tal 

South A fnean biolllt.'S o FOfcst 
D I,mbos 
CJ u.."""" D NamaKaroo 
D Sa'lama 
D Succulent Karoo 
c:J lhidcd 

(e) 

Addendum I. South African Conservation Areas 

Sim ified Nalional Lam-ooverdatabasc 
Transformed lancko...er 

c::::J ~ land<ow:f o Natural tand-CO\"ef 

JOO 600 Km 

(b) 

Figure I: Maps of: (a) South African national and provincial protected areas (DEAT, 1996); (b) 

transformed, degraded and natural land-cover; (c) biomes (Low & Rebelo, 1996); and (d) road network 

buffered according to Stoms (2000). 
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These include inadcquate taxonomical knowledge of the groups employed, biased sampling efforts and 

lack of spatial congruency between areas of conservation importance to different taxa (van Jaarsveld et 

ai, 1998; Maddock & du Plessis, 1999, Fairbanks & Benn, 2000; Reycrs et ai., 2000). 

Broad-scale biodiversity surrogates 

In recent years, the focus for conservation has shifted, with recommendations towards a more holistic 

approach of protecting biodiversity in the aggregate, the so-called 'coarse-filter' approach (Noss, 1987; 

Noss, 1990). This approach focuses on protecting higher levels of the biodiversity hierarchy (e.g. 

landelasses and landtypes) rather than species, assuming that these broad-scale biodiversity surrogatcs 

represent the finer scale aspects of biodiversity (Williams & Humphries, 1996; Pressey, 1994; Pressey & 

Logan, 1994; Wessels et al., 1999; Fairbanks & Benn, 2000). However, as Pressey (1994) points out, the 

assumed relationship bctween environmental classcs and spccies distribution and abundance is unclear 

and seldom investigated. In addition, certain species, especially rare species confined to small patches of 

habitat which arc not recognised as distinct cnvironmental classes, may "fall through the coarse filter" 

when using broad-scale environnlental classes (Noss, 1983; Bedward, 1992; Panzer & Schwartz, 1998). 

Despite the shortcomings associated with a species-based approach to conservation planning, these 

higher order biodiversity surrogates may well fail to identify the composition, configuration and quantity 

of elements necessary for biodiversity retention, making species data a necessary component of the 

conservation planning process (Lam beck, 1997). The shortcomings of spccics distribution data and the 

limitations of environmental surrogate measures in the selection of priority conservation areas suggest 

that perhaps a combination of the two approaches in conservation planning may be advisable (Maddock 

& du Plessis, 1999). 

At a national scale South Africa has a few databases of broader surrogates for biodiversity, 

including Acocks' Veld Typcs (Acocks, 1988) and the more recent Vegetation of South Africa, Lcsotho 

and Swaziland (Low & Rebelo, 1996; McDonald, 1997). Acocks (1988) defined biological resources 

from a purely agricultural potential perspective, while Low and Rebelo (1996) looked at the definition of 

thesc resources from a managcment and potential use angle. These vegetation units were defined as 

having, " ... similar vegetation structure, sharing important plant species, and having similar ecological 

proccsses." Thus, these are units that would have potentially occurred today, were it not for all the major 

human-made transfonnations e.g. agriculture and urbanisation. Therefore the Low and Rebelo (1996) 

vegetation map contains significant potential for acting as a broad scale surrogate of South African 

biodivcrsity and for identifying land important to biodiversity conservation. 

Methods 

Current land-cover data 

Before the Low and Rebelo (1996) map can be used one has to differentiate between the potcntial 
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vegetation cover of regions (as defined by Low & Rebelo, 1996) and that which is in reality found in the 

region. In othcr words one needs an indication of current natural vegetation pattern, degree of 

transformation, and amount of protection afforded each vegetation type beforc one can decide if it 

constitutes a conservation priority (Rebelo, 1997). As Low and Rebelo (1996) point out "there is little 

point in setting aside more of a vegetation type with vast expanses in pristine condition , while ignoring 

the last patches ofa type which is not yet conservcd." Low and Rebelo (1996) provide some estimates of 

protection and transfonnation data, howcver as they admit, "these arc woefully incompletc". Thus, somc 

indication of current land-cover (the suite of natural and human-made features that cover the earth's 

immediate surface) at a national scalc is required for effective land-use planning, sustainable resource 

management, environmcntal research and in this instance conservation planning (Rebelo, 1997; 

Fairbanks el aI. , 2000). 

To this end the advent of the National Land-cover (NLC) database is of extreme rclcvancc. This 

national databasc was derived using manual photo-interpretation techniques from a serics of 1:250,000 

scale geo-rectified hardcopy satellite imagery maps, based on scasonally standardiscd , single date 

Landsat Thematic Mapper (TM) satellite imagery captured principally during the period 1994-95 

(Fairbanks & Thompson, 1996). It provides thc first singlc standardised database of current land-cover 

information for thc whole of South Africa, Lcsotho and Swaziland (Fairbanks el aI., 2000). For the 

purpose of the present study the 31 land-cover classcs were reclassified into three catcgories: natural, 

degraded and transformed land-cover (Table I). Natural land-cover included all untransformed 

vegetation, e.g. forest, woodland, thicket and grassland. The degraded land-cover category was 

dominated by degraded classes of land-cover. These areas have a very low vegctation cover in 

comparison with the surrounding natural vegetation covcr and were typically associated with rural 

population centres and subsistence level farming, where fucl-wood removal, ovcr-grazing and 

subsequent soil erosion were excessive (Thompson 1996). The transformed category consisted of areas 

where thc structure and species composition were completely or almost complctely altered which 

includcs all areas undcr crop cultivation, forestry plantations, urbaniscd areas, and mines/quarries. 

The databases of potential vegetation cover and current land-cover were overlaid in a geographic 

information system (GIS) to detennine the extent of natural, degraded and transformed area within each 

of thc 68 vegetation types identificd in Low and Rebelo (1996). These values could thcn be used to 

highlight arcas of high current and future vulnerability to biodiversity loss through land use impacts. 

Levels of transformation wcre comparcd against the transformation thresholds predicted by a gcometric 

model dcveloped by Franklin and Forman (1987). This work suggcsted that the most critical timc for 

land planning anel conservation is when betwcen 10-40% of the landscape has been transformcd or 

impacted upon . Specifically, most of the rapid ccological changes (e.g. , loss of interior species) can bc 

expected when this level increases from 20-40%. Regions showing greater than 40% loss of natural 

habitat have already undergone significant ecological disnlptions. 
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Table 1: Land-cover classes reclassified into broad categories 

Transformation category 

Natural land-cover 

Degraded land-cover 

Transformed land-cover 

% area 

73.4% 

10.1 % 

16.5% 

Land-cover class 

Wetlands , grassland, shrubland , bushland, thicket, 

woodland, forest 

Degraded land, erosion scars, waterbodies 

Cultivated lands, urban/built-up areas, mines and 

quarries, forestry plantations 

193 



Addendum I. South African Conservation Areas 

An additional GIS layer of protected area coverage for thc country (DEAT, 1996) was also employed to 

determine the extent of conservation areas existing wi thin the vegetation typcs. 

Patterns of roads 

In addition to these land use threats, one of the most widespread forms of alteration of natural habitats 

and landscapes over the last century has bcen the construction and maintenance of roads (Trombulak & 

Frissell, 2000). Road networks affect landscapes and biodiversity in seven general ways: ( I) increased 

mortality from road construction; (2) increased mortality from vehiclc collisions; (3) animal behaviour 

modification; (4) altcration of the physical environment; (5) alteration of the chemical environment; 6) 

sprcad of exotic species, and (7) increased altcration and usc of habitats by humans (from Trombulak & 

Frissell, 2000). These nctworks cover 0.9% of Britain and 1.0% of the USA (Forman & Alexander, 

1998), however the road-effect zonc, the area over which significant ecological effccts extend outward 

from the road, is usually much wider than the road and roadside. Thi s road effect zone can thus provide 

an additional estimate of areas with a high vulnerability to biodiversity loss through changing land uses 

and increased human impacts. 

Some evidence on the size of the road-effect zone is available from studies in Europe and North 

America. Reijncn et al. (1995) estimatcd that road-cffect zones covcr betwcen 12-20% of The 

Netherlands, while Forman (2000) illustrated that 19% of the USA is affected ecologically by roads and 

associated traffic. The road-effcct zone for South Africa was determined using a similar method to that 

used by Stoms (2000) in which the spatial extent of road effects can be used as an ecological indicator 

that directly represents impacts on biodiversity. For this, the road-effect zone was used as a measure of 

the area potentially affected by roads. The affected distances were estimated from the reviews mentioned 

above, as well as from local studies (M ilton & MacDonald, 1988). Therefore national routes and 

freeways were assumed to affect biodiversity for a greater distance from the roadway (I km on each 

side) than farm roads (100 m, Table 2). 

Road segments from the South African Surveyor General 1993 I :500,000 scale map series fi les 

(SA Surveyor General, 1993) were buffered using a standard GIS operation to the distance related to its 

class (Figure Id). Although the roads in protected areas do have an impact on biodiversity withi n these 

areas, they were excluded from this analysis as by and large protected areas overwhelmingly contribute 

to biodiversity conservation. A road-effect zone was calcu lated for the remaining untransfonned areas 

within each vegetation type by sununing the total area within the road effect zone surrounding roads in 

each vegetation type and converting to a percentage of the total remaining untransformed area in that 

vegetation type. However, the road-effect zone used here does not consider the spatial pattern of roads. 

So, although roads clearly have a significant impact on many species, meaningful indicators of road

effects on landscapes await the attention of landscape ecologists and other scienti sts (Forman, 1998). 
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Table 2: Buffer widths assigned to road classes for calculating road effect zone (after Stoms 2000). 

South African Surveyor General Description 

National route 

Freeway 

Arterial 

Main 

Secondary (connecting and magisterial roads) 

Other (rural road) 

Vehicular trail (4 wheel drive route) 

Buffer width 

(m) 

1000 

1000 

500 

250 

100 

50 

25 
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Most of these factors also vary ovcr daily, weekly, and annual cycles, which may interfere with critical 

behavioural periods such as brceding or migration. As such, the road-effect zone can represent only a 

first order approximation attempt to capture more of the multi-dimensional nature of road network 

effects. 

Results and Discussion 

Vulnerability assessment oj vegetation types 

The majority of vegetation types of South Africa are not largely degraded or transformed (Table 3). Of 

the 68 vegetation types 61 contain more than 50% natural vegetation cover with a median value of 

81.1 % natural vegetation cover across all vegetation types. The vegetation types show low levels of 

degradation with a median va lue of 2.8%, with all but one (Afro Mountain Grassland) being less than 

20% degraded (Table 3). Only five of the vegetation types arc more than 50% transformed by 

anthropogenic land uses, wi th a median of 10% being transformed within vegetation types. 

Figure 2 provides a diagrammatic representation of the current level s of transformation, 

degradation and protection across all vcgetation types. Similar to the findings of thc coarse-scale 

species-bascd approach uscd by Rebelo (1997), the grasslands and fynbos have experienccd the most 

transformation (see Fairbanks et al., 2000), with the coastal indigenous forcsts having been subjected to 

extensi ve transformation for its size (Figures 2a, b). Although degradation levels are gcnerally low, a 

few rcgions in the grasslands biome as well as a few in the savanna biome show the highest levels of 

degradation ranging from 10 to 36% of the vegetation extent (Figurc 2c). 

The average amount of vcgetation type currently under protection is 9.6% (median value of 

1.5%) with only 18 vegetation types confomling to the lUCN's nominal rccommendation of 10% 

protected area coverage (Table 3). However, this well cited protected area reconunendation of 10% is 

widely criticised as too littl e to guarantee the persistence of biodiversity within the region. Soule & 

Sanjayan (1998) illustrate that up to 50% of land area may be required to successfully represent all 

biodiversity clements. Therefore, perhaps even these 18 supposedly well-protected vegetation types arc 

inadequately protected (Figure 2d). 

The road-effect zone impacts on an average of 5.5% (with a median value of 6) of the remaining 

natural land-cover in all vegetation types (Table 3). Five vegetation types (Mesic Succulent Thicket, 

Moist Clay Hi ghveld Grassland, Dune Thicket, Eastern Thorn Bushveld, Rocky Highveld Grassland) 

containing between 10 and 14.2% road-effect zones (Table 3). The rest of the vegetation types lie under 

this 10% level, with the Mopane Shrubveld containing no road-effect due to the fact that it all falls 

entirely within the boundaries of the Kruger National Park (Table 3). 

In Table 4 the areas within each vegetation type that arc transformed, degraded or exposed to 

road-effects are sunmled to provide an indication of vegetation that has been disturbed or affected by 

these human land uses . 
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Table 3: Percentage natural, degraded, transformed and protected area of each of the vegetation types, as well 

as the percentage of each vegetation type exposed to road-effect zones. 

Code Vegetation type % natural % degraded % transfol1l1ed % % road-

protected effect 

Coastal Forest 89.3 1.2 9.3 (43) J.3 (9.5) 6.5 

2 Afromontane Forest 67.9 2.9 29.2 (44) 16.1(17.6) 6.4 

3 Sand Forest 72.3 15 .6 5.8 (45) 46.7 (44.6) J.7 

4 Dune Thicket 62.2 8.5 27.6(25) 10.6 (14.5) 11.2 

5 Valley Thicket 72.1 13.0 14.8(51) 1.5 (2.1) 6.1 

6 Xeric Succulent Thicket 95.0 2.0 3.0(51) 4.6 (8.0) 6.4 

7 Mesic Succulent Thicket 78.5 7.0 14.5(51) 4.0 (53) 14.2 

8 Spekboom Succulent Thicket 93.1 4.2 2.6 (unknown) J.2 (1.8) 4.9 

9 Mopane Shrubveld 100.0 0.0 0.0 (0) 100(100) 0.0 

10 Mopanc Bushveld 92.4 0.9 6.6 (8) 34.0 (38.3) 3.0 

11 Soutpansberg Arid Mountain Bushveld 83.8 10.2 6.0 (65) 10.1 (12.6) 4.3 

12 Waterberg Moist Mountain Bushvcld 90.2 0.8 9.0 (28) 6.2 (8.6) 3.2 

13 Lebombo Arid Mountain Bushveld 90.2 0.1 9.1 (unknown) 37.1 (38.0) 1.0 

14 Clay Thorn Bushveld 58.7 7.1 34.1 (60) 1.0 (0.9) 5.1 

15 Subarid Thorn Bushveld 78.7 12.6 8.7 (unknown) 0.0 (0.2) 8.2 

16 Eastern Thorn Bushveld 69.7 13.8 16.5 (unknown) 0.2 (0.5) 11. I 

17 Sweet Bushveld 78.3 12.0 9.5 (27) 1.8 (23) 4.5 

18 Mixed Bushveld 693 14.1 16.6 (60) 3.6(3.1) 5.3 

19 Mixed Lowveld Bushveld 70.4 9.9 19.8 (30) 22.5 (283) 3.1 

20 Sweet Lowveld Bushveld 85.1 1.4 13.5(30) 62.2 (67.3) 1.1 

21 Sour Lowveld Bushveld 54.4 9.6 36.0 (76) 7.0 (9.7) 4.7 

22 Subhumid Lowveld Bushveld 84.1 12.3 3.6 (36) 20.9 (21.5) 1.1 

23 Coastal Bushveld-Grassland 43.5 15.9 39.8 (unknown) 13.5 (14.0) 5.9 

24 Coast-Hinterland Bushveld 56.7 8.2 35.0 (87) 2.1 (3.6) 4.4 

25 Natal Central Bushvcld 72.2 9.9 18.0 (80) J.3 (1.6) 7.2 

26 Natal Lowveld Bushveld 72.5 11.9 15.6 (35) 14.1 (17.8) 5.3 

27 Thorny Kalahari Dune Bushveld 83.5 0.0 0.0 (unknown) 99.6 (99.8) 00 

28 Shrubby Kalahari Dune Bushveld 96.0 3.1 0.0 (55) 19.4 (19.5) 2.2 

29 KalToid Kalahari Bushveld 98.8 J.2 0.0 (55) 0.1 (0.1) 3.3 
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30 Kalahari Plains Thom Bushveld 73.6 18.9 7.1 (55) 0.5 (0.5) 3.9 

31 Kalahari Mountain Bushveld 99.5 0.2 0.3 (25) 0.0 (0.0) 4.6 

32 Kimbcrley Thorn Bushveld 76.1 4A 19.5 (55) 18 (3.1) 6.8 

33 Kalahari Plateau Bushveld 92.7 3.0 4.2 (55) 0.0 (0.0) 5.5 

34 Rocky Highveld Grassland 66.3 0.1 33.6 (65) 0.8(IA) 10.2 

35 Moist Clay Highveld Grassland 68.2 OA 31A (79) 0.0 (0.0) 11.3 

36 Dry Clay Highveld Grassland 34.9 0.1 65.1 (67) 0.0 (0.0) 9.0 

37 Dry Sandy Highvcld Grassland 63.5 0.8 35.8 (65) 0.3 (0.3) 9.1 

38 Moist Sandy Highveld Grassland 67.6 0.7 31.6 (55) 0.0 (0.7) 9.4 

39 Moist Cool Highveld Grassland 60A 16 38.0 (72) 0.7 (0.3) 9.6 

40 Moist Cold Highveld Grassland 46.8 11.3 418 (70) 0.8 (0.6) 6.7 

41 Wet Cold Highveld Grass land 88.0 2A • 9.7 (60) 9A (6.7) 4.1 

42 Moist Upland Grassland 614 17.0 216 (60) 2.3 (2.5) 5.5 

43 North-eastcm Mountain Grassland 67.6 7.1 25.3 (45) 3.3 (7A) 4.8 

44 South-eastern Mountain Grassland 94.5 4.0 1.5 (32) 0.6 (0.3) 5.7 

45 Afro Mountain Grassland 519 36.7 IIA(32) 0.0 (0.0) 0.8 

46 Alti Mountain Grassland 87.5 8.8 3.6 (32) 11.7 (12.5) 1.2 

47 Short Mistbelt Grassland 38.5 4.6 56.9 (89) 0.9 (2A) 7.6 

48 Coastal Grassland 81.7 5.1 12.9 (unknown) 0.1 (1.1) 7.0 

49 Bushmanland Nama Karoo 99.7 0.2 0.1 (unknown) 0.0 (0.0) 3A 

50 Uppcr Nama Karoo 99.0 0.9 0.1 (unknown) 0.0 (0.0) 5.8 

51 Orange River Nama Karoo 98.1 0.1 16 (unknown) 0.1 (15) 4.6 

52 Eastern Mixed Nama Karoo 94.9 1.8 3.3 (unknown) 16 (\.I) 7.4 

53 Great Nama Karoo 99.1 0.8 0.2 (unknown) 0.7 (0.2) 5.4 

54 Central Lower Nama Karoo 90.2 9.0 0.8 (unknown) 0.1 (0.0) 6.0 

55 Strandveld Succulent Karoo 86.3 2.0 9.5 (24) OA (OA) 4.0 

56 Upland Succulent Karoo 97.1 0.7 1.7 (unknown) 4.2 (4A) 4A 

57 Lowland Succulent Karoo 94.2 2.6 3.2 (unknown) 0.9 (1.3) 3.9 

58 Little Succulent Karoo 89.0 2.6 8A (unknown) 3.2 (2.3) 7.7 

59 North-western Mountain Renosterveld 94.0 0.0 6.0 (unknown) 0.0 (0.0) 3.0 

60 Escarpment Mountain Renosterveld 98.9 0.3 0.8 (unknown) 0.0 (0.1) 2A 

61 Central Mountain Rcnosterveld 80A 1.8 17.8 (II) 5.1 (3.6) 5.4 

62 West Coast Renostcrvcld 9.0 II 89.8 (97) 0.7(1.8) 8.1 

63 South & South-wcst Coast Renosterveld 39A 1.9 58.7 (32) 1.5 (IA) 8.8 

64 Mountain Fynbos 88.5 0.7 10.8(11) 26.4 (26.1) 2.9 

65 Grassy Fynbos 88.7 0.8 10.3 (3) 15.5 (16.1) 6.0 
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66 Laterite Fynbos 64.8 1.1 34.1 (50) 0.0 (0.5) 8.6 

67 Limestone Fynbos 87.2 7.6 5.2 (40) 13.6 (13.8) 4.0 

68 Sand Plain Fynbos 34.4 8.5 57.1 (50) 1.2(1.1) 7.1 

(Values in brackets indicate estimates from Low and Rebelo (/996)) 

(Vegetation types with more than 10% protected area coverage are indicated in bold) 
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Figure 2: Diagrammatic representation of levels of percentage (a) transformed, (b) degraded, (c) natural 

and (d) protected vegetation cover within each of Low and Rebelo's (1996) vegetation types. 
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Table 4 provides a list of vegetation types ordered according to their area affected as an indication of 

their vulnerability to biodiversity loss. Types with large areas affected face a high risk of biodiversity 

loss due to a combination of extensively degraded and transformed areas with a large road network. The 

West Coast Renosterveld, Sand Plain Fynbos, Dry Clay Highveld Grassland, South and South-west 

Renosterveld, Short Mistbelt Grassland, Coastal Bushve ld-Grassland, Moist Cold Highveld Grassland, 

Sour Lowveld Bushveld, Afro Mountain Grassland, Coast-Hinterland Bushveld, Moist Cool Highveld 

Grassland, Clay Thol11 Bushveld, Dune Thicket, Moist Upland Grassland, Dry Sandy Hi ghveld 

Grassland, Rocky Highveld Grassland and Laterite Fynbos are all areas of concern duc to the fact that 

over 40% of their extent is impacted on by land use threats. This level of land use impact corrcsponds 

with the threshold detel111ined by Franklin and Forman (1987), indicating extreme ccological disruption 

within these vegetation types. 

All of these vegetation types are also poorly protected (Table 3) with the Coastal Bushveld

Grassland and Dune Thicket being the only types to reach the IUCN's recommended 10% protected area 

coverage. However, as stated previously this level of protection is inadequate, especially in the case of 

these two vegetation types where it would not be sufficient to stem the biodiversity loss associated with 

such high levels of land usc change. Of the 68 vegetation types 38 (56%) fall within the 10-40% 

category of land use impact detennined by Franklin and F0l111an (1987) and are thus at a critical time for 

land usc planning and conservation. 

Table 5 provides a list of the land-cover types within each of the top 10 priority conservation 

vegetation types drawn from Table 4. The Afro Mountain Grassland and Moist Cold Highveld Grassland 

contain large areas of degraded vegetation. These same vegetation types along with the West Coast 

Renosterveld, Sand Plain Fynbos, Dry Clay Highveld Grassland, South and South-west Coast 

Renosterveld, Short Mistbelt Grassland, Coastal Bushveld-Grassland, Sour Lowveld Bushveld and 

Coast-Hinterland Bushveld contain extensive areas of commercial, semi-conunercial and subsistence 

dryland cultivation (Table 5). The Short Mistbelt Grassland, Coastal Bushveld-Grassland, Sour Lowveld 

Bushveld and Coast-Hinterland Bushveld contai n large areas of exotic forestry plantations and, with the 

exception orthe Sour Lowveld Bushveld, commercial sugarcane cultivation (Table 5). 

Of all these priority vegetation types only the Coastal Bushveld-Grassland has morc than 10% protected 

area coverage at 13.5%, but high levels of degradation as well as high levels of transformation still make 

it an area of concern along its entire latitudinal distribution. The rest of these top 10 priority vegetation 

types all fall below five percent protected area coverage (Table 3). This land use analysis is an example 

of a potential management tool for vulnerable areas, and is not limited to these top 10 vegetation types. 

Other vegetation types, although not as affected as these 10, are nonetheless also impacted on by land 

usc changes and should therefore also be considered and monitored in a conservation plan. Table 5 is an 

example of what can be done and simil ar analyses can be performed on all vegetation types in order to 

investigate the land use impacts and management parameters within each area. 
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Table 4: Percentage area of vegetation type exposed to the combined land-cover 

threats of degradation, transformation and road effects 

Code Vegetation type A ffeeted area 

(%) 

62 West Coast Renosterveld 92.3 

68 Sand Plain Fynbos 69.5 

36 Dry Clay Highveld Grassland 67.8 

63 South & Soutb-west Coast Renosterveld 65.4 

47 Short Mistbelt Grassland 64.8 

23 Coastal Bushveld-Grassland 60.3 

40 Moist Cold Highveld Grassland 56.7 

21 Sour Lowveld Bushveld 49.1 

45 Afro Mountain Grassland 48.6 

24 Coast-Hinterland Bushveld 47.0 

39 Moist Cool Highveld Grassland 45.8 

14 Clay Thorn Bushveld 45.1 

4 Dune Thicket 43.9 

42 Moist Upland Grassland 42.5 

37 Dry Sandy Highveld Grassland 42 .3 

34 Rocky Highveld Grassland 42.2 

66 Laterite Fynbos 40.8 

35 Moist Clay Highveld Grassland 39.6 

38 Moist Sandy Highveld Grassland 39.3 

16 Eastern Thorn Bushveld 38.2 

2 Afromontane Forest 37.9 

43 North-eastern Mountain Grassland 36.2 

18 Mixed Bushveld 34.8 

7 Mesic Succulent Thicket 34.0 

25 Natal Central Bushveld 33.3 

5 Valley Thicket 32.9 

19 Mixed Lowveld Bushveld 32.0 

26 Nata l Lowveld Bushveld 31.6 

32 Kimberley Thorn Bushveld 29.4 
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30 Kalahari Plains Thorn Bushveld 29.0 

15 Subarid Thorn Bushveld 28.0 

61 Central Mountain Renosterveld 25.9 

17 Sweet Bushveld 25.2 

48 Coastal Grassland 23.8 

3 Sand Forest 22.8 

11 Soutpansberg Arid Mountain Bushveld 20.0 

58 Little Succulent Karoo 18.7 

65 Grassy Fynbos 17.9 

67 Limestone Fynbos 17.2 

22 Subhumid Lowveld Bushveld 16.9 

Coastal Forest 16.8 

41 Wet Cold Highveld Grassland 16.2 

20 Sweet Lowveld Bushveld 16.0 

54 Central Lower Nama Karoo 15.2 

55 Strandveld Succulent Karoo 15. I 

64 Mountain Fynbos 14.8 

46 Alti Mountain Grassland 13.5 

12 Waterberg Moist Mountain Bushveld 12.9 

33 Kalahari Plateau Bushveld 12.4 

52 Eastern Mixed Nama Karoo 12.3 

8 Spekboom Succulent Thicket I 1.8 

6 Xeric Succulent Thicket IIJ 

44 South-eastem Mountain Grassland 11. 1 

13 Lebombo Arid Mountain Bushveld 10.3 

10 Mopane Bushveld 10.3 

57 Lowland Succulent Karoo 9.5 

59 North-western Mountain Renosterveld 9. I 

56 Upland Succulent Karoo 6.8 

50 Upper Nama Karoo 6.7 

53 Great Nama Karoo 6.3 

51 Orange River Nama Karoo 6.3 

28 Shrubby Kalahari Dune Bushveld 5.2 

31 Kalahari Mountain Bushveld 5. I 

29 Karroid Kalahari Bushveld 4.5 

49 Bushmanland Nama Karoo 3.6 
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60 Escarpment Mountain Renostcrvcld 

27 Thorny Kalahari Dune Bushveld 

9 Mopane Shrubveld 
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3.5 

0.0 

0.0 

204 



Table 5: Description and pcrcentagc area coverage afland-cover thrcats facing conservation eriori!}:: vegetation !1:ees 
West Coast Sand Dry Clay South & South- Short Coastal Moist Cold Sour Afro Coast-

Description Renosterveld Plain Highve ld west Coast Mistbelt Bushveld- Highveld Lowveld Mountain Hinterland 
Fvnbos Grassland Renosterveld Grassland Grassland Grassland Bushveld Grassland Bushveld 

Natural land-cover 9.01 34.64 34.89 39.87 39.32 43.56 46.85 54.44 51.92 56.87 
Waterbodies 0.24 0.14 0.05 0.83 0.24 4.69 0.21 0.1 1 0.0 1 0.12 

Dongas and sheet erosion scars 0.00 0.05 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 

Degraded: forest and wood land 0.00 0.00 0.00 0.00 0.00 0.87 0.00 5.88 0.00 0.42 

Degraded: thicket and bushland (etc) 0. 11 0.63 0.00 0.00 0.6 1 7.50 0.02 3.12 36.65 4.77 

Degraded: unimproved grassland 0.00 0.00 0.00 0.00 3.73 2.82 11.02 0.49 0.00 2.93 

Degraded: slmlbland and low fynbos 0.76 7.66 0.00 1.05 0.00 0.00 0.00 0.00 0.00 0.00 

Cultivated: permanent - commercial irrigated 11.70 5.20 0.00 1.77 0.03 0.00 0.00 1.55 0.00 0.0 1 

Cu ltivated: permanent - commercial dryland 0.32 0.05 0.00 0.00 0.00 0.39 0.0 1 1.78 0.00 0.00 

Cultivated: permanent - cOImncrcial sugarcane 0.00 0.00 0.00 0.00 10.79 15.39 0.00 0.34 0.00 8.91 

Cultivated: temporary - cOimnercial irrigated 0.15 2.78 0.02 2. 17 1.67 0.02 0.05 2.55 0.00 0.23 

Cultivated: tcmporary - commercial dryland 74.78 39.53 64.65 53.07 4.74 0.00 19.58 1.30 0.00 0.49 
Cultivated: temporary - scmi-eonunercial / 0.00 0.00 0.00 0.00 7.02 10.18 21.27 11.80 11.40 13.75 
subsistence dryland 
Forest piantations 0.60 4.88 0.00 0.31 30.86 9.31 0.06 15.29 0.00 9.11 

Urban / built-up land: residentia l 1.59 7. 11 0.36 0.78 0.83 3. 10 0.79 1.30 0.0 1 1.98 

Urban / built-up land: residentia l (small holdings: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
woodland) 
Urban / built-up land: residentia l (small holdings: 0.00 0.00 0.00 0.00 0. 14 0.90 0.00 0.00 0.00 0.04 
bushland) » Urban / built-up land: residentia l (small holdings: 0.45 1.03 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0-

shrub land) 
0-
n 

Urban ! built-up land: residential (small holdings: 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.15 ~ 
to 

grassland) 3 

Urban I built-up land: commercial 0.06 0.20 0.00 0.00 0.02 0.13 0.00 0.02 0.00 0.06 
,-

'" Urban! built-up land: industrial ! transport 0.03 0.56 0.02 0.07 0 .00 0.33 0.01 0.0 1 0.00 0. 15 
0 

"-
Mines & quarries 0.07 0.00 0.0 1 0.00 0.00 0.06 0.00 0.03 0.01 0.02 

:r 
» 

Bold values indicate main land uses in the vegetation type :;" 
o· 
'" " <0 
0 

" ~ " ~ < 
!"-o· 
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The vegetation types listed at the bottom of Table 4 are less impacted on by land uses, and are generally 

better protected (Table 3), with the Mopane Shrubveld and Thorny Kalahari Dune Bushveld including 

100 and 99.6% protected area, respectively. Thesc arcas also contain extensive tracts of natural 

vegetation ranging from 83.5% for the Thorny Kalahari Dune Bushveld to 100% for thc Mopane 

Shrubveld (Table 3). This however does not preclude them from further analysis and the tools developed 

in this study have a potcntial role to play in the monitoring and future management of thcse currently 

less impacted areas. 

Comparison of vulnerability status 

Low and Rebelo (1996) also provided an estimate of threat status of the vegetation types. This included a 

measure of land transformed by agriculture and other uses, based on "scant information for some of the 

Acocks Veld Types and should be caut iously interpreted as a rough index of habitat loss" (Low & 

Rebelo, 1996). They also include an estimate of the proportion of each vegetation type falling within 

conserved areas, based on an approximation of conservation area boundaries which still requ ire 

confirmation (Low & Rebe lo, 1996). Following a simil ar methodology to Thompson et al. (in review), 

we eval uate these estimates from Low and Rebelo (1996) as well as the calculations of protected and 

transformed land obtained from this study using the National Land-cover database and the DEA T (1996) 

protected area database (Table 3). Top conservation priority vegetation types identified based on Low 

and Rebelo's (1996) estimates of transformed area in Table 3 highlight the West Coast Renosterveld, 

Short Mistbelt Grassland, Coast-Hinterland Bushveld, Natal Central Bushveld and the Moist Clay 

Highveld Grassland as arcas of conservation concern due to large areas transformed. The Mopane 

Shrubveld, Grassy Fynbos, Mopane Bushveld, Central Mounta in Renosterveld and Mountain Fynbos arc 

estimated to be areas of low priority for conservation as they are little transformed according to Low and 

Rebelo's (1996) estimates (Table 3). Once again the areas of high threat are estimatcd by Low and 

Rebelo (1996) to be poorly protected with less than 4% ofthcir surface area protected and thosc that are 

low priorities are secn to be generally well protected. 

As found in Thompson et af. (in review), there is some degree of similarity in the rank orders of 

vegetation types according to threat status found in this study (i.e., affected area) and in Low and 

Rebelo's (1996) (i.e., areas estimated to be transformed) (r, = 0.55; p < 0.001). However, as Table 3 

illustratcs, there are differences between these estimates of transformation and protection from Low and 

Rebelo (1996) and values generated in this study. The Low and Rebelo (1996) estimates for land 

transformation and protection being consistently and significantly higher (paired t-test for level s of 

transfonnation, t = 9.00, degrees of freedom = 49, P < 0.000 I; paired t-test for levels of protection, t = 

3.8, degrees of freedom = 67, p < 0.01). This could however be exp lained by the fact that the estimates 

of transformation in Low and Rebclo (1996) incl uded grazed areas, whil e the NLC transformation 

category does not (Thompson et al. in review). The grazed areas (especially overgrazed arca) are 
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included in the degraded category of the NLC database and as such are included in the present study in 

the measure of affected areas (Table 4). 

Conclusion 

South Africa, with its large biodiversity conservation responsibility, faces the additional problems of 

limited resources for conservation as well as pressing land reform initiatives. The land tenure system is a 

problem for conservation throughout Africa and is now becoming an increasingly demanding problem in 

South Africa. The almost total transfer of land in most regions of South Africa, from government to 

private ownership, is possibly unique in the annals of European colonisation. The state by the mid 1930's 

had lost control over resources which in countries such as Australia or the USA were retained by the 

authorities because of their unsuitability for agriculture (Christopher, 1982). In effect the absence of 

state interest in land through a leasehold system has lead to a strong demand for land and an attempt to 

make a living in areas highly unsuitable for the purposes of farnling. Demand for land has further driven 

land prices to levels far in excess of its value as an agricultural commodity. 

Therefore the limited resources of available government land and funding need to be efficiently 

applied in order to ensure effective conservation as well as development opportunities. This 

investigation provides an important first approximation towards identifying areas where these limited 

resources should be concentrated by identifying vegetation types with high levels of current and 

potential anthropogenic land use and inadequate conservation efforts in order to constrain future 

spreading of transformation. As Rebelo (1997) points out, few vegetation units arc spatially uniform in 

terms of species composition and ecosystem processes, thus further study within these priority areas is 

required to identify representative conservation sites within these types. Although Low and Rebelo 

(1996) provided rough estimates of areas considered to be facing high threats, the value of timely land

cover information on the decision making ability for planning is evident from the present study. The 

advent of the National Land-cover database has provided a much-needed standardised dataset of current 

land-cover to signi ficantly improve South African land usc and conservation planning. 

Further issues relevant to the identi fication of priority conservation areas are the scale of conservation 

priority setting, and the effects of global climate change on southern African vegetation. Rebelo (1997) 

points out that generally vegetation types shared with other neighbouring nations are more adequately 

conserved than vegetation endemic to South Africa. Thus a classification of vegetation types across 

political boundaries, as well as international co-operation arc urgent requirement s for future priority 

setting. In addition to this, future conservation strategies will have to consider the effects of climate 

change on biodiversity (Rutherford ef al., 2000). Not much is known on what these climate changes or 

their biological impacts will be, but recent work has highlighted a general eastward shift in South 

African spec ies distributions as areas in South Africa dry out and warm up (Rutherford ef al., 2000; van 

laarsve ld & Chown, 2000; van laarsveld ef aI., 2000). It has also been shown that premier flagship 
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conservation areas in South Africa are not likely to meet their conservation goals due to an inability to 

track climate induccd species (especially vulnerable spccies) range shifts (van laarsveld ef al., 2000). 

This is of obvious importance in any conscrvation-planning scenario. 

In many respects "lines conquer", and the South African landscape is a tcstament to their power. 

Compasses and plumblines, more than a force of arms, subdue landscapes, and hcnceforth demarcate 

control and change. If current development policies (i.e., Spatial Devclopmcnt Initiati ves, unstructurcd 

land reform) continue without proper equity towards conserving thc most threatened vegetation 

communities, in a few dccades not only will the remaining "natural" areas be gone, but the pcople will 

be even poorer for it. 
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Abstract 

Anthropogenic natural habitat transformation presents the single most important threat to global 

biodiversity. Land-cover data, based on Landsat TM imagery, were uscd to derive land-use information 

for the Gauteng, Mpumalanga and Northern provinces of South Africa. The assessment integratcd land

use data with species presence data (15' x 15' grid cell reso lution) for butterflies, manmlals, birds and 

endemic vascular plants. Thc objectives of the present study were: (i) to idcntify areas at a regional scale 

where there is a possible conflict between biodiversity conservation interests and current land-uscs; (ii) 

to investigate the influence of incorporating a land-usc constraint (LUe) into a conservation area 

selection algorithm, while taking cognizance of the cxisting reserve system; and (iii) to investi gate the 

circumstances of species recorded within thcsc conflict areas. Many grid cells identified as spccics 

richness hotspots, rarity hotspots or as part of the complementarity nctwork selected by the 

unconstrained algorithm were in rcality largcly transformed or modified. Thesc areas should thus be 

avoided when striving to identify a viab le conservation nctwork. Although the LUC algorithm se lectcd 

more grid cells to represcnt all spccies, it succeed cd in increasing the percentage natural vegetation 

within the selected conservation network and highlighted areas where potential conflicts should bc 

thoroughly invcstigated at a local scale. 
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Introduction 

Land-cover refers to the suite of natural and man-made features that cover the earth's immediate surface 

(Thompson, 1996). Natural land-cover rcpresents the green interface bctween thc lithosphere and the 

atmosphere that has a profound influence on the climate and biogeochcmical systems and forms the 

basic fabric of biodiversity (Graetz, Fisher & Wilson, 1992). Land-cover changes, caused by increases in 

crop cultivation and urban dcve lopment, present thc single most important threat to global biodiversity 

(Soule, 1991; Dale et al., 1994). Habitat destruction, as a direct consequence of human activity, accounts 

for the fact that current species extinction rates exceed historical global cxtinction rates by between 1000 

and 10000 times (Wilson, 1988; UNEP, 1995). Macdonald (1989) estimated that up to 25% of South 

Africa's natural land-cover has been converted to other forms of land-use such as agriculture, which 

accounts for more than half of that transformation. 

As signatorics to the Convention of Biodi versity, South Africa is obligatcd to: " Revi ew the 

impact of agriculture and conm1crcial forestry practices on biodiversity (natural habitats) and seek 

changes where necessary" (DEAT, 1996). Satellite remotc scnsing has provided us with an effective tool 

for gathering this essential land-cover information (Dale et al., 1994; Scott et at., 1993). Land-covcr 

data, generatcd by the Agricultural Rescarch Council (ARC - Institute for Soil, Climate and Watcr) and 

the CSIR (Council for Scicntific and Industrial Research), recently became available for South Africa. 

Although land-cover and land-usc arc not necessarily synonymous (Thompson, 1996) broad land-use 

categories (e.g. cultivation, urban or natural vegetation) can be derived from satell ite derivcd land-cover 

data. 

Existing protected areas were primarily proclaimed on an ad hoc basis and arc mostly ineffective 

at represcnting regional biota's (Pressey, 1994; Lombard, 1995a,b). In response, systematic reservc 

selection procedures were developed to identi fy priority conservation areas that complcmcnt one anothcr 

in terms of their contributions towards protecting regional biodiversity, while ensuring that minimal land 

allocation is required (Margulcs, et at., 1988; Nicho lls & Margules, 1993; Pressey et ai., 1993; 

Margulcs, Cresswell & Nicholls, 1994; Csuti et ai., 1997; Lombard, 1995a; Freitag, Nicho ll s & van 

laarsveld; 1996, Wessels, Freitag & van laarsveld, 1999). Within South Africa several national and 

rcgional biodiversity assessments based on historical species presence data of speci fic taxa within 15' x 

15' grid cells have been conducted, including fish (Skelton et at., 1995); frogs (Drinkrow & Cherry, 

1995); tortoises (Branch, Benn & Lombard, 1995); snakes (Lombard, Nicholls & August, 1995); 

manunals (Gcldcrblom et 01., 1995; Mugo et ai., 1995; Gelderblom & Bronner, 1995; Freitag et ai., 

1996); birds (Lombard, 1995a); plants (Rebelo & Sicgfried, 1992); and multiple taxa including birds, 

manunal s, insccts and plants (van Jaarsveld et 01., 1998a). It is however possible that an area (e.g. grid 

cell) selected for its contribution to species rcprcsentation, according to historical data, may in reality bc 

largely transformed by extant land-uses. For this rcason a number of previous studies have used aerial 

photographs (Awimbo, Norton & Overmars, 1996; Lombard et ai., 1997), NOAA (Bull, Thackway & 
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Cresswell, 1993) and Landsat TM sate llite images (Bedward, Pressey & Keith, 1992; Scott et 01., 1993; 

Pressey et 01., 1996) to map transformed areas and exclude these during conservation area selection. 

Although specific species may persist within the altered landscape mosaic of a highly 

transformed grid cell (Soule, 1991 ; Jules & Dietsch, 1997; Vandermeer & Perfecto, 1997), the long-tern] 

survival of all native species is ultimately determined by a complex interaction bctween (i) the 

susccptibility of individual species to extirpation, i.e. life-hi story, gap-crossi ng ability, area requirements 

(Dale et 01., 1994; White et 01. , 1997), (ii) local scale landscape pattern , i.e. availability, di versity, 

fragmentation, spatial configuration , patch size of natural habitat (Lovejoy et 01., 1983 ; Freemark, 1995 ; 

Allan et al., 1997; van Jaarsveld, Ferguson & Bredenkamp, 1998b; Brokaw, 1998) , (iii) the nature and 

environmental impact of interspersed alternative land-uses, i. e. land-use diversity, intensity, and the 

impact of e.g. agricultural or fore stry practices on hydrological processes and soil properties (Hobbs, 

1993; McFarlane, George & Farrington, 1993; Nul sen, 1993; Saunders et 01., 1993; Freemark, 1995; 

Smith , 1996; Jules & Dietsch, 1997) and (iv) degradation within natural areas, e.g. overgrazing of 

rangelands (Grant et 01., 1982; Barnes, 1990; O'Connor, 1991; Scholtz & Chown, 1993 ; Sri vastava, 

Smith & Forno, 1996a, Joubert, 1998; Scymour, 1998; Todd & Hoffman , In Press) . Although hi gh ly 

transformed areas may currently harbor certain spec ies, these may not sustain natural ecological 

processes and complete samples of other non-target taxa (Baudry, 1993 ; Di Benedet10 el al., 1993; 

Hobbs, 1993; Freemark, 1995), thus large ly precluding these areas from feasible regional conservation 

networks. 

The objectives of the present study were: (i) to identify areas at a regional sca le where there is a 

possible conflict between biodiversity conservat ion interests and current land-uses; (ii) to in vestigate the 

influence of avoiding such potential conflict areas by incorporating a land-use constraint (LUC) into a 

conservation area selection algorithm, while simultaneously taking cognizance of the ex isting reserve 

system; and (iii) to invest igate the ci rcumstances of species recorded within these conflict arcas. 

Methods 

Study area 

The study area comprised the Gauteng, Mpumalanga and Northern provinces of South Africa (Figure I) 

and represents 17.3% (219180 Ian') of the land area of one of the most biologically ri ch countries in the 

world (WCMC, 1992). The study area includes three of South Africa's seven biomes, namely grasslands, 

savanna and forests (Low & Rebelo, 1996). 

Species distributioll data 

Information on historically recorded species presence within 15' x 15' grid cell s (- 26km x 26km; 

hereafter referred to as grid cells) was collated for butterflies (Lepidoptera: superfamilies Hesperi odea, 

Papilionoidea), mammals, birds and endemic vascular plants (van Jaarsveld et 01., 1998a). According to 
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Harrison (1992) the bird data reflect no survey bias. Although the butterfly dataset contains the fewest 

number of records (Table I), it represents the best available insect dataset for the study area (M uller, 

1999). The manUllal database incorporates all terrestrial orders and contains no fundamental sampling 

bias within the study area (Freitag & van Jaarsveld, 1995 ; Freitag et 01. , 1998). Only endemic plant 

species (i.e. species that have not been recorded outs ide the study arca in South Africa) were included in 

this analyses, since the rcprcscntation of all plant species set outrageous conservation demands, i.e. 50% 

of total area (unpublished). Plant data were available for all grid cell s in the study area, but only 87% of 

them contained records of endemic species (Table I). These data represent the most comprehensive 

regional biodiversity data currently available for South Africa (van Jaarsveld et 01. , 1998e). 

Land-cover data 

Land-cover data were mappcd (using manual photo-interpretation) from 1:250000 scale geo-reetified 

space-maps, based on seasonally standardi zed LANDSAT Thematic Mapper satellite imagery captured 

primarily during 1994-95 (Thompson , 1996). For the purpose of the present study, the 3 1 land-cover 

classes were reclassified into three categories, namely natural vegetation, modifi ed vegetation and 

transformed (Table 2). Natural vegetation included all untransformed vegetat ion, e.g. forest, thicket and 

grass land. The modi fied vegetation category was dominated by various "degraded" classes and also 

included waterbodies (mostly dams) (Thompson, 1996). The degraded classes included all areas with 

very low vegetation cover in comparison with the surrounding natural vegetati on cover and were 

typically associated with subsistence level farming and rural population centres, where wood-resource 

removal , overgrazing and subseq uent soi l erosion were excessive (Thompson, 1996). Transformation 

was defined as changes to the natural ecosystems in which the structure and species composition were 

completely or almost completely altered (Poore, 1978). The transformed category therefore encompassed 

all the cultivated and urbanlbuilt-up classes, forestry plantations (mainly commercial Pinus and 

Eucalyptus species), as well as mines and quarries (Macdonald, 1989). 

GIS analysis 

The land-cover data for the study area were overlaid with a 15' x 15' grid. Only grid cells that overlapped 

at least 20% with the study area were included in the analyses (n ; 336; Figure I) . The extent of the 

protected areas (provincia l and national parks) and various land-cover classes within each grid cel l were 

calculated using Arelnfo (Albers equal area projection). 

COl/servation Area Selection 

Richness and rarity hotspots were identified within the study area. Richness hotspots were defined as the 

top five percent (n ; 17) species-rich grid cells, whereas rarity hotspots were all grid cell s containing 

database rare species « I % of grid cells; n :5 3) (van laarsve ld et 01., 1998a). 
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Table 1: In formation on spccics presence data. 

Taxa Number of Time span Number of Number of grid Rare species, in 

records species cells with records less than 1 % of 

grid cells 

Birds 79082 1980-95 581 336 (100%) 25 (4.3%) 

B u tterfl i es 3725 1900-80 369 142 (42%) 92 (24%) 

Endemic 4451 1900-96 366 295 (87%) 112 (30.6%) 

plants 

Mammals 5929 majority after 191 268 (79%) 32 ( 16.8%) 

1980 

Total 93187 1507 336 (100%) 261 (17.3%) 
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Table 2. Land-cover classes reclassified into categories and the percentage of the study area covered by 

each category. 

Land-cover category 0/0 area Land-cover classes 

natural vegetation 70.7% forest and woodland; forest; thicket, bushland; shrub land and 

low fynbos; herb land; grassland ; wetlands. 

modified vegetation 6.6% all degraded classes (6.2%); 

waterbodies (0.3%). 

transformed 22.7% all cultivated classes (15.7%); 

all urbanlbuilt-up classes (2.8%); 

mines and quarries (0.4%); 

forest plantations (3.8%). 
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This defined rarity could be thc consequence of a restricted range or inadequate sampling effects 

(Gaston, 1991). Complementary sets representing all species at least once, were identified using a rarity

based algorithm that included an adjaccncy constraint (Nicholls & Margules, 1993). To take the 

contribution of existing national and provincial parks into account (Figurc 1), all species occurring in 

one or more grid cells that overlap more than 90% with protected areas, wcre treated as already 

represented and were excludcd from the selection proccdurcs. 

To identify a conservation area nctwork that reduces conflict with other land-uses, thc algorithm 

was modified to include constraints that successively exclude from selection grid cells that arc more than 

10,20,30 ... 90% transformed or modified (Lombard et at., 1997). In essence, the land-usc constrained 

(LUC) algorithm was initially limited to select only grid cells that were less than 10% modified or 

transformed until no new spccies could be added to the system. After that it proceeded in a step-wise 

fashion to selcct grid cells that are more than 10,20,30 ... 90% modified or transformed, until all spccies 

were rcpresented. The LUC algorithm was therefore based on a trade-off between the primary objective 

of avoiding transformed land and a secondary objective of minimising the number of grid cells required 

to represent all species, i.e. maximising efficicncy (Pressey et at., 1993; Nantcl et at., 1998). 

Results 

Table 2 provides the percentages of the study area covered by the three land-cover categories. 

Approximately 23% of the study arca was transformed, whereas 6.6 % was modificd, with degradation 

accounting for the majority (6.2%) of the latter (Table 2). Figure I to Figure 3 illustrate the distribution 

of grid cells that havc becn modified or transformed to various degrees. 

Of the 17 identified richness hotspots, nine (53%), six (35%) and two (12%) were respectivcly 

more than 30, 50 and 70% modified or transformed. 17% (26111507, Table I) of thc species werc 

recorded in less than onc percent of the grid cells. These rare species occurred in 149 rarity hotspots of 

which 60 (40%), 29 (19%) and six (4%) were more than 30, 50 and 70% modified or transformed. 

Seventeen of the grid cells overlapping with the Kruger National Park (2 million hal fall more 

than 90% within this protected area (Figures 1-3) . These 17 grid cells included at least one record for 

772 species, thus Icaving 735 species (hereafter refcrred to as remaining species) to be rcpresented 

elsewherc. 

Figure 4a illustrates the cumulative number of remaining species represented within each grid 

cell selected by the unconstrained and LUC algorithms. To represent all rcmaining species (n = 735), the 

unconstrained algorithm selected 77 grid cells (24% of 319), of which 36 (47%), 20 (26%) and four 

(5%) were rcspcctively more than 30, 50 and 70% modificd or transfonned (Figure 2). Spccies were 

rapidly added during the first quartcr of the unconstrained algorithm's curve, after which progress was 

slowcr (Figure 4a). The curve of the LUC algorithm periodically acceleratcd and slowed down to form 

distinct steps as the algorithm successively selected from sets of grid cells which were increasingly 
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modified or transformed, at 10% increments (Figure 4a) . 

Figure 4b illustrates the percentage modification and transformation within each indi vidual grid 

cell selected by the two algorithms. The unconstrained algorithm showed considerable variation 

throughout the entire curve, with no apparent trend (Figure 4b). The LUC algorithm's curve (Figure 4b) 

displayed some variation within each of the steps and clearly illustrates its attempt to near-minimise the 

extent of modi fied or transformed areas within the grid cells se lected. 

Figure 5 illustrates the land-use scenarios within the grid cells selected by the unconstrained and 

LUC algorithms. The complete reserve network selected by the LUC algorithm contained 7.8% more 

natural habitat than the set selected by the unconstrained algorithm (Figures Sa & 5b). The LUC 

algoritlun required a total of 119 grid cells to represent all remaining species (Figure 3); 54% more than 

the unconstrained algorithm (n = 77). The LUC algorithm managed to represent 88% of all species 

within 81 grid cells which werc Icss than 30% modified or transformed (Figures 4a & 4b), with an 

average of 13% modified or transformed area per grid cell. The LUC algorithm proceeded to represent 

95.4% of the species in 102 grid cclls which were less than 50% modified or transformed (average of 

19% modified or transformed area per grid cell) (Figures 3 & 5c). An additional 17 grid cells, which 

were more than 50% modified or transformed (average of 60% modified or transformed area per grid 

cell) were required to represent the deficit of34 (4.6%) species (Figures 3 & 5d). 

Discussion 

Land-lise scenarios alld potential conflict areas 

Since the turn of the century the area of cultivated land in SA has steadi ly increased from approximately 

three percent in 1911 to eight percent in 198 1 (Scotney et al., 1988). The three provinces (Mpumalanga, 

Gauteng and Northern province) include extensive areas of arable land and as a result 15.7% of the study 

area has been transformed by cultivation. Forestry plantations (3.8%) and urbanlbuilt-up areas (2.8%) 

account for the remaining land transformation (Table 2). However, the study area has not been 

excessively modified or transformed, since 70% is sti ll covered by natural vegetation. Land-uses within 

areas covered by natural vegetation include wildlife reserves, game ranching and cattle grazing 

(rangeland), all of which are considered to be amenable to biodiversity conservation (Pressey, 1992). 

When compared with other biodiversity assessments, where only 34% (Hokitika, New Zealand; Awimbo 

el al., 1996), 8% (Bega Valley, New South Wales; Keith, 1995) or as little as 7% natural vegetation 

remai ns (Western Australian wheatbeIt ; Saunders, Hobbs & Amold, 1993), the biodiversity in the 

present study area does not appear to be in the dire situation prevailing elsewhere. 

A number of grid cells identified as species richness hotspots, rarity hotspots or part of the 

complementary set selected by the unconstrained algorithm (Figure 2), were in reality largely 

transformed or modified (e .g. around the towns ofSabie, Tza neen, Graskop, Warmbad; Table 3). 
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Figure 2: Map of study area with grid cells selected by unconstrained complementarity algorithm, while 

taking cells into account that are more than 90% protected. Overlap with grid cells that are more than 30, 

SO and 70% modified or transformed is also included. 
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Figure 3: Map of study area with grid celis selected by land-use constrained algorithm (LUe), while 

taking celis into account that are more than 90% protected. The initia l 102 celis selected are distinguished 

from the additional 17 celis that were more than 50% modified or transformed. 
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Figure 4: Results of the unconstrained (dashed lines) and LUC (solid lines) selection algorithms: (a) 

Number of species represented within grid cells selected. (b) Percentage area modified or transformed 

within selected grid cell. Arrows indicate where the LUC algorithm starts selecting grid cells that are more 

than 50% transformed in order to represent the remaining 4.6% of the species. 
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Figure S: Percentage area of specified (a-d) selected sets of grid cells covered by natural vegetation (N), 

cultivation (C), urban / built-up (U), forestry plantations (F), degradation (0) or other modified land-cover 

classes (M). (a) Unconstrained algorithm, 77 grid cells representing all species; (b) Land-use constrained 

(LUC) algorithm, 119 grid cells representing all species; (c) LUC algorithm, 102 grid cells which are less 

than 50% modified or transformed, representing 95.4% of remaining species; (d) LUC algorithm, 17 

additional grid cells which are more than 50% modified or transformed representing 4.6% of remaining 
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Table 3: Land-use within a subset of highly transformed grid cells identified as richness hotspots, rarity 

hotspots or belonging to a complementary set selected by both the unconstrained and the LUC 

algorithms (Figure 2). 

Grid cell Cultivated Forestry Urban Degraded and Natural vegetation 

other modified 

:,iabie 2% 76% 1.5% 0.5% 20% 

zancen 25.5% 33% 2% 1.5% 38% 

Graskop 1.5% 57% 0.5 1% 40% 

Wamlbad 43% 0.5% 3.5% 5% 48% 

Pretoria 12.5% 1% 42.5% 0.5% 43.5% 

ohannesburg 0.02% 1% 67% 11.08% 20% 
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The most conspicuous of these potential conflict areas are grid cells that coincide with the Johannesburg 

and Pretoria metropolitan areas (Table 3) (Figure 2). Although these species data ascribe a high 

conservation value to the above-mentioned transformed areas, these areas may not support natural 

ecological processes or a complete assemblage of all native species (Baudry, 1993; Oi Benedetto el 01. , 

1993; Hobbs, 1993; Freemark, 1995). Therefore, these transformed areas should be avoided when 

striving to identify an attainable and viable conservation network. 

COlllparison of the unconstrained and LUC algorithms 

The seventeen grid cell s that were regarded as sufficiently protected (more than 90% overlapp ing with 

conservat ion areas, i.e. Kruger National Park) , represented 51 % of the 1507 specics in the database once. 

Although the cut-off value of 90% protected is as arbitralY as most other conservation targets, e.g. 10% 

of all vegetation types (Soule & Sanjayan, 1998), this stringcnt precondition is an attempt at maximisi ng 

the probability that all species recorded within a grid ccl l are protected. 

Figure 4a illustrates the efficiency of the unconstrained rarity-based algorithm (Nicholls & 

Margules, 1993) at representing the remaining 735 species. However, applying this "naive" algorithm, 

without taking land-cover data into account, resulted in the sclection of grid cells that were highly 

modified or transformed (Figure 2). Seeking effic iency during reserve selection by minimising land 

requirements, clearly provided results that were impractical conservation options. In accordance with 

previous findings (Nantel et al., 1998), thc present study illustrated that attempts to avoid conflict with 

other land-uses entails selecting a larger numbcr of areas (between 40 and 55% more) to achi eve the 

same conservation goals. To increase the percentage natural vegetation within the sc lected set with 

7.8%, required an additional 42 grid cells, thus increasing the percentage of grid cells selected from 24% 

(77 / 319) to 37% (119 / 319)(Figures 4a, 5a & 5b). 

Figures 4a and 4b clearly illustrate how the LUC algorithm compromised efficiency to avoid 

transformed areas. The LUC algorithm accelerated and slowed down periodically as it attempted to 

represent the maximum number of species within successive sets of grid cells containing specified areas 

of modified or transformed land (at 10% increments) (Figure 4a). This is in contrast to the results of the 

unconstrained algorithm which varied considerably in terms of the extent of modification and 

transformation in the grid cells selected (Figure 4b). 

To represent the final 34 species (4.6%) (Appendix J) , the LUC algorithm had no other option 

but to select 17 highly transformed (more than 50% transformed) grid cells (Figure 5d) which wcre also 

selected by the unconstrained algorithm (Figures 2 & 3). The overall effectiveness of the land-usc 

constraint (Figure 5b) at maximising the amount of natural habitat within a selected set of areas depends 

on the availability of alternative areas for the representation of rarely recorded species. Therefore, this 

effectiveness would have been higher if the number of rare species recorded within highly transformed 

areas were lower (Table I; Appendix J). Whether or not portions of these highly transformed grid ce ll s 
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(Figure 3) should be included in a protected area network can not be determined from the available 

coarse sca le biodiversity (IS' x IS' grid cells) and the land-cover data (1:250000). 

These results therefore illustrate how this regional biodiversity assessment can highlight areas 

where the nature and reality of potential conflict between land-uses and conservation interests should be 

thoroughly investigated at a local scale (Erhardt, 1985; Herkert, 1991; Delphey & Dinsmore, 1993; 

Nantel et al., 1998). Although the present study presented a simple method of incorporating land-use 

(land-cover) information into the convcntional reserve selection algorithms (Nicholls & Margules, 1993; 

van laarsvcld et al., 1998a) as a constraint, multi-criteria analyses which allow trade-offs between 

conservation and development, have previously been employed to select protected areas based on the 

principlc of complementarity (Faith & Walker, 1996). 

Species within conflict areas 

The conservation status of species only recorded in grid cells which are more than 50% modified or 

transformed, are summari sed in Appendix I. Many of the butterfly species and onc bird species 

(Burchell's courser, Cursorius rufils) are common elsewhere and arc therefore not conservation priorities 

for the study area (Appendix I). It may however, prove useful to includc "regional occupancy" and 

"relative endemism" scores into similar future analyses in order to prioritise species for conservation 

within a specific study area (Freitag & van laarsve ld, 1997; Freitag et aI., 1998). 

Where conflict areas are identified by this regional assessment, crucia l habitats within these 

highly transformed grid cells can be identified and protected to ensure the survival of the spccific 

species. The regional assessment revealed that one of the butterfly species, A/aena margaritacea 

(Wolkberg Zulu), which is listed as vulnerable by the Red Data Book (Henning & Henning, 1989), is 

currently confined to a single known locality in the Northern province, that is 30% transformed by 

forestry and 20% degraded. Two other butterfly species, Coe/iades anchises (One-pip Poli ccman) and 

Deudorix penningtoni (Pennington's Playboy) which are respectively li sted as unconunon and conunon 

to the study area (Pringle, Henning & Ball, 1994), have only been recorded in highly transfonned or 

modified areas and therefore warrant further investigation. 

The two bat species li sted in Appendix I are rare vagrants throughout Africa and are therefore 

not necessari ly conservation priorities within the study area. Within South Africa the Mozambique 

woodland mouse (Grammomys cometes) is restricted to northern KwaZulu-Natal and south-eastern 

Mpumalanga (Skinner & Smithers, 1990), where more than 47% of the single grid cell in which it has 

bccn recorded is transformed by forestry. Of the birds in Appendix I, the strippcd flufftail (Sarothrura 

affini) is listed as threatened (Brooke, 1984), while 13 and 42% of its range in the grasslands of the study 

area has been transformed by agriculture and forestry respectively. 

Two of the plant species in Appendix I are listed as rare (Hilton-Taylor, 1996). Aloe peglerae 

(Turk's cap or Mountain Aloc) is listcd as rarc and only occurs in areas around Pretoria and west of 
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Johannesburg, which have been in highly transfornled by cultivation and urban development. Although 

Borassus aerhiopum (Borassus palm) is found elsewhere in Africa, it has a protected status in South 

Africa (Pal grave, 1983), where isolated plants occur in the intensively cultivatcd (30%) and degraded 

(21%) area south ofTzaneen. 

This regional biodiversity assessment also allows us to investigate the land-usc circumstances 

within the ranges of other important species. Of the grid cells where the globally thrcatened blue 

swal low (Hirundo atrocaerulea) has been recorded, only 51 % of the original grassland remains, while 

some 38% is transformed by forestry and 5% by cultivation. Within the study area, the area of 

occupancy of the globally threatened Southcrn bald ibi s (Geronricus calvus) (Collar, Crosby & 

Statterfield, 1994; Harrison et al., 1997) has been degraded (12%) and also transformcd by both 

cultivation (17%) and forestry (II %). The endangered Juliana 's golden mole (Amblysomus juliana e) is 

endemic to the study area and has a very limited and fragmented distribution (Skinner, In Press). The 

type locality of this species has however been almost completely transformed by urban development and 

sand mining along the eastern outskirts of Pretoria (Bronner, 1995). 

Vandermeer & Perfecto (1997) suggested that conservation biologists shou ld start thinking of 

agroecosystems as legitimate objects of study and begin asking the same questions about agroecosystems 

thcy ask of "pristine" or "natural " systems, in an endeavor to preserve biodivcrsity through sustainable 

agriculturc (Srivastava, Smith & Forno, 1996b; Smith, 1996). Therefore there is an urgent necd in South 

Africa for stud ies on the effects of various land-uscs on biodiversity across a hi erarchy of spatial and 

tcmporal scales . 

Conclusions 

The benefit of maximizing the area of natural habitat within a selected set of areas by incorporating a 

land-use constraint, carries the cost of selecting a larger total number of areas (grid cells), whilc the 

representation of all recorded species may rcquirc some Icvel of protection for crucial habitats within 

highly transformed areas. It is however, unlikcly that all the areas identified in thesc anal yses (Figures 2 

& 3) can be formally protected and therefore the long-term conservation of biodivcrsity also depends on 

maintaining hospitable environments within managed landscapes (Noss & Harris, 1986; Western, 1989; 

Soule, 1991; Pimentel er al., 1992; Pressey & Logan, 1997; White ef al., 1997). The regional assessment 

presented here is an effect ive tool for identifying areas where thc future of spec ific species may rely on 

well coordinatcd "off-reserve" management (Keith, 1995; Prcssey et al., 1996). 

Moreover, methods arc nccdcd for prcdicting potential impacts of various land-uses on 

biodiversity across a hierarchy of spatial and temporal scales to make land-usc planning both clearer and 

better informed (Free mark, 1995; White et aI., 1997). As rudimentary rcscrve selection algorithms, 

based purely on biogeography, evolve into more practical tools by, for example, including land-cover 

data (Pimm & Lawton , 1998), they should be incorporated into regional land-usc planning decision 
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support systems (Ive & Cocks, 1988; Bedward el al., 1992; Pressey et aI., 1995), where they could 

systematically stake a claim for biodiversity. 
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Appendix I: Species which only occur in grid cells that are more than 50% modified or transformed. 

Species Common name Status Comments 

Butterflies 

Hyalifes cerasa Tree-top Acraea Common Coastal forest species and forests of 

(previously Acraea cerasa) elsewhere Mozambique. 

Alacna margaritacea Wolkberg Zulu Vulnerable' Confined to vicinity ofWolkbcrg mountains in 

Northern province. 

Anlanarlia hippomene Southem Short-tailed Conunon Common to woodlands and forests south of 

Admiral elsewhere study area. 

Cnodoflles paUida Pale Buff COlTU11on Very rare in S.A., common to Botswana 

elsewhere and northern Namibia. 

Coeliades anchises One-pip Policeman Uncommon Occurs in bushveld region of study area. 

Deudorix penning/ani Pennington's Playboy Conunon Found in a few localities within Mpumalanga 

and Northern province. 

Lepidochlysops letsea Free State Blue Conunon Occasional1y recorded in Gauteng. 

elsewhere 

Neptis alta Old Sailer Common Only a few known records south of Limpopo 

elsewhere river, i.e. S.A. 

Neptis kiriakolJi Kiriakofrs Sailer COllunon Very rarely recorded in South Africa, but 

elsewhere common 

in Mozambique and Zimbabwe 

Spialia agylla Grassveld Sandman Conunon Wide range throughout southern Africa, 

including Gauteng. 

Stygionympha robertsoni Robertson's Brown Common Rarely recorded in study area, conunon 

elsewhere throughout most of the arid south-western 

Africa. 

Stygiollympha vigilans Western Hillside Brown COllunon Rarely recorded in study area, common along 

elsewhere mountain ranges of south-western Cape of S.A. 

Mammals 

Eidolon helvum Straw coloured fruit bat Unconunon Migrant of tropical African forests. 

Scotophilus nigrita Giant yellow house bat Uncommon Very rare throughout Africa. 

Grammomys cometes Mozambique woodland Uncommon Widespread through Africa, also found in 

mouse south-eastern MpumaJanga and northern 

Kwazulu-Natal. 

Birds 

Sarotlu·ura affini Stripped flufftail Threatened2 Occurs in montane grassland ofMpumalanga. 

Cursorius rufus Burchell's courser Common Conunon to dry western region of southern 

elsewhere Africa. 

Turtur aler Bluespotted dove Unconunon Occurs in evergreen and riverine forests. 
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Motacilla cinerea Grey Wagtail 

Addendum II. Land-cover in biodiversity assessments 

Uncommon Palearctic migrant, non-breeding visitor to 

Africa. 

Plants (Endemic, i.c. within So uth Africa only reco rded in st udy area .) 

A/oe a/ooides (Bolus) Graskop aloe Locally Common in inaccessible mountains of 

Aloe /wescens 

A/oe mar/atllii sub!Jp. 

marlathii 

A/ae parvibracteata 

A/oe peg/erae 

BlecJlIlWIl allstrale val'. 

allslrale 

Bleclll1um sp. 

Borassus aefhiopulJl 

Cheilalllhes inaequalis 

val'. il/aequa/is 

Cyperus e/ephantinus 

Cyperus fii/gens val'. 

contractus 

Dlyopferis athamantica 

Eriocauloll sp. 

Marsi/ea capensis 

Scilpus ficil/ioides 

Aloe family 

Mountain aloe 

Aloe family 

Turk's cap, Mountain 

aloe, Red hot poker 

Fern 

Fern 

Borassus Palm. 

Ferns and fern allies 

Cyperaceae family, 

Sedge family 

Cyperaccae family, 

Sedge family 

Pannae-radix 

Pipcwort family 

Fern 

Cyperaceae family, 

Sedge family 

conunon Mpumalanga. 

Unconunon Found between Soutpansbcrg and Limpopo 

river. 

Uncommon Found in Gauteng, Pretoria, Magaliesbcrg, 

Suikerbosrand. 

Uncommon Occurs in Mpumalanga, but also possibly 

in KW3zulu-Natal. 

Rare and conftned to MagaJiesberg and 

Witwatersberg in Gauteng. 

Uncel1ain Also recorded elsewhere in Africa, 

i.c. Zimbabwe, Kenya. 

Uncertain Undescribed species of cosmopolitan genus with 

six species in S.A. and three varieties endemic 

to eastern parts of subcontinent. 

Rare and protected in Northern province, but 

also found north of Limpopo river. 

Uncertain Found in north-eastern parts of S.A., but also 

elsewhere in Africa. 

Uncertain Occurs in Northern province and tropical Africa. 

Uncertain Occurs in Northern province and tropical Africa. 

Uncertain Eastern parts of Southern Africa and tropical 

Africa 

Uncertain Undescribed species, possibly also occurs 

elsewhere in wet parts of S.A. 

Uncertain Widespread in Africa, i.e. Zambia and Egypt. 

Uncertain Found in Mpumalanga and Gauteng, but also 

elsewhere in Africa. 

1. South African Red Data Book - Butterflies, Henning & Henning (1989). 

2. South African Red Data Book - Birds, Brooke. ( 1984). 

3. Red Data List of So lith ern African Plants, Hilton-Taylor ( 1996). 
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