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9 Abstract Synergies between biodiversity conserva-

10 tion objectives and ecosystem service management

11 were investigated in the Succulent Karoo biome

12 (83,000 km2) of South Africa, a recognised biodiver-

13 sity hotspot. Our study complemented a previous

14 biodiversity assessment with an ecosystem service

15assessment. Stakeholder engagement and expert con-

16sultation focussed our investigations on surface water,

17ground water, grazing and tourism, as the key services

18in this region. The key ecosystem services and service

19hotspots were modelled and mapped. The congruence

20between these services, and between biodiversity

21priorities and ecosystem service priorities, were

22assessed and considered these in relation to known

23threats. Generally low levels of overlap were found

24between these ecosystem services, with the excep-

25tion of surface and ground water which had an 80%

26overlap. The overlap between ecosystem service

27hotspots and individual biodiversity priority areas

28was generally low. Four of the seven priority areas

29assessed have more than 20% of their areas classi-

30fied as important for services. In specific cases,

31particular services levels could be used to justify the

32management of a specific biodiversity priority area

33for conservation. Adopting a biome scale hotspot

34approach to assessing service supply highlighted key

35management areas. However, it underplayed local

36level dependence on particular services, not effec-

37tively capturing the welfare implications associated

38with diminishing and limited service provision. We

39conclude that regional scale (biome level) approaches

40need to be combined with local level investigations

41(municipal level). Given the regional heterogeneity

42and varied nature of the impacts of drivers and threats,

43diverse approaches are required to steer land manage-

44ment towards sustainable multifunctional landscape

45strategies.
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50 Introduction

51 Classic conservation approaches with their narrow

52 focus on species preservation and reserve design

53 have increasingly been supplemented by new strate-

54 gies in an effort to deal with the unprecedented scale

55 of human impacts and often constrained resources

56 (Fischer et al. 2006; Redford and Adams 2009). These

57 new strategies complement formal protected areas, by

58 focussing on the management of off-reserve areas and

59 working landscapes which include humans and their

60 production activities (Pence et al. 2003; O’Farrell et al.

61 2009b).

62 More recently these broader approaches have

63 begun to focus on ecosystem services, the benefits

64 that people derive from ecosystems (MA 2005; Diaz

65 et al. 2006), as a way to include human needs and

66 well-being into conservation strategies. The rationale

67 behind these ecosystem service based approaches for

68 conservation is that by understanding and mitigating

69 the threats posed to ecosystem services one will also

70 conserve the biodiversity that underpins these ser-

71 vices, while at the same time increasing the rele-

72 vance, incentives and funding resources of these

73 conservation efforts (Vira and Adams 2009). Despite

74 concerns around possible unintended negative con-

75 sequences (McCauley 2006; Redford and Adams

76 2009; Vira and Adams 2009) and limited congruence

77 between biodiversity and ecosystem services (Chan

78 et al. 2006; Egoh et al. 2009; Reyers et al. 2009)

79 ecosystem based approaches have grown in number

80 and coverage over the past decade and are now a key

81 focus of many conservation organisations and the

82 topic of much research and development projects

83 (Goldman and Tallis 2009; Tallis and Polasky 2009;

84 Tallis et al. 2009).

85 A recent development, focused at a landscape

86 scale (several thousand hectares), is the notion of

87 landscape multi-functionality, which moves away

88 from the traditional management of a single func-

89 tion landscape manipulated to, for example, either

90 produce food or serve as a recreation area, to a

91 landscape offering multiple environmental, social

92and economic benefits (de Groot 2006; Wiggering

93et al. 2006; Carpenter et al. 2009; Daily et al. 2009;

94Lovell and Johnston 2009a). The design (Nassauer

95and Opdam 2008) and management of landscapes

96with multiple goals, including sustainable food pro-

97duction, biodiversity conservation, water production

98and job creation, holds the potential to improve both

99production and ecological functions and therefore the

100longer term resilience or sustainability of the land-

101scape (McNeely and Scherr 2003). This is an

102appealing prospect and will require the consideration

103of the inherent contributions of various landscape

104features to multiple goals (Lovell and Johnston

1052009a). Furthermore, it requires a thorough under-

106standing of synergies, threats and trade-offs between

107multiple goals (De Fries et al. 2004; Rodriguez et al.

1082006; Carpenter et al. 2009; Daily et al. 2009; Reyers

109et al. 2009), a good knowledge of the social context

110in terms of stakeholders, institutions and incentives

111(Cowling et al. 2008) and the ability to transfer all of

112this knowledge into the design and establishment of

113multi-functional landscapes (Nassauer and Opdam

1142008).

115This study investigated synergies at a landscape

116level between biodiversity conservation objectives

117and ecosystem service use and management as a first

118step towards understanding the potential for multi-

119functional landscapes and the fostering of sustainable

120agricultural practices. It was by no means a compre-

121hensive assessment of all of the issues listed in the

122previous paragraph, rather it focused on the contri-

123bution of landscape features to ecosystem services,

124the beneficiaries of these services, their relationship

125with biodiversity priorities, and threats facing these

126services. By so doing the study aimed to identify

127possible synergies and trade-offs in the achievement

128of multiple goals.

129The Succulent Karoo Biome in Western South

130Africa is a suitable case study to apply the concept of

131multi-functional landscapes in semi-arid environ-

132ments. The biodiversity of this region has received

133considerable research attention and is well docu-

134mented (Cowling and Pierce 1999; Cowling et al.

1351999a, b; Joubert and Ryan 1999; Seymour and Dean

1361999; Todd and Hoffman 1999; Cowling et al. 2003;

137Anderson and Hoffman 2007; Cousins et al. 2007;

138Desmet 2007; Hoffman and Rohde 2007; Hoffman

139et al. 2007). The global significance of this biome, one

140of only two semi-arid global biodiversity hotspots or
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141 areas of extreme biological richness (Mittermeier

142 et al. 2005), has resulted in substantial investments in

143 the assessment and management of the region’s

144 biodiversity through the Succulent Karoo Ecosystem

145 Program (SKEP) (SKEP 2003b). Using a combination

146 of technical expertise and stakeholder involvement,

147 SKEP undertook a detailed conservation assessment.

148 Here they identified both biodiversity priority areas

149 for conservation (Fig. 1) and those areas that also

150 contributed to the creation of living landscapes able to

151 support all forms of life now and in the future (SKEP

152 2003b). SKEP did not explicitly assess the benefits

153 humans get from these landscapes.

154 Our study complemented this SKEP biodiversity

155 assessment with an ecosystem service assessment

156 (MA 2003; Carpenter et al. 2009; Daily et al. 2009).

157 The key ecosystem services and service hotspots

158 were investigated, modelled and mapped. The con-

159 gruence between these services, and between biodi-

160 versity priorities and ecosystem service priorities, was

161 assessed and considered in relation to known threats

162 to this area, in particular climate change. We conclude

163 with some lessons learnt during the study on the

164 opportunities and constraints offered by these broader

165 approaches to the conservation of the region’s biodi-

166 versity and ecosystem services through the adoption

167 of a multi-functional landscape approach.

168Methods

169Study area

170The Succulent Karoo is an arid to semi-arid biome in

171western South Africa. This biome is noted for its

172exceptional succulent and bulbous plant species

173richness, high reptile and invertebrate diversity, rich

174bird and mammal life, and is the most diverse arid

175environment in the world (CEPF 2003; Desmet 2007;

176SKEP 2008). This globally important biodiversity

177hotspot is under significant pressure from a range of

178human impacts including mining, crop agriculture and

179overgrazing, inappropriate developments and pro-

180jected climate change (Hoffman and Ashwell 2001;

181Hewitson and Crane 2006; Keay-Bright and Board-

182man 2006; Rouget et al. 2006; MacKellar et al. 2007;

183Thompson et al. 2009). These threats also place the

184social and economic systems here at risk. Agriculture

185is the primary land use activity in the biome, and

186while dominant activities vary from region to region

187within the biome, extensive livestock farming is the

188primary pursuit. Irrigated crop production, which

189generates relatively higher levels of income, is

190confined to those areas with reliable supplies of large

191volumes of water, limited to the main river systems.

192The headwater catchments that provide the water for

Fig. 1 The SKEP planning

domain and the biodiversity

priority areas for

conservation. Based on

SKEP data downloaded

from the BGIS website

(http://bgis.sanbi.org/skep/

project.asp) in October

2008
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193 farming are all found in the mountain areas outside of

194 the Succulent Karoo biome. Copper and dimond

195 mining have been historically important, but is now

196 largely confined to the northern region (Carrick and

197 Kruger 2007). Tourism has recently displaced mining

198 and agriculture in certain regions (Hoffman and

199 Rohde 2007), providing financial relief. The Succu-

200 lent Karoo, like other semi-arid parts of the world, is

201 home to some of the most vulnerable people and

202 places in the country, and people depend on a variety

203 of natural resources for their survival (James et al.

204 2005).

205 Identifying services

206 An extensive literature review focussed on all aspects

207 of the succulent karoo was undertaken, and stake-

208 holders and experts consulted, to identify the benefi-

209 ciaries and the ecosystem services present in

210 Succulent Karoo biome. Eighteen different benefi-

211 ciary groups were identified who collectively relied on

212 41 associated ecosystem services (Appendix 1, 2 in

213 Supplementary material). The provision of three key

214 services, namely: water supply, grazing provision, and

215 tourism, which were directly linked to the 41 identi-

216 fied services, formed the focus of our analysis.

217 The Succulent Karoo biome boundary as defined

218 by the national vegetation map was used in assessing

219 grazing provision and tourism (Mucina et al. 2006).

220 In the case of the water provision service, it was

221 necessary to extend the service area boundary beyond

222 that of the vegetation to align with the most basic

223 hydrological units, these being the headwater catch-

224 ments of the river systems of the Succulent Karoo

225 (Midgley et al. 1994b). Within each of these defined

226 areas the key services were modelled and the major

227 threats discussed. Our approaches are discussed

228 below.

229 Water

230 The assessment of water services drew on a variety of

231 previous studies (e.g., theWater Situation Assessments,

232 Internal Strategic Perspectives, Water Resources 1990

233 study and its prepublication 2005 update, Water

234 Resource Management System, national Groundwater

235 Resource Assessment Phase 2 and related studies)

236 (Braune and Wessels 1980; Görgens and Hughes 1982,

237 1986; Midgley et al. 1994b; DWAF 2003a, b, 2004a, b,

2382005; DWAF GRA2 2005). Both the water supply

239function and the flow regulation role that ecosystems

240play in the service of water provision as focussed on.

241The mean annual runoff according to catchments, and

242mean the annual groundwater recharge for the hydro-

243logical domain was mapped. Groundwater recharge is

244an important parameter for estimating how much

245groundwater is potentially available for use. The

246recharge was estimated from the rainfall and factored

247in underlying aquifer types (lithology) and long-term

248mean recharge from sample of points spread across the

249country (DWAF GRA2 2005).

250Grazing

251The grazing service spatial data were derived from the

252national vegetation map of South Africa (Mucina and

253Rutherford 2006) and the South African 1:250,000

254maps of areas of homogeneous grazing potential

255(Scholes 1998). Scholes’s (1998) approach to esti-

256mating grazing potential was adopted because it

257explicitly incorporates climate, soil type and vegeta-

258tion and is been calibrated with long-term observa-

259tions of stocking rates of wildlife and livestock

260systems that have not caused irreversible degradation

261in the short term. This approach estimates the

262potential mean carrying capacity of the land, not the

263actual available grazing, and therefore does not take

264the impacts of overgrazing which may have occurred

265into account.

266Tourism

267Understanding tourism as an ecosystem service

268requires the identification of the biodiversity, eco-

269system and landscape features or assets that drive

270tourism, as well as the socio-economic features that

271drive its promotion and development. This has been

272recognised as being extremely difficult to achieve

273(European Communities 2008; Shackleton et al.

2742008). In the case of the Succulent Karoo the best

275and most widely known tourism attractions are the

276diverse spring flowers (Turpie and Joubert 2001;

277James et al. 2007) and the relatively undeveloped

278landscapes with little (apparent) evidence of human

279impact (Reyers et al. 2009). To determine the travel

280routes followed by tourists, we examined tourist

281brochures and travel guides, contacted tourism asso-

282ciations, examined the Automobile Association’s
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283 accommodation database (AA 2005) to determine

284 where accommodation was located, and identified

285 tourism features, including protected areas, heritage

286 sites, and cultural features from the Environmental

287 Potential Atlas database for South Africa (DEAT

288 2001). Tourism viewsheds, which were areas visible

289 to tourists (i.e., up to 10 km) travelling by road along

290 the identified tourist routes were then created. This

291 line of sight analysis was corrected for changes in

292 elevation, using the SRTM 90-m digital elevation

293 model. Other landscape features considered to be

294 tourist attractions were mapped as conservation areas

295 (CSIR 2007). Therefore, we mapped this tourism

296 service as a combination of tourism routes and their

297 viewsheds, together with landscape features known to

298 attract tourists.

299 Mapping hotspots and assessing congruence

300 The maps of ecosystem services were evaluated in

301 terms of their area of production and overlap with one

302 another. For the purposes of comparison, each map of

303 ecosystem services was classified into high, medium,

304 and low production classes. For the continuous

305 variable maps of grazing production and water

306 provision, these classes were determined using a

307 Jenks natural breaks classification in ArcGIS� 9.2

308 (Environmental Systems Research Institute 2008).

309 For the tourism map all areas of a viewshed were

310 included as high production areas (Prendergast et al.

311 1993, 2008).

312 Following Egoh et al. (2008), overlap was assessed

313 between high production areas, hereafter referred to

314 as ‘‘ecosystem service hotspots’’, by assessing the

315 proportional area of overlap as a percentage of the

316 smallest hotspot (Prendergast et al. 1993).

317 These are the key areas of service delivery requir-

318 ing specific management, understanding and assess-

319 ing threats.

320 We were specifically interested in the levels of

321 congruence between ecosystem service hotspots and

322 previously identified biodiversity priorities produced

323 through the SKEP study (SKEP 2003a). How much

324 of each priority area is covered by ecosystem service

325 hotspots, and how much of the ecosystem service

326 hotspots fell into priority areas was examined. The

327 levels of overlap between all ecosystem service

328 hotspots combined and the biodiversity priority areas

329 were also considered. This was done to assess the

330utility of an ecosystem service approach in justifying

331the selection of the biodiversity priority areas and

332also to assess the value of the biodiversity priority

333areas for managing ecosystem services.

334Results and discussion

335Water

336High regional variation in rainfall is responsible for

337the wide range in mean annual runoff rates (Fig. 2).

338All of the catchments to the north and west have less

339than 2.5 mm of runoff per year. The inhabitants of

340those areas are completely dependent on groundwater

341recharge from periodic heavy rainfalls, and ephem-

342eral surface flows in the rivers which recharge

343alluvial aquifers. The south and central region (south

344of Nieuwoudtville, Fig. 2) has slightly higher runoff

345([10 mm/year) compared with areas to the north, and

346the rivers in this region generally have a seasonal

347flow. The southern and eastern parts of the hydro-

348logical domain have relatively high levels of surface

349water runoff ([10 mm), the rain shadow areas in the

350interior are the exception.

351The overall pattern of ground water recharge is

352dominated by the distribution of the rainfall but it is

353also strongly influenced by the higher recharge

354potential of the underlying geology in the mountain

355ranges (Fig. 3). The south western and central eastern

356regions are of key importance in ground water

357recharge. These amounts reflect the mean recharge

358rates, the actual amounts will vary depending on the

359recent rainfall regime and, particularly in arid areas,

360the periodic occurrence of rainfall events that are

361large enough for the water to pass through the

362unsaturated zone and recharge the aquifer.

363Arguably the greatest threat facing the Succulent

364Karoo biome and its inhabitants is climate change.

365Increases in air temperatures and declines in rainfall,

366particularly winter rainfall, are expected for most of

367this region (Hannah et al. 2002; Hewitson and Crane

3682006; MacKellar et al. 2007). The reduction in rainfall

369will result in a greater reduction in surface and ground

370water availability, as relationships between rainfall

371and runoff are non-linear (i.e., the rainfall:runoff and

372rainfall:recharge ratios decline as rainfall decreases)

373(Midgley et al. 1994a; Zhang et al. 2001). Southern

374African data indicate a non-linear relationship
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375 between mean annual rainfall and mean recharge, with

376 a steep decline in recharge once annual rainfall drops

377 below 400 mm (Cavé et al. 2003). Furthermore, higher

378 air temperatures will increase evaporative demand

379 which will further increase soil moisture losses. The

380 northern catchments are expected to be the most

381 severely affected, moving towards a more extreme

382 desert climate. In addition to climate change impacts,

383increased demand for water, wasteful use, and the

384depletion of fossil groundwater resources present

385further challenges.

386Grazing capacity

387The grazing capacity of the Succulent Karoo study

388area was found to be spatially heterogeneous (Fig. 4),

Fig. 2 Mean Annual

Runoff per quaternary

catchment, which ranges

from 0.2 to 2.5 mm (for

most of the north and

interior) to 1,500 mm on the

southwest

Fig. 3 Mean annual

groundwater recharge (mm)

in the hydrological domain

of the Succulent Karoo

(DWAF GRA2 2005)
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389 largely following rainfall patterns and soil types. The

390 grazing potential ranges from 18 to 22 LSU/km2 right

391 down to 0 to 1 LSU/km2. Areas with the highest

392 grazing potential are situated in the south of the

393 region. Areas with moderate grazing potential are

394 closely associated with areas of high potential, but

395 also occur further north as well. Low potential

396 grazing areas occur in all of the above locations,

397 but are dominant in the west and far north. Most of

398 the far northern region (Namaqualand) is in the 0–1

399 LSU/km2 range and this is also the area where most

400 of the non-commercial, subsistence livestock farming

401 is practiced. This finding highlights the marginal

402 nature and fragility of the grazing service in these

403 areas where it is an important factor in peoples’

404 livelihood security and value systems.

405 With soil moisture as the key driver of grazing

406 production, reduction in rainfall will result in con-

407 comitant decreases in this service. However, more

408 research is needed to address key uncertainties in

409 assessing the magnitude of the impacts (Tietjen and

410 Jeltsch 2007). The increase in the concentration of

411 CO2 in the atmosphere may increase the water-use

412 efficiency, particularly of plants with C3 photosyn-

413 thetic pathways (Farquhar 1997). Biological soil crusts

414 play an important role in soil stabilisation and in

415 vegetation productivity through nitrogen fixation and,

416 at least in some cases, increased water infiltration

417(Belnap and Lange 2003; Le Maitre et al. 2007a).

418Cover of biological crust is broken and reduced by

419livestock trampling making fine-textured soils vulner-

420able to erosion by wind and water (Esler et al. 2006).

421These crusts are also known to be sensitive to increases

422in temperature and decreases in rainfall which, com-

423bined with their sensitivity to ultraviolet radiation,

424makes them vulnerable to climate change (Belnap

425et al. 2004, 2008). Therefore, the utilisation of grazing

426services into the future may compromise service

427production under conditions of climate change.

428The grazing services of the Succulent Karoo

429biome have been utilized for livestock production

430for around 2000 years (Deacon et al. 1978; Smith

4311983). The indigenous Khoikhoi pastoralists followed

432a transhumance lifestyle moving livestock between

433different vegetation types according to seasons

434(Smith 1983), allowing them to access both water

435and grazing throughout the year (Penn 1986). These

436strategies were adopted by settlers to the region and

437continue being practiced today to a much lesser

438degree and in specific areas. This is largely due to

439political and economic development, and private land

440ownership, that has constrained movements to within

441specific areas, or between two farms with one being

442outside of the Succulent Karoo biome. Whilst move-

443ments are constrained, farmers perceive seasonal

444differences in vegetation types and move stock on a

Fig. 4 Potential grazing

capacity of the Succulent

Karoo vegetation showing

the homogenous areas that

have the same large stock

unit (LSU) capacity (based

on Scholes 1998). Biome

boundaries as defined by

Mucina et al. (2006)

Landscape Ecol

123

Journal : Medium 10980 Dispatch : 3-6-2010 Pages : 16

Article No. : 9495 h LE h TYPESET

MS Code : LAND-09-2149 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f

POFarrell
Inserted Text
s



U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

445 seasonal base between these within one farm (O’Far-

446 rell et al. 2007). Transhumance movements between

447 the Succulent Karoo and adjacent biomes historically

448 stabilized subsistence economies, but changes in land

449 tenure in the past century have led to sedentary

450 grazing and damage to the resource base (Archer

451 2000; Beinart 2003; Hoffman and Rohde 2007).

452 Additional damage to this grazing service was caused

453 by ploughing of alluvial deposits for subsistence

454 crops (Macdonald 1989; Thompson et al. 2009), and

455 by overstocking, particularly with ostriches at high

456 density on natural veld by supplementing the grazing

457 with food purchased from outside the biome (Dean

458 and Macdonald 1994; Herling et al. 2009).

459 Intensive heavy grazing resulting from a lack of

460 mobility and access to sufficiently different grazing

461 resources has resulted in changes in plant community

462 composition within this biome (Todd and Hoffman

463 1999; Anderson and Hoffman 2007). Natural plant

464 communities in valley bottoms have been demon-

465 strated to have reduced cover and dominance of

466 palatable species, and an increased dominance of

467 unpalatable species under sustained heavy grazing

468 (Allsopp et al. 2007). Anderson and Hoffman (2007)

469 found that sustained heavy grazing results in a

470 reduction in leaf succulent and woody plant cover,

471 increases in dwarf shrub cover, and plant commu-

472 nity functional composition shifts towards more

473ephemeral communities. These changes are a major

474cause for concern as grazing services become more

475tightly coupled to rainfall. Changes in rainfall will

476result in less grazing and poorer quality livestock with

477lower growth rates and, thus, decreased production of

478secondary goods such as meat and milk (Richardson

479et al. 2007), and increased livestock mortalities during

480drought periods (Anderson and Hoffman 2007).

481Tourism

482Our spatial analysis indicates that identified tourism

483service features varied across the Succulent Karoo

484biome. The north–south section (Namaqualand and

485Bokkeveld–Hantam–Roggeveld—Fig. 1) is charac-

486terised by its spring flower displays, and the east–

487west section (Southern Karoo—Fig. 1) is associated

488with scenic landscapes. We recognise that this

489represents only part of the tourism picture and

490excludes, for example, tourists who come on spe-

491cialist birding or plant trips. However, to keep this

492assessment manageable we focused on the areas

493visited to view flowers, and on the routes which are

494advertised for their scenic attractions.

495In the Namaqualand and the Bokkeveld–Hantam–

496Roggeveld region, flower displays on transformed or

497previously ploughed lands, and protected areas, are

498key attractions (Fig. 5). Based on the numbers of AA

Fig. 5 Tourism features

and tourist facilities in the

Succulent Karoo based on

data from the

Environmental Potential

Atlas (DEAT 2001)

supplemented with

accommodation data from

the AA database (AA

2005). Tourism routes

selected for this study
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499 rated tourist accommodation facilities, the urban

500 centres of Oudtshoorn, Clanwilliam, and Springbok

501 all feature as important tourism destinations, but

502 accommodation is available even in small settle-

503 ments. The important cultural and heritage features

504 such as the Cederberg (east of Clanwilliam) and the

505 Swartberg mountains north of De Rust (Fig. 5), both

506 renowned for their San rock art, are on the margins of

507 the Succulent Karoo biome. The major tourism routes

508 within the south region of the Succulent Karoo are

509 popular for their scenery and the vistas characterised

510 by wide open spaces with little obvious evidence of

511 human impacts (Fig. 6). The analysis highlights the

512 limited areas that tourists encounter and, unlike

513 grazing, the viewshed is typically not a landscape

514 or area wide feature. There are many vantage points

515 which provide extensive vistas over the Succulent

516 Karoo, but because these are not situated in the biome

517 itself, they were excluded from the assessment.

518 Climate change is also expected to have two major

519 implications for tourism in this region, affecting both

520 the biological attractions and constraining develop-

521 ments through water supply issues. Annual plant

522 species which typify spring in the Namaqualand and

523 Bokkeveld–Hantam–Roggeveld regions (Fig. 1) are

524 directly cued by rainfall (Van Rooyen et al. 1990) and

525 decreases in the size and probability of flower displays

526 are highly likely to result in a decrease in flower

527tourism to the region (James et al. 2007). If temper-

528atures increase beyond the optimal range then certain

529succulent species, for which this region is acclaimed,

530are likely to experience severe mortality and even

531become extinct (Musil et al. 2005; Midgley and

532Thuiller 2007). In addition, current tourism develop-

533ments in this region are water intensive; thus water-

534use efficiency and equitable allocation would need to

535be considered if tourism is to continue as a growth

536industry. A change in mindset of both tourists and the

537tourism service industry, as well as the development

538and use of water efficient technology are required.

539Ecosystem services distribution and hotspots

540There are generally low levels of overlap between the

541various ecosystem service hotspots, implying that

542areas important for one ecosystem service are rarely

543important for another (Table 1). An exception is the

54480% overlap between groundwater recharge and

545surface water hotspots, largely because they are both

546directly related to rainfall.

547The overlap between the area of the ecosystem

548service hotspots and the individual biodiversity prior-

549ity areas is generally low (Fig. 7; Table 2). All priority

550areas have at least 15% of there area classified as

551important for a particular ecosystem service (usually

552tourism), with four of these (Central Breede River

Fig. 6 Tourism viewsheds

for the Succulent Karoo

generated from identified

tourist routes and the SRTM

90-m digital elevation

model
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553 Valley, Central Little Karoo, Knersvlakte and Nam-

554 aqualand Uplands) being comprised with more than

555 20%. Tourism viewsheds occupy most of the priority

556areas, with the exception of surface water supply,

557where this service’s hotspot covers more than 50% of

558the Central Breede River Valley. The remaining

559ecosystem service hotspots do not occupy a large

560proportion of the SKEP priority areas. It is, however,

561important to differentiate between area of congruence

562and the quantity of each ecosystem service provided.

563Although ecosystem service hotspots may not occupy

564much area of a priority area, the priority areas still

565supply quantities of ecosystem services in an area of

566overall ecosystem service scarcity.

567The findings point to the potential for surface water

568management to help promote the conservation of the

569Central Breede River Valley and parts of the Central

570Little Karoo priority areas, while tourism and the

571maintenance of attractive viewsheds may help the

572cases of these and the other priority areas. When the

Table 1 Proportional overlap of ecosystem service hotspots

Ecosystem

service

Proportional overlap (%)

Surface

water

Groundwater

recharge

Grazing Tourism

Surface water –

Groundwater

recharge

80.5 –

Grazing 15.4 3.1 –

Tourism 3.8 0.9 26.9 –

Proportional overlap measures the area of overlap as a

percentage of the smaller hotspot to correct for the area

differences between service hotspots

Fig. 7 The distribution of

the ecosystem service

hotspots for surface water

(mean annual runoff),

groundwater recharge,

grazing and tourism

(viewsheds). These have

been overlaid with the

SKEP biodiversity priority

areas (stippled).

Biodiversity priority area

data downloaded from the

BGIS website (http://bgis.

sanbi.org/skep/project.asp)

Table 2 Percentage of

each biodiversity priority

area which is contained

within each ecosystem

service hotspot

Biodiversity priority area Surface water Ground-water

recharge

Grazing Tourism All service

hotspots

Bokkeveld Hantam Roggeveld 1.8 15.4 16.9

Central Breede River Valley 51.4 7.9 7.5 14.4 60.1

Central Little Karoo 18.2 0.9 12.5 23.7 47.0

Central Namaqualand Coast 15.7 15.7

Greater Richtersveld 19.3 19.3

Knersvlakte 29.9 29.9

Namaqualand Uplands 37.4 37.4
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573 overlap of all ecosystem service hotspots combined

574 with the priority areas are assessed, there is good

575 support for the Central Breede River Valley and

576 Central Little Karoo as being important for a few

577 ecosystem services.

578 When assessing how well the priority areas incor-

579 porate ecosystem service hotspots it was found that,

580 with the exception of the Central Little Karoo and the

581 Greater Richtersveld, there is a low level of overlap

582 between ecosystem service hotspots and biodiversity

583 priority areas (Table 3). The Central Little Karoo

584 contains more than 40% of the areas important to

585 grazing services, while the Greater Richtersveld

586 contains more than 20% of the tourism viewshed.

587 The total contribution of all the priority areas to

588 the ecosystem service hotspots is shown in Fig. 7. A

589 high proportion of the ecosystem service hotspots for

590 tourism (63.44%) and grazing (58.76%) are contained

591 within the SKEP priority areas. However, once again

592 the priority areas only contain limited areas of land

593 which are important to the management of either

594 surface (15.61%) or ground water services (2.17%).

595 A total of 40.13% of service hotspots are contained

596 within the SKEP biodiversity priority areas.

597 Unlike the other biomes that have been investi-

598 gated from an ecosystem services perspective (e.g.

599 Savannas and Grasslands), the Succulent Karoo

600 biome is characterized by both the lack of dominance

601 by a single service and a general lack of service

602 supply in this region (van Jaarsveld et al. 2005; Le

603 Maitre et al. 2007b; Egoh et al. 2008). Whilst the

604 semi-arid regions have been poorly researched from

605 an ecosystem services perspective, these findings

606 reflect the environmental constraint of low rainfall

607 and low productivity that typify semi-arid systems.

608 The low levels of overlap found between services

609 is in line with similar studies (Egoh et al. 2008;

610Reyers et al. 2009) that demonstrated variable and

611often low congruence between certain services. These

612studies highlight the resource and area intensive

613requirements of managing multiple ecosystem ser-

614vices. The lack of congruence between ecosystem

615services and biodiversity priorities evident in our

616study concurs with similar studies (Chan et al. 2006;

617Anderson et al. 2009; Egoh et al. 2009), which show

618that ecosystem services approaches will not ensure

619complete biodiversity protection. Turner et al. (2007)

620also notes the importance of considering regional

621variation when developing these approaches for

622protecting biodiversity. The implication here is that

623a comprehensive multi-functional landscape analysis

624is required when assessing both biodiversity and

625ecosystem services, and ecosystem services analysis

626alone cannot be relied on as an approach for

627conserving all biodiveristy. The selection of the

628SKEP conservation priorities regions was driven by

629endemism criteria rather than biological production

630which often drives ecosystem services (Costanza

631et al. 2007). A lack of congruence here may have

632been anticipated. However, any analysis of this nature

633is valuable as it highlights where gains and synergies

634are possible. Santelmann et al. (2004) provide a very

635similar demonstration of how innovative agricultural

636practices can both benefit biodiversity and ecosystem

637services and be acceptable to farmers.

638Conclusions and recommendations

639Multi-functional landscapes: conceptual

640relevance and the value of local scale benefits

641The Succulent Karoo, like many other parts of the

642world, displays heterogeneity in the distribution of

Table 3 Percentage of the area of ecosystem service hotspots that falls within SKEP biodiversity priority areas

Biodiversity priority area Surface water Ground-water recharge Grazing Tourism All services

Bokkeveld Hantam Roggeveld 9.5 8.7 4.9

Central Breede River Valley 8.1 1.7 9.1 1.8 3.9

Central Little Karoo 7.6 0.5 40.2 7.9 8.0

Central Namaqualand Coast 3.5 1.8

Greater Richtersveld 24.1 12.5

Knersvlakte 9.4 4.9

Namaqualand Uplands 8.1 4.2
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643 ecosystem services and biodiversity. This means that

644 a small number of spatially distinct areas house most

645 of the region’s biodiversity and ecosystem services.

646 A multi-functional landscape approach highlights the

647 importance of all of these areas to meeting multiple

648 objectives associated with biodiversity conservation,

649 agricultural activities and human wellbeing, while

650 pointing to the potential trade offs between these

651 objectives. In this study, taking a multi-functional

652 landscape approach, as opposed to single objective

653 approach, proved a useful tool for highlighting the

654 multiple functions associated with the Succulent

655 Karoo and the need to manage the landscape with

656 broader sustainability objectives in mind: balancing

657 short term food security needs with longer term

658 sustainability of water, grazing systems, tourism

659 economies and biodiversity conservation objectives.

660 A focus on the ecosystem service hotspots alone is

661 not recommended as the semi-arid and vulnerable

662 nature of the Succulent Karoo implies that even areas

663 of low ecosystem service supply have an important

664 role to play in this marginal, resource impoverished

665 environment by supporting the limited and vital

666 water, grazing and tourism services.

667 Furthermore, in addition to these biome scale

668 benefit flows, many of the non-hotspot areas house

669 important local scale benefits like fuel wood (Archer

670 1994; Solomon 2000; Price 2005), construction

671 material for dwellings and shelters (Archer 1989),

672 food (Goldblatt and Manning 2000) and medicinal

673 plants (Watt and Breyer-Brandwijk 1962; Archer

674 1994; van Wyk and Gericke 2000). While not

675 assessed in this biome scale assessment, the value

676 of these local scale benefits in sustaining local

677 inhabitants is substantial (James et al. 2005), partic-

678 ularly in times of hardship. Coupled with this, local

679 inhabitants have developed utilization strategies to

680 exploit these resources and to cope with seasonal

681 fluctuations in resource levels (O’Farrell et al. 2007;

682 Samuels et al. 2007) and periodic extreme events like

683 drought (O’Farrell et al. 2009a). Adopting a biome

684 scale hotspot approach to assessing service supply is

685 particularly good at highlighting key management

686 areas, it may potentially underplay local-level depen-

687 dence on particular services and not capture the

688 welfare implications associated with diminishing and

689 limited service provision. In semi-arid regions small

690 changes in the supply of services are likely to cause

691 disproportionally larger impacts on local beneficiaries

692compared with more well endowed areas. This is

693particularly important given climate change predic-

694tions presented for the region, and clearly regional

695and biome level assessments need to be comple-

696mented with local-level understanding of both social

697and ecological issues (Cowling et al. 2008).

698Multi-pronged approaches for multi-functional

699sustainable landscapes

700Given the threats posed to the multi-functional land-

701scapes from both an ecological and socio-economic

702perspective, there is a need to promote practices based

703on sustainability, ecological resilience, connectivity

704and movement in the face of climate change, opti-

705mised biodiversity retention and protecting ecosystem

706service delivery (Bennett and Balvanera 2007). These

707multiple objectives will be difficult to realise and no

708single management tool or approach will achieve this.

709There is also likely to be substantial trade-offs

710associated with choices and these need to be made

711explicit (Carpenter et al. 2009). The science of

712ecosystem services needs to be rapidly advanced so

713that required management tools and knowledge can be

714delivered (Daily et al. 2009). Furthermore, a variety of

715arguments for conservation compatible and related

716actions need to be developed as these are likely to be

717more persuasive than a single argument (Redford and

718Adams 2009). Multi-pronged approaches are required

719where multiple interventions at a variety of scales are

720undertaken. This poses a real challenge for decision

721makers (Otte et al. 2007) and strengthening science-

722land-user connections, science-policy connections,

723landholder-policy connections is vital. So too is the

724development of a shared vision and aim for the long

725term persistence of biodiversity (Opdam et al. 2006),

726and the actual design of these landscapes (Nassauer

727and Opdam 2008). Ecological principles, such as

728maintaining structural complexity, connectivity, het-

729erogeneity, and creating buffers (Fischer et al. 2006)

730and ecosystem service issues need to be integrated into

731landscape design (Lovell and Johnston 2009b), and

732development policies at both the local and regional

733level. Raising awareness, building capacity and sup-

734porting decision making within institutional structures

735that manage land and water issues, particularly local

736government, would kick-start the development of

737sustainable multi-functional landscapes (Cowling

738et al. 2008; Reyers et al. 2009). Community values
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739 also need to be mapped, thereby linking local percep-

740 tions and values to broader landscape initiatives

741 (Raymond et al. 2009).

742 Promoting the development and use of appropriate

743 technologies, like those for sanitation and irrigation, is

744 fundamental in arid areas. These do not have to be

745 highly sophisticated schemes, and could be as simple

746 as establishing woodlots and harvesting rainfall. In

747 addition to these, the development of user demanded

748 information tools need to take place, strategic support

749 provided along with policy coordination (Scherr and

750 McNeely 2008). Whilst we acknowledge Redford and

751 Adams (2009) cautionary warnings, the development

752 for payments for ecosystem service schemes where

753 applicable, such as in the identified ecosystem service

754 hotspots, needs to developed. Whilst such schemes

755 have a foothold in Europe, where diversification

756 strategies, services payments and support to farmers

757 and land managers are well advanced (Wiggering et al.

758 2006), these still need to be initiated in South Africa

759 and many other developing countries where there is

760 potential to couple them to poverty relief objectives

761 (Turpie et al. 2008). However, there are currently a

762 wide variety of approaches available aside from these

763 market based instruments and the complexity of policy

764 instrument choice needs to be acknowledged.

765 The findings of this study suggest that for effective

766 management, engagement at the local level should not

767 be overlooked, and ecosystem services assessments

768 focussed on making a case for biodiversity need to

769 incorporate a variety of scales. Engagement at the

770 local scale is seen as critically important and a useful

771 point of entry to start co-developing and designing

772 place specific strategies for realising the potential

773 of these multi-functional landscapes (Nassauer and

774 Opdam 2008). Creating multi-functional landscapes

775 is only possible with full cognisance of all the dynamic

776 drivers of a landscape. Multipronged approaches

777 initiated at appropriate scales are vital in steering man-

778 agement decisions towards sustainable multi-func-

779 tional landscapes.
780
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833Cavé L, Beekman HE, Weaver J (2003) Impact of climate
834change on groundwater recharge estimation. In: Xu Y,
835Beekman HE (eds) Groundwater recharge estimation in
836southern Africa. UNESCO, Paris, pp 189–197
837CEPF (2003) The Succulent Karoo hotspots. Namibia and
838South Africa. Ecosystem profile. Critical Ecosystem Part-
839nership Fund, Conservation International, Washington
840Chan KMA, Shaw MR, Cameron DR, Underwood EC, Daily
841GC (2006) Conservation planning for ecosystem services.
842PLoS Biol 4:2138–2152
843Costanza R, Fisher B, Mulder K, Liu S, Christopher T (2007)
844Biodiversity and ecosystem services: a multi-scale empir-
845ical study of the relationship between species richness and
846net primary production. Ecol Econ 61:478–491

Landscape Ecol

123

Journal : Medium 10980 Dispatch : 3-6-2010 Pages : 16

Article No. : 9495 h LE h TYPESET

MS Code : LAND-09-2149 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f

http://www.aatravel.co.za/index.html
POFarrell
Cross-Out

POFarrell
Inserted Text
be developed and 

POFarrell
Cross-Out

POFarrell
Inserted Text
serious consideration

POFarrell
Cross-Out

POFarrell
Inserted Text
the achievement of 



U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

847 Cousins B, Hoffman MT, Allsopp N, Rohde RF (2007) A
848 synthesis of sociological and biological perspectives on
849 sustainable land use in Namaqualand. J Arid Environ 70:
850 834–846
851 Cowling RM, Pierce SM (1999) Namaqualand: a succulent
852 desert. Fernwood Press, Cape Town
853 Cowling RM, Esler KJ, Rundel PW (1999a) Namaqualand,
854 South Africa—an overview of a unique winter-rainfall
855 desert ecosystem. Plant Ecol 142:3–21
856 Cowling RM, Esler KJ, Rundel PW (1999b) Special issue
857 editorial: the plant ecology of Namaqualand, South
858 Africa. Plant Ecol 142:1–2
859 Cowling RM, Pressey RL, Rouget M, Lombard AT (2003) A
860 conservation plan for a global biodiversity hotspot—the
861 Cape Floristic Region, South Africa. Biol Conserv 112:
862 191–216
863 Cowling RM, Egoh B, Knight AT, O’Farrell PJ, Reyers B,
864 Rouget’ll M, Roux DJ, Welz A, Wilhelm-Rechman A
865 (2008) An operational model for mainstreaming ecosys-
866 tem services for implementation. Proc Natl Acad Sci USA
867 105:9483–9488
868 CSIR (2007) Geospatial analysis platform and NSDP spatial
869 profiles. Incorporating SA Mesoframe Version 2. The Pres-
870 idency, dti, GTZ, EDAP, Built Environment CSIR, Pretoria
871 Daily GC, Polasky S, Goldstein J, Kareiva PM, Mooney HA,
872 Pejchar L, Ricketts T, Salzman J, Shallenberger R (2009)
873 Ecosystem services in decision making: time to deliver.
874 Front Ecol Environ 7:21–28
875 De Fries RS, Asner GP, Houghton R (2004) Trade-offs in land-
876 use decisions: towards a framework for assessing multiple
877 ecosystem responses to land-use changed. Ecosyst Land
878 Use Change 153:1–9
879 de Groot R (2006) Function-analysis and valuation as a tool to
880 assess land use conflicts in planning for sustainable, multi-
881 functional landscapes. Landscape Urban Plan 75:175–186
882 Deacon HJ, Deacon J, Brooker M, Wilson M (1978) The
883 evidence for herding at Boomplaas Cave in the southern
884 Cape, South Africa. S Afr Archaeol Bull 33:39–65
885 Dean WRJ, Macdonald IAW (1994) Historical changes in
886 stocking rates of domestic livestock as a measure of
887 semiarid and arid rangeland degradation in the Cape-
888 Province, South-Africa. J Arid Environ 26:281–298
889 DEAT (2001) The environmental potential atlas for South
890 Africa, Department of Environment Affairs and Tourism,
891 Pretoria. Available from: http://gis.deat.gov.za/enpat.asp
892 Desmet PG (2007) Namaqualand—a brief overview of the
893 physical and floristic environment. J Arid Environ 70:
894 570–587
895 Diaz S, Fargione J, Chapin FS, Tilman D (2006) Biodiversity
896 loss threatens human well-being. PLoS Biol 4:1300–1305
897 DWAF (2003a) Gouritz water management area. Overview of
898 water resources availability and utilisation, P WMA 16/
899 000/00/0203. Department of Water Affairs and Forestry,
900 Pretoria
901 DWAF (2003b) Lower orange water management area:
902 Overview of water resources availability and utilisation, P
903 WMA14/000/00/0203. Department of Water Affairs and
904 Forestry, Pretoria
905 DWAF (2004a) Lower orange water management area.
906 Internal strategic perspective, P WMA 14/000/00/0304,
907 Department of Water Affairs and Forestry, Pretoria

908DWAF (2004b) National water resource strategy, 1st edn.
909September 2004. Department of Water Affairs and For-
910estry, Pretoria
911DWAF (2005) Olifants/Doorn internal strategic perspective.
912Olifants/Doorn water management area, PWMA 17/000/
91300/0305, Department of Water Affairs and Forestry,
914Pretoria
915DWAF GRA2 (2005) Groundwater resource assessment. Phase
916II. Methodology. Groundwater–surface water interactions.
917Department of Water Affairs and Forestry, Pretoria
918Egoh B, Reyers B, Rouget M, Richardson DM, Le Maitre DC,
919van Jaarsveld AS (2008) Mapping ecosystem services for
920planning and management. Agric Ecosyst Environ 127:
921135–140
922Egoh B, Reyers B, Rouget M, Bode M, Richardson DM (2009)
923Spatial congruence between biodiversity and ecosystem
924services in South Africa. Biol Conserv 142:553–562
925Environmental Systems Research Institute (2008) ArcGIS
926Desktop (ArcInfo) Software. ESRI, Redlands, California,
927USA
928Esler KJ, Milton SJ, Dean WRJ (2006) Karoo Veld: ecology
929and management. Briza Publications, Pretoria
930European Communities (2008) The economics of ecosys-
931tems and biodiversity. Interum report. European Commu-
932nity http://ec.europa.eu/environment/nature/biodiversity/
933economics/index_en.htm
934Farquhar GD (1997) Carbon dioxide and vegetation. 278:1411
935Fischer J, Lindenmayer DB, Manning AD (2006) Biodiversity,
936ecosystem function, and resilience: ten guiding principles
937for commodity production landscapes. Front Ecol Environ
9384:80–86
939Goldblatt P, Manning J (2000) Cape plants: a conspectus of the
940Cape Flora of South Africa. National Botanical Institute,
941Pretoria
942Goldman RL, Tallis H (2009) A critical analysis of ecosystem
943services as a tool in conservation projects the possible
944perils, the promises, and the partnerships. Ann NY Acad
945Sci 1162:63–78
946Görgens AHM, Hughes DA (1982) Synthesis of streamflow
947information relating to the semi-arid Karoo biome of
948South Africa. S Afr J Sci 78:58–68
949Görgens AHM, Hughes DA (1986) Hydrology. SANSP Report
950No 124 Foundation for Research Development, Pretoria,
951pp 53–83
952Hannah L, Midgley GF, Lovejoy T, Bond WJ, Bush M, Lovett
953JC, Scott D, Woodward FI (2002) Conservation of bio-
954diversity in a changing climate. Conserv Biol 16:264–
955268
956Herling MC, Cupido CF, O’Farrell PJ, du Plessis A (2009) The
957financial costs of ecologically non-sustainable farming
958practices in a semi-arid system. Restor Ecol 17:827–836
959Hewitson BC, Crane RG (2006) Consensus between GCM
960climate change projections with empirical downscal-
961ing: precipitation downscaling over South Africa. Int J
962Climatol 26:1315–1337
963Hoffman T, Ashwell A (2001) Nature divided. Land degrada-
964tion in South Africa. University of Cape Town Press,
965Cape Town
966Hoffman MT, Rohde RF (2007) From pastoralism to tourism:
967the historical impact of changing land use practices in
968Namaqualand. J Arid Environ 70:641–658

Landscape Ecol

123

Journal : Medium 10980 Dispatch : 3-6-2010 Pages : 16

Article No. : 9495 h LE h TYPESET

MS Code : LAND-09-2149 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f

http://gis.deat.gov.za/enpat.asp
http://ec.europa.eu/environment/nature/biodiversity/economics/index_en.htm
http://ec.europa.eu/environment/nature/biodiversity/economics/index_en.htm


U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

969 Hoffman MT, Allsopp N, Rohde RF (2007) Sustainable land
970 use in Namaqualand, South Africa: key issues in an
971 interdisciplinary debate. J Arid Environ 70:561–569
972 James I, Hoffman MT, Cowling RM, Roberts R, Campbell
973 BM, Boumans R, Allsopp N (2005) Valuing Namaqua-
974 land’s natural resources: the costs and benefits of com-
975 munal, commercial and conservation land use practices in
976 Namaqualand incorporating ecological, economic and
977 social values. Leslie Hill Institute for Plant Conservation
978 and Terrestrial Ecology Research Unit, University of
979 Cape Town, Cape Town
980 James I, Hoffman T, Munro A, O’Farrell P, Smart R (2007)
981 The value of flower tourism at the Namaqua National
982 Park. S Afr J Econ Manag Sci 10:442–456
983 Joubert DF, Ryan PG (1999) Differences in mammal and bird
984 assemblages between commercial and communal range-
985 lands in the Succulent Karoo, South Africa. J Arid Envi-
986 ron 43:287–299
987 Keay-Bright J, Boardman J (2006) Changes in the distribution
988 of degraded land over time in the central Karoo, South
989 Africa. Catena 67:1–14
990 Le Maitre DC, Milton SJ, Jarmain C, Colvin CA, Saayman I,
991 Vlok JHJ (2007a) Linking ecosystem services and water
992 resources: landscape-scale hydrology of the Little Karoo.
993 Front Ecol Environ 5:261–270
994 Le Maitre DC, O’Farrell PJ, Reyers B (2007b) Ecosystems
995 services in South Africa: a research theme that can engage
996 environmental, economic and social scientists in the
997 development of sustainability science? S Afr J Sci 103:
998 367–376
999 Lovell ST, Johnston DM (2009a) Creating multifunctional

1000 landscapes: how can the field of ecology inform the
1001 design of the landscape? Front Ecol Environ 7:212–220
1002 Lovell ST, Johnston DM (2009b) Designing landscapes for
1003 performance based on emerging principles in landscape
1004 ecology. Ecol Soc 14:44
1005 MA (2003) Ecosystems and human well-being: a framework
1006 for assessment. Island Press, Washington, DC
1007 MA (2005) Ecosystems and human well-being: desertification
1008 synthesis. World Resources Institute, Washington, DC
1009 Macdonald IAW (1989) Man’s role in changing the face of
1010 southern Africa. In: Huntley BJ (ed) Biotic diversity in
1011 southern Africa: concepts and conservation. Oxford Uni-
1012 versity Press, Cape Town, pp 51–78
1013 MacKellar NC, Hewitson BC, Tadross MA (2007) Namaqua-
1014 land’s climate: recent historical changes and future sce-
1015 narios. J Arid Environ 70:604–614
1016 McCauley DJ (2006) Selling out on nature. Nature 443:27–28
1017 McNeely JA, Scherr S (2003) Ecoagriculture. Island Press,
1018 Washington, DC
1019 Midgley GF, Thuiller W (2007) Potential vulnerability of
1020 Namaqualand plant diversity to anthropogenic climate
1021 change. J Arid Environ 70:615–628
1022 Midgley DC, Pitman WV, Middleton BJ (1994a) The surface
1023 water resources of South Africa 1990, 1st edn. Water
1024 Research Commission, Pretoria
1025 Midgley DC, Pitman WV, Middleton BJ (1994b) The surface
1026 water resources of South Africa 1990, 1st edn. Volumes 1
1027 to 6. Report Numbers 298/1.1/94 to 298/6.1/94 (text) and
1028 298/1.2/94 to 298/6.2/94 (maps) and CD-ROM with
1029 selected data sets. Water Research Commission, Pretoria

1030Mittermeier RA, Gil PR, Pilgrim J (2005) Hotspots revisited:
1031earth’s biologically richest and most endangered terres-
1032trial ecoregions. Conservation International, Washington,
1033DC
1034Mucina L, Rutherford MC (2006) The vegetation of South
1035Africa, Lesotho and Swaziland. Strelitzia 19. South
1036African National Biodiversity Institute, Pretoria
1037Mucina L, Jurgens N, le Roux A, Rutherford MC (2006)
1038Succulent Karoo Biome. In: Mucina L, Rutherford MC
1039(eds) The vegetation of South Africa. Lesotho and Swa-
1040ziland Strelitzia, Pretoria
1041Musil CF, Schmiedel U, Midgley GF (2005) Lethal effects of
1042experimental warming approximating a future climate
1043scenario on southern African quartz-field succulents: a
1044pilot study. New Phytol 165:539–547
1045Nassauer JI, Opdam P (2008) Design in science: extending the
1046landscape ecology paradigm. Landscape Ecol 23:633–
1047644
1048O’Farrell PJ, Donaldson JS, Hoffman MT (2007) The influence
1049of ecosystem goods and services on livestock manage-
1050ment practices on the Bokkeveld plateau, South Africa.
1051Agric Ecosyst Environ 122:312–324
1052O’Farrell PJ, Anderson PML, Milton SJ, Dean WRJ (2009a)
1053Human response and adaptation to drought in the arid
1054zone: lessons from southern Africa. S Afr J Sci 105:34–39
1055O’Farrell PJ, Donaldson JS, Hoffman MT (2009b) Local
1056benefits of retaining natural vegetation for soil retention
1057and hydrological services. S Afr J Bot 75:573–583
1058Opdam P, Steingrover E, van Rooij S (2006) Ecological net-
1059works: a spatial concept for multi-actor planning of sus-
1060tainable landscapes. Landscape Urban Plan 75:322–332
1061Otte A, Simmering D, Wolters V (2007) Biodiversity at the
1062landscape level: recent concepts and perspectives for
1063multifunctional land use. Landscape Ecol 22:639–642
1064Pence GQK, Botha MA, Turpie JK (2003) Evaluating combi-
1065nations of on-and off-reserve conservation strategies for
1066the Agulhas Plain, South Africa: a financial perspective.
1067Biol Conserv 112:253–273
1068Penn NG (1986) Pastoralists and pastoralism in the northern
1069Cape frontier zone during the eighteenth century. S Afr
1070Archaeol Soc Goodwin Ser 5:62–68
1071Prendergast JR, Quinn RM, Lawton JH, Eversham BC, Gib-
1072bons DW (1993) Rare species, the coincidence of diver-
1073sity hot spots and conservation strategies. Nat Resour 356:
1074335–337
1075Price L (2005) The electrifying impact on the fuelwood
1076resources of a Namaqualand rural community. University
1077of Cape Town, Cape Town
1078Raymond CM, Bryan BA, MacDonald DH, Cast A, Strathearn
1079S, Grandgirard A, Kalivas T (2009) Mapping community
1080values for natural capital and ecosystem services. Ecol
1081Econ 68:1301–1315
1082Redford KH, Adams WM (2009) Payment for ecosystem ser-
1083vices and the challenge of saving nature. Conserv Biol
108423:785–787
1085Reyers B, O’Farrell PJ, Cowling RM, Egoh BN, Le Maitre DC,
1086Vlok JHJ (2009) Ecosystem services, land-cover change,
1087and stakeholders: finding a sustainable foothold for a
1088semiarid biodiversity hotspot. Ecol Soc 14:38
1089Richardson FD, Hahn BD, Hoffman MT (2007) Modelling the
1090sustainability and productivity of pastoral systems in the

Landscape Ecol

123

Journal : Medium 10980 Dispatch : 3-6-2010 Pages : 16

Article No. : 9495 h LE h TYPESET

MS Code : LAND-09-2149 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f



U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

1091 communal areas of Namaqualand. J Arid Environ 70:701–
1092 717
1093 Rodriguez JP, Beard TD, Bennett EM, Cumming GS, Cork SJ,
1094 Agard J, Dobson AP, Peterson GD (2006) Trade-offs
1095 across space, time, and ecosystem services. Ecol Soc
1096 11:28
1097 Rouget M, Cowling RM, Vlok J, Thompson M, Balmford A
1098 (2006) Getting the biodiversity intactness index right: the
1099 importance of habitat degradation data. Glob Change Biol
1100 12:2032–2036
1101 Samuels MI, Allsopp N, Knight RS (2007) Patterns of resource
1102 use by livestock during and after drought on the commons
1103 of Namaqualand, South Africa. J Arid Environ 70:728–739
1104 Santelmann MV, White D, Freemark K, Nassauer JI, Eilers JM,
1105 Vache KB, Danielson BJ, Corry RC, Clark ME, Polasky
1106 S, Cruse RM, Sifneos J, Rustigian H, Coiner C, Wu J,
1107 Debinski D (2004) Assessing alternative futures for agri-
1108 culture in Iowa, USA. Landscape Ecol 19:357–374
1109 Scherr SJ, McNeely JA (2008) Biodiversity conservation and
1110 agricultural sustainability: towards a new paradigm of
1111 ‘ecoagriculture’ landscapes. Philos Trans R Soc B Biol
1112 Sci 363:477–494
1113 Scholes RJ (1998) The South African 1:250 000 maps of areas
1114 of homogeneous grazing potential. ENV-P-C 98190
1115 Division of Water. Environment and Forestry Technol-
1116 ogy, CSIR, Pretoria
1117 Seymour CL, Dean WRJ (1999) Effects of heavy grazing on
1118 invertebrate assemblages in the Succulent Karoo, South
1119 Africa. J Arid Environ 43:267–286
1120 Shackleton C, Shackleton S, Gambiza J, Nel E, Rowntree K,
1121 Urquhart P (2008) Links between ecosystem services and
1122 poverty alleviation: situation analysis for arid and semi-
1123 arid lands in southern Africa. Ecosystem Services and
1124 Poverty Reduction Research Programme. DFID, NER-
1125 C,ESRC, DFID, UK
1126 SKEP (2003a) SKEP biodiversity component technical report,
1127 March 2003. Report No CCU 1/03 Cape Conservation
1128 Unit, Botanical Society of South Africa, Cape Town
1129 SKEP (2003b) SKEP: a 20 year strategy. The Botanical
1130 Society of South Africa, Cape Town
1131 SKEP (2008) Succulent Karoo ecosystem programme rapid
1132 appraisal report. A discussion paper in preparation for
1133 strategic planning 2009–2014. SANBI, Cape Town
1134 Smith AB (1983) Prehistoric pastoralism in the Southwestern
1135 Cape, South-Africa. World Archaeol 15:79–89
1136 Solomon AM (2000) The use and evaluation of natural fuel-
1137 wood resources in Paulshoek, Namaqualand and the
1138 ecological impacts on rangeland dynamics. University of
1139 Cape Town, Cape Town
1140 Tallis H, Polasky S (2009) Mapping and valuing ecosystem
1141 services as an approach for conservation and natural-
1142 resource management. Ann NY Acad Sci 1162:265–283
1143 Tallis H, Goldman R, Uhl M, Brosi B (2009) Integrating
1144 conservation and development in the field: implementing
1145 ecosystem service projects. Front Ecol Environ 7:12–20

1146Thompson M, Vlok JHJ, Rouget M, Hoffman MT, Balmford
1147A, Cowling RM (2009) Mapping grazing-induced degra-
1148dation in a semi-arid environment: a rapid and cost
1149effective approach for assessment and monitoring. Envi-
1150ron Manag 43:585–596
1151Tietjen B, Jeltsch F (2007) Semi-arid grazing systems and
1152climate change: a survey of present modelling potential
1153and future needs. J Appl Ecol 44:425–434
1154Todd SW, Hoffman MT (1999) A fence-line contrast reveals
1155effects of heavy grazing on plant diversity and community
1156composition in Namaqualand, South Africa. Plant Ecol
1157142:169–178
1158Turner WR, Brandon K, Brooks TM, Costanza R, da Fonseca
1159GAB, Portela R (2007) Global conservation of biodiver-
1160sity and ecosystem services. Bioscience 57:868–873
1161Turpie J, Joubert A (2001) Estimating potential impacts of a
1162change in river quality on the tourism value of Kruger
1163National Park: an application of travel cost, contingent
1164and conjoint valuation methods. Water SA 27:387–398
1165Turpie JK, Marais C, Blignaut JN (2008) The working for
1166water programme: evolution of a payments for ecosystem
1167services mechanism that addresses both poverty and
1168ecosystem service delivery in South Africa. Ecol Econ
116965:788–798
1170van Jaarsveld AS, Biggs R, Scholes RJ, Bohensky E, Reyers B,
1171Lynam T, Musvoto C, Fabricius C (2005) Measuring
1172conditions and trends in ecosystem services at multiple
1173scales: the Southern African Millennium Ecosystem
1174Assessment (SAfMA) experience. Philos Trans R Soc B
1175Biol Sci 360:425–441
1176Van Rooyen MW, Grobbelaar N, Theron GK, van Rooyen N
1177(1990) The ephemerals of Namaqualand: effects of pho-
1178toperiod, temperature and moisture stress on development
1179and flowering of three species. J Arid Environ 19:15–29
1180van Wyk B-E, Gericke N (2000) People’s plants: a guide to
1181useful plants of Southern Africa. Briza Publications,
1182Pretoria
1183Vira B, Adams WM (2009) Ecosystem services and conser-
1184vation strategy: beware the silver bullet. Conserv Lett 2:
1185158–162
1186Watt JM, Breyer-Brandwijk MG (1962) The medicinal and
1187poisonous plants of southern and eastern Africa: being an
1188account of their medicinal and other uses, chemical
1189composition, pharmacological effects and toxicology in
1190man and animal. E. & S. Livingstone, Edinburgh
1191Wiggering H, Dalchow C, Glemnitz M, Helming K, Muller K,
1192Schultz A, Stachow U, Zander P (2006) Indicators for
1193multifunctional land use—linking socio-economic require-
1194ments with landscape potentials. Ecol Indic 6:238–249
1195Zhang L, Dawes WR, Walker GR (2001) Response of mean
1196annual evapotranspiration to vegetation changes at
1197catchment scale. Water Resour Res 37:701–708

1198

Landscape Ecol

123

Journal : Medium 10980 Dispatch : 3-6-2010 Pages : 16

Article No. : 9495 h LE h TYPESET

MS Code : LAND-09-2149 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f




