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Abstract Synergies between biodiversity conserva-
tion objectives and ecosystem service management
were investigated in the Succulent Karoo biome
(83,000 kmz) of South Africa, a recognised biodiver-
sity hotspot. Our study complemented a previous
biodiversity assessment with an ecosystem service
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assessment. Stakeholder engagement and expert con-
sultation focussed our investigations on surface water,
ground water, grazing and tourism; as the key services
in this region. The key ecosystem services and service
hotspots were modelled and mapped. The congruence
between these services, and between biodiversity
priorities and ecosystem service priorities, were
assessed and considered these-in relation to known
threats. Generally low levels of overlap were found
between these ecosystem services, with the excep-
tion of surface and ground water which had an 80%
overlap. The overlap between ecosystem service
hotspots and individual biodiversity priority areas
was generally low. Four of the seven priority areas
assessed have more than 20% of their areas classi-
fied as important for services. In specific cases,
particular services levels could be used to justify the
management of a specific biodiversity priority area
for conservation. Adopting a biome scale hotspot
approach to assessing service supply highlighted key
management areas. However, it underplayed local
level dependence on particular services, not effec-
tively capturing the welfare implications associated
with diminishing and limited service provision. We
conclude that regional scale (biome level) approaches
need to be combined with local level investigations
(municipal level). Given the regional heterogeneity
and varied nature of the impacts of drivers and threats,
diverse approaches are required to steer land manage-
ment towards sustainable multifunctional landscape
strategies.
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Introduction

Classic conservation approaches with their narrow
focus on species preservation and reserve design
have increasingly been supplemented by new strate-
gies in an effort to deal with the unprecedented scale
of human impacts and often constrained resources
(Fischer et al. 2006; Redford and Adams 2009). These
new strategies complement formal protected areas, by
focussing on the management of off-reserve areas and
working landscapes which include humans and their
production activities (Pence et al. 2003; O’Farrell et al.
2009b).

More recently these broader approaches have
begun to focus on ecosystem services, the benefits
that people derive from ecosystems (MA 2005; Diaz
et al. 2006), as a way to include human needs and
well-being into conservation strategies. The rationale
behind these ecosystem service based approaches for
conservation is that by understanding and mitigating
the threats posed to ecosystem services one will also
conserve the biodiversity that underpins these ser-
vices, while at the same time increasing the rele-
vance, incentives and funding resources of these
conservation efforts (Vira and Adams 2009). Despite
concerns around possible unintended negative con-
sequences (McCauley 2006; Redford and Adams
2009; Vira and Adams 2009) and limited congruence
between biodiversity and ecosystem services (Chan
et al. 2006; Egoh et al. 2009; Reyers et al. 2009),
ecosystem based approaches have grown in number
and coverage over the past decade and are now a key
focus of many conservation organisations and the
fopic of much research and development projects
(Goldman and Tallis 2009; Tallis and Polasky 2009;
Tallis et al. 2009).

A recent development, focused at a landscape
scale (several thousand hectares), is the notion of
landscape multi-functionality, which moves away
from the traditional management of a single func-
tion landscape manipulated to, for example, either
produce food or serve as a recreation area, to a
landscape offering multiple environmental, social
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and economic benefits (de Groot 2006; Wiggering
et al. 2006; Carpenter et al. 2009; Daily et al. 2009;
Lovell and Johnston 2009a). The design (Nassauer
and—Opdam—2008) and management of landscapes
with multiple goals, including sustainable food pro-
duction, biodiversity conservation, water production
and job creation, holds the potential to improve both
production and ecological functions and therefore the
longer term resilience or sustainability of the land-
scape (McNeely and Scherr 2003). This is an
appealing prospect and will require the consideration
of the inherent contributions of various landscape
features to multiple goals (Lovell and Johnston
2009a). Furthermore, it requires a thorough under-
standing of synergies, threats and trade-offs between
multiple goals (De Fries et al. 2004; Rodriguez et al.
2006; Carpenter et al. 2009; Daily et al. 2009; Reyers
et al. 2009), a good knowledge of the social context
in terms of stakeholders, institutions and incentives
(Cowling et al. 2008) and the ability to transfer all of
this knowledge into the design and establishment of
multi-functional landscapes (Nassauer and Opdam
2008).

This study investigated synergies at a landscape
level between biodiversity conservation objectives
and ecosystem service use and management as a first
step towards understanding the potential for multi-
functional landscapes and the fostering of sustainable
agricultural practices. It was by no means a compre-
hensive assessment of all of the issues listed in the
previous paragraph, rather it focused on the contri-
bution of landscape features to ecosystem services,
the beneficiaries of these services, their relationship
with biodiversity priorities, and threats facing these
services. By so doing the study aimed to identify
possible synergies and trade-offs in the achievement
of multiple goals.

The Succulent Karoo Bjome in Wgestern South
Africa js a suitable case study to apply the concept of
multi-functional landscapes in semi-arid environ-
ments. The biodiversity of this region has received
considerable research attention and is well docu-
mented (Cowling and Pierce 1999; Cowling et al.
1999a, b; Joubert and Ryan 1999; Seymour and Dean
1999; Todd and Hoffman 1999; Cowling et al. 2003;
Anderson and Hoffman 2007; Cousins et al. 2007,
Desmet 2007; Hoffman and Rohde 2007; Hoffman
et al. 2007). The global significance of this biome, one
of only two semi-arid global biodiversity hotspots or
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areas of extreme biological richness (Mittermeier
et al. 2005), has resulted in substantial investments in
the assessment and management of the region’s
biodiversity through the Succulent Karoo Ecosystem
Program (SKEP) (SKEP 2003b). Using a combination
of technical expertise and stakeholder involvement,
SKEP undertook a detailed conservation assessment.
Here they identified both biodiversity priority areas
for conservation (Fig. 1) and those areas that also
contributed to the creation of living landscapes able to
support all forms of life now and in the future (SKEP
2003b). SKEP did not explicitly assess the benefits
humans get from these landscapes.

Our study complemented this SKEP biodiversity
assessment with an ecosystem service assessment
(MA 2003; Carpenter et al. 2009; Daily et al. 2009).
The key ecosystem services and service hotspots
were investigated, modelled and mapped. The con-
gruence between these services, and between biodi-
versity priorities and ecosystem service priorities, was
assessed and considered in relation to known threats
to this area, in particular climate change. We conclude
with some lessons learnt during the study on the
opportunities and constraints offered by these broader
approaches to the conservation of the region’s biodi-
versity and ecosystem services through the adoption
of a multi-functional landscape approach.

Fig. 1 The SKEP planning 18°E

Methods
Study area

The Succulent Karoo is an arid to semi-arid biome in
western South Africa. This biome is noted for its
exceptional succulent and bulbous plant species
richness, high reptile and invertebrate diversity, rich
bird and mammal life, gnd-is the most diverse arid
environment in the world (CEPF 2003; Desmet 2007,
SKEP 2008). This globally important biodiversity
hotspot is under significant pressure from a range of
human impacts including mining, crop agriculture and
overgrazing, inappropriate developments and pro-
jected climate change (Hoffman and Ashwell 2001;
Hewitson and Crane 2006; Keay-Bright and Board-
man 2006; Rouget et al. 2006; MacKellar et al. 2007,
Thompson et al. 2009). These threats also place the
social and economic systems here at risk. Agriculture
is the primary land use activity in the biome, and
while dominant activities vary from region to region
within the biome, extensive livestock farming is the
primary pursuit. Irrigated crop production, which
generates relatively higher levels of income, is
confined to those areas with reliable supplies of large
volumes of water, limited to the main river systems.
The headwater catchments that provide the water for

20°E 2°E 24°E

domain and the biodiversity 28°5
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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farming are all found in the mountain areas outside of
the Succulent Karoo biome. Copper and dimond
mining have been historically important, but js now
largely confined to the northern region (Carrick and
Kruger 2007). Tourism has recently displaced mining
and agriculture in certain regions (Hoffman and
Rohde 2007), providing financial relief. The Succu-
lent Karoo, like other semi-arid parts of the world, is
home to some of the most vulnerable people and
places in the country, and people depend on a variety
of natural resources for their survival (James et al.
2005).

Identifying services

An extensive literature review focussed on all aspects
of the gsucculent karoo was undertaken, and stake-
holders and experts consulted, to identify the benefi-
ciaries and the ecosystem services present in
Succulent Karog biome. Eighteen different benefi-
ciary groups were identified who collectively relied on
41 associated ecosystem services (Appendix 1, 2 in
Supplementary material). The provision of three key
services, namely: water supply, grazing provision, and
tourism, which were directly linked to the 41 identi-
fied services, formed the focus of our analysis.

The Succulent Karoo biome boundary as defined
by the national vegetation map was used in assessing
grazing provision and tourism (Mucina et al. 2006).
In the case of the water provision service, it was
necessary to extend the service area boundary beyond
that of the vegetation to align with the most basic
hydrological units, these being the headwater catch-
ments of the river systems of the Succulent Karoo
(Midgley et al. 1994b). Within each of these defined
areas the key services were modelled and the major
threats discussed. Our approaches are discussed
below.

Water

The assessment of water services drew on a variety of

previous studies (e-g-the Water Situation-Assessments;
nterna ateoic Perspectives—Water Resources-1990

D espec 5 S50 e <

(Braune and Wessels 1980; Gorgens and Hughes 1982,
1986; Midgley et al. 1994b; DWAF 2003a, b, 2004a, b,
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2005; DWAF GRA2 2005). Both the water supply
function and the flow regulation role that ecosystems
play in the service of water provision gs focussed on.
The mean annual runoff according to catchments, and
_jmean the-annual groundwater recharge for the hydro-
logical domain was mapped. Groundwater recharge is
an important parameter for estimating how much
groundwater is potentially available for use. The
recharge was estimated from the rainfall and factored
in underlying aquifer types (lithology) and long-term
mean recharge from sample ef points spread across the
country (DWAF GRA2 2005).

Grazing

The grazing service spatial data were derived from the
national vegetation map of South Africa (Mucina and
Rutherford 2006) and the South African 1:250,000
maps of areas of homogeneous grazing potential
(Scholes 1998). Scholes’s (1998) approach to esti-
mating grazing potential was adopted because it
explicitly incorporates climate, soil type and vegeta-
tion and is been calibrated with long-term observa-
tions of stocking rates of wildlife and livestock
systems that have not caused irreversible degradation
in—the—short—term. This approach estimates the
potential mean carrying capacity of the land, not the
actual available grazing, and therefore does not take

the impacts of pvergrazing which-may have occurred

into account.
Tourism

Understanding tourism as an ecosystem service
requires the identification of the biodiversity, eco-
system and landscape features or assets that drive
tourism, as well as the socio-economic features that
drive its promotion and development. This has been
recognised as being extremely difficult to achieve
(European Communities 2008; Shackleton et al.
2008). In the case of the Succulent Karoo the best
and most widely known tourism attractions are the
diverse spring flowers (Turpie and Joubert 2001;
James et al. 2007) and the relatively undeveloped
landscapes with little (apparent) evidence of human
impact (Reyers et al. 2009). To determine the travel
routes followed by tourists, we examined tourist
brochures and travel guides, contacted tourism asso-
ciations, examined the Automobile Association’s
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accommodation database (AA 2005) to determine
where accommodation was located, and identified
tourism features, including protected areas, heritage
sites, and cultural features from the Environmental
Potential Atlas database for South Africa (DEAT
2001). Tourism viewsheds, which-were areas visible
to tourists (i.e., up to 10 km) travelling by road along
the identified tourist routes were then created. This
line of sight analysis was corrected for changes in
elevation, using the SRTM 90-m digital elevation
model. Other landscape features considered to be
tourist attractions were mapped as conservation areas
(CSIR 2007). Therefore, we mapped this tourism
service as a combination of tourism routes and their
viewsheds, together with landscape features known to
attract tourists.

Mapping hotspots and assessing congruence

The maps of ecosystem services were evaluated in
terms of their area of production and overlap with one
another. For the purposes of comparison, each map of
ecosystem services was classified into high, medium,
and low production classes. For the continuous
variable maps of grazing production and water
provision, these classes were determined using a
Jenks natural breaks classification in ArcGIS® 9.2
(Environmental Systems Research Institute 2008).
For the tourism map all areas of a viewshed were
included as high production areas (Prendergast et al.
1993, 2008).

Following Egoh et al. (2008), overlap was assessed
between high production areas, hereafter referred to
as “ecosystem service hotspots”, by assessing the
proportional area of overlap as a percentage of the
smallest hotspot (Prendergast et al. 1993).

These are the key areas of service deliv equir-
ing specific management, understanding and assess-
ing threats.

We were specifically interested in the levels of
congruence between ecosystem service hotspots and
previously identified biodiversity priorities produced
through the SKEP study (SKEP 2003a). How much
of each priority area is covered by ecosystem service
hotspots, and how much of the ecosystem service
hotspots fell into priority areas was examined. The
levels of overlap between all ecosystem service
hotspots combined and the biodiversity priority areas
were also considered. This was done to assess the

utility of an ecosystem service approach in justifying
the selection of the biodiversity priority areas and
also to assess the value of the biodiversity priority
areas for managing ecosystem services.

Results and discussion
Water

High regional variation in rainfall is responsible for
the wide range in mean annual runoff rates (Fig. 2).
All of the catchments to the north and west have less
than 2.5 mm of runoff per year. The inhabitants of
those areas are completely dependent on groundwater
recharge from periodic heavy rainfalls, and ephem-
eral surface flows in the rivers which recharge
alluvial aquifers. The south and central region (south
of Nieuwoudtville, Fig. 2) has slightly higher runoff
(>10 mm/year) compared with areas to the north, and
the rivers in this region generally have a seasonal
flow. The southern and eastern parts of the hydro-
logical domain have relatively high levels of surface
water runoff (>10 mm), the rain shadow areas in the
interior gre the exception.

The overall pattern of ground water recharge is
dominated by the distribution of the rainfall but it is
also strongly influenced by the higher recharge
potential of the underlying geology in the mountain
ranges (Fig. 3). The south western and central eastern
regions are of key importance in ground water
recharge. These amounty reflect the mean recharge
rates, the actual amounts will vary depending on the
recent rainfall regime and, particularly in arid areas,
the periodic occurrence of rainfall events that are
large enough for the water to pass through the
unsaturated zone and recharge the aquifer.

Arguably the greatest threat facing the Succulent
Karoo biome and its inhabitants is climate change.
Increases in air temperatures and declines in rainfall,
particularly winter rainfall, are expected for most of
this region (Hannah et al. 2002; Hewitson and Crane
2006; MacKellar et al. 2007). The reduction in rainfall
will result in a greater reduction in surface and ground
water availability, as relationships between rainfall
and runoff are non-linear (i.e., the rainfall:runoff and
rainfall:recharge ratios decline as rainfall decreases)
(Midgley et al. 1994a; Zhang et al. 2001). Southern
African data indicate a non-linear relationship

Journal : Medium 10980
Article No. : 9495
MS Code : LAND-09-2149

1
~

@ Springer
Dispatch :  3-6-2010 Pages : 16
O LE O TYPESET
& cp ¥ DISK

330
331
332
333

334

335

336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374


POFarrell
Cross-Out

POFarrell
Inserted Text
or

POFarrell
Inserted Text
,

POFarrell
Inserted Text
hotspots

POFarrell
Sticky Note
Make this one paragraph.

POFarrell
Inserted Text
being

POFarrell
Cross-Out

POFarrell
Cross-Out

POFarrell
Inserted Text
 given (Fig. 3)

POFarrell
Cross-Out

POFarrell
Inserted Text
are 


Author Proof

375
376
377
378
379
380
381
382

Landscape Ecol

Fig. 2 Mean jAnnual
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between mean annual rainfall and mean recharge, with
a steep decline in recharge once annual rainfall drops
below 400 mm (Cavé et al. 2003). Furthermore, higher
air temperatures will increase evaporative demand
which will further increase soil moisture losses. The
northern catchments are expected to be the most
severely affected, moving towards a more extreme
desert climate. In addition to climate change impacts,

@ Springer

22°E 24°E

increased demand for water, wasteful use, and the
depletion of fossil groundwater resources present
further challenges.

Grazing capacity

The grazing capacity of the Succulent Karoo study
area was found to be spatially heterogeneous (Fig. 4),

Journal : Medium 10980
9495
LAND-09-2149

Article No. :
MS Code :

@
o

Dispatch :  3-6-2010 Pages : 16
O LE O TYPESET
¥ cp # DISK

383
384
385

386

387
388


POFarrell
Cross-Out

POFarrell
Inserted Text
a

POFarrell
Inserted Text
r

POFarrell
Cross-Out


Author Proof

389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

Landscape Ecol

Fig. 4 Potential grazing 18°E
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largely following rainfall patterns and soil types. The
grazing potential ranges from 18 to 22 LSU/km? right
down to 0 to 1 LSU/km? Areas with the highest
grazing potential are situated in the south of the
region. Areas with moderate grazing potential are
closely associated with areas of high potential, but
also occur further north as well. Low potential
grazing areas occur in all of the above locations,
but are dominant in the west and far north. Most of
the far northern region (Namaqualand) is in the 0-1
LSU/km? range and this is also the area where most
of the non-commercial, subsistence livestock farming
is practiced. This finding highlights the marginal
nature and fragility of the grazing service in these
areas where it is an important factor in peoples’
livelihood security and value systems.

With soil moisture as the key driver of grazing
production, reduction in rainfall will result in con-
comitant decreases in this service. However, more
research is needed to address key uncertainties in
assessing the magnitude of the impacts (Tietjen and
Jeltsch 2007). The increase in the concentration of
CO, in the atmosphere may increase the water-use
efficiency, particularly of plants with C; photosyn-
thetic pathways (Farquhar 1997). Biological soil crusts
play an important role in soil stabilisation and in
vegetation productivity through nitrogen fixation and,
at least in some cases, increased water infiltration

20°E 22°E 24°E

(Belnap and Lange 2003; Le Maitre et al. 2007a).
Cover of biological crust is broken and reduced by
livestock trampling making fine-textured soils vulner-
able to erosion by wind and water (Esler et al. 2006).
These crusts are also known to be sensitive to increases
in temperature and decreases in rainfall which, com-
bined with their sensitivity to ultraviolet radiation,
makes them vulnerable to climate change (Belnap
et al. 2004, 2008). Therefore, the utilisation of grazing
services into the future may compromise service
production under conditions of climate change.

The grazing services of the Succulent Karoo
biome have been utilized for livestock production
for around 2000 years (Deacon et al. 1978; Smith
1983). The indigenous Khoikhoi pastoralists followed
a transhumance lifestyle moving livestock between
different vegetation types according to seasons
(Smith 1983), allowing them to access both water
and grazing throughout the year (Penn 1986). These
strategies were adopted by settlers to the region and
continue being practiced today to a much lesser
degree and in specific areas. This is largely due to
political and economic development, and private land
ownership, that has constrained movements to within
specific areas, or between two farms with one being
outside of the Succulent Karoo biome. Whilst move-
ments are constrained, farmers perceive seasonal
differences in vegetation types and move stock on a
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seasonal basg between these within one farm (O’Far-
rell et al. 2007). Transhumance movements between
the Succulent Karoo and adjacent biomes historically
stabilized subsistence economies, but changes in land
tenure in the past century have led to sedentary
grazing and damage to the resource base (Archer
2000; Beinart 2003; Hoffman and Rohde 2007).
Additional damage to this grazing service was caused
by ploughing of alluvial deposits for subsistence
crops (Macdonald 1989; Thompson et al. 2009), and
by overstocking, particularly with ostriches at high
density on natural veld by supplementing the grazing
with food purchased from outside the biome (Dean
and Macdonald 1994; Herling et al. 2009).

Intensive heavy grazing resulting from a lack of
mobility and access to sufficiently different grazing
resources has resulted in changes in plant community
composition within this biome (Todd and Hoffman
1999; Anderson and Hoffman 2007). Natural plant
communities in valley bottoms have been demon-
strated to have reduced cover and dominance of
palatable species, and an increased dominance of
unpalatable species under sustained heavy grazing
(Allsopp et al. 2007). Anderson and Hoffman (2007)
found that sustained heavy grazing results in a
reduction in leaf succulent and woody plant cover,
increases in dwarf shrub cover, and plant commu-
nity functional composition shifts towards more

ephemeral communities. These changes are a major
cause for concern as grazing services become more
tightly coupled to rainfall. Changes in rainfall will
result in less grazing and poorer quality livestock with
lower growth rates and, thus, decreased production of
secondary goods such as meat and milk (Richardson
et al. 2007), and increased livestock mortalities during
drought periods (Anderson and Hoffman 2007).

Tourism

Our spatial analysis indicates that identified tourism
service features varied across the Succulent Karoo
biome. The north—south section (Namaqualand and
Bokkeveld—Hantam—Roggeveld—Fig. 1) is charac-
terised by its spring flower displays, and the east—
west section (Southern Karoo—Fig. 1) is associated
with scenic landscapes. We recognise that this
represents only part of the tourism picture and
excludes, for example, tourists who come on spe-
cialist birding or plant trips. However, to keep this
assessment manageable we focused on the areas
visited to view flowers, and on the routes which are
advertised for their scenic attractions.

In the Namaqualand and the Bokkeveld—Hantam—
Roggeveld region, flower displays on transformed or
previously ploughed lands, and protected areas, are
key attractions (Fig. 5). Based on the numbers of AA
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rated tourist accommodation facilities, the urban
centres of Oudtshoorn, Clanwilliam, and Springbok
all feature as important tourism destinations, but
accommodation is available even in small settle-
ments. The important cultural and heritage features
such as the Cederberg (east of Clanwilliam) and the
Swartberg mountains north of De Rust (Fig. 5), both
renowned for their San rock art, are on the margins of
the Succulent Karoo biome. The major tourism routes
within the south yegion of the Succulent Karoo are
popular for their scenery and the vistas characterised
by wide open spaces with little obvious evidence of
human impacts (Fig. 6). The analysis highlights the
limited areas that tourists encounter and, unlike
grazin viewshed is typically not a landscape
or are%fi feature. There are many vantage points
which provide extensive vistas over the Succulent
Karoo, but because these are not situated in the biome
itself, they were excluded from the assessment.
Climate change is also expected to have two major
implications for tourism in this region, affecting both
the biological attractions and constraining develop-
ments through water supply issues. Annual plant
species which typify spring in the Namaqualand and
Bokkeveld—Hantam—Roggeveld regions (Fig. 1) are
directly cued by rainfall (Van Rooyen et al. 1990) and
decreases in the size and probability of flower displays
are highly likely to result in a decrease in flower

tourism to the region (James et al. 2007). If temper-
atures increase beyond the optimal range then certain
succulent species, for which this region is acclaimed,
are likely to experience severe mortality and even
become extinct (Musil et al. 2005; Midgley and
Thuiller 2007). In addition, current tourism develop-
ments in this region are water intensive; thus water-
use efficiency and equitable allocation would need to
be considered if tourism is to continue as a growth
industry. A change in mindset of both tourists and the
tourism service industry, as well as the development
and use of water efficient technology are required.

Ecosystem services distribution and hotspots

There are generally low levels of overlap between the
various ecosystem service hotspots, implying that
areas important for one ecosystem service are rarely
important for another (Table 1). An exception is the
80% overlap between groundwater recharge and
surface water hotspots, largely because they are both
directly related to rainfall.

The overlap between the area of the ecosystem
service hotspots and the individual biodiversity prior-
ity areas is generally low (Fig. 7; Table 2). All priority
areas have at least 15% of there area classified as
important for a particular ecosystem service (usually
tourism), with four of these (Central Breede River
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Valley, Central Little Karoo, Knersvlakte and Nam-

aqualand Uplands) being-comprised-with more than
20%. Tourism viewsheds occupy most of the priority

Table 1 Proportional overlap of ecosystem service hotspots

Ecosystem Proportional overlap (%)

service
Surface Groundwater Grazing Tourism
water  recharge

Surface water -

Groundwater 80.5 -

recharge
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

areas, with the exception of surface water supply,
where this service’s hotspot covers more than 50% of
the Central Breede River Valley. The remaining
ecosystem service hotspots do not occupy a large
proportion of the SKEP priority areas. It is, however,
important to differentiate between area of congruence
and the quantity of each ecosystem service provided.
Although ecosystem service hotspots may not occupy
much area of a priority area, the priority areas still
supply quantities of ecosystem services in an area of
overall ecosystem service scarcity.

The findings point to the potential for surface water
management to help promote the conservation of the
Central Breede River Valley and parts of the Central
Little Karoo priority areas, while tourism and the
maintenance of attractive viewsheds may help the
cases of these and the other priority areas. When the

Fig. 7 The distribution of 16°E 18°E 20°E 22°E 24°E
the ecosystem service : T Y — ] 28°s
hotspots for surface water 28°S | Ecosystem service "hotspots
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Table 2 Percentage of

- . L Biodiversity priority area
each biodiversity priority yPp y

Surface water Ground-water Grazing Tourism

All service

area which is contained recharge hotspots
within each ecosystem Bokkeveld Hantam Roggeveld 18 154 169
service hotspot .
Central Breede River Valley 514 7.9 1.5 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 374 374
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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 39
Central Little Karoo 7.6 0.5 40.2 7.9 8.0
Central Namaqualand Coast 35 1.8
Greater Richtersveld 24.1 12.5
Knersvlakte 9.4 4.9
Namaqualand Uplands 8.1 4.2

overlap of all ecosystem service hotspots combined
with the priority areas are assessed, there is good
support for the Central Breede River Valley and
Central Little Karoo as being important for a few
ecosystem services.

When assessing how well the priority areas incor-
porate ecosystem service hotspots it was found that,
with the exception of the Central Little Karoo and the
Greater Richtersveld, there is a low level of overlap
between ecosystem service hotspots and biodiversity
priority areas (Table 3). The Central Little Karoo
contains more than 40% of the areas important to
grazing services, while the Greater Richtersveld
contains more than 20% of the tourism viewshed.

The total contribution of all the priority areas to
the ecosystem service hotspots is shown in Fig. 7. A
high proportion of the ecosystem service hotspots for
tourism (63.44%) and grazing (58.76%) are contained
within the SKEP priority areas. However, once again
the priority areas only contain limited areas of land
which are important to the management of either
surface (15.61%) or ground water services (2.17%).
A total of 40.13% of service hotspots are contained
within the SKEP biodiversity priority areas.

Unlike the other biomes that have been investi-
gated from an ecosystem services perspective (e.g.
Savannas and Grasslands), the Succulent Karoo
biome is characterized by both the lack of dominance
by a single service and a general jack of service
supply in this region (van Jaarsveld et al. 2005; Le
Maitre et al. 2007b; Egoh et al. 2008). Whilst the
semi-arid regions have been poorly researched from
an ecosystem services perspective, these findings
reflect the environmental constraint of low rainfall
and low productivity that typify semi-arid systems.

The low levels of overlap found between services
is in line with similar studies (Egoh et al. 2008;

Reyers et al. 2009) that demonstrated variable and
often low congruence between certain services. These
studies highlight the resource and area intensive
requirements of managing multiple ecosystem ser-
vices. The lack of congruence between ecosystem
services and biodiversity priorities evident in our
study concurs with similar studies (Chan et al. 2006;
Anderson et al. 2009; Egoh et al. 2009), which show
that ecosystem services approaches will not ensure
complete biodiversity protection. Turner et al. (2007)
also notes the importance of considering regional
variation when developing these approaches for
protecting biodiversity. The implication here is that
a comprehensive multi-functional landscape analysis
is required when assessing both biodiversity and
ecosystem services, and ecosystem services analysis
alone cannot be relied on as an approach for
conserving all biodiveristy. The selection of the
SKEP conservation priorities regions was driven by
endemism criteria rather than biological production
which often drives ecosystem services (Costanza
et al. 2007). A lack of congruence here may have
been anticipated. However, any analysis of this nature
is valuable as it highlights where gains and synergies
are possible. Santelmann et al. (2004) provide a very
similar demonstration of how innovative agricultural
practices can both benefit biodiversity and ecosystem
services and be acceptable to farmers.

Conclusions and recommendations

Multi-functional landscapes: conceptual
relevance and the value of local scale benefits

The Succulent Karoo, like many other parts of the
world, displays heterogeneity in the distribution of
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ecosystem services and biodiversity. This means that
a small number of spatially distinct areas house most
of the region’s biodiversity and ecosystem services.
A multi-functional landscape approach highlights the
importance of all of these areas to meeting multiple
objectives associated with biodiversity conservation,
agricultural activities and human wellbeing, while
pointing to the potential trade offs between these
objectives. In this study, taking a multi-functional
landscape approach, as opposed to single objective
approach, proved a useful tool for highlighting the
multiple functions associated with the Succulent
Karoo and the need to manage the landscape with
broader sustainability objectives in mind: balancing
short term food security needs with longer term
sustainability of water, grazing systems, tourism
economies and biodiversity conservation objectives.
A focus on the ecosystem service hotspots alone is
not recommended as the semi-arid and vulnerable
nature of the Succulent Karoo implies that even areas
of low ecosystem service supply have an important
role to play in this marginal, resource impoverished
environment by supporting the limited and vital
water, grazing and tourism services.

Furthermore, in addition to these biome scale
benefit flows, of the non-hotspot areas house
important loca[,,%}e benefits like fuel wood (Archer
1994; Solomon 2000; Price 2005), construction
material for dwellings and shelters (Archer 1989),
food (Goldblatt and Manning 2000) and medicinal
plants (Watt and Breyer-Brandwijk 1962; Archer
1994; van Wyk and Gericke 2000). While pot
assessed in this biome scale assessment, the value
of these local scale benefits in sustaining local
inhabitants is substantial (James et al. 2005), partic-
ularly in times of hardship. Coupled with this, local
inhabitants have developed utilization strategies to
exploit these resources and to cope with seasonal
fluctuations in resource levels (O’Farrell et al. 2007;
Samuels et al. 2007) and periodic extreme events like
drought (O’Farrell et al. 2009a). Adopting a biome
scale hotspot approach to assessing service supply is
particularly good at highlighting key management
areas, it may-potentially underplay local-level depen-
dence on particular services and not capture the
welfare implications associated with diminishing and
limited service provision. In semi-arid regions small
changes in the supply of services are likely to cause
disproportionally larger impacts on local beneficiaries

@ Springer

compared with more well endowed areas. This is
particularly important given climate change predic-
tions presented for the region, and clearly regional
and biome level assessments need to be comple-
mented with local-level understanding of both social
and ecological issues (Cowling et al. 2008).

Multi-pronged approaches for multi-functional
sustainable landscapes

Given the threats posed to the multi-functional land-

secapes from both an ecological and socio-economic
perspective, there is a need to promote practices based
on sustainability, ecological resilience, connectivity
and movement in the face of climate change, opti-
mised biodiversity retention and protecting ecosystem
service delivery (Bennett and Balvanera 2007). These
multiple objectives will be difficult to realise and no
single management tool or approach will achieve this.
There is—alsg likely to be substantial trade-offs
associated with choices and these need to be made
explicit (Carpenter et al. 2009). The science of
ecosystem services needs to be rapidly advanced so
that required management tools and knowledge can be
delivered (Daily et al. 2009). Furthermore, a variety of
arguments for conservation compatible and related
actions need to be developed as these are likely to be
more persuasive than a single argument (Redford and
Adams 2009). Multi-pronged approaches are required
where multiple interventions at a variety of scales are
undertaken. This poses a real challenge for decision
makers (Otte et al. 2007) and strengthening science-
land-user connections, science-policy connections,
landholder-policy connections is vital. So too is the
development of a shared vision and aim for the long
term persistence of biodiversity (Opdam et al. 2006),
and the actual design of these landscapes (Nassauer
and Opdam 2008). Ecological principles, such as
maintaining structural complexity, connectivity, het-
erogeneity, and creating buffers (Fischer et al. 2006)
and ecosystem service issues need to be integrated into
landscape design (Lovell and Johnston 2009b), and
development policies at both the local and regional
level. Raising awareness, building capacity and sup-
porting decision making within institutional structures
that manage land and water issues, particularly local
government, would kick-start the development of
sustainable multi-functional landscapes (Cowling
et al. 2008; Reyers et al. 2009). Community values
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also need to be mapped, thereby linking local percep-
tions and values to broader landscape initiatives
(Raymond et al. 2009).

Promoting the development and use of appropriate
technologies, like those for sanitation and irrigation, is
fundamental in arid areas. These do not have to be
highly sophisticated schemes, and could be as simple
as establishing woodlots and harvesting rainfall. In
addition to these, the-development-of-user demanded
information tools need to takeplace; strategic support
provided along with policy coordination (Scherr and
McNeely 2008). Whilst we acknowledge Redford and
Adams (2009) cautionary warnings, the development
for payments for ecosystem service schemes where
applicable, such as in the identified ecosystem service
hotspots, needs to-developed. Whilst such schemes
have a foothold in Europe, where diversification
strategies, services payments and support to farmers
and land managers are well advanced (Wiggering et al.
20006), these still need to be initiated in South Africa
and many other developing countries where there is
potential to couple them to poverty relief objectives
(Turpie et al. 2008). However, there are currently a
wide variety of approaches available aside from these
market based instruments and the complexity of policy
instrument choice needs to be acknowledged.

The findings of this study suggest that for effective
management, engagement at the local level should not
be overlooked, and ecosystem services assessments
focussed on making a case for biodiversity need to
incorporate a variety of scales. Engagement at the
local scale is seen as critically important and a useful
point of entry to start co-developing and designing
place specific strategies for realising the potential
of these multi-functional landscapes (Nassauer and
Opdam 2008). Creating multi-functional landscapes
is only possible with full cognisance of all the dynamic
drivers of a landscape. Multipronged approaches
initiated at appropriate scales are vital in steering man-
agement decisions towards sustainable multi-func-
tional landscapes.
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