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Abstract An area of convergence appears to be
emerging between the approaches of conservation
planning and the concepts of multifunctional land-
scapes, which if exploited correctly may assist in
overcoming the resource and other constraints faced
by biodiversity conservation, while at the same time
furthering the aims of multifunctional landscapes to
improve production abilities and overall sustainability.
Using a multi-zone conservation planning approach,
we explore the conservation costs, benefits to biodi-
versity conservation and possible ecosystem ser-
vice payments associated with various land-use
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configurations, in the Little Karoo of South Africa, in
order to develop and showcase a multifunctional
landscape planning approach and its data require-
ments, as well as the possible cost savings to conser-
vation agencies. The study uses four conservation
planning scenarios, five land-use types, their conser-
vation costs and biodiversity benefits, as well as
possible payments from carbon sequestration and
tourism. We find that the costs and biodiversity benefits
associated with different land-uses varies substantially
between land-uses, and also spatially within a land-use
type. By incorporating this variation into a multi-zone
conservation planning approach land-uses can be
allocated in a way that achieves biodiversity targets
while at the same time reducing costs by up to 50 %
when compared with traditional binary approaches to
conservation. Despite some challenges presented by
cost and ecosystem service value data and the deter-
mination of land-use impacts on biodiversity and
ecosystem services, the ability of conservation plan-
ning approaches to reflect differential contributions of
particular land-uses to biodiversity targets and ecosys-
tem services holds much potential for conservation
planning, for multifunctional landscape objectives
and for growing the resources and partnerships avail-
able to the establishment of sustainable and resilient
landscapes.

Keywords Land-use - Conservation costs -
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Introduction

The scale of the human enterprise and resultant
biodiversity losses drive much of the global effort to
conserve biodiversity. However, efforts to conserve
biodiversity are constrained by competing and often
conflicting agendas for social and economic develop-
ment (Sanderson and Redford 2003; Reyers et al.
2010), low levels of political support, complex
governance and institutional arrangements (Lombard
et al. 2010), and existing and future budget shortfalls
(James et al. 1999; Balmford et al. 2003; Bruner et al.
2004). In responding to these challenges the conser-
vation community has expanded the approaches and
tools at their disposal through for example developing
more resource- and cost-efficient ways to conserve
biodiversity e.g. off-reserve conservation (Binning
1997; Myers et al. 2000; Mace and Lande 1991;
Wilson et al. 2009). Off-reserve conservation efforts
focus on the management of whole landscapes,
complementing formal protected areas with other
(potentially cheaper) property rights mechanisms
including the creation of management agreements
and the designation of conservation easements (Hale
and Lamb 1997; Pence et al. 2003). In addition to
managing the demand on conservation budgets, more
recently there has been an emergence of approaches
that attempt to grow the available budget for conser-
vation. Chief amongst these approaches are payment
for ecosystem service (PES) schemes which are being
supported by many conservationists because of their
potential to conserve biodiversity, while unlocking
additional funds through the protection and enhance-
ment of ecosystem services (Reyers et al. 2012).

The array of ways to reduce demands on and grow
conservation budgets has received much scientific
attention and shows some promise in helping achieve
conservation targets with limited resources (e.g. Pence
et al. 2003; Naidoo and Ricketts 2006; Liu et al. 2008;
Turpie et al. 2008). This new suite of off-reserve and
ecosystem service aligned conservation tools has
resulted in some major shifts in the way conservation
is done. These shifts include a movement away from
a focus on binary landscapes, where a parcel of land
is either conserved entirely or not at all, to a more
integrated view of biodiversity conservation as part of
productive working landscapes where conservation-
ists work in partnership with other sectors (agriculture,
water and housing) to address not only biodiversity
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conservation objectives, but broader sustainability
needs too. These more integrated approaches closely
resemble the ideas put forward by landscape ecolo-
gists in the study and design of multifunctional
landscapes. Multifunctional landscapes are landscapes
which provide multiple environmental, social and
economic functions and are able to achieve multiple
societal needs including energy and food production,
management of waste, conservation of biodiversity
and the management of water quantity and quality
across the landscape; the improvement of landscape
heterogeneity and therefore resilience; and the provi-
sion of recreational opportunities (Lovell and Johnston
2009). While theoretically compelling, the field of
multifunctional landscapes remains constrained by a
lack of planning approaches able to: plan and establish
multifunctional landscapes (Nassauer and Opdam
2008); consider the inherent costs and contributions
of various parts of the landscape to multiple social,
economic and ecological objectives (Lovell and
Johnston 2009); and to account for synergies, threats
and trade-offs between multiple functions in the
landscape and objectives (Bennett et al. 2009).

New tools in the area of conservation planning
(the systematic and spatially explicit identification of
areas important to achieving particular biodiversity
conservation targets (Margules and Pressey 2000))
including multiple land-use zonation (Wilson et al.
2010), ecosystem service data and planning
approaches (Nelson et al. 2009; Reyers et al. 2009;
Egoh et al. 2010) and approaches for including cost
data into conservation planning (Carwardine et al.
2008) show much promise in addressing the above
challenges identified in the study of multifunctional
landscapes. There appears therefore to be an area of
useful convergence between conservation planning
and multifunctional landscapes, which if exploited
correctly may assist not only overcoming the resource
and other constraints faced by biodiversity conserva-
tion and its approaches, but may also further the aims
of multifunctional landscapes to improve production
abilities of land as well as their ecological functions
and therefore the longer term resilience or sustain-
ability of the landscape (Nassauer and Opdam 2008).

This study aims to take advantage of the conver-
gence between multifunctional landscape thinking and
conservation planning, as well as a long term biodi-
versity and ecosystem services research program in
the Little Karoo of South Africa (Gallo et al. 2009;
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Reyers et al. 2009; Egoh et al. 2010; O’Farrell et al.
2010) to explore the application of a recently devel-
oped conservation planning tool, together with data on
land-use, biodiversity and ecosystem services, in order
to develop and showcase a multifunctional landscape
planning approach and its data requirements. Further-
more, it aims to evaluate the possible cost savings
to conservation agencies through such engagements
in a broader multifunctional landscape approach to
conservation.

Methods
Study region

The Little Karoo region (~ 19 000 km?) lies within a
semi-arid intermontane basin and is the meeting point
for three globally-recognized biodiversity hotspots
(Fig. 1; Reyers et al. 2009; Egoh et al. 2010). The
region, which is mostly comprised of privately owned
farms, has a long history of extensive grazing and
browsing by livestock, chiefly ostriches, but also sheep
and goats. Very little (<10 %) clearing of natural
habitat to cultivated land has taken place, while studies
have pointed to the overarching role that overgrazing
(mostly through intensive ostrich farming) has played
in the degradation of vegetation and soil, biodiversity
and ecosystem services (Reyers et al. 2009).

Analysis framework—Marxan with zones

We employed a version of the decision-support tool
Marxan that deals with multiple land-use zone plan-
ning—Marxan with Zones (Watts et al. 2009). Marxan
with Zones is based on an area selection algorithm that
aims to meet pre-specified biodiversity conservation
targets for the least cost, by allocating planning units
(the spatial units of analysis—1 km® grid cells
(n = 17,131)), and their biodiversity, to five different
land-use zones. The land-use zones are the critical
element around which this study is based in that they
differ in their contribution to biodiversity conservation
targets, the conservation actions required and associ-
ated costs to conservation agencies, and their potential
for payments and other forms of income from ecosys-
tem services. We defined five land-use zones for
use in the Marxan analysis: “formal conservation”,
“private reserve”, “conservancy”’, “grazing lands”,

and “cleared”. Formal conservation areas were
defined as state owned protected areas managed for
biodiversity objectives and fall within the traditional
on-reserve approach to conservation. The “private
reserve”, “conservancy” and “grazing lands” land-
use zones corresponded with three different types of
off-reserve areas with short term (20 year) manage-
ment agreements between the land owner and the
conservation agency concerning the use and manage-
ment of the land. These agreements, in addition to
management guidelines, allow for increasing levels of
grazing of domestic and wild stock ranging from the
sustainable levels recommended by the regional
Department of Agriculture for “private reserves”,
twice the recommended sustainable levels in “conser-
vancies” and four times the recommended rates
(through use of feedlots, supplementary fodder and
livestock camps) in “grazing lands” (Dean and Mac-
Donald 1994). “Cleared” zones represent land cleared
of natural vegetation for cultivation and urban devel-
opment and do not contribute to biodiversity conser-
vation objectives.

The analysis was divided into 3 phases (Fig. 2)
beginning with an assessment of the initial state of
each planning unit, which is used to determine the
possible land-use zones into which that planning unit
may be allocated and the actions required to put it into
a particular land-use zone. This was followed by an
analysis of the biodiversity contribution of each
planning unit when allocated into each of the land-
use zones, as well as the costs of this allocation. The
final step applied the Marxan with Zones algorithm in
identifying the best allocation of planning units per
land-use zone in a configuration which best achieves
the biodiversity conservation targets at minimum cost.
Below we provide details on each of these steps, as
well as their input datasets (Fig. 2).

Determining the initial state of the planning units

Marxan with Zones requires information on the initial
state of each planning unit in order to determine the
possible land-use zones to which it can be allocated.
The initial state is also important as it determines the
conservation actions required to allocate a planning
unit to a particular land-use zone and the costs of such
actions. To estimate initial state for each planning unit
we used data on land cover to classify planning
units as “protected pristine”, “unprotected pristine”,
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Fig. 1 The location of the
Little Karoo study area in
South Africa also
illustrating the initial state of
planning units. White areas
are cleared by urban
development and cultivation
and are not included in the
analysis
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“moderately degraded” and “severely degraded”
(Fig. 1). Land cover (the physical material on the land
e.g. bare ground, trees) is used here to determine the
state or condition of the land, it differs from land-use
(i.e. how the land is utilised for socio-economic
activities e.g. urban or agricultural uses) which is the
focus of the Marxan with Zones analysis. Protected area
coverage was used to differentiate pristine planning
units already conserved. We then established rules for
possible land-use zone allocations for each planning unit
based on its initial state, together with the costs of each
allocation (see supplementary material for details on
classification and rules for planning unit allocations).

Biodiversity contributions and costs of land-use
allocations

In order to measure the biodiversity contribution of
each planning unit, Marxan with Zones requires data
on the amount of biodiversity features (e.g. species,
ecosystems) contained in each planning unit, as well
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as a quantitative target for each biodiversity feature.
As a measure of biodiversity we used vegetation data
from Vlok et al. (2005)—a fine-resolution, hierarchi-
cal map (1:50,000) which depicts 369 vegetation types
grouped into biomes. Targets for the vegetation types
were extracted from Gallo et al. (2009) and applied
to each vegetation type. They were based on the
quantitative species-turnover approach developed by
Desmet and Cowling (2004) and range from 16 to
34 % of original extent of each vegetation type.

The five land-use zones differ in the condition or
intactness of their biodiversity pattern and process and
therefore how much a planning unit in a zone can
contribute to the biodiversity targets. The “zone contri-
bution value” employed in Marxan with Zones is a
measure of this contribution to targets and varies
between zero and 1, where a value of 1 implies that all
biodiversity in that planning unit contributes to the
target. We used biome level measures of biodiversity
intactness extracted from Biggs et al. (2006) in deter-
mining the zone contribution values Table 1 (see
supplementary material for details).
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Fig. 2 Analytical framework used in the multiple land-use zone
conservation planning process. Three phases of analysis are
depicted starting with the determination of the initial state of the
planning units used to determine possible land-use per planning
unit. The second phase is the analysis of the planning unit
specific biodiversity and cost data to determine the contribution
and cost each planning unit makes when allocated to a land-use
zone. The final phase allocated each planning unit to a particular
land-use zone to meet biodiversity targets at least cost. The final
phase compares four scenarios: Scenario 1 (solid arrows) uses
only “formal conservation” and “cleared” zone, Scenario 2

Each allocation of a planning unit to a land-use
zone involves a set of conservation actions (e.g.
management, restoration) with associated costs from
the perspective of a conservation agency. Costs could
either be once off start-up costs (e.g. acquisition) or
ongoing annual costs (e.g. management). The latter
we endowed for 20 years at a discount rate of 3 %.
We inflated all costs to 2008 values and converted all
currencies into US$ values using a rate of 7.5 ZAR:1
USS. For some of the scenarios described below we
also included opportunity costs of foregone grazing or
cultivation. Table 2 contains the conservation actions
and their costs used for each land-use allocation
(details of the cost data are provided in the supple-
mentary material).

In some of the scenarios below we included
payments for carbon sequestration and tourism as a
mechanism to reduce opportunity costs for land
owners and the conservation agency. Data on these
ecosystem services were based on 32 functional
groupings of the vegetation types to determine carbon

Private
reserve

(solid and dashed arrows) uses “formal conservation”, all off-
reserve zones and the “cleared” zone, Scenario 3 (solid arrows),
pairs Scenario 1 with payments for ecosystem services through
carbon sequestration and income generated through tourism to
areas in “formal conservation” zones. Scenario 4 (solid and
dashed arrows), pairs Scenario 2 with PES through carbon
sequestration for areas moving into “formal conservation” and
“private reserve” zones, and with income generated through
tourism for all land-use allocations, except to “grazing lands”.
The symbols C and + illustrate planning unit allocations which
can include carbon and tourism payments, respectively

storage values and livestock numbers. Carbon storage
data were based on a combination of field data and
expert extrapolation extracted from Reyers et al.
(2009). We calculated the payment for carbon seques-
tration based on the changes in the amount of carbon
stored per planning unit for allocations of moderately
and severely degraded planning units to “formal
conservation” and “private reserve”. The difference
was based on the planning unit initial state and values
of current carbon stored and the potential carbon
stored if all areas were restored to pristine states at a
rate of 4.2 t C/ha/year (Table 1; Mills and Cowling
2006). The high grazing levels in the “conservancy”
and “grazing land” zones precluded these land-use
zone allocation from carbon payments (Fig. 2). We
used a value of US$30 per ton sequestered over the
20 year period or until the potential carbon levels are
reached ((whichever is sooner) electronic supplemen-
tary material, Table S1).

To calculate the tourist income per planning unit we
used data extracted from O’Farrell et al. (2010) on

@ Springer
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Table 1 Contributions of each land-use zone to biodiversity targets and carbon storage functions

Biomes Formal conserved Private reserve Conservancy Grazing land
Contribution to biodiversity targets
Fynbos 1.00 0.94 0.72 0.51
Thicket 1.00 0.95 0.77 0.59
Succulent Karoo 1.00 0.89 0.72 0.55
Wetlands 1.00 0.94 0.80 0.67
Carbon stored (t/C/ha)
Thicket 195.00 146.67 103.33 N/A
Thicket mosaics 50.00 40.00 30.00 N/A
Succulent Karoo 25.00 12.50 5.00 N/A

Biodiversity contributions are adapted from Biggs et al. (2006), while carbon storage values are taken from Reyers et al. (2009)

Formal conserved areas are defined as state owned protected areas managed for biodiversity objectives. Private reserves are off-
reserve areas with short term (20 year) management agreements which allow for grazing of domestic and wild stock at sustainable
levels recommended by the regional Department of Agriculture. Conservancies are off-reserve areas with short term (20 year)
management agreements which allow for grazing of domestic and wild stock at twice the recommended sustainable levels. Grazing
lands are off-reserve areas with short term (20 year) management agreements which allow for grazing of domestic and wild stock at
four times the recommended rates (through use of feedlots, supplementary fodder and livestock camps). Cleared zones represent land
cleared of natural vegetation for cultivation and urban development and do not contribute to biodiversity conservation objectives

scenic tourism values (Table S1). We calculated this
income for planning units within view of major tourist
routes determined from a 10 km viewshed mapped by
Reyers et al. (2009). This income was used to reduce
the costs of planning unit allocations from pristine
unprotected, moderately and severely degraded areas
to “formal conservation”, “private reserve” and
“conservancy” (Fig. 2).

Scenarios

In order to assess the range and possible contribution of
the set of conservation tools available we used Marxan
with Zones to compare four conservation planning
scenarios (Fig. 2). Scenario 1 was formulated using
only two land-use zones (“formal conservation” and
“cleared” zones) and corresponds with the conventional
on-reserve binary approach to conservation planning (a
planning unit either contributes fully to conservation
targets, or not at all). Scenario 2 moved beyond binary
to a multifunctional approach which includes “formal
conservation”, all off-reserve zones and the “cleared”
zone, their contributions to targets (Table 1) and their
varying costs (Table 2). Scenario 3 paired Scenario 1
with payments for ecosystem services (PES). It used
only the binary options of “formal conservation” and
“cleared” zones, but included the option for PES
through carbon sequestration, as well as income gener-
ated through tourism to areas in “formal conservation”
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zones. Scenario 4, reflecting a combined approach
pairing Scenario 2, the multifunctional approach, with
PES, used all zones, and included the option for PES
through carbon sequestration for areas moving into
“formal conservation” and “private reserve” zones,
allocations which together with allocations to “conser-
vancy” zones could also generate income from tourism.

Results

Conservation contributions and costs
across a landscape

Data adapted from Biggs et al. (2006) on the
contribution of different land-use zones to biodiversity
targets (Table 1) indicate that while formal conserva-
tion zones contribute 100 % to biodiversity targets,
private reserves contribute on average 93 % to targets,
followed by conservancies (75 %) and grazing land
(58 %). Planning units in the Fynbos biome appear
most sensitive to high levels of grazing with contri-
butions ranging from 72 % (conservancies) to 51 %
(grazing lands), while Succulent Karoo areas are most
sensitive to low levels of grazing (89 % contribution
to targets for private reserves).

In examining the distribution of areas suitable for
carbon sequestration and tourism activities, the central
lowlands of spekboom (Portulacaria afra) dominated
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Table 2 Possible land-use zone allocations for planning units based on their initial state (determined by land cover and protected

area data). The set of conservation actions and costs required for each allocation is shown

Initial state of
planning unit

Future land-use zone

Formal Private reserve Conservancy Grazing land Cleared
conservation
Protected OnM Not possible Not possible Not possible No cost
pristine
Unprotected Aq + OnM OfM + MaxOp — OfM + MaxOp — OfM + MaxOp — No cost
pristine InGraz (20 year) InGraz2 (20 year) InGraz4 (20 year)
Moderately Aq + OnM OfM + MaxOp — OfM + MaxOp — OfM + MaxOp — No cost
degraded land InGraz (15 year) InGraz2 (15 year) InGraz4 (15 year)
Severely Aq + OnM + Rest OfM + MaxOp — OfM + MaxOp — OfM + MaxOp — No cost
degraded land InGraz InGraz2 InGraz4

(15 year) + Rest

(15 year) + Rest

(15 year) + Rest

Cost equations for each possible land-use allocation (cost abbreviations: OnM on-reserve management, OfM off-reserve management,
Agq acquisition, Rest restoration, MaxOp maximum opportunity cost, lnGraz income from sustainable grazing at recommended levels,
InGraz2 income from intensive grazing at two times recommended levels, InGraz4 income from intensive grazing at four times

recommended levels)

thicket habitats (Fig. 3) were found to have high carbon
sequestration potential. For these areas, placing a plan-
ning unit into the formal conservation land-use zone will
sequester the most carbon due to the low levels of grazing.
Allocating that planning unit to private reserves will
result in decrease of 24 % in average carbon sequestra-
tion, while allocating the unit to conservancies results in
45 9% declines. Some sites in the Succulent Karoo biome
show some sequestration potential (Fig. 3) but changes in
grazing intensity caused by land-use changes from formal
conservation areas to private reserves or conservancies
cause 50 and 79 % declines in this storage ability
respectively. The tourism viewshed (Fig. 3) due to its
method of determination lies within close proximity to
tourism routes, especially those within scenic mountain
areas. Planning units within the tourism viewshed could
bring in income of $45,000 per planning unit. The high
numbers of planning units outside of the viewshed
resulted in a low average value of $12,000 which is much
lower than most of the other conservation costs (Fig. 4).
The income values for carbon had a high average value
of $40,000 per planning unit and compared favourably
even with high costs of acquisition (x = $65,000) and
opportunity costs ( = $35,000).

Land acquisition costs were the highest average
conservation cost in the Little Karoo ($US65,000;
Fig. 4) closely followed by the average for: maximum
opportunity costs ($35,000), intensive grazing oppor-
tunity costs ($33,000), and on reserve management
costs ($28,000). Cultivation opportunity costs were

the lowest average cost at $6,000. However, acquisi-
tion and opportunity costs varied spatially (Figs. 3, 4)
with acquisition costs ranging from $6,000 to
$363,000 per planning unit and maximum opportunity
costs ranging from $15,000 to $245,000 per planning
unit. In fact, while the cultivation opportunity cost
displayed a low average cost due to the preponderance
of planning units with no cultivation potential, where
cultivation is possible these planning units showed
some of the highest costs ($245,000) and determined
the maximum opportunity cost in these units. Maxi-
mum values for intensive grazing were lower at
$60,000 per planning unit. The spatial variation in
acquisition costs (determined at the district munici-
pality level) showed low values for districts in the
north, while districts in the south and west were the
most expensive. Opportunity costs associated with
intensive grazing and cultivation (Fig. 3b, c) show low
cost mountainous areas and expensive lowland
patches, especially close to rivers and productive land.

Restoration and management costs were fixed costs
per planning unit and did not vary spatially. Restora-
tion costs were $141,000 per planning unit across
the region for planning units which were severely
degraded, while on- and off-reserve management costs
were $23,000 and $29,000 respectively. The cost of
acquiring all planning units in the study area would
total $1.1 billion, for compensating land owners
for foregone intensive grazing opportunities $560
million, and for compensating foregone cultivation
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Fig. 3 Distribution of spatially variable cost and income values
across the landscape. Values reflect the costs per planning unit
for a acquisition, b compensating the land owner for foregone
intensive grazing opportunities, ¢ compensating the land owner
for foregone cultivation opportunities, and d income values
from carbon payments. Values are in ‘000 US$

opportunities $102 million. It would cost conservation
agencies $495- and $395- million to manage all
planning units on and off reserve respectively, and
$289 million to restore all degraded planning units.

Scenario outputs

All scenarios were able to achieve targets set for
vegetation types by at least 99 %. When comparing the
outputs of Scenario 1 and 2, where the former only
includes formal conservation areas and the latter includes
all zones, findings show that compared to 43 % of the
planning units selected by Scenario 1 for formal conser-
vation, Scenario 2 allocated only 27 % of planning units
into the formal conservation zone with 5, 6 and 11 % of

planning units selected into “private reserves”, “conser-
vancy”, and “grazing land” zones respectively. Scenario
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2 selected more planning units; however the variety of
zones available in Scenario 2 resulted in a solution that
would cost the conservation agency $475 million, 12 %
less than Scenario 1 ($542 million; Figs. 5, 6).

Scenario 3 resulted in 47 % of planning units
allocated to the formal conservation zone, more plan-
ning units than the number selected in Scenario 1, but
less than Scenario 2 (Fig. 5). With the inclusion of the
option of payments from carbon and tourism in this
scenario the total cost was $318 million, 41 % less than
Scenario 1 and 33 % less than Scenario 2 (Fig. 6).
Finally, Scenario 4 selected 50 % of the planning units,
with more (29 and 13.5 %) planning units in the formal
conservation zone and private reserves respectively than
Scenario 2, and less (3.5 and 3.6 %) in conservancies
and grazing lands respectively. The option for payments
for carbon and tourism makes this the cheapest scenario
at $ 229 million, 57.8 % less than Scenario 1 (Fig. 6).

Discussion

As this study and recent work by others (e.g. Wilson
et al. 2007) demonstrates, conservation can be done
in a multitude of ways with a multitude of costs and
benefits which differ not only from one another, but
also vary across space. While we only consider a
small set of conservation actions and costs in the
Little Karoo (acquisition, management, restoration and
compensation) the variation of these in terms of their
contribution to biodiversity conservation and their
costs to conservation agencies is substantial, ranging
by orders of magnitude within and between costs. For
example allocating a planning unit to a grazing land-
use zone in the little Karoo will protect 42 % less of its
biodiversity than if the planning unit were placed in a
formal conservation zone. Similarly buying a planning
unit would cost an average of $65,000 plus manage-
ment costs (x = $28,000), while managing it through
an off-reserve agreement with the landowner would
reduce costs to compensation costs of an average
$33,000 and would also reduce the management costs
by 20 %. By adding new approaches to conservation
e.g. PES and tourism mechanisms even more variation
in costs is encountered. Where possible, carbon
payments of $40,000 per planning unit and tourism
values of $45,000 per planning unit can reduce
conservation costs significantly.
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pairs Scenario 1 with payments for ecosystem services through
carbon sequestration and income generated through tourism to

In comparing the different types of costs, we
found that unlike other studies (e.g. Naidoo et al.
2006) there were large differences between acquisi-
tion (X = $65,000) and opportunity costs (x=$35,000).
This difference is most likely due to differences in
resolution of the data used to calculate these costs, but
also a result of important land-use drivers in the Little
Karoo. The region has witnessed a recent move to
“lifestyle farming” where farms are bought by urban
residents as lifestyle investments or hobby farms rather

Land use zone

areas in “formal conservation” zones. Scenario 4 pairs Scenario
2 with PES through carbon sequestration for areas moving into
“formal conservation” and “private reserve” zones, allocations
which together with allocations to “conservancy” zones, also
receive payments from tourism

than for production activities. This phenomenon has
decoupled the acquisition cost of the farm from the
land’s production potential and has resulted in some
positive impacts for conservation in the area through
the recovery of many overgrazed and ploughed areas,
but it has also had some negative consequences through
the introduction of extra-limital species and through the
intensification of production activities on other farms
where land values are being driven up (O’Farrell et al.
2008). This study shows that shifts in land-use and the
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Fig. 6 Total cost of each scenario’s selected set of planning
units. Scenario 1 uses only “formal conservation” and
“cleared” zone, Scenario 2 uses “formal conservation”, all
off-reserve zones and the “cleared” zone, Scenario 3, pairs
Scenario 1 with payments for ecosystem services through
carbon sequestration and income generated through tourism to
areas in “formal conservation” zones. Scenario 4, pairs
Scenario 2 with PES through carbon sequestration for areas
moving into “formal conservation” and “private reserve”
zones, allocations which together with allocations to “conser-
vancy” zones could also generate income from tourism

decoupling of land value from production potential
have substantial implications for conservation in the
area, making traditional approaches to conservation
very expensive and almost impossible under current
conservation budgets (Scenario 1: $ 542 million).

By combining the variation in costs and benefits with a
software platform, like Marxan with Zones, which is able
to take the spatial variation of costs and benefits into
account, as well as multiple land-use zones and multiple
targets, the size of the cost reductions to conservation
become apparent. Scenario 3, which involves the expen-
sive acquisition of almost 50 % of the Little Karoo, costs
a third of the price of Scenario 1 (which does not include
payments from ecosystem services) if conservation
budgets can be supplemented with payments for carbon
sequestration and tourism income. These gains are even
more noticeable when one moves beyond acquisition to
off-reserve management approaches combined with
income streams from carbon sequestration and tourism
to offset the high opportunity costs in the area (Scenario
4). Scenario 4 demonstrates how one could meet all
biodiversity targets and conserve nearly half of the Little
Karoo at less than half the price it would cost to buy up the
land in Scenario 1.

Conservation planning for multifunctional
landscapes

From this study it appears that conservation planning

tools like Marxan with Zones have the potential to
help move conservation planning forward into a more
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integrated way of planning landscapes for conserva-
tion functions. But perhaps more importantly they also
show potential in helping conservation and its
approaches, engage more broadly with other stake-
holders in the landscape, in planning landscapes with
multiple functions, while at the same time contributing
to the need for approaches for multifunctional land-
scape planning alluded to by Nassauer and Opdam
(2008). These new conservation planning approaches
can integrate knowledge of how landscapes are
structured and function to recognise not only what
land-use is best located where, but also what mutually
inclusive multiple needs can be met by particular
pieces of land and where trade-offs are unavoidable.
Ecologists and conservation biologists, due to their
understanding of the biophysical structures and functions
of landscapes, are key role players in the planning of
multifunctional landscapes in order to ensure that they
satisfy human demands for resources, while not under-
mining the ecological processes and other flows neces-
sary for long term sustainability (Lovell and Johnston
2009). This need for ecological knowledge not only
makes it possible for conservation biologists and ecolo-
gists to engage with other sectors and disciplines in
planning multifunctional landscapes (e.g. forestry, Wil-
son et al. 2010), but also makes their data and tools useful
to other sectors involved in the planning of multifunc-
tional landscapes (e.g. land-use planning and water
management; Theobald et al. 2000; Reyers et al. 2010).
While adopting a narrow conservation focus, this
study has demonstrated the potential of this area of
convergence between conservation planning and mul-
tifunctional landscapes and the possibility of configur-
ing the landscape into multiple land-uses with differing
costs and benefits to specific conservation objectives.
However, if these tools are to reach their potential in
the arena of conservation planning, but also in the
more integrated planning of multifunctional landscapes,
there are a few hurdles we encountered that need to be
overcome—hurdles mostly to do with data require-
ments, but also with the complex context of implemen-
tation. We discuss some of these hurdles and possible
solutions below based on our experiences in this study.

The cost and benefits of multifunctional
landscapes

Conservation planning for multifunctional landscapes
is data intensive, requiring data on the costs and
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contributions of various land-uses to multiple targets
(Lovell and Johnston 2009). As demonstrated in this
study this requires not only data on the biodiversity
features contained within a planning unit and the
acquisition and management cost of the planning unit,
it also requires information on land-use options, values
and impacts, as well as trade-offs and synergies
between biodiversity, ecosystem services and other
land-use opportunities. Recent progress in ecology has
already begun to contribute to this need providing data
on the distribution of biodiversity, the distribution of
ecological process and other flows and the location of
areas supplying ecosystem services. Much of these
data are useful to the conservation planning process.
However, many of these datasets are collected or
modelled at one point in time, and thus the determi-
nation of trends and trade-offs remains a challenge.
Furthermore, many ecosystem service datasets reflect
a potential biophysical measure (e.g. water run-off or
timber biomass) rather than an actual measure of the
use of ecosystem services, limiting the determination
of benefits or values of such services.

But perhaps the biggest hurdle we encountered was
determining the contributions of different land-uses
to biodiversity targets and ecosystem service values.
Even in this data rich study area, the analysis was
constrained to conservation and grazing associated
land-uses due to a lack of information on the impacts
of other possible land-uses, e.g. croplands, on biodi-
versity and ecosystem services. The limited data on
grazing land-use impacts on ecosystem services meant
the list of ecosystem services was quite constrained
from the many datasets used in Reyers et al. (2009)
and Egoh et al. (2010) to only carbon storage and
tourism. In the case of the latter the service was rather
crudely included as a binary layer.

There is a clear need for more work in the area of
land-use impacts and trade-offs in biodiversity and
ecosystem services, especially in the area of intensive
land-uses like urban development, mining and agri-
culture (e.g. Gordon et al. 2010), land-uses which are
increasing in extent and impact due to heightened
global demands.

The suite of planning units and conservation actions
selected has major implications for the cost and
therefore feasibility of the ultimate conservation
network identified. This requires detailed and accurate
cost data. In this study challenges around resolution
and scale of cost data, as well as the need to extrapolate

from the limited studies generating these data, make
these findings limited to demonstrating the range of
costs and relative costs, rather than the actual costs.
While conservation planners have recognised the
value of cost data to conservation planning for some
time now (e.g. Ando et al. 1998; Balmford et al. 2003)
and developed useful approaches for including cost
data into conservation planning (e.g. Carwardine
et al. 2008), it is only recently that the complexity of
conservation costs has really begun to be recognised
by the conservation planning community (Naidoo
et al. 2006; Carwardine et al. 2010).

There has been a concerted global effort to
assemble and test a wide variety of biodiversity data
sets and approaches for conservation planning, how-
ever less attention has been paid to gathering and
assessing data on the costs of conservation and
developing best practice for the incorporation of such
data into conservation plans. As Moore et al. (2004)
point out cost is at the heart of most complementarity
based approaches to conservation, therefore the
empirical weaknesses in conservation cost data are a
cause for concern. Furthermore, as Carwardine et al.
(2010) highlight, data on the costs of conservation
action are also inherently uncertain and can vary with
individual perceptions, values and markets. These
multiple sources of uncertainty surrounding cost data
in conservation planning supports calls to invest the
same amount of research effort into collecting,
assessing, testing surrogates and integrating economic
data as we have over the past decades to biodiversity
data (Naidoo et al. 2006). Furthermore, if these
conservation planning approaches are to be useful in
multifunctional landscape planning, then there is a
need to go beyond conservation costs to include other
costs of land-use management from agriculture, water,
urban development and other sectors.

In this study we identified ecosystem service
valuation and payments as a final data gap in the
planning of multifunctional landscapes. While there
has been some good progress estimating the benefits
and values of a suite of ecosystem services from global
to local scales (e.g. O’Farrell et al. 2011), in the case of
this study we were limited to carbon sequestration
payments and tourism incomes. Other services of
importance in this area e.g. water flow regulation, soil
protection, flood protection and pollination remain
challenging to assign an economic value to either
because of an absence of methods with which to do so
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(e.g. water flow regulation) or because of an absence
of markets which implies that the value remains
unrealised (e.g. soil protection). Advances in methods
for valuation (e.g. TEEB 2010) and in understanding
markets (e.g. Turpie et al. 2008) hold some promise
for moving this area of conservation planning for
multifunctional landscapes forward, but it remains
unlikely that all types of ecosystem services will be
amenable to inclusion in these sorts of cost-benefit
analyses.

Finally the outputs generated by platforms such as
Marzan with Zones, are but one stage in the planning
process and implementing the results remains an
enormous challenge (Reyers et al. 2010). The chal-
lenges of implementing conservation plans have been
much explored (Cowling et al. 2008), but by engaging
beyond just conservation functions and objectives a
multifunctional landscape approach to conservation
planning could help overcome some of the implemen-
tation challenges, especially those associated with
societal relevance, resource constraints and value
systems (Reyers et al. 2010). For example in exploring
possible revenue streams required for implementation,
Payment for Ecosystem Service (PES) in the tradi-
tional sense of willing buyer, willing seller are proving
challenging to implement. However when teamed
with start up public funding, poverty relief programs
and political will they have seen successes in South
Africa in clearing invasive alien plants and restoring
hydrological functions (Turpie et al. 2008) and in the
design of internationally and nationally funded resto-
ration programs (Blignaut et al. 2008).

The expanded conservation toolbox

This study has demonstrated and measured the
possible contributions of a multifunctional landscape
approach to conserving biodiversity and ecosystem
services in the Little Karoo. Although focused on the
conservation sector, through a set of realistic scenar-
ios, it has made clear that there are substantial
reductions to costs and growth in potential income
streams possible through the application of a multi-
functional landscape lens to encourage off-reserve
mechanisms, pay landowners for foregone opportuni-
ties through alternative income streams and supple-
ment conservation budgets with these income streams.
Moving beyond the conservation sector and its limited
budgets, the growing interest in the societal costs of

@ Springer

inappropriate land-use management and its impacts on
flood regimes, water shortages and changes in water
quality, when included in the planning of multifunc-
tional landscapes, opens up more avenues for explor-
ing ways to grow the resources and partnerships
available to sustainable and multifunctional landscape
planning and implementation.
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