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Abstract

We produced a conservation plan that achieved conservation targets for biodiversity pattern and process in the species- and

endemic-rich Cape Floristic Region of South Africa. Features given quantitative conservation targets were land classes, localities of
Proteaceae and selected vertebrate (freshwater fish, amphibians and reptiles) species, population sizes for medium- and large-sized
mammals, and six types of spatial surrogates for ecological and evolutionary processes. The plan was developed in several stages

using C-Plan, a decision support system linked to a geographic information system. Accepting the existing reserve system as part of
the plan, we first selected spatially fixed surrogates for biodiversity processes; then we included those planning units that were
essential for achieving targets for land classes, Proteaceae and vertebrate species; next we included areas required to accommodate

population and design targets for large and medium-sized mammals; we then selected planning units required to conserve entire
upland–lowland and macroclimatic gradients; and finally we resolved the options for achieving remaining targets while also con-
solidating the design of conservation areas. The result was a system of conservation areas, requiring, in addition to the existing
reserve system, 52% of the remaining extant habitat in the planning domain, as well as restorable habitat, that will promote the

persistence and continued diversification of much of the region’s biota in the face of ongoing habitat loss and climate change. After
describing the planning process, we discuss implementation priorities in relation to conservation value and vulnerability to habitat
loss, as well as socio-economic, political and institutional constraints and opportunities.
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1. Introduction

A great deal of progress has been made in developing
and refining techniques to identify representative sys-
tems of conservation areas- comprising both formal
reserves and a variety of complementary off-reserve
management approaches (Pressey et al., 1993; Margules
and Pressey, 2000; Possingham et al., 2000; Pressey and
Cowling, 2001). However, in addition to representing
biodiversity, a goal of establishing conservation areas
should be the persistence of the species and processes
they contain. This is achieved by excluding processes
that threaten biodiversity (Faith and Walker, 1996;

Pressey et al., 1996) and by designing systems that sup-
port the population, ecological and evolutionary pro-
cesses that maintain and generate biodiversity (Smith et
al., 1993; Balmford et al., 1998; Margules and Pressey,
2000).
In addition to spatial considerations, achieving per-

sistence requires the consideration of time over a wide
range of scales. Surprisingly little attention has been
given to many temporal phenomena in conservation
planning. Perhaps the best developed aspect of temporal
issues in planning has been the research and applications
on population dynamics and persistence (Soulé and Ter-
borgh, 1999; Hanski and Ovaskainen, 2000; Reed et al.,
2002). Other important processes have received much less
attention. While some studies have identified and targeted
for conservation the spatial surrogates for processes that
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operate over ecological (e.g. Baker, 1989) and evolu-
tionary (e.g. Fjeldså and Rahbek, 1998; Moritz and
Faith, 1998) time scales, only Cowling et al. (1999a)
have attempted this for a wide array of processes and
their associated temporal scales within an entire ecor-
egion. Time is also a key factor in implementing con-
servation action. Pressey et al. (1996) identified the
vulnerability of areas to processes that threaten biodi-
versity as a key determinant (along with conservation
value) for scheduling conservation action; conservation-
worthy sites that are vulnerable in the short-term are
priorities for immediate action (see also Pressey and
Taffs, 2001).
Conservation planners in North America (Dinerstein

et al., 2000; Groves et al., 2000) and in the southern
hemisphere (Margules and Pressey, 2000; Pressey and
Cowling, 2001) have now identified planning protocols
that seek to achieve targets for both pattern (species,
habitats) and process. The sequences of planning deci-
sions and their specific considerations have tended to
differ between these two ‘‘schools’’ of thinking, but
there is increasing convergence between them as each
incorporates ideas from the other while also making
new contributions (Margules and Pressey, 2000; Groves
et al., 2002; Noss et al., 2002). In this paper we describe
the approach, and discuss the outcomes of a systematic
conservation plan for a biodiversity hotspot, the Cape
Floristic Region (CFR). The plan aimed to achieve
explicit conservation targets for biodiversity pattern and
process. Features targeted were land classes, localities of
Proteaceae and selected vertebrate (freshwater fish,
amphibians and reptiles) species, population sizes for
large and medium-sized mammals, and six types of spa-
tial surrogates for ecological and evolutionary processes.
To our knowledge, this is the first conservation planning
study that has strived to achieve simultaneously targets
for such a wide array of biodiversity features.
We stress that this is a ‘‘real world’’ study, aimed at

providing spatially explicit guidelines for implemen-
tation (Gelderblom et al., 2003). The initial planning for
this study (Cowling et al., 1999b) formed part of the
Cape Action Plan for the Environment (CAPE), a
2-year project, started in late 1998, that was funded by
the Global Environment Facility and designed to
develop a strategy and action plan for the conservation
of the CFR’s embattled biodiversity (Younge and Ash-
well, 2000; Younge and Fowkes, 2003). The goal of
CAPE (Lochner et al., 2003) is as follows:

By the year 2020, the natural environment and
biodiversity of the fynbos region will be effectively
conserved, restored wherever appropriate, and will
deliver significant benefits to the people of the
region in a way that is embraced by local commu-
nities, endorsed by government and recognised
internationally.

The 20-year implementation programme is now
known as Cape Action for People and the Environment
(CAPE) (www.capeaction.org.za). Many of the compo-
nent projects, which are funded by both local and
international agencies, are concerned with the root cau-
ses of threats to the region’s biodiversity, especially lack
of capacity and poor co-ordination between agencies
responsible for management of natural resources, and
lack of awareness of the importance of biodiversity for
local and regional economies (Gelderblom et al., in
press). The plan we describe here is being used in pro-
jects aimed at guiding land use plans prepared by pro-
vincial planning agencies and municipal officials
(Gelderblom et al., 2002), establishing reserves in prior-
ity parts of the region (e.g. Boshoff et al., 2000), and
introducing new off-reserve conservation mechanisms
(e.g. Privett et al., 2002).
Finally, we must stress that our plan is only one of

many options for achieving the conservation targets
that we have formulated to make operational the broad
goal for the future of the region’s biodiversity (Lochner
et al., 2003). During the 20-year implementation period,
many opportunities and constraints for action will
emerge: additional reserves will be established and
habitat in priority areas will be lost before effective
conservation action can be put in place. The data layers
will be updated, the targets modified and new priorities
will emerge. What we describe here is the first phase of a
protracted planning process.

2. Study area

The planning domain for this study is centred on the
Cape Floristic Region (CFR), as delimited by Cowling
and Heijnis (2001), an area of 87,892 km2. The domain
encompasses an extension of approximately 60 km
beyond the boundaries of the CFR. This was done to
allow the conservation plan to link the CFR with adja-
cent regions (Namaqualand, Tanqua Karoo, Great
Karoo etc). The area of the planning domain is 122,590
km2 (Fig. 1).
The CFR has long been recognised as a global prior-

ity for conservation action. Owing to its high concen-
tration of endemic taxa, especially of plants (70% of the
region’s 9000 species are endemic—Goldblatt and
Manning, 2002), and its vulnerability to processes that
threaten this unique biodiversity, the CFR has been
identified as a biodiversity hotspot of global significance
(Mittermeier et al., 1998; Myers et al., 2000). Globally,
the region is also listed as a Centre of Plant Diversity
(Davis et al., 1994), an Endemic Bird Area (Stattersfield
et al., 1998) and a Global 200 Ecoregion (Olson and
Dinerstein, 1998). It is also a centre of diversity and
endemism for mammals (Brooks et al., 2001; Kerley et
al., 2003), other vertebrates (freshwater fish, amphibia
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and reptiles) (Branch, 1988; Skelton et al., 1995; Impson
et al., 1999; Brooks et al., 2001), and many invertebrate
groups (Stuckenberg, 1962; Picker and Samways, 1996).
The region is home to 1406 Red Data Book plant spe-
cies, one of the highest known concentrations of such
species in the world (Cowling and Hilton-Taylor, 1994).
The hallmark feature of the CFR’s biodiversity is the
exceptionally high diversity and endemism of vascular
plants and invertebrates.
Approximately 30% of the CFR is currently trans-

formed by cultivated land (including forestry planta-
tions) (25.9% of the region), urban areas (1.6%), and
dense stands of invasive alien trees (1.6%) (Rouget et
al., 2003a). The total area of untransformed land in the
planning domain is 95,579 km2, or 78% of its area.
Some 19,350 km2 or 22% of the CFR is included in
either statutory reserves (49% of the conservation estate
comprising 132 individual reserves) or non-statutory
reserves (51% in 213 reserves) (Rouget et al., 2003b).
Statutory reserves are supported by strong legal and
institutional structures and controlled at the national
and provincial level. Non-statutory reserves have a
lower level of legal and institutional support (Rouget
et al., 2003b). Reserves are biased towards upland
areas and this has seriously constrained representation
of biodiversity pattern and processes (Rouget et al.,
2003b).

3. Methods

3.1. Expert involvement in data and planning decisions

We used a planning approach that integrated data
and software with expert judgements. Expert knowledge
was used in compiling most of the data sets, namely the
land classes or broad habitat units (Cowling and Heij-
nis, 2001; see Section 3.2.1), the densities and spatial
requirements of large and medium-sized mammals
(Kerley et al., 2003), and the spatial surrogates for eco-
logical and evolutionary processes (hereafter ‘‘spatial
components’’—Rouget et al., in press). Expert judge-
ment was also used in developing the plan, namely in
designing areas for achieving targets for large and med-
ium-sized mammals (Kerley et al., 2003; see Sections
3.2.3 and 3.6.4), identifying the most suitable locations
for upland–lowland and macroclimatic gradients
(Table 1; see Sections 3.6.5 and 3.6.6) and, at the final
stage of plan development, in selecting areas that
achieved all outstanding targets (see Section 3.6.7).

3.2. Biodiversity features

We targeted five different biodiversity features for the
plan. These are land classes, locality records for Protea-
ceae and selected vertebrates, large and medium-sized

mammals, and ecological and evolutionary processes.
Features comprising components entirely or largely
restricted to the CFR are land classes, these being sur-
rogates for plants and much undescribed and undocu-
mented biodiversity which is likely to be endemic;
Proteaceae (97% endemic); and the processes. The ver-
tebrate assemblage is of moderate to low endemism
(46% for amphibians, 16% for reptiles, and 13% for
freshwater fish), while only three of the 41 species of
large and medium-sized mammals are endemic to the
CFR.

3.2.1. Land classes
We used land classes termed broad habitat units

(BHUs) that are surrogates for overall biodiversity in
the CFR (Boshoff et al., 2001; Cowling and Heijnis,
2001; Lombard et al., 2003). These were derived by
intersecting layers of vegetation, homogeneous climate
zones (Dent et al., 1990), geology and topography in a
geographic information system (GIS), and then using
expert knowledge to refine boundaries (Cowling and
Heijnis, 2001). A total of 16 primary and 102 secondary
BHUs occur in the planning domain, the latter ranging
in size from 18 to 6194 km2 (with an average of 1202
km2). Subsequent text on BHUs refers to secondary
BHUs.

3.2.2. Locality records for Proteaceae and vertebrates
The species locality distributions comprised two

data sets, one for Proteaceae (364 taxa, 183,181
records), and the other for selected vertebrates (fresh-
water fish, amphibians and reptiles; 345 taxa, 8472
records). All data sets include only indigenous taxa,
classified to sub-species where possible. All references to
species in this study should thus be read as species or
subspecies. The Proteaceae data were obtained from the
Protea Atlas Project (National Botanical Institute,
http://protea.worldonline.co.za). This is the most com-
plete plant distribution data set in South Africa. Here-
after, the Proteaceae (comprising 13 genera) are referred
to as proteas. The vertebrate data were obtained from
Scientific Services Division, Western Cape Nature Con-
servation Board, and museum records (see Lombard et
al., 2003). These data are less complete than the protea
data, but contain the only readily available digital point
locality data for these groups in the planning domain.
Both data sets contain presence-only, rather than
presence-absence, data. Furthermore, unlike the large and
medium-sized mammals (see Section 3.2.3), we lacked
information on the wider distributions and habitat
associations of the members of these two taxon groups.
For the protea data set, we filtered out locality pseu-

doreplicates arising from the strategy of temporal
resampling. Pressey et al. (2003) describe how this was
done. This reduced the number of protea records by
3.9% to 176,082. Owing to the wide dispersion of
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Table 1

Characteristics of the spatial components of ecological and evolutionary processes in the Cape Floristic Region

Spatial component Processa Method of definitionb No. sub-

componentsc
Lostd

(%)

Edaphic interfaces Ecological diversification of plant lineages 500 m buffer along juxtaposed BHUse on acid and alkaline substrata (comprising

a 1-km-wide strip)

8 8.7

Upland–lowland interfaces Ecological diversification of plant lineages 500 m buffer between all lowland and upland BHUs (comprising a 1-km-wide strip) 146 2.4

Entire sand movement corridors Inland movement of marine sands and

associated soil development

Functional corridor comprising intact source and sink areas 7 5.1

Whole inter-basin riverine corridors Migration and exchange between inland

and coastal biotas

250 m buffer along riverine systems linking coastal and inland subregions (comprising

a 500-m-wide strip)

6 1.7

Upland–lowland gradients Ecological diversification of plant and

animal lineages; migration of biota

1-km-wide paths of untransformed habitat linking unique combinations of lowland

and upland BHUs. The paths were used as guides for identifying gradients comprising

sixteenth-degree planning units during development of the plan

85 0

Macroclimatic gradients Geographic diversification of plant and

animal lineages; migration of biota

1-km-wide paths of untransformed habitat linking major biogeographic zones. The

paths were used as guides for identifying gradients comprising sixteenth-degree

planning units during development of the plan

3 0

a Details on the reasons for identifying these processes, and their role in conservation are given in Pressey et al. (2003).
b Details on the methods of identification are given in Rouget et al. (in press).
c Subcomponents comprise sections of components, namely a particular interface between two edaphically contrasting BHUs; a unique interface between adjacent upland and lowland BHUs, an

individual sand movement or riverine corridor (see Rouget et al., in press, for details).
d Transformed by urbanization.
e BHU=broad habitat unit (Cowling and Heijnis, 2001).
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vertebrate records, no filtering was done on this data
set. Hereafter, we refer to the species records of both
taxon groups as populations.

3.2.3. Large and medium-sized mammals
This data set provided information on the distribu-

tions and densities of 41 species of large and medium-
sized mammals, i.e. mammals with body weights larger
than about 2 kg that occur, or previously occurred,
naturally in the CFR (Boshoff et al., 2001). While
recognizing that options for conserving viable popula-
tions of most of these species might be more easily
achieved outside of the CFR (Rebelo, 1992), we decided
to target this assemblage for three reasons (see Kerley et
al., 2003): (i) to represent viable populations of the three
endemic taxa, together with other members of this
assemblage with which they interact; (ii) to ensure that
process associated with this assemblage (e.g. herbivory,
dispersal, predation) are incorporated wherever feasible
into the plan; and (iii) as focal species (Noss et al.,
2002), to provide spatially explicit information about
the size, configuration and connectivity requirements
for the plan that would otherwise be overlooked.
The data set was prepared to ensure that adequate

population sizes of these species were included in the
regional conservation plan, and that the configuration
of the plan was influenced by the spatial requirements of
the larger species. Boshoff and Kerley (2001) estimated
species’ distributions within the region in relation to
BHUs, distinguishing between core habitat (BHUs with
the potential to sustain significant breeding popula-
tions), marginal habitat (BHUs that could support
small populations in scattered suitable habitat or that
could be used occasionally), and unsuitable habitat
(BHUs where species were unlikely to occur). Boshoff et
al. (2001, 2002) extended this work by estimating
potential densities of individuals in each BHU, exclud-
ing two species—hippopotamus and Cape clawless
otter—that are associated with unmapped riparian and
aquatic habitats. For herbivores, they estimated den-
sities conservatively from information that included
type of forage required (feeding guild), agricultural
stocking rates, and sharing of available forage between
co-occurring species in the same feeding guild. They
estimated densities of omnivores and carnivores con-
servatively from the distributions of prey species,
reviews of habitat associations, and estimates (usually
the largest) of areal requirements from the literature on
the CFR and comparable areas elsewhere.

3.2.4. Spatial components of processes
The biodiversity of the CFR is maintained and gen-

erated by a wide array of ecological and evolutionary
processes operating over spatial scales of a few hectares
to hundreds of thousands of hectares (Cowling and
Pressey, 2001; Linder, in press). Many of these processes

can be accommodated in conservation planning by
considering the sizes, rather than specific locations, of
new conservation areas, recognising that larger areas,
where there are choices, are preferable (Kruger, 1977;
Pressey et al., 2003). However, small areas should not be
dismissed as a subset of processes can be maintained in
them. For example, plant and invertebrate diversity can
be maintained in habitat fragments as small as 5 ha
provided they are subject to appropriate fire regimes
and kept free of invasive plants (Bond et al., 1988;
Cowling and Bond, 1991; Kemper et al., 1999; Donald-
son et al., 2002). Consequently, populations of specia-
lised pollinators that are responsible for driving
speciation in numerous lineages (e.g. Johnson, 1995;
Goldblatt and Manning, 1999) can also be maintained—
along with those of their host plants—in very small areas
(see Steiner, 1998). At least 1000 plant species in the CFR
are naturally rare (Cowling and Lombard, 2002) and
many of these have global populations confined to areas
of one to a few hectares; the implication is that viable
populations can be maintained in very small areas
(Cowling and Eggenberg, 2000) and that small areas can
play an important role in conserving some processes.
Some processes do not need particular locations or

configurations for their maintenance. One example is
recurrent fire, which is a key driver of ecological (Bond
and van Wilgen, 1996) and evolutionary (Linder, in
press) processes in most ecosystems. Similarly, processes
associated with herbivory by large and medium-sized
mammals do not, for the most part, rely on specific spa-
tial components for their maintenance (Kerley et al., in
press). Other processes require particular spatial con-
figurations and specific BHUs or combinations of BHUs.
They are therefore likely to be partly or wholly over-
looked in a conservation plan unless specifically targeted.
We incorporated in this study the ecological and

evolutionary processes that maintain and generate bio-
diversity over relatively large spatial scales in the region
by identifying six spatial components that serve as their
surrogates (Cowling and Pressey, 2001; Pressey et al.,
in press; Rouget et al., 2003b, in press). We define
spatial components as the physical features of the CFR
with which particular ecological and evolutionary pro-
cesses are associated. Table 1 provides a summary of
the characteristics of these spatial components. Rouget
et al. (in press) and Pressey et al. (2003) provide
details on their delimitation, configuration and role in
conservation.
Four of these components (edaphic interfaces,

upland–lowland interfaces, entire sand movement cor-
ridors, and whole inter-basin riverine corridors) are
spatially fixed, i.e. there are no options for locating
them. For the remaining two—upland–lowland gra-
dients and macroclimatic gradients—there is more than
one option for their location. For the latter, we identi-
fied preliminary paths in ArcInfo (ESRI, Redlands,
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California) (see Rouget et al., in press, for details) as an
aid to their delineation in the planning process (see
Sections 3.6.5 and 3.6.6).
While Rouget et al. (in press) identified seven macro-

climatic gradients (three in the uplands and four in
the lowlands) to accommodate ongoing geographic
diversification and migration of biota, we excluded the
latter from the planning exercise. Our rationale was that
there is less evidence for geographic, as opposed to eco-
logical diversification on the lowlands (Linder, in press)
and, with the exception of the calcareous sands of the
coastal margin, the major climatic gradients on the
lowlands are truncated by edaphic discontinuities that
are likely to impede adjustment of plant distributions.
We emphasise that, like surrogates for biodiversity

pattern (Ferrier, 2002), our spatial surrogates for pro-
cesses are approximate. At the same time, there is
enough information (Cowling and Pressey, 2001;
Pressey et al., 2003) to indicate that these spatial com-
ponents should be important parts of a regional plan.
We acknowledge that some of the interfaces and
gradients that we have delineated might prove too
narrow to promote the diversification and dispersal they
are intended to facilitate. But their delineation serves a
larger purpose as part of the architecture of the regional
plan. Some parts of fixed process components were

incorporated into larger conservation areas. Also, the
upland–lowland and macroclimatic gradients were gen-
eralised to the width of sixteenth-degree planning units
(>6 km) (see Section 3.4) during development of the
regional plan.

3.3. Targets

Pressey et al. (2003) describe the context, rationale
and method for setting targets for each biodiversity
feature. Here we provide a brief overview. Table 2 pro-
vides a summary of the targets for each feature.

3.3.1. Broad habitat units
For each of the 102 BHUs, we assigned a percentage

target, applied to the original (pre-European, i.e. ca.
1650) extent of native vegetation, which had three com-
ponents: a baseline target (10–25%) that was larger for
BHUs with higher biological heterogeneity; a retention
target (0–30%) that was larger for BHUs with higher
levels of threat (across agriculture, alien plants and
urbanization) to their remaining native vegetation; and
upward adjustment of targets for some BHUs to reduce
the risk of target achievement mainly at their interfaces
with other BHUs (Pressey et al., 2003) (Table 2). We
converted targets to hectares of extant vegetation, and

Table 2

Summary of targets set for biodiversity features in the Cape Floristic Region [see text and Pressey et al. (2003) for details]

Feature No. entities Baseline target Retention target Total target (baseline

+retention)

Land classes

Broad habitat units (BHUs)a 102 10–25%b 0–30%c 10–55%d

Species

Proteaceae taxa 364 spp.

176,082 popns 5–10 popnse 0–5 popnsf 5–15 popns

Non-mammal vertebrates 345 spp.

8472 popns 1 popn. 0–1 popnsf 1–2 popns

Large and medium-sized mammals 41 spp. 0–2000 individuals (200 for 31 spp.)g n.a. 0–2000 individuals

Processesh

Edaphic interfaces 8 0–120 km interface

Upland–lowland interfaces 146 0–508 km interface

Sand movement corridors 6i 386–7959 ha

Inter-basin riverine corridors 6 106–1520 km of corridor

Upland–lowland gradients 55 1–218 km

Macroclimatic gradients 3j 263–617 km

a BHU targets were set for the total area of the BHU, ignoring loss of native vegetation.
b Accounts for different patterns of biological heterogeneity within BHUs.
c Accounts for different levels of threat to the remaining natural vegetation of each BHU.
d Includes an upward adjustment of targets for 17 BHUs to reduce the risk of target achievement only or mainly within edaphic and upland-

lowland interfaces.
e Accounts for vulnerability of species to fire-induced population extinction.
f Accounts for different levels of threat to the populations of each species.
g Accounts for global patterns of distribution, Red Data Book status and other factors (see Kerley et al, 2003, and text for details).
h Only extant areas of spatial components were targeted. Transformed areas comprise a restoration target (see text and Pressey et al., 2003).
i One of the seven mapped sand movement corridors was not targeted.
j Only gradients in the uplands were incorporated (see text).
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truncated them to present extant areas where necessary.
We derived the extant areas of BHUs by excluding areas
transformed by agriculture and plantations (hereafter
‘‘agriculture’’), urban areas and stands of high density
alien plants (invasive species of Acacia, Eucalyptus,
Hakea, Leptospermum and Pinus—Richardson et al.,
1992). This information came from mapping by Lloyd
et al. (1999) using 1998 satellite data.
We derived total targets in hectares for BHUs by

summing the baseline and retention targets and the
upward adjustments to account for interfaces. Total tar-
gets represented between 10 and 55% of total BHU areas
(Table 2). For 12 BHUs, total targets exceeded extant
areas by between 102 and 416%, indicating the need for
restoration to address shortfalls (see Section 5.5 and
discussion of restoration issues in Pressey et al., 2003).

3.3.2. Proteas and vertebrates
We also set baseline and retention targets for proteas

and vertebrates, framed as numbers of populations, and
based on the same principles as the BHUs (Pressey et
al., 2003) (Table 2). The baseline target for proteas was
five populations except for non-sprouting species with
<50 populations. Since populations of non-sprouting
species are vulnerable to fire-induced local extinction
(Bond et al., 1984), we set a baseline target of 10 popu-
lations for those with small total populations in order
incorporate more populations in conservation areas
where the fire regime can be managed for achieving
biodiversity goals. For vertebrates, we allocated a base-
line target of one population per species.
For both taxon groups, we derived retention targets

for species based on the threat profiles of populations
across agriculture, alien plants and urbanisation (see
Pressey et al., 2003, for details). We allocated retention
targets to ensure that at least five records of each protea
species and one record of each vertebrate species, in
addition to the respective baseline target, was secure
from threats. We truncated final targets (base-
line+retention) to the total number of populations
where necessary. Final targets for proteas varied from
one to 15 populations; for vertebrates these were either
one or two populations (Table 2).

3.3.3. Large and medium-sized mammals
Targets for the 41 species were set as numbers of

individuals and based on a variety of criteria (Kerley et
al., 2003). We summarise these here by placing species
in four groups:

1. Three species (cheetahAcinonyx jubatus, gemsbok
Oryx gazella and warthog Phacochoerus aethio-
picus) with only marginal occurrences in the CFR
and with no Red Data Book status (Smithers,
1986) had targets set to zero. These species can
be more effectively protected in other regions.

2. Three species (bontebok Damaliscus dorcas dor-
cas, Cape mountain zebra Equus zebra and
grysbok Raphicerus melanotis) that are endemic
or near-endemic to the CFR had targets set to
2000. The persistence of these species is entirely
reliant on conservation action within the region.
The target is an approximation of the minimum
population size necessary for a population to
maintain evolutionary processes such as muta-
tion (Lacy, 1997).

3. Four species of large carnivores with historical
ranges widely distributed within and without the
CFR. Targets for these species were intended to
contribute to their wider conservation in south-
ern Africa. Three of these large carnivores
(brown hyaena Hyaenna brunnea, lion Panthera
leo and spotted hyaena Crocuta crocuta) had
targets set to 50, an approximation of the mini-
mum size necessary for a population to persist
despite demographic stochasticity (Caughley,
1994). The African wild dog Lycaon pictus is of
high conservation concern (Smithers, 1986) and
potentially occurred throughout most of the
CFR (Boshoff and Kerley, 2001), albeit at very
low densities. The national conservation strategy
calls for the management of this species as a
metapopulation of ‘‘tiny populations’’ (Woo-
droffe and Ginsberg, 1997) dispersed throughout
South Africa, focusing on suitable habitat with a
high density of prey species (Woodroffe and
Ginsberg, 1997; Mills, 1997), a condition that is
best achieved outside the CFR. The targets for
this species were therefore set at 10.

4. All remaining species had targets set to 200, an
approximation of the minimum size necessary for
a population to reduce genetic problems such as
inbreeding (Caughley, 1994). This target level is
based on the assumption that the CFR will make
a contribution to the wider conservation of these
species.

3.3.4. Spatial components of processes
In order to promote the persistence of ecological and

evolutionary processes (Cowling and Pressey, 2001), we
targeted the entire extent of their spatial components
(Pressey et al., 2003), except for those parts under urban
development. For the four spatially fixed components
(Section 3.2.4), we recorded the extent to which the
native vegetation in each component had been trans-
formed by urbanization, agriculture and high density
alien plants. Our extant target was the remaining
untransformed area of each. This ranged from 0 to 120
km for edaphic interfaces, 0 to 508 km for upland–low-
land interfaces, and 106 to 1520 km for whole inter-
basin riverine corridors (Table 2). Transformation of
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these components has incurred a restoration debt. In
each case, the restorable target was the whole length of
each component outside urban areas; we regarded por-
tions of spatial components that were included within
urban areas as non-restorable. In the case of sand
movement corridors, we also identified any major
(national and provincial) roads that crossed corridors.
We targeted the four corridors that are potentially
functional with some restoration. We considered sand
movement corridors as functional if more than 50% of
each section (upwind, core, and downwind) remained
untransformed.We also targeted two other corridors that
are crossed by major roads even though sand movement
presents problems for transport. We did not target the
easternmost corridor because the city of Port Elizabeth
now extends substantially onto its downwind end.
We did not set targets for upland–lowland or macro-

climatic gradients. Instead, we used the results of our
preliminary path analyses as guidelines for planning
decisions, in some cases altering the paths of gradients
to link existing or proposed conservation areas and to
achieve targets for other features.

3.4. Planning unit layer

Planning units (also called selection units), which con-
sist of a priori subdivisions of the landscape, are routinely
used in conservation planning (Pressey and Logan, 1998).
Reserve selection algorithms, such as those embedded in
C-Plan (see Section 3.6.1), assess the importance of each
planning unit for achieving pre-defined conservation tar-
gets, such as those identified in this study.
In this study we developed a planning unit layer

comprising arbitrary grid cells, statutory and non-stat-
utory reserves, and fixed spatial components for pro-
cesses. We based the planning units on sixteenth-degree
squares (SDS, approximately 3900 ha). This initial size
gave us a tractable number of units to assess across the
region and is an appropriate scale for broad-scale plan-
ning, although not for implementation (see Section 5.4).
In order to better assess the contribution of existing
protected areas to target achievement, we used the exact
configuration of statutory reserves as planning units.
For non-statutory reserves (which are underpinned by
weaker protection status), we retained their configur-
ation but subdivided them according to sixteenth-degree
squares. This enabled us to select only those parts of
non-statutory reserves that contribute most to target
achievement. We also incorporated the exact configur-
ation of fixed process components (edaphic interfaces,
riverine corridors, sand movement corridors, and
upland–lowland interfaces) into the planning unit layer
rather than generalising their boundaries to sixteenth-
degree squares. We used the extant portions of these
components, subdivided by the boundaries of sixteenth-
degree squares, as process planning units. This con-

siderably improved the efficiency of the conservation
plan in terms of the total area required to achieve targets.
The planning unit layer thus consisted of 7039 plan-

ning units including 3014 sixteenth-degree squares
(incorporating 74.5% of the extant area of the planning
domain), 2993 process planning units (6.2%), 122 stat-
utory reserve units (10.1%) and 910 non-statutory
reserve units (9.2%). We did not consider flexible pro-
cess components (upland–lowland gradients and mac-
roclimatic gradients) as planning units, since there were
spatial options for locating them.

3.5. Data matrices

We compiled the main data matrix to record, for each
planning unit, the area of each BHU, the number of
populations of each species of protea and vertebrate, the
number of individuals of each species of large and
medium-sized mammal, and the area of each fixed pro-
cess component. We recorded only the areas currently
untransformed (i.e. available for planning) for BHUs
and fixed process components. The resulting data
matrix consisted of 7039 planning units and 1018 bio-
diversity features (Table 2): 102 BHUs, 364 proteas, 345
vertebrates, 41 large and medium-sized mammals, and
166 fixed process components. We used C-Plan, a con-
servation planning software package (see Section 3.6.1),
to calculate the importance of each planning unit for
achieving the conservation targets for these features.
In order to guide the selection procedure, we also

derived another data matrix that recorded tenure and
information on threats to biodiversity for each planning
unit. This information could be queried at any time during
the selection process (see Section 3.6.7). Predicted threats
were those arising from three sources: (i) agricultural
transformation; (ii) urbanization; and (iii) the establish-
ment of stands of alien trees and shrubs, notably species of
Pinus, Acacia, Hakea, Eucalyptus and Leptospermum, all
of which severely affect the structure and function of
many CFR ecosystems (Richardson et al., 1992). Details
on predicting the future spatial patterns of these threats
are given in Rouget et al. (2003a). Each planning unit,
excluding statutory reserves, was given a category (high,
medium, low) according to its vulnerability to each of the
three threats (see Rouget et al., 2003a, for method). Each
planning unit was also given a category for maximum
threat across the three sources of transformation.

3.6. Planning protocol

In developing the conservation plan, our aim was to
achieve targets for all of the biodiversity features listed
earlier. The integrated plan represents one option for
conserving the biodiversity of the CFR. While we
anticipated that the plan would require a large portion
of the CFR (see Cowling et al., 1999b), we felt it
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important to present an outcome independant of the
socio-economic factors that are likely to constrain
implementation (see Section 5.4).
We developed the conservation plan in six stages that

built on the existing statutory reserves. In the first three
stages, we incorporated planning units for which—at
least for this exercise—there were no alternative options
for achieving targets, options for large and medium-sized
mammals having been already considered and resolved
(Kerley et al., 2003). In the last three stages, we incorpo-
rated planning units for which options did exist for
achieving targets. The stages are described as follows.

3.6.1. Stage 0: statutory reserves
The starting point was to accept all statutory reserves

as part of the conservation plan. Although the existing
statutory reserve system is biased in favour montane
BHUs (Rouget et al., 2003b), considerable investment has
been made in its establishment and management (Cowling
and Pressey, 2003). For practical purposes, the existing
system of statutory reserves is fixed and we therefore
incorporated it into the plan de facto. Owing to the uncer-
tain legal status and institutional support for non-statu-
tory reserves, we did not build them into the plan at this
stage. Instead, they were considered as options for design
in stages 4–6 of the protocol (see Sections 3.6.5–3.6.7).
We used conservation planning software, namely

C-Plan (Pressey, 1999; Ferrier et al., 2000), which runs
with the GIS software ArcView (ESRI, Redlands, Cali-
fornia), to assess the contribution of the statutory
reserve system to achieving targets for BHUs, proteas,
vertebrates and fixed process components. One of
C-Plan’s outputs is a map of irreplaceability. Irreplace-
ability is a measure, varying from zero to one, which
indicates the importance of an area (planning unit) for
the achievement of regional conservation targets (Fer-
rier et al., 2000). Irreplaceability is defined as the like-
lihood of an area being required to achieve a set of
targets or, conversely, the likelihood of one or more
targets not being achieved if the area is unavailable for
conservation action. A map of irreplaceability values is
therefore a map of planning options. With progressively
lower irreplaceability, the number of possible replace-
ments for an area increases. Using the targets for the
features listed above, irreplaceability was calculated for
all planning units outside statutory reserves.

3.6.2. Stage 1: fixed process components
Planning units comprising extant areas of the four

spatially fixed process components—edaphic interfaces,
upland–lowland interfaces, sand movement corridors
and inter-basin riverine corridors—were incorporated as
the first stage of the emerging conservation plan. Given
that the entire extant areas of these processes were tar-
geted, all of these planning units had maximum irrepla-
ceability in the C-Plan analyses. Stage 1, in addition to

the existing statutory reserves, therefore, provided a fra-
mework on which to build the later stages of the plan.

3.6.3. Stage 2: planning units of maximum irreplaceability
for achievement of BHU, protea and vertebrate targets
Next we incorporated in C-Plan all planning units

that had maximum irreplaceability for the achievement
of BHU, protea and vertebrate targets. All of these
planning units include one or more biodiversity features
(extant area of BHUs, populations of proteas and ver-
tebrates) that were essential for target achievement.

3.6.4. Stage 3: Conservation plan for large and medium-
sized mammals
This stage incorporated a conservation plan, devel-

oped in C-Plan, for achieving targets for large and
medium-sized mammals (Kerley et al., 2003). They pro-
vide details on how this plan was developed; we present
only a summary here.
Kerley et al. (2003) analysed the data on distributions

and densities of the mammal species to produce the data
set for the conservation plan. They excluded areas that
had been transformed by agriculture, alien plants and
urbanisation. They then identified minimum numbers
of individuals in species or species categories needed
for functional social or breeding groups or effective
management, assuming that conservation agencies will
manage the exchange of individuals of some species
between conservation areas. In each fragment of native
vegetation in the region, any species with fewer esti-
mated individuals than its specified minimum had its
numbers set to zero. This focused the conservation plan
on areas containing substantial portions of the target
for each species and where breeding and social groups
could operate.
Two other considerations were important in develop-

ing a conservation plan for these species (see Kerley
et al., 2003, for details of method). First, it was a
requirement that conservation areas identified for the
plan, whether or not they included existing reserves,
should support at least the specified minimum numbers
if they were to contribute to targets. Second, individual
conservation areas were designed to contain com-
plementary habitats required by some species. An
example is the Cape mountain zebra that inhabits
mountains but moves onto lowlands seasonally (Boshoff
et al., 2001).
Kerley et al. (2003) produced a map of irreplaceability

for achieving the mammal targets. This, and a set of
rules, provided in Kerley et al. (2003), guided them in
identifying a system of conservation areas.

3.6.5. Stage 4: macroclimatic gradients
In this stage, we selected planning units to complete

the three macroclimatic gradients in the uplands (i.e.
north–south in the coastal mountains; east–west in the
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coastal mountains; east–west in the interior mountains,
see Rouget et al., in press). By the end of stage 3, we
had incidentally completed the north–south gradient.
Guided by the paths described in Section 3.2.4, we
applied the following rules for completing the two
remaining (east–west) gradients:

1. maximise the length of the gradient in Mountain
Fynbos Complex BHUs in order to ensure bio-
logically feasible transitions (i.e. those that did
not involve abrupt edaphic and climatic transi-
tions) between adjacent habitats;

2. minimise the length in lowland habitats where
uplands are fragmented into stepping stones at
the western end of the east–west gradient in the
interior mountains;

3. where possible, incorporate statutory reserves
and areas selected in earlier stages in the planning
process;

4. where possible, incorporate units of higher irre-
placeability for the achievement of other targets;

5. where possible, incorporate non-statutory reserves;
and

6. avoid transformed areas.

3.6.6. Stage 5: upland–lowland gradients
In this stage we considered the 85 upland-lowland

gradients (Rouget et al., in press). Guided by the paths
described in Section 3.2.4, we applied the following rules
for selecting suitable gradients:

1. avoid biologically unfeasible transitions invol-
ving abrupt changes in soil fertility, pH and
moisture across BHU boundaries, i.e. between
Mountain Fynbos Complex and either Succulent
Karoo, Nama Karoo or Coast Renosterveld
BHUs (Cowling and Holmes, 1992; Lechmere-
Oertel and Cowling, 2001); between Limestone
Fynbos and all other BHUs (Richards et al., 1997);
and between Coast Renosterveld and all other
BHUs except Grassy Fynbos and Fynbos/Renos-
terveld Mosaic (Cowling and Holmes, 1992); and

2. apply rules 3–6 in Section 3.6.5.

Consequently, we discarded unfeasible paths (or
potential gradients), while others were shortened to
avoid infeasible transitions, or redirected to incorporate
statutory reserves and areas selected in earlier stages in
the planning process.

3.6.7. Stage 6: final design
In the final design stage of the planning process, we

selected planning units to achieve all outstanding targets
for BHUs, proteas and vertebrates. In order to identify
the most efficient solution that minimised the inclusion

of highly threatened areas (and, consequently, high
opportunity costs for conservation), we undertook two
trial stepwise minimum set analyses (minsets) to identify
indicative sets of sites for consideration. A stepwise
minset analysis uses a sequence of rules iteratively to
select the minimum or near-minimum (Underhill, 1994)
number of planning units that will satisfy all biodi-
versity targets. We executed the minsets in C-Plan, using
summed irreplaceability as the measure of site con-
tribution to target achievement (Ferrier et al., 2000).
Summed irreplaceability is calculated by adding the
irreplaceability values of each planning unit for each of
the features it contains; unlike site irreplaceablity,
values may be >1. High values indicate that the plan-
ning unit is important in achieving conservation targets
for several features.
We used two minsets for the indicative analyses. The

first minset had two rules:

1. select the planning unit with the highest summed
irreplaceability; and

2. if there is a tie in rule 1, select the first planning
unit on the list.

This minset selected 148 planning units (rule 2 was
only used once).
The algorithm in the second minset was designed to

minimise conflict between achieving targets and con-
fronting threats. The rule sequence was as follows:

1. select all sites in the top 5% of current summed
irreplaceability values (this rule was designed to
ensure that rule 2 would be used);

2. if there is a tie in rule 1 (guaranteed), select the
planning unit of lowest maximum threat;

3. if there is a tie in rule 2, select the planning unit
with the highest summed irreplaceability; and

4. if there is a tie in rule 3, select the first planning
unit on the list.

This minset selected 154 planning units as opposed to
the 148 selections in the first one. Therefore, minimising
threats involved little cost in efficiency. Consequently, we
used the results of the second minset in guiding our selec-
tions for the final design stage of the planning process.
The algorithm we used has limited value for making

design decisions since it only incorporated tradeoffs
between two considerations, namely irreplaceability and
threats. In reality, there are numerous other area-spe-
cific considerations in designing conservation areas,
including rationalisation and expansion of boundaries
of statutory reserves and selections from earlier stages in
the planning process, achieving improved design for
spatial components of processes, and selecting areas
where there are existing conservation initiatives (e.g.
non-statutory reserves) (Groves et al., 2000; Margules
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and Pressey, 2000; Noss et al, 2002). We attempted to
incorporate these multiple considerations into the
design by applying intuitively the following set of rules:

1. locate units selected by the second minset;
2. if adjacent to previously reserved area, then accept;
3. if not, then choose an alternative based on

maximising irreplaceability and minimising
threat; and

4. where there were choices for rule 3, either:
� buffer process components; or
� choose non-statutory reserves.

In summary, in the final design stage we sought to
minimise conflict between achieving targets and threats,
and then adjusted these selections as appropriate to
achieve sensible design based on expanding the existing
reserve system, strengthening the conservation of pro-
cesses, and aligning selections with existing off-reserve
conservation initiatives.

4. Results

4.1. The integrated plan

The integrated plan (Fig. 1) covered 49,958 km2 of
extant habitat of which 9686 km2 (19.4%) comprised
statutory reserves. It incorporated 52.3% of the 95,579
km2 of extant habitat in the planning domain (Fig. 2),
and 42.1% excluding statutory reserves. Excluding the
statutory reserves (stage 0), extant land requirements
were highest for the mammal conservation plan (stage
3) (16.2% of total) and units of maximum irreplace-
ability (stage 2) (9.4%), and lowest for the addition of
macroclimatic (1.5%) and upland–lowland (3.6%) gra-
dients (Fig. 2).

4.2. Description of planning stages

In this section we provide a brief summary of each of
the planning stages in terms of extant area required
(Fig. 2), their geographical location within the planning
domain (Figs. 1, 3 and 4), and target achievement for
BHUs, proteas and vertebrates (Fig. 5).

4.2.1. Stage 0: statutory reserves
Statutory reserves comprised 10.1% of the planning

domain’s extant area (Fig. 2). They are largely con-
centrated in Mountain Fynbos Complex BHUs of the
uplands (see Rouget et al., 2003b, for details on spatial
biases in the statutory reserve system). These reserves
achieved the targets for 15.6% of BHUs, 67.0% of
proteas and 82.6% of vertebrates (Fig. 5). At this stage,
zero target achievement was recorded for 20 BHUs, 73
proteas and 49 vertebrates.

4.2.2. Stage 1: fixed process components
These spatial components encompassed 6.2% of the

planning domain’s extant area (Fig. 2). They were loca-
ted throughout the planning domain, as determined by
the location of the physical features with which they are
associated. Their inclusion in the plan increased the
percentage target achievement for features as follows:
BHUs—10%, proteas—4.1%, vertebrates—0.8%
(Fig. 5). At this stage zero target achievement was
recorded for two BHUs, 49 proteas and 45 vertebrates.

4.2.3. Stage 2: planning units of maximum
irreplaceability for achievement of BHU, protea and
vertebrate targets
Planning units of maximum irreplaceability for fea-

tures other than process components comprised an
additional 9.4% of the planning domain’s extant area
(Fig. 2). Most of these were located on the lowlands,
especially western, south-western and south-eastern
parts of the planning domain, where they were asso-
ciated with the 12 BHUs with targets >100% of extant
habitat. These BHUs fall into two broad categories. The
first consists of coastal BHUs on sandy soils—mainly
forms of Fynbos/Thicket Mosaic (Cowling and Heijnis,
2001)—in the southwest (near Cape Town) and the
southeast (near Port Elizabeth), where urbanization and
alien plants are major agents of transformation, and
pose a serious threat to the remaining extant habitat. In
the second category are coastal lowland BHUs on fertile
soils—mainly forms of Coast Renosterveld and Fynbos/
Renosterveld Mosaic (Cowling and Heijnis, 2001)—in
the southwest and south, where agriculture has trans-
formed most of their extent and remains a threat to the
remaining habitat (Rouget et al., 2003a). Consequently,
most of these maximally irreplaceable planning units
include only small fragments of extant habitat.
A much smaller number of planning units, most of

which are isolated and located in a matrix of units of
moderate to low irreplaceability (Fig. 3), owe their
maximum irreplaceability status to their importance for
achieving targets for proteas and vertebrates.
Except for statutory reserves (stage 0), stage 2 pre-

dictably made the most substantive contribution to tar-
get achievement for BHUs, proteas and vertebrates. The
proportion of BHUs with 100% target achievement was
increased from Stage 1 by 26.5 to 53.0%. For proteas,
the corresponding data were 25.9 to 97.0%, and for
vertebrates 14.5 to 97.9% (Fig. 5). Only one BHU, one
protea and six vertebrates remained completely unre-
served at the end of Stage 2.

4.2.4. Stage 3: conservation plan for large and medium–
sized mammals
The mammal plan (Fig. 4) was the most land intensive

of all stages in the conservation plan, requiring an addi-
tional 16.3% of the extant area of the planning domain
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(Fig. 2). The associated planning units were largely con-
centrated in untransformed areas of the southern coastal
margin (where they achieved targets for the endemic bon-
tebok), as well as upland areas adjacent to statutory
reserves and in the Little Karoo interior basin (see Kerley
et al., 2003). There were two main reasons for the large
extent of areas added in this stage: the size of the targets
for the mammals; and the need for large, connected con-
servation areas to promote the persistence of these species.

Despite incorporating such a large amount of addi-
tional habitat, this stage did not markedly improve the
conservation status of the other biodiversity features.
The proportion of BHUs with 100% target achievement
was increased by only 9.6 to 66.6% (Fig. 5); this is
because most of the selections were in upland BHUs for
which targets had already been achieved by statutory
reserves (stage 0). Complete target achievement improved
only marginally for proteas (up by 1.4%) and vertebrates

Fig. 1. Map of the planning domain for the Cape Floristic Region showing (a) a notional system of conservation areas that achieves targets for all

biodiversity features. Different colours denote planning units selected for achievement of targets in six stages (S1–S6) building on the existing stat-

utory reserves (stage 0). Inset in (a) is enlarged in part (b).
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(0.6%). At the end of this stage, only one BHU and three
vertebrates remained completely unreserved.

4.2.5. Stage 4 and 5: macroclimatic and upland–lowland
gradients
We selected these two process components using a

similar set of design rules (see Sections 3.6.5 and 3.6.6);
consequently, we grouped them in this summary. Toge-
ther they incorporated an additional 5.1% of the extant
area of the planning domain (Fig. 2). Their associated
planning units were located throughout the planning
domain. Although they were identified as 1-km-wide
paths, we selected SDS planning units (>6 km wide) to
include them in the plan (see Fig. 1b). Consequently,

this stage was inefficient, relative to the fixed compo-
nents, in terms of extant area selected.
At the end of this stage, the proportion of BHUs with

100% target achievement was increased by 8.9 to 75.5%
(Fig. 5), proteas by 0.8 to 99.2%, and vertebrates by 0.6 to
99.2%. The number of unreserved features at the end of
this stage was largely unchanged relative to stage 3.

4.2.6. Stage 6: final design
The final design stage incorporated an additional

5.3% of the extant area of the planning domain (Fig. 2).
With few exceptions, the selections expanded conserva-
tion areas identified in previous stages or comprised
additional and relatively large-sized conservation areas.
The latter were located on the coastal forelands of the
northwest, in the north, and on the southern coast
(Fig. 1). Our final design selected 45.3% of planning
units chosen in the second minset.
By definition, this stage achieved outstanding targets

for all features (Fig. 5). However, over-achievement of
targets in the integrated plan was substantial, although
values relative to stage 0 (statutory reserves) were vari-
able across features (Table 3). For BHUs, 85 had values
of >150% target achievement compared with only 13 at
stage 0. The three highest values at the end of stage 6
were recorded for Mountain Fynbos Complex BHUs
(Baviaanskloof—694%; Kouga—718.5%; Groot Swart-
berg—933%), all located towards the east of the plan-
ning domain and including much habitat required for
the mammal conservation plan (Fig. 4; see also Kerley et

Fig. 3. Map of the planning domain for the Cape Floristic Region showing initial site irreplaceability of planning units for achieving targets for

broad habitat units (BHUs), proteas, vertebrates and fixed process components (edaphic interfaces, upland–lowland interfaces, entire sand move-

ment corridors, and whole inter-basin riverine corridors). Irreplaceability values account for the contribution of initial reserves (existing statutory

reserves) to achieving targets.

Fig. 2. Extant area of the planning domain for the Cape Floristic

Region included in each stage (S0–S6) in the development of the

notional conservation plan.
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al., 2003). In the case of proteas, the discrepancy between
the two stages was less: 238 species had values >1000%
at stage 0 compared with 318 in the final design. The
three highest values were recorded for Protea nitida
(5586 populations), P. laurifolia (6058) and Leucaden-
dron salignum (13,918); all of these species are wide-
spread and common in the planning domain (Rebelo,
2001). The pattern for vertebrates was similar to pro-
teas: 189 species had values >1000% at stage 0 relative
to 221 at stage 6. The three highest values were recorded
for freshwater species: the clicking stream frog Strongy-
lopus grayii (202 populations), the Cape kurper Sandelia
capensis (339) and the Cape galaxias Galaxias zebratus
(355). The two fish species have wide habitat tolerances

(Skelton, 1993) and all three species are common and
widespread along the coastal regions of the planning
domain (Skelton, 1993; Carruthers, 2001).

4.3. Summary of the integrated plan in relation to initial
irreplaceability for pattern features

Excluding statutory reserves, small extant areas of the
three pattern features (BHUs, proteas and vertebrates) for
which there were options for achieving targets, were
associated with planning units of maximum irreplace-
ability: 8.9% of the planning domain for BHUs, and only
1.6% for proteas and 0.6% for vertebrates (Fig. 6). Most
of the extant area of the planning domain comprised

Fig. 4. The conservation plan for large and medium-sized mammals that was incorporated as stage 3 of the overall conservation plan for the Cape

Floristic Region. Irregular, light-shaded planning units are statutory reserves; dark-shaded units are those additional areas selected by Kerley et al.

(2003) to achieve targets for the 41 mammal species.

Fig. 5. Percentages of biodiversity features—BHUs (broad habitat units), proteas, vertebrates—in categories of target achievement at different

stages (S0–S6) in the development of the notional conservation plan.

204 R.M. Cowling et al. / Biological Conservation 112 (2003) 191–216



planning units of very low (<0.2) irreplaceability for these
three sets of features. However, the integrated plan incor-
porated a large proportion of this terrain, namely 31% of
the low irreplaceability area for BHUs, 38% of that for
proteas and 54% for vertebrates. This over-representation
of low irreplaceability area in the plan could be a con-
sequence of (i) the coincidence between areas of low irre-
placeability for these features and the areas required to
achieve mammal and process component targets, and (ii)
the over-achievement of targets for these features while
achieving targets for mammals and process components.

4.4. Options and threats

To what extent were we successful in avoiding areas
of high threat status while still achieving our conserva-
tion targets and a sensible design for the conservation
plan? At stage 0 of the plan (statutory reserves), options

for achieving targets for pattern features (BHUs, pro-
teas and vertebrates) were greatest in areas of low and
medium threat levels: 61.6% of the extant area of the
planning domain, excluding statutory reserves, com-
prised planning units of low to medium threat status
with corresponding irreplaceability values of 0.4 and
less (Fig. 7a). On the other hand, 57% of the extant area
in planning units of moderate to maximum irreplace-
ability (>0.4) was associated with high threat status,
indicating that many areas with least options for
achieving targets were under greatest threat. The inte-
grated plan (stage 6) differed little from stage 0 in terms
of the extant area within planning units in the higher
irreplaceability classes across all threat categories
(Fig. 7b). This is not surprising since these areas, by
definition, were either essential for achieving targets or
highly likely to be required. Accordingly, all planning
units of maximum irreplaceability were included in
stages 1 and 2. However, in comparison with stage 0,
the plan included proportionately more area (51.2% cf.
41.3%) in units of low irreplaceability and medium to
high threat status. Therefore, despite attempts to avoid
high-threat planning units during the design stages of
developing the plan, other important considerations
necessitated selection of many of them. These con-
siderations included achieving mammal population
targets in high-threat lowland areas (Kerley et al., 2003),
completing gradients, consolidating reserve design, and
achieving outstanding targets for pattern features.

5. Discussion

5.1. Overview of the plan

Our plan required that in addition to the statutory
reserves, 42% of the extant area of the CFR, comprising
some 40,000 km2, be allocated some form of conserva-
tion management in order to promote the persistence of
the region’s documented biodiversity. The implemen-
tation of the plan is, according to our analyses, essential
for achieving the goal of the Cape Action Plan for the

Fig. 6. Extant area (excluding statutory reserves) under different categories of initial irreplaceability (when S=0) for different biodiversity features

in the entire Cape Floristic Region planning domain and for the notional conservation plan.

Table 3

Target achievement for biodiversity features at the first and last stages

of a conservation plan for the Cape Floristic Region

Target achievement

(%)

No. features

Stage 0—Statutory

reserves

Stage 6—Final

design

BHUsa

<100 20 0

5100<150 69 17

5150>300 6 39

5300 7 46

Proteas

<100 73 0

5100<1000 53 46

51000<10,000 105 108

510,000 133 210

Vertebrates

<100 49 0

>100<1000 107 124

>1000<2500 119 94

>2500 70 127

a BHU=broad habitat unit (Cowling and Heijnis, 2001).
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Environment Project (CAPE), namely to achieve effec-
tive conservation of the CFR’s biodiversity by 2020
(Lochner et al., 2003). There is increasing recognition
that plans based on arbitrary targets of 10–12% of land
classes or planning domains, are inadequate to ensure
the effective conservation of a region’s biodiversity
(Rebelo, 1997; Soulé and Sanjayan, 1998; Groves et al.,
2000; Margules and Pressey, 2000; Pressey et al., 2003).
Indeed, recent conservation plans that have achieved
rational targets for multiple features have required 60–
70% of the planning domain (Noss et al., 1999, 2002).
Plans based on achieving targets for single sets of fea-
tures usually require much less land. For example, using
SDS and statutory reserves as planning units, Lombard
et al. (2003) found that only 12% of the extant area of

the CFR was required to conserve one occurrence of
each protea and vertebrate species, rising to 15% for
five occurrences (see also Rebelo and Siegfried, 1992).
The configuration of the integrated plan was more

strongly influenced by some of its components than
others. These were: (i) the existing statutory reserve
system that overachieved targets for many montane
BHUs (Rouget et al., 2003b), achieved targets for most
proteas and vertebrates (Lombard et al., 2003), and
constrained the design for the mammal plan (Kerley et
al., 2003) and gradients; (ii) target achievement for the
12 BHUs in high-threat landscapes for which all
remaining extant habitat was required; and (iii) the
large area of additional habitat of montane BHUs
required to achieve mammal population targets. As a
result, large tracts of extant habitat of low irreplace-
ability for BHUs, proteas and vertebrates was included
in the plan, and targets for some of these features were
massively over-achieved. Despite attempts to avoid
high-threat planning units in the design stages of the
plan, many of these were required to achieve pattern
feature targets (especially for some highly transformed
BHUs) and incorporate entire process components on
the lowlands.
Although our targets were ambitious (Pressey et al.,

2003), they did not explicitly include much unmapped
and unknown biodiversity. For example, we have no
way of assessing the extent to which the plan incorpo-
rated invertebrates, the most diverse and poorly known
group of terrestrial organisms globally (Hammond,
1992; Redak, 2000), as well as in the CFR (Picker and
Samways, 1996). Like the vertebrates (Lombard et al.,
2003), the distributions of some invertebrate taxa may
be linked to historical rather than contemporary eco-
logical patterns (Enrödy-Younga, 1988); we do not
know how many localities of these taxa were captured
in the plan. However, some invertebrate taxa have dis-
tributions that are strongly associated with vegetation
patterns (Colville et al., 2002) or particular protea spe-
cies (Wright and Samways, 1999); our plan may have
been effective in representing these. Another aspect of
biodiversity not explicitly targeted in the plan was
genetic diversity within taxa, although the incorporation
of process components, especially gradients and inter-
faces, may have captured both the adaptive and histor-
ical dimensions of genetic diversity for many taxa
(Poiani et al., 2000; Moritz, 2002).
With the exception of the proteas and vertebrates

(including mammals), we targeted land classes as surro-
gates for taxa. Proteas are good surrogates for other
Cape clades (Rebelo and Siegfried, 1990) but not for
taxa associated with the enclaves of non-fynbos vegeta-
tion in the planning domain (Cowling and Heijnis,
2001). We used inferred patterns of plant turnover and a
precautionary, retention component to set targets for
BHUs—which strongly influenced planning outcomes—

Fig. 7. Priority profiles of extant area, expressed as a proportion of

extant area in the planning domain excluding statutory reserves, (a)

for the entire Cape Floristic Region planning domain at S=0, and (b)

for the final notional conservation plan (at S=6). Maximum threat is

reported as the highest score among the three threats (agriculture,

alien plants and urbanization). Classes are: 1=low, 2=medium and

3=high. Irreplaceability values are for all pattern features (BHUs,

proteas and vertebrates) and the fixed process components. Classes

are: 1=40.2; 2=>0.240.4; 3=>0.440.6; 4=>0.640.8; 5=>0.8.
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and identified spatial surrogates for processes. It would
have been more desirable to target more taxa, as well as
more areas of known importance for genetic divergence
and variability. Given the paucity of data and con-
straints, within the time frame of the planning exercise,
on accumulating additional distributional and phylo-
geographic data for most taxa, the use of surrogates was
a practical and realistic option. Future research here as
well as in other global priority ecoregions should focus
on refining biodiversity surrogates as pattern and pro-
cess features for conservation planning (see Ferrier,
2002).
The suite of sites identified in the integrated plan is

one of numerous alternatives; the eventual configur-
ation of the plan will depend on the implementation of
the two stages in the plan where options exist for target
achievement, namely the mammal plan and the location
of the upland–lowland and macroclimatic gradients.
The decision support system that we have used provides
the requisite flexibility for identifying alternative con-
figurations subject to implementation constraints
(Pressey, 1999; Pressey and Taffs, 2001).

5.2. Assessment of the planning approach

Our planning approach includes widely-used as well
as novel elements of ecoregional planning. In develop-
ing the plan, we followed the six steps for systematic
conservation planning outlined by Margules and
Pressey (2000) (see Cowling and Pressey, 2003). Despite
the shortcomings of the existing statutory reserve
system in representing pattern and process features
(Rouget et al., 2003b), we incorporated it into the
plan—a common practice (e.g. Rebelo and Siegfried,
1990; Groves et al., 2000). We also incorporated expert
knowledge in all stages of the planning process, includ-
ing the development of the plan (Groves et al., 2000;
Noss et al., 2002).
In many respects, our approach was consistent with

the shift from species-based approaches of the 1970s
and 1980s to the ecosystem approach of the 1990s, pio-
neered by Noss and colleagues in the USA (Schwartz,
1999; Poiani et al., 2000). We sought to achieve targets
for coarse-filter features such as land classes and envir-
onmental gradients, and also identified areas for pro-
tecting viable populations of large herbivores and top
carnivores (Terborgh and Soulé, 1999; Terborgh et al,
1999; Carroll et al., 2001; Noss et al., 2002). We devel-
oped our reserve system by initially incorporating sites
of maximum irreplaceability for achieving targets for
both coarse-filter (BHUs, fixed process components)
and fine-filter (species records) features. Consequently,
the plan incorporated many small habitat fragments,
slivers of landscape, and isolated planning units that
included populations of rare proteas and vertebrates.
The use of the extremely comprehensive protea data set

enabled us to identify sites important for the conserva-
tion of rare taxa that were likely to be overlooked
(Kirkpatrick and Gilfedder, 1995; Lombard et al.,
2003). We also identified large tracts of intact habitat
suitable for the conservation large mammals, but which
also contributed, albeit not substantially, to target
achievement for other features (Kerley et al., 2003).
We explicitly incorporated a persistence goal (Cowl-

ing et al., 1999a; see Section 5.3) by targeting entire
process components and viable mammal populations.
Where no options existed—as was the case for the spa-
tially fixed interfaces, sand movement corridors and
riverine corridors, we targeted the associated planning
units in their entirety. For the flexible gradient compo-
nents, we used least-cost paths as guidelines but varied
these for the plan to avoid biologically unfeasible tran-
sitions, incorporate existing conservation initiatives,
achieve targets for other features, and avoid trans-
formed areas. We know of no other ecoregional plans
that have adopted this approach. Although many entire
process components or sub-components were located in
transformed, lowland landscapes, these were none-
theless incorporated into the plan. We reasoned that
the retention of these components was essential for the
long-term persistence and ongoing diversification of the
CFR’s biota (Cowling and Pressey, 2001); persistence
could not be achieved by focusing only on large tracts of
intact habitat.
Our simultaneous focus on transformed and intact

landscapes has pros and cons. Implementation and
management of large reserves is far less costly than con-
serving isolated fragments in a biodiversity-hostile
matrix (Frazee et al., 2003). However, in the CFR and
elsewhere, transformed landscapes include unique biodi-
versity features that must be afforded some form of pro-
tection in order to realise conservation goals (McDowell
and Moll, 1992; Hobbs, 1993; Pressey et al., 1996; Kem-
per et al., 2000). There is also an issue of the scale of
biodiversity pattern and process in different ecoregions
(Schwartz, 1999). While protected areas of >1000 ha
might be regarded as having low conservation value in
some parts of the world (e.g. Noss and Cooperrider,
1994), in the CFR areas much smaller than this can
accommodate a wide range of biodiversity patterns and
processes if appropriately managed (Bond et al., 1988;
Cowling and Bond, 1991; Kemper et al., 1999).
Finally, our approach represents another model for

integrating data and software with expert judgement
(see Noss et al., 2002, for an alternative). In the
final stage of the planning process, we used an algo-
rithm that selected sites to achieve outstanding targets
for multiple features and simultaneously avoid those
that were vulnerable to threatening processes (see also
Howard et al., 2000)—an example of how algorithms
can be used for more complex problems than just
representation (Rodrigues et al., 2000). We then used
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expert judgement—embedded in a set of rules—to select
from the minset those planning units that expanded
existing statutory reserves, buffered process components
and incorporated existing off-reserve conservation
initiatives.

5.3. Planning for persistence

The ultimate goal of conservation planning is to
ensure the persistence of the regional biota (Pressey and
Logan, 1998; Cowling et al., 1999a; Margules and
Pressey, 2000; Moritz, 2002). Persistence can be incor-
porated into the planning processes through an under-
standing of the ecological and evolutionary processes
that maintain and generate biodiversity (Smith et al.,
1993; Dimmick et al., 1999; Foster, 2000), and the
depiction of these processes spatially (Smith et al., 1997;
Fjedså and Rahbek, 1998; Moritz and Faith, 1998;
Balmford et al., 1998; Cowling et al., 1999a; Desmet et
al., 2002). This is not a trivial task (Balmford et al.,
1998). Up until relatively recently, concerns about per-
sistence in conservation biology have been generally
limited to internal dynamics of small and isolated
populations (e.g. Caughley, 1994) and generic design
criteria (Pressey et al., 2003). From a conservation
planning perspective, several studies (e.g. Margules and
Stein, 1989; Williams and Araújo, 2000) have predicted
species’ local probabilities of occurrence, assumed to be
equal to probability of persistence, and targeted areas
where probabilities were high. Other approaches to
persistence in conservation planning have focused on
identifying and targeting areas of presumed and known
genetic divergence (Smith et al., 1997; Fjedså and Rah-
bek, 1998; Moritz and Faith, 1998; Noss et al., 1999;
Desmet et al., 2002)—the so-called species factories
(Balmford et al., 1998). Noss et al. (1999, 2002) have
incorporated environmental gradients and movement
corridors in their plans. Our approach to persistence
draws on aspects of the approaches mentioned above
(species factories, gradients, corridors) and builds on
that described in Cowling et al. (1999a) where the spa-
tial components of processes required to maintain and
generate biodiversity are identified and targeted. We
discuss some of the advantages and shortcomings of this
approach below.
The CFR is an area of massive diversity and ongoing

diversification, both ecological and geographic (e.g.
Rourke, 1972; Goldblatt, 1982; Picker and Samways,
1996; Linder, in press). Consequently, it is essential that
a conservation plan for the region incorporates the
processes that maintain and will continue to generate
this biodiversity (Kruger, 1977; Cowling and Pressey,
2001). We attempted to achieve this by identifying and
targeting a wide range of spatial components associated
with ecological and evolutionary processes. We also
incorporated areas suitable for conserving viable popu-

lations of large and medium-sized mammals, thereby
ensuring that herbivore- and carnivore-related processes
would be maintained over much of the region (Kerley et
al., 2003).
Obvious advantages of this approach are that: (i)

processes are explicitly targeted and incorporated as
stages in the planning processes, not merely considered
via generic design criteria; (ii) the entire documented
biota is considered; (iii) both ecological and evolu-
tionary processes are accommodated; and (iv) some
resilience to climate change impacts is afforded.
There are, however, shortcomings in our approach.

Thus, despite a long history of ecological and evolu-
tionary research in the CFR, there is no certainty that
all of the process components will, if reserved, fulfil
their stated conservation role. Their identification and
location were based largely on expert knowledge and
the interpretation of a mostly spatially inexplicit litera-
ture. Furthermore, we are uncertain whether the con-
figuration and size of the gradients and corridors that
we identified will ensure the movement of biota in
response to short-term and long-term environmental
change. The long-standing debate about the role of
corridors in conservation (e.g. Hobbs, 1992; Simberloff
et al., 1992; Beier and Noss, 1998) remains unresolved,
at least in the sense that there appears to be no design
appropriate for all components of a regional biota
(Lindenmayer and Nix, 1993; Laurance and Laurance,
1999). Certainly, it is unlikely that the many thousands
of CFR plant species that are dispersed short distances
by ants (Bond, 1983) will be capable of migrating
sufficiently fast to avoid the impacts of anthropogenic
climate change (Rutherford et al., 2000; Midgley et al.,
2003; see also van Dorp et al., 1997). Also of concern is
the location of the upland–lowland and macroclimatic
gradients. We recommend that these gradients be inter-
preted as a framework of axes along which conservation
action should be encouraged over as broad a front as
possible. This will ensure that that the largest possible
pool of genetic material is provided with opportunities
to migrate and diversify.
Our plan has explicitly incorporated small and iso-

lated fragments of BHUs (sometimes containing popu-
lations of rare proteas and vertebrates) and process
components. What are the prospects of biodiversity
persistence in these extensively transformed lowland
areas? In the short-term, prospects appear reasonably
good. As stated in Section 3.2.4, plant and invertebrate
diversity, and associated pollination processes, can be
maintained in habitat fragments as small as 5 ha pro-
vided they are subject to appropriate fire regimes and
kept free of invasive plants. While this assessment is
derived from empirical data and observations, more
rigorous assessments have shown that non-sprouting
plants from fire-prone environments in Australia, not
dissimilar from those in the CFR, require between 700

208 R.M. Cowling et al. / Biological Conservation 112 (2003) 191–216



and 1100 ha for the maintenance of viable populations
(Burgman et al., 2001). Some Cape plants have been
observed since the late 1700s to have their total popu-
lations confined to areas as small as 0.5 ha (Cowling and
Eggenberg, 2000; R.M. Cowling, personal observation).
Clearly they and, perhaps, some invertebrate species are
capable of persisting for a long time in very small areas.
However, when occurring in fragmented landscapes,
populations of rare and endemic plants and their asso-
ciated pollinators will probably not escape the impacts
of anthropogenic climate change; ensuring persistence
will require the restoration of landscape linkages (see
Section 5.5) or the establishment of populations in novel
ranges (Midgley et al., 2003).

5.4. Implementation issues

Despite the importance of implementation in turning
plans into reality, few conservation planning studies, at
least those published in the primary literature, have
considered the issues involved. In this section we discuss
implementation of our plan in terms of scheduling,
forms of protection, costs, and ongoing review. Imple-
mentation issues associated with spatial scale and
mainstreaming biodiversity concerns are discussed in
Cowling and Pressey (2003) as are current conservation
intiatives arising from the CAPE Project.

5.4.1. Scheduling
The CAPE Project has an implementation horizon

of 20 years (Gelderblom et al., 2003). Biodiversity will
continue to be lost during this period especially in
high-threat landscapes (Rouget et al., 2003a) where
there are few or no options for achieving targets. Given
that resources available for conservation will at any
time during the implementation period be insufficient
to adequately protect all of areas within the plan, a
scheduling strategy for conservation action is urgently
required.
One such strategy, which is widely advocated, is to

focus initially on those areas of high conservation value
(measured, for example, by irreplaceability) and high
vulnerability to processes that threaten biodiversity
(McDowell and Moll, 1992; Faith and Walker, 1996;
Pressey et al., 1996;Mittermeier et al., 1998; Groves et al.,
2000, Myers et al., 2000; Balmford et al., 2001; Dobson et
al., 2001; Pressey and Taffs, 2001). We included in the
plan some 9000 km2, or 10.5% of the planning domain, in
the category of maximum irreplaceability and maximum
threat. These areas mainly fall within agricultural land-
scapes where habitats are highly fragmented. However,
despite high opportunity costs of implementation (Pence
et al., 2003), we strongly recommend that urgent con-
servation action be undertaken in these areas.
An alternative view of scheduling in relation to

threats is to focus initially on large areas of intact habi-

tat where vulnerability is low to moderate, and where it
is feasible to accommodate a wide range of pattern and
processes features, including viable populations of top
carnivores (Mittermeier et al., 1998; Noss et al., 1999,
2002; Dinerstein et al., 2000; Faith et al., 2001). This
strategy has clear advantages of relatively low opportu-
nity costs (Faith et al., 2001) and low management costs
(Frazee et al., 2003); consequently it has been argued
that it provides greater biodiversity returns per unit of
investment, at least in terms of persistence measures,
than a strategy that prioritises action in high-threat
landscapes (Faith and Walker, 1996; Ferrier, 2002; Noss
et al., 2002).
We see both strategies as complementary rather than

as alternatives (see also Mittermeier et al., 1998; Ferrier,
2002). Walking away from vulnerable landscapes where
options for target achievement have been exhausted by
transformation, will seriously compromise the achieve-
ment of a comprehensive conservation goal (Pressey et
al., 1996; Balmford et al., 2001; Dobson et al., 2001).
However, it makes good sense to implement conserva-
tion action in extensive areas of intact habitat where it is
possible to achieve a wide array of regional pattern and
process targets with relatively little effort and cost.
Nonetheless, even for these areas, in order to avoid
compromising target achievement, scheduling priority
should be established on the basis of vulnerability
(Pressey and Taffs, 2001; Noss et al., 2002).
The two strategies outlined earlier raise another

important implementation issue: how does one schedule
protection among areas that emerge as top priorities for
either pattern or process features (Cowling et al., 1999a;
Margules and Pressey, 2000)? What is more important:
conservation of threatened taxa and endangered habi-
tat, or an interface or gradient that is important for
ongoing diversification? Nott and Pimm (1997) argue
that processes are not a sufficient target for conserva-
tion, but species are. Cowling and Pressey (2001)
emphasize the importance of processes for biodiversity
persistence, despite the uncertainty of identifying their
spatial components (see Section 5.3). The resolution of
this issue is a major challenge for conservation planners
(Margules and Pressey, 2000).
Conservation value and vulnerability to threats com-

prise only part of the complex array of constraints and
opportunities that determine scheduling in the real
world. Of the three main considerations in conservation
planning—time, space and human choice—least pro-
gress has been made with the last-mentioned. Thus,
implementation strategies need also to consider oppor-
tunity costs, funding, incentives, willingness to partici-
pate, co-operative governance, institutional capacity
and so on (Vane-Wright, 1996; Noss et al., 1999; Groves
et al., 2000; Theobald et al., 2000; Faith et al., 2001),
and the requisite data should be at the same resolution
as the biodiversity data (Brooks et al., 2001). Many
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conservation planning studies either ignore these
complex socio-economic and political issues (Vane-
Wright, 1996) or defer them to another stage of the
planning process (Noss et al., 1999). In reality, the full
spectrum of implementation issues should be integrated
with all stages of the planning process (Cowling and
Pressey, in press). We did not do this in our study and
this has compromised our ability to develop an effective
scheduling strategy, as we do not have a spatially expli-
cit, region-wide assessment of the full array of imple-
mentation opportunities and constraints. These have
been more effectively incorporated into the fine-scale
study on the Agulhas Plain (Pence et al., 2003) and
other fine-scale studies in progress.

5.4.2. Forms of protection
Our plan has claimed some 40% of the remaining

intact habitat of the CFR outside existing statutory
reserves. Clearly, it will not be feasible for a developing
country such as South Africa to pay the massive
opportunity costs (Musters et al., 2000) and provide the
funds for including all of the targeted land under strict
(statutory) reservation (Heydenrych et al., 1999; Frazee
et al, 2003; Gelderblom et al., 2003; Pence et al., 2003).
There is a wide range of on- and off-reserve mechanisms
available to afford protection of conservation-worthy
land in the CFR. These include national parks and
provincial reserves (statutory reserves), and local
authority reserves, Natural Heritage Sites, contractual
national parks and conservancies (non-statutory
reserves) (see Heydenrych et al., 1999, for details).
Recently, some progress has been made with legislation
to provide financial incentives for landowners to set
aside parts of their properties for conservation (Botha,
2001).
The biggest implementation challenge lies with the

high priority landscapes of the agricultural lowlands. It
is now widely accepted that the biodiversity-friendly
management of agricultural landscapes is essential for
nature conservation, especially for features that are
endemic to these areas (Gall and Orians, 1992; McIn-
tyre et al., 1992; Jules, 1997). Indeed, some biodiversity
features—avifauna in particular—are better represented
on farms than within reserves (Little and Crowe, 1998;
Morrison and Humphrey, 2001). The cereal-growing
areas of the south-western CFR lowlands now harbour
the largest populations in the world of South Africa’s
national bird, the Blue Crane Anthropoides paradiseus
(Allan, 1995), a species that was rare in the area in pre-
agricultural times. Some biodiversity-friendly agri-
cultural enterprises do exist in the CFR, for example
grazing systems in renosterveld (Donaldson, 2002) and
the harvesting of cut flowers in lowland fynbos (Privett
et al., 2002). For the most, however, the emphasis will
be on the retention of natural habitat fragments in an
agricultural matrix.

In an attempt to identify protocols for matching
appropriate and feasible protection measures with par-
ticular parcels of land on the Agulhas Plain, Pence et al.
(2003) showed that a mixed approach involving direct
acquisition of 60% of the targeted area, and off-reserve
conservation of the remaining 40%—using property tax
abatement and management assistance (alien plant
eradication) as incentives for private landowners—was
the most cost-effective way of achieving conservation
targets. While most landowners on the CFR lowlands
appear willing to collaborate in conservation actions
(S.J. Winter, unpublished data), here, as elsewhere, little
guidance exists for them to make land-use decisions
incorporating principles and knowledge from conserva-
tion biology (O’Connell and Noss, 1992). A spirited and
effective extension service is required to communicate
to landowners that maintaining biodiversity has both
indirect and direct economic value (Turpie et al., 2003;
see also Pimental et al., 1992; Jules, 1997). Fortunately,
such an extension service is in the process of being
implemented (see Cowling and Pressey, 2003).

5.4.3. Costs
Our plan is ambitious and will be costly to implement,

even with off-reserve mechanisms. Frazee et al. (2003)
estimated the costs of implementing an earlier plan
(Cowling et al., 1999b) that has broadly similar con-
figuration to ours. Of this plan, which encompassed
61% of the remaining extant area of the CFR, including
existing statutory reserves, some 1.5 million ha was
allocated to strict reservation and the remaining 1.3
million ha to off-reserve mechanisms. The costing
included estimates of acquisition, management and
transaction costs, discounted over the 20-year imple-
mentation horizon for CAPE. Frazee et al. (2003) esti-
mated an expenditure of $45.6 million per year to
develop a representative system of conservation areas,
and annual costs of $29.6 million to maintain this sys-
tem. These figures are small in comparison with the
estimate by Turpie et al. (2003) of $1100 million per
annum for the direct and indirect value derived from the
CFR’s terrestrial ecosystem goods and services.
Thus, the costs of conserving the CFR are warranted

from both a biodiversity and economic perspective. The
funds required for implementing the CAPE conservation
strategy (Gelderblom et al., 2003; Lochner et al., 2003)
will come from both local and global sources. Gelder-
blom et al. (2003) estimate that the costs of implement-
ing the first 5-year phase (2002–2007) of the CAPE
Project are $16.3 million per annum, 41% of which will
be derived from local sources and the remainder ($9.6
million per year) from outside sources. International
donors, mainly the Global Environment Facility and
the Critical Ecosystem Partnership Fund, have made
available only $3.5 million per annum as a contribution
to implementing the first 5-year phase of the CAPE

210 R.M. Cowling et al. / Biological Conservation 112 (2003) 191–216



project. None of this funding is available for land pur-
chases and much of it will be devoted to activities other
than protected area and off-reserve management.
Therefore, the implementation of the bulk of the

conservation plan will fall on the shoulders of the
three major conservation agencies in the region, all of
which are parastatal institutions with financial auton-
omy. It is estimated that about 20% of the implemen-
tation costs will have to be raised from outside
sources; of the remainder, 30% will be derived from
the burgeoning ecotourism on CFR reserves (Turpie et
al., 2003), and 50% through appeals to government to
maintain annual costs. The last-mentioned point is
problematic since both national and provincial gov-
ernments continue to cut budgets allocated to con-
servation agencies, arguing that these should be
generated largely from tourism revenue. However, even
with innovative agency–private sector partnerships,
tourism is unlikely to generate the requisite funds.
Furthermore, there are costs of off-reserve conserva-
tion—mainly associated with incentive schemes—addi-
tional to those that will have to be borne by
conservation agencies. For example, Pence et al. (in
press) estimate that municipal authorities on the
Agulhas Plain, in the south-western lowlands of the
CFR, will have to bear a reduction in the rates base of
between $89,000 and $179,000 per annum, depending
on the incentive mechanism applied over a 124,000 ha
reserve system. It remains to be seen whether local
authorities—hard-pressed to provide social services—
will be willing to bear these costs.

5.4.4. Ongoing review
Our conservation plan is not a black box that yields a

best solution—it must be constantly updated as new
data and insights emerge, targets are adjusted, con-
servation priorities change (Faith et al., 2001; Noss et
al., 2002). In terms of the conservation planning stages
outlined by Margules and Pressey (2000), there will be a
need to loop back from stage 5 (implementation) to
stage 3 (review existing conservation areas), so that
progress in implementation can be measured. Unex-
pected constraints and opportunities encountered dur-
ing implementation will also require new priority areas
to be identified in stage 4, followed by revised strategies
for implementation. The C-Plan decision support sys-
tem that we used is well suited for this task of ongoing
review (Pressey et al., 1995; Pressey, 1999).
But who will manage this review process? One of the

earliest outcomes of the CAPE Project was the estab-
lishment within the principal conservation agency of a
conservation planning unit (see http://cpu.uwc.ac.za)
whose task it will be to maintain and update all data-
bases and conduct regular re-runs of the conservation
plan in order to provide updates to all users (Gelder-
blom et al., 2002).

5.5. Restoration issues

Extensive areas in our plan will require restoration
to achieve conservation targets (Pressey et al., 2003).
Specifically, restoration is required to contribute to tar-
get shortfalls for 12 BHUs comprising some 408,000 ha.
A further 14,500ha is required to restore parts of the
upland–lowland and macroclimatic gradients. Restora-
tion will require both the removal of alien invasive
plants and the re-establishment of native vegetation on
agricultural landscapes. This will be an expensive busi-
ness. Pence et al. (2003) estimated a cost of $46.8 million
to eradicate alien plants from priority areas on the
Agulhas Plain, and Frazee et al. (2003) costed alien
removal from the areas identified for conservation
across the entire CFR at $105.2 million (the Agulhas
Plain has the worst alien plant problem in the CFR; see
Rouget et al., 2003a). Since native vegetation is capable
of re-establishing reasonably well after alien plant
removal under most circumstances, revegetation will be
unnecessary (Holmes and Richardson, 1999). Nothing is
known about the process and costs restoration of agri-
cultural lands in the CFR. Given the scale of modifi-
cation, and the possibility of irreversible changes in soil
properties, this is likely to be both difficult and expen-
sive (Hobbs, 1993).
While great strides have been made with removing

alien vegetation within the CFR over many decades, but
especially under the Working for Water Programme
(Gelderblom et al., 2003), clearing priorities have been
largely focused in mountain catchments in order to
protect water supplies (van Wilgen et al., 1996). Priority
areas on the lowlands have been largely ignored.
Exceptions include the Agulhas Plain (Privett et al.,
2002) and parts of the southeastern lowlands near Port
Elizabeth.
An omission of the CAPE Project is a detailed analy-

sis of restoration priorities, requirements and costs.
Such an analysis, which is urgently required, will require
co-operation among agencies responsible for restoration
in order to align strategies so that meaningful con-
servation targets can be achieved in addition to other
objectives such as catchment management and job
creation.

6. Conclusion

We have attempted to incorporate into the plan the
two principal objectives for a system of conservation
areas: representativeness (sample the full variety of bio-
diversity) and persistence (promote the long-term survi-
val of biodiversity by maintaining natural processes and
viable populations and by excluding threats) (Margules
and Pressey, 2000). The plan is underpinned by a great
deal of uncertainty, especially with regard to the
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effectiveness of surrogates for biodiversity of pattern
and process. We have probably excluded from our sys-
tem much biodiversity that is unmapped or unknown
(Pressey et al., 2003). The system should be viewed a set
of hypotheses about the maintenance of biodiversity
and ongoing diversification in the CFR. It should be
subject to continual evaluation and refinement as more
data and expert knowledge become available.
Despite being considered a conservation bargain

(Frazee et al., 2003), there will probably be insufficient
funds to implement the plan in its entirety. Biodiversity
will continue to be lost during the implementation phase
and thereafter, but hopefully at a slower rate than in
other hotspots (Pimm et al., 1995). Off-reserve imple-
mentation mechanisms will probably prevail, and there
will be an emphasis on the utility rather than the
intrinsic value of biodiversity. There is no guarantee
that community-based, off-reserve actions will ensure
that biodiversity targets are achieved and maintained
(Redford and Richter, 1999).
The plan provides spatially explicit guidelines for

achieving the CAPE goal. Much will happen of the next
20 years that will influence its implementation. A pro-
cess has been initiated that is ambitious and challenging.
Safeguarding the world’s embattled biodiversity
demands nothing less.
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