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Abstract

Climate change is projected to have profound impacts on the distributional range

of many African plant and animal species. The vulnerability to impact of individual

species and ecosystems varies widely: the unique and species-rich fynbos and succulent

karoo regions near the south western tip of Africa are regarded as being particularly

vulnerable. National and regional biodiversity conservation strategies must consider the

reality of a changing environment if they are to be robust. This paper compares

adaptation options for conserving biodiversity in a changing environment and concludes

that a multiple strategy is needed that includes all of the  following four core components:

1)  re-aligned traditional protected area networks that take into consideration the impacts

of climate change; 2) management of biodiversity outside of formally protected areas (a

process we refer to as matrix management),  3) less-conventional interventions such as

species translocations to new areas where they previously did not exist and 4) ex situ

conservation strategies of species that might loose all their habitats, or that are in any

other way threatened. Individual species will show unique responses to climate change

and therefore the use of habitats for the basis of conservation strategies is challenged as it

is likely that individual species rather than habitats will respond to climatic drivers. To

adequately conserve biodiversity, current biodiversity conservation strategies need to be
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enhanced, but in addition fundamental changes will need to be made to current

conservation paradigms that are based on a static ecosystems and distributional ranges of

individual species. It is, however, predicted that at least for the lowveld savannas that the

functional attributes of the ecosystem are likely to remain relatively constant.

1 Introduction

Current predictions are that global climate change will have substantial impacts

on southern Africa’s biodiversity, including wide-scale extinctions over the next 50 years

(Rutherford et al.,1999, Hannah et al.  2000a,b, Gitay 2001, 2002, Midgley et al.,

2002a,b, MA, 2005). At a global scale Thomas et al. (2004) predicted that 15-37% of

species in their sample (that covered 20% of the earth surface) may be at risk of

premature extinction due to anthropogenically-caused global change by 2050. The

Millennium Ecosystem Assessment, using different models and assumptions based

largely on habitat loss, reached similar conclusions (MA, 2005). Within South Africa,

one of the few areas in Sub-Sahara Africa where detailed analysis has been conducted,

the predictions are that most of the current biomes will reduce in size and will be shifted

to the east of the country. Up to half of the country will have a climatic regime that is not

currently found in the country (Rutherford et al.,1999). The succulent karoo biome, (a

succulent-dominated semi-desert located on the south-western coast of southern Africa)

is projected to be the most severely impacted, with the grassland and fynbos  (a

Mediterranean-climate sclerophyllous thicket that approximates to the Cape Floristic

Region) biomes also likely to suffer from high climate change impacts (Rutherford et al.,
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1999, Midgley et al., 2002a,b).  Fynbos and succulent karoo are biodiversity hotspots of

international importance (Myers et al., 2000), with the latter being one of only two

globally-important arid-climate biodiversity hotspots.

Two main aspects of the climate have widespread influence on animal and plant

species distributions: temperature and water balance (a combination of precipitation and

evaporation, which in turn is directly influenced by temperature) (Cubasch 2001). The

dynamics of plant and animal populations change at the edge of individual species’

distribution as net mortality becomes larger than net fecundity, with a spatial gradient of

declining population numbers as a result. In a scenario of climate change, this will lead to

the progressive extinction of non-vagile species in their natural range, beginning with

population die-back in the so-called ‘trailing edge’ of the historical distribution range

(Davis and Shaw, 2001). This change in local population dynamics is affected directly by

temperature and water balance, but also indirectly through aspects such as interspecies

competition, fire frequency, pollinator distribution, herbivory and predation, food

availability, soil type, topography etc. (e.g.  Gaston, 2003). Few species occupy their

‘fundamental niche’, ie the range determined by the physiological tolerance limits. Their

actual range, the ‘realised niche’, is a subset of this resulting from the outcome of

interactions with other species. The degree to which species distribution can be predicted

based on their climatically defined habitat niche differs between species (e.g. Thuiller et

al., 2006).
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Increased mean temperatures during the coming decades are predicted for the

majority of  locations by all global circulation models (Cubasch 2001). Within Southern

Africa, the inland areas are expected to experience the greatest increases in temperature

(2-4°C this century), whilst the coastal areas are predicted to experience somewhat lesser

increases (1-3°C), due to the thermal buffering effect of the oceans (Cubash et al., 2001,

Scholes and Biggs, 2004).

Changes to precipitation are more difficult to predict, and there is less agreement

between models. Despite predictions for increased global precipitation, within southern

Africa the majority of models predict that the western two-thirds of the continent south of

15ºS will have ~10% reductions in annual precipitation during the 21st century, while the

eastern third may see an increase of the same order (Scholes and Biggs, 2004, Hewitson

and Crane, 2005). A combination of increased temperature (and thus increased

evaporative demand) with decreased rainfall will  increase the aridity of affected

environments, notwithstanding the slight offsetting beneficial effect of elevated CO2 on

plant water use efficiency (Scholes and Biggs, 2004).  A combined increase in rainfall

and temperature will increase primary plant production, but will still be detrimental to

specific species (Gitay et al., 2001, Gelbard 2003).

The current rate of climatic change far exceeds any climatic change records from the

past, and is likely to be too rapid for evolutionary adaptation in most species (Malcolm

and Markham 2000, MA, 2005). Excluding evolutionary adaptations, species can be
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classified into four functional groups based on their response to climate change as

follows.

1. Persisters: These species have the climate tolerance for the new climate of their

current location.

2. Obligatory dispersers:. These species will have to physically move with the

changing climate to track areas with suitable climates (autonomous dispersers), or

alternately will have to be moved artificially  to new areas with suitable climates

if they are unable to move on their own (facilitated dispersers).

3. Range expander:. These species may expand into new climatic envelopes that are

not currently available, but to which the species are already well adapted.

4. No hopers:  If the species cannot do one of the above then they will become

prematurely extinct, although they may persist under unsuitable climates for some

time.

Some species will experience range shifts that will result in them persisting partially in

their previous range whilst dispersing into new areas.  We have referred to these as partial

dispersers. The time span involved and the intensity of the climate change experienced

(or modelled) will determine to what extent species persist or are obliged to disperse.

Detailed modelling on the impacts of climatic change on individual species has

been conducted in the fynbos and succulent karoo regions.  The AIACC project studied

the Proteaceae as a surrogate for the fynbos vegetation to understand how individual

species would respond to changing climate over the next 50 years, and used this to better

understand future conservation strategies.  The model predicted that 57% were persisters,
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26% partial dispersers, 6% obligatory dispersers and 11 % were no hopers (Williams et

al., 2005).  In the karoo region it was found that the Riverine Rabbit (Bunolagus

monticularis) is likely to go extinct due to its specialised food and habitat requirements,

whilst the tortoise (Homopus signatus) which is less selective, is unlikely to go extinct

from climatic causes in the 50 year study timeframe (G.O. Hughes personal

communication. 2005).  

The current anthropogenic induced climate change is largely being driven by

rising CO2. This increase CO2 will enhance plant growth up to a point, and may increase

the relative competitiveness of C3 plants over C4 plants. This fertilization effect starts to

saturate in natural ecosystems at around 500 ppm (Scholes et al.,1999).  The combined

impacts of climatic change and CO2  effects have been modelled in the AIACC project

for the lowveld savanna regions of South Africa (R.J. Scholes personal communication

2005). Preliminary model runs suggest that the decrease in soil moisture and the increase

in temperature overwhelm the small elevated CO2 advantage that trees have, given that

C3 qnd C4 plants respond differently to these factors. This study lets us consider the

impacts of climate change on functional aspects of habitats rather than individual species.

Based on this model it is predicted that in the lowveld savannas of South Africa, the

structural and functional habitat suitability for browsers and grazers is likely to remain

relatively constant in the 50 year timeframe, provided that fire and elephant management

is appropriate. Overall, the carrying capacity for large herbivores is projected to decrease

by about 10%. The key control on future habitat structure in this example is the size of

the elephant population, and its interaction with the fire regime. Though this study does
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not consider individual species, it suggests that the functional integrity of the savanna

habitat can be maintained near to current conditions through appropriate management.

2 A brief history of conservation in southern Africa

The countries of  southern Africa  have extensive tracts of land that are managed

as conservation areas (Table 1). The extent of conservation differs between individual

countries. Approximately half of  the countries in the region exceed the IUCN guidelines

of 10% of land area under formal conservation. Over the entire region approximately

10% of land is conserved in IUCN categories I–V reserves (these categories are reserves

set up strictly for conservation) with a further 8% conserved in areas managed for

sustainable use i.e IUCN category VI areas.  Some countries fall far short of the IUCN

guidelines; for example, in the case of Lesotho only 0.2% of the surface area is conserved

(Scholes  and Biggs, 2004, WDPA, 2005).

<< Insert table 1 somewhere near here >>

Even where counties have a relatively high level of land conserved, the fraction of

biodiversity conserved may be substantially less (Rodrigues et al., 2004, Orme et al.,

2005). This is because the history of conservation has not been based on strategic

conservation objectives, but rather on the availability of land, and in many instances the

presence of big game species (Pressey et al.,1993, Heywood and Iriondo, 2003). The

large reserves are therefore mostly situated in inhospitable areas including  arid areas,
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mountainous  areas, areas with historically high levels of diseases such as sleeping

sickness and malaria, and areas with low agricultural potential, such as arid and semi-arid

regions. Of the 52 unique ecoregions identified in Southern  Africa (Olsen et al., 2001),

23%  of ecoregions (15 % of land area) have less than 3% conservation (Table 2). Forty

percent of ecoregions representing 35% of the land area have less than 5% formally

conserved in IUCN reserves.   Southern Africa has an exceptionally high biodiversity,

including a number of centres of endemism and three biodiversity hotspots (Myers et al.

2003).  The Madagascar hotspot has only 2.9% of the area conserved in IUCN reserves

with a further 1% conserved outside of IUCN reserves. The succulent karoo hotspot has

only 1% conserved, though there are proposals to conserve an additional 19%. The Cape

floristic region is well conserved in the mountainous  areas, but poorly conserved on the

flats (see Table 3). By comparison the mopane savanna regions (not a biodiversity

hotspot) are well preserved , largely due to their low economic value for agriculture (see

Table 3).

<< Insert Table 2 somewhere near here>>

<< Insert table 3 somewhere near here>>

Formal conservation started in the late 19th century. From about 1910 to 1970

there was a steady expansion of protected areas (Figure 1). There tended to be two

parallel paths of conservaion, one leading to the formation of forest reserves, managed

for sustainable wood extraction and/or catchment protection. The other led to the
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establishment of game and nature reserves, which originally tended to be centred in areas

with high wildlife populations and had their history as hunting areas. These are currently

managed for biodiversity conservation and eco-tourism (von Maltitz and Shackleton,

2004). During this period reserves had strong state support and were relatively well

resourced with public funds. Strong policing maintained the reserves, and real or virtual

fences excluded the surrounding population from the reserves.

<< Insert figure 1 somewhere near here >>

The post-colonial period has seen a shift in government focus to social

development issues. Protected areas have, in most instances, been maintained, but

budgets have diminished. As a result of human population growth there is now a high

pressure on the borders of most reserves and conflict over resources is increasing. The

ability to police reserves has decreased due to budget cuts. In a few cases local

communities have invaded the reserves and settled on them (Fabricius et al. 2004, von

Maltitz and Shackleton 2004, Child 2004).

A trend since the 1980’s has been towards sharing the management and  benefits

(both financial and natural) derived from protected areas with communities local to the

reserves. This is a pragmatic approach resulting from a growing negative perception

regarding conservation areas, and a decline in national budgets to maintain the integrity
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of conservation areas. This has been linked to change in government policies regarding

resource ownership, with a trend to delegating ownership of wildlife and forestry

resources from the state to those owning or resident on the land. This makes it possible

for communities on communal land to enter into Community Based Natural Resource

Management  (CBNRM) programmes (Fabricius et al. 2004, Child 2004, Hutton et al.,

2005), and the establishment of private wildlife ranches on commercial land (ABSA

2002). A number of studies have shown that the economic returns from wildlife can

exceed the returns from cultivation and cattle ranching, particularly in agriculturally

marginal areas (Child 1988, Bond et al. 2004, Balmford et al., 2001[B2]). This change

promotes biodiversity conservation in the communal and private areas as there is an

economic incentive for conservation (Fabricius 2004, Child 2004, ABSA 2002).

The successes that had been hoped for through community involvement and

resource sharing in conservation areas have been less than expected, largely due to a lack

of appropriate capacity, both in government departments and in communities (Hutton et

al.,  2005).  As a consequence the rationale for co-management and resource sharing from

conservation areas has come under increased criticism, with mounting support in some

sections for a reversal to more conventional conservation approaches (Wilshusen et al.

2002, Hutton et al., 2005, Bücher, 2005).

A recent trend is towards international assistance for conservation in Africa, and

the Global Environmental Facility (GEF) fund of the United Nations, as well as bilateral

funds from first world countries have contributed millions of dollars in this regard.  For
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the first time in decades, new areas are being proposed for conservation, and existing

conservation is being strengthened. The introduction of strategic conservation planning

tools such as Worldmap (http://www.nhm.ac.uk/science/projects/worldmap/index.html)

and C-plan are making it possible to plan the location of reserves in a scientific and

defensible manner to achieve agreed conservation targets (Pressey et al., 1993, Margules

and Pressey, 2000, Pressey and Cowling, 2001). This ability is being exploited in the

fynbos, thicket and succulent karoo regions of South Africa (Cowling and Pressey, 2003).

The concept of trans-national mega-parks (sometimes referred to as ‘Peace Parks’) has

also become popular, with a number of new parks being developed such as the Limpopo,

Kalagadi and Maluti-Drakensberg Transfrontier Parks (van der Linde et al., 2001). The

possible consequences of climate change to biodiversity are beginning to be considered

(Hannah et al., 2002 a,b, Midgely et al., 2003, Williams et al., 2005).

3 An overview of adaptation options for biodiversity conservation in a climatically

changing environment

Conservation becomes a moving target in a climatically-changing environment,

and although current reserve systems are a starting point, there is no clear end point.

Biodiversity patterns in 50 years time represent only one period in an environment that is

likely to go on increasing in temperature for at least 200 years because of the residual

effect of CO2  increases (Cubasch 2001). At some point in the future, once CO2 emissions

have been reduced there is likely to be a period of global cooling that will hopefully bring
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climatic conditions back to historical levels, but the time-spans for this is hundreds of

years and hence exceeds most conservation planning horizons.

The following potential adaptation options were identified as adaptations to prevent

extinction of biodiversity given the predicted climate change:

• Do nothing (i.e. maintain the current conservation strategy).

• Reconfiguration of reserve system to strategically conserve areas that

accommodate climate change.

• Matrix management, i.e. managing the biodiversity in areas outside of reserves.

• Translocation of species in to new habitats.

• Ex-situ conservation. This could include gene banking, cryo-preservation, zoos

and botanical gardens.

Current understanding of how ecosystems will respond to climate change, based

both on historical data and modelled predictions, suggests that individual species will

respond at different rates. The consequence of this is that entire ecosystems will not move

in unison but species will move independently, leading to altered community composition

(Huntley 1991, Graham 1992, Gitay 2001, Williams 2005, Thuiller et al. 2006, Bush

2002). It is important that conservation strategies consider individual species when

attempting to minimise losses. This does not negate the need to maintain habitats

(ecosystems), but it needs to be accepted that the compositional structure of these systems

will be different in the future, though in some instances the functional attributes may be

similar (see lowveld savanna case study above).
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Based on individual species responses to climate change, a set of adaptation options are

identified in Figure 2 and their relative constraints and benefits are compared in Table 4.

<< insert figure 2 somewhere near here>>

<< insert table 4 somewhere near here>>

3.1 Conservation of species that persist or expand their range

Where a species persists in large populations in an already-conserved area under

future climates, there is no strong basis for concern. However if the species becomes

invasive and its range expands then it may become a threat to other species and may need

control. If the species is already threatened under current conditions, even if it persists, it

might warrant extra conservation attention, especially if it is not currently found in

existing conservation areas.

3.2 Conservation of obligatory dispersers

For obligatory dispersers there are basically two scenarios, autonomous dispersal

where the species can reach a new habitat through natural dispersal mechanisms, at a rate

sufficient to keep up with the shifting climate. If  natural dispersal is inadequate for the

species to reach a new habitat, then humans can facilitate dispersal through translocation

of species to new suitable habitats.  In the first instance a climatically and
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environmentally suitable pathway must exists to allow the species to move through the

landscape to track the changing climate. The time-slice methodology of Williams et al.,

(2005) provides a way of identifying key areas that need conservation to ensure that

autonomous obligatory dispersers are able to disperse, and identifying species that will

require facilitated dispersal.

For autonomous obligatory dispersers, the key question is whether there are

suitable migratory pathways that will allow species to move from their current location to

a future protected area. The extent of land transformation in dispersal corridors is a major

concern (Hannah et al., 2002a). There are two options for protecting migratory pathways:

expand the existing reserve network; or ensure that the matrix (i.e. those areas outside of

formal reserves)  is sufficiently protected by measures that do not require state ownership

and exclusive use of the landscape for conservation objectives.

For facilitated obligatory dispersers the only option for maintaining wild populations

is to physically move the species to the new suitable habitat (Hossell et al., 2003).

Movement of large mammals and birds is a well established practice in conservation

circles, regularly undertaken throughout the sub-region. However, it is usually

undertaken to reintroduce species to locations where they are believed to have occurred

historically, or to increase genetic exchange. Introduction of species to places where they

probably did not exist within the recorded past is frowned upon. To conservators, pre-

emptive facilitated movement, of plants and invertebrates is a new concept.  Facilitated

dispersal will have ethical and practical considerations such as:
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• The number of  individual organisms per species that need to be moved to

establish a new viable population, and how individuals for translocation should be

selected (Heywood and Iriondo 2003).

• Under what circumstances should a species be moved to an area where it did not

historically exist, and what impact will this have on the species currently

occurring in that area (or which will occur there naturally as a consequence of

climate change) (Sakai et al., 2001, Hossell et al ., 2003, Radosevich 2003)?

• Which species need to be moved together, in order to preserve the community

structure?

• How is the pattern of genetic variability within the population to be maintained?

3.3 Conservation of ‘no-hopers’

For the no-hopers the only non-fatalistic option is to maintain the biodiversity in

artificial situations such as zoos, botanical gardens, seed banks and through cryo-

preservation, in the hope of perhaps introducing them to the wild at some distant future

time. Such ex situ conservation practices are also a wise ‘insurance policy’ for species

with some hope of surviving in the wild.

3.4 The threat of invasive species

Some persisters,  autonomous dispersers, and facilitated dispersers, are likely to

become ‘weeds’, ie overabundant in their new habitats, to the detriment of other species
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(McDonald 1994, Masters and Midgley 2004). We will need to re-consider the concept of

invader species given climatic change. The most likely candidates to invade are primary

succession species that are well adapted to dispersal into new habitats. Weed outbreaks

will be further encouraged by the disruption of communities in the receiving

environment, directly or indirectly due to climate change, and by the possibility that the

invasive species will travel faster than their natural competitors and controlling agents

(Malcolm and Markham, 2000). Range expansion is a potential threat to the species

currently established in the new areas, and may be an indirect  factor that prevents the

species persisting in that habitat (even if it can persist from a climatic perspective). A

further concern is that climate change may well favour introduced exotic species,

increasing the chance that they become invasive. Aggressive control of invasive species

may therefore be needed even more than at present.

3.5 Interventions to facilitate biotic adaptation

From Figure 4 it is clear that no-hopers and facilitated obligatory dispersers

require direct human intervention to prevent extinction. For the remaining species,

extinction can be prevented through ensuring that key areas of the distribution are

conserved both now and in the future, and that the migratory pathways necessary for the

species to move between protected areas remain permeable to the species concerned. For

autonomous obligate dispersers the same conservation objective can be achieved through

two different approaches, either by ensuring conservation outside of protected areas

(matrix management) or through reconfiguring or expanding the conservation area. In
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practice it is a strategic combination of both these methods, rather than either on its own,

that is likely to give the best results.

4 Economic considerations relating to adaptation options

The fynbos biome, and particularly the conservation of members of the

Proteaceae, was used as a case study to investigate the costs and benefit of the various

adaptation options discussed above.  A modelling process was used to identify the areas

critical for conserving migratory pathways, as well as identifying disjunct habitats and

no-hoper species (Williams et al,. 2005).

Reserve expansion was found to be a very expensive option if it is used as the

only mechanism of protection. Reserve costs can be broken into the costs of land

acquisition and the ongoing annual cost of land management. Operational costs per unit

area decrease substantially as reserve size increases. Based on South African National

Park data, a one kilometre square park has a US$104 793 annual operational cost, while a

100 000 km2 park only costs US$ 66/km2 (Martin 2003). The land management cost per

ha  decreases non-linearly as the reserve size increases, so from a cost efficiency

perspective it is better to have a few large reserves rather than numerous small reserves

(Frazee et al., 2003, Balmford et al., 2003,).

Contractual reserves (on private land) would appear to be more cost-effective than

the state purchasing the land and forming state reserves in most circumstances (Pence et
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al., 2002, A. Letsoalo personal communications 2005). In essence, the cost of managing

the land for conservation is the opportunity cost of lost income to the farmer for not using

the land for the most profitable alternative land use activity. This cost will vary greatly. It

will be very low for extensive rangelands, low for dryland grain production, but high for

irrigated crops and speciality crops such as horticulture. It is only for land used for high

value crops where it is more economical to establish a formal reserve, rather than a

contractual reserve with the current land owner (A. Letsoalo personal communications

2005). In many instances, rangeland management is already biodiversity-friendly to many

species, and to achieve the conservation objective may require little or no increased cost

to the rancher. Reduced stocking rates or minor changes in management practices (for

instance, withholding grazing during a critical period) may be sufficient to achieve the

desired results. Where dryland cropping is involved, a spatially-explicit strategic

approach would be needed to ensure that viable biodiversity corridors are achieved.

Costs for facilitated translocation cannot be compared directly with autonomous

translocations, as the approach is only likely to be used where autonomous dispersal is

not an option. The cost is dependent on the number of organisms translocated and the

establishment costs involved. Simultaneous translocation of communities of mutually-

interdependent organisms may have to be considered, including  pollinators and seed

dispersers in the case of plants.

Gene-banking and other ex situ conservation will not achieve the same level of

biodiversity conservation as is achieved through in situ conservation, but remains a fall
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back position when other opportunities are not available, and an insurance measure when

they are. A common target for in situ conservation is to conserve at least 10% of the

historical population. Ex situ conservation will only conserve a small number of

organisms for each species, therefore good representation of the genetic variation in the

population is essential. Gene fingerprinting to ensure that the collection represents the

broader population is therefore a significant cost consideration. The costs of ex situ

conservation cannot be directly compared to the costs of in situ conservation as they do

not achieve the same end points. Table 4 compares the relative economic advantages and

disadvantages of the different conservation strategies.

5 Adaptation options to allow species movement in response to climate change

5.1 Considerations for migratory corridors

Movement in response to climate change is unlikely to be a single dispersal event

by a group of individuals or species across an entire landscape. In general the movement

of species will be poleward or to higher altitudes as a response to global warming, but

will also be affected at the local level by changes in precipitation and micro-climatic

influences (Gitay et al. 2001). Species are expected to respond individually, and

gradually, per generation. This raises the bar substantially for any parcel of land to

qualify as a corridor since resources need to be sufficient to sustain a life cycle, not just

an individual passing through (Simberloff 1992).  Halpin (1997) presents a summary of

management options for protected areas in the face of climate change.  With regards to
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corridors as a means for species to escape climate change effects, Halpin (1997) mentions

buffer zones and connectivity, but reiterates the need for firm ecological evidence upon

which to base corridor and buffer zone design.  In a more recent review on management

options for forests in the face of climate change, Noss (2001) identifies similar priorities.

Convincing ecological evidence upon which to base a particular corridor system

will only be available if explicit studies on habitat use and habitat preference of a large

number of species in any particular ecosystem are collated.  A key development in this

field is the spatially explicit nature of habitat use.  However, for effective corridor design

we need to understand fluxes of organisms and matter in the landscape in a spatially

explicit manner.  The intuitive ecological advantages of wildlife corridors suffer from a

lack of empirical supporting evidence (Saunders et al., 1991, Simberloff, 1992).  An

often-stated example of the usefulness of corridors is riparian vegetation. Simberloff

(1992) states that riparian vegetation does not constitute a typical corridor from a

management point of view, since it is a unique habitat in itself that happens to be linear,

and it does not connect discrete patches of like habitat.  Birds are less constrained to

continous corridors, but they still need to access resources, even if patchily distributed.

Connectivity and corridor design in a landscape with varying habitat suitability depends

on a definition of what is considered as habitat for a particular species.  Any analysis has

to account for a large number of species, or groups of species; and the variables that

influence the habitat selection of each of them.  An alternative approach is to use

processes in landscapes as spatial planning units, and design reserves and corridors to

maintain local and regional processes.  An excellent example of using such processes in
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conservation planning is that of Rouget et al. (2003a,b).  The effect of this approach is to

manage the landscape for heterogeneity.  The assumption is that if the processes thought

to be responsible for the observed heterogeneity are preserved, then heterogeneity will be

maintained in the face of climate change.  The limitation that we face is that, apart from

knowledge of previous disturbance events, we do not know the measure of the

heterogeneity that has to be maintained. This level of heterogeneity has been termed

functional heterogeneity in the context of savanna herbivore assemblages (Owen-Smith

2004).

5.2 Reconfiguring the reserve network

Formal conservation areas remain a critical component for biodiversity

conservation in a changing environment (Dudley and  Stolton 2003). This benefit can be

enhanced by ensuring that reserves are well configured to best conserve biodiversity

given the impacts of climate change. The conservation of potential refugia,

environmental gradients and likely migratory corridors are adaptations to the current

reserve network that will increase their effectiveness in relation to climate change.

Systematic conservation planning has come of age in providing land-parsimonious

algorithms to prioritise new areas quantitatively for addition to the existing reserve

network (Pressey and Taffs, 2001, Pressey et al.,2000, Pressey et al., 2001, Reyers, 2004,

Rodriguez et al., 2004).   The inclusion of a climate change component is, however, still

in its infancy (Cowling et al. 2003. Hannah et al., 2002a and b Williams et al.,  2005). In

many situations current reserve networks are poorly planned to conserve current
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biodiversity patterns, let alone the additional requirements required as a consequence of

climate change.

In a first for southern Africa, Williams et al., (2005) developed a method based on

time-slice analysis of potential climate change-induced species migrations to understand

how best to locate conservation areas in the fynbos biome. For the study area considered,

a 50 year time frame and the limited taxa investigated (the Proteacea), they recommend

an approximate doubling of the current reserve network to achieve the required level of

conservation, though some of this reflects the inadequacy of current reserve networks to

conserve current biodiversity in addition to the needs of a changing environment. The

study acknowledges a number of limitations and assumptions, but still provides a

powerful tool for objectively considering impacts of climate change on reserve planning.

5.3 Managing areas outside of reserves (the matrix)

There are a number of practical and ecological reasons why matrix area must be a

major part of a biodiversity conservation strategy, especially when considering the

impacts of climate change (Hannah et al., 2002a, Gitay, 2001, Rodriguez et al., 2004,

MA 2006). Managing the matrix should be a complementary activity to formal

conservation, rather than an alternative, though there is also the option for formalising

contractual conservation arrangements with landowners outside of formal reserves

through the creation of contractual reserves (Pence et al., 2002). In South Africa changes

to legislation make it possible for the state to enter into a contractual arrangement with
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landowners to ensure conservation (Pence et al., 2002).  This is potentially cheaper than

outright purchase of land, and may be a more acceptable option to current land owners.

Economic incentives also lead to conservation on private land. Already many land

owners are using their land for non-agricultural activities such as eco-tourism and

wildlife ranching because it provides better returns.

Even if conservation targets are being met, the area of the matrix is generally an

order of magnitude larger than the area under conservation for most habitat types.  It is

clear that areas outside formal reserves generally contain a significant portion of the

biodiversity, often close to an order of magnitude more than in the reserves (Gaston et

al.,1999). For instance Biggs et al. (submitted) estimated that 80% of South Africa’s

biodiversity is outside of formally protected areas, this despite the high levels of

degradation and land transformation. As such non-reserve areas play a pivotal role

together with the protected area network, to adequately conserve our biodiversity

(Hannah et al., 2002a).  The recommendation that 10% of the land area be protected

(IUCN 1993) was intended as a general rule of thumb, and implicitly assumes that the

protected area is representative.  However, it has been shown for a savanna landscape

example that this guideline may only represent 60% of species in an area, and exclude up

to 65% of rare and endangered species (Reyers et al., 2002). Up to 50% of the land area

may be needed to preserve a representative portion of species (Soule and Sanjayan,

1998).
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Although South Africa has only 5.4% of its land area under state conservation, it

is estimated that an additional 13% is currently managed as private wildlife ranches

(Bond et al., 2004 updated from Cumming, 1999). To a large extent the growth of the

‘game ranching’ industry has been a consequence of changes in legislation that has

allowed private ownership of wildlife, something that historically had not been permitted.

Not all game ranching practices automatically result in improved biodiversity

conservation, but it is argued that on balance, greater biodiversity benefits are achieved

through this land use versus alternative agricultural practices (Taylor, 1974, Child, 1988,

Bond et al., 2004). Although market forces and enabling legislation have switched land

use in the drier areas to conservation, it is the higher-rainfall areas, and especially those

suited to crop agriculture or forestry, where biodiversity is most threatened. In these areas

greater direct intervention may be needed to maintain biodiversity and migratory

corridors.

This distinction between conserved areas and the matrix creates the impression

that there are distinct structural boundaries and hard edges between reserves and the

matrix.  Although this is sometimes the case, such edges are more often differentially

permeable to water, matter, species and energy fluxes, and instead of quantifying the

biological effects of a fragmented landscape (Saunders et al., 1991), we should consider a

dynamic landscape with patch edges that act as species- and flux-specific filters at

multiple scales.  The process of forming such a landscape has been termed habitat

variegation (McIntyre and Barrett, 1992), and it echoes the sentiments of Murphy and

Lovett-Doust (2004) that a binary approach of suitable habitat vs the matrix is not a true
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reflection of landscape dynamics.  These spatial linkages of energy, matter and species

fluxes across edges provide additional support for biodiversity-friendly matrix

management as part of formal reserve management.

The management of the matrix becomes even more crucial when considering the

likely impacts of climate change.  Biodiversity responses to climate change may take a

variety of forms, and our current ability to predict this is limited due to uncertainties in

both the climate scenarios and in how species will react to the change (reviewed in

Walther et al., 2002, McCarty, 2001, Hughes, 2000, Parmesan and Yohe, 2003, Root et

al., 2003). Matrix management practices need to anticipate an increased movement of

species through the landscape, and therefore connectivity between suitable habitat

patches is important.  This connectivity may translate into buffer zones around existing

suitable patches, or linear corridor features that link suitable patches.  The effects of

habitat fragmentation have been reviewed elsewhere (Saunders et al.,1991); for this paper

we take fragmented landscapes as given and important component for consideration in

conservation planning.

The final hurdle in managing the matrix for species movement as a response to

climate change is the implementation phase.  An integrated procedure for determining

land use is needed, and this procedure should recognise the need for robust ecological

evidence, and provide opportunity to gather such evidence.   Buy-in from local

stakeholders is critical since the decision to use or not use any piece of land will affect

individuals.
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The use of matrix management as an adaptation strategy to enhancing resilience to

climate change can be implemented in two ways, and both are potentially needed to

achieve an effective mitigation strategy (adapted from Fraze et al,. 2003)

1. Strategic conservation of critically important areas of the matrix. This would be

areas that are identified as having a strategic importance for conservation, but that

cannot be included into the formal conservation network for financial or other

reasons. In these circumstances the state can enter into a contractual agreement

with the landowner that the land be managed for conservation purposes. The

opportunity cost of not undertaking the next best agricultural practice would be a

realistic way of calculating the compensation that the farmer would need (see

economics section above).

2. General enhancements to biodiversity conservation on all non-reserve land. In this

instance less costly incentives could be used to promote more biodiversity

friendly farming practices. This would include incentives as discussed below for

commercial land or the establishment of CBNRM in the communal areas.

5.4 Policy mechanisms for facilitating biodiversity conservation within the matrix

Matrix management is about seeking compromises, and ways of achieving them,

which allow sustained economic benefits, but also the persistence of biodiversity. It may

involve, for instance, the setting aside of riparian strips or woodland corridors, reducing

the use of pesticides and fertilisers, reducing animal stocking rates or reintroducing
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necessary disturbances such as fire. The wrong mix of land uses in the matrix can be

inimical to conservation, for instance by increasing alien plant invasion, or by causing a

retreating forest edge (Gascon et. al., 1999). National policy frameworks need to promote

or enforce strategic matrix management.

As a result of poorly developed markets for ecological services, there is minimal

incentive for landowners to promote biodiversity or maintain migratory corridors

essential to mitigate against biodiversity loss as a consequence of climate change. That

many landowners do so of their own accord must be attributable to the strong land

stewardship ethic often found among those who live close to the land. Perverse policies,

such as state ownership of wildlife or excessively onerous burdens associated with

protecting threatened species, may even result in land owners deliberately reducing

biodiversity on their land.

We see land tenure as an important consideration when developing matrix

management interventions, with a different set of incentives and approaches being

applicable for private land versus communal land.

5.4.1 Incentives for matrix management on privately held land

Shogren et al., (2003) and Doremus (2003) suggest the following policy and

economic incentive systems for promoting biodiversity on private land.
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• Education. Many land owners have a conservation ethic, and provided that cost

implications are low, may well change their land management practices to meet

biodiversity conservation needs once they understand the pertinent issues.

• Direct incentives. These can be positive, such as direct economic payments, or

negative such as taxes for poor land use. They may involve cash payment, but can

also be through tax credits or forgiveness of debt. Within South Africa the newly

established land tax could be a major driver for conservation. Zero rating land tax

on key conservation areas would be one mechanism to promote conservation

(Pence et al., 2005).

• Approval and recognition. Regional competitions with awards for conservation

activities can be an incentive for conservation. For example, in the Kimberley

area of South Africa, there is a landowner-targeted program to promote breeding

of raptors.

• Market creation or improvement. The state can create markets for environmental

services. Examples are carbon credits, promotion of ecotourism, provision of

information on markets, and the introduction of certification schemes (such as

‘badger friendly’ honey).

• Tradable development rights. Land holders are granted tradable development

rights that are scarce. This creates a market value for resources.

•  Regulatory control. The enactment of laws and their enforcement, including the

types of social prohibitions that served this function historically.
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Inappropriate agricultural subsidies need to be removed. Within southern Africa, and

especially in South Africa, Namibia and Zimbabwe where there is extensive private land

ownership, wildlife management is proving to be a more economically-viable land use

option than cattle ranching in the arid and semi-arid areas. It has been suggested that

previously cattle ranching survived as the main land use only due to the large direct and

indirect subsidies that supported it (Child 1988, Bond et al., 2004).

5.4.2 Matrix management on communal land

‘Common property resource management’ is the phrase used to describe the

management of shared resources.  A common property resource has been defined as any

resource that is subject to individual or group use but not to individual ownership, and is

used under some arrangement of community or group management (Mol and Wiersum

1993).    Hardin’s 1968 paper popularised the concept of the ‘tragedy of the commons’

and suggested that communal resources are particularly prone to overexploitation.

However, the evidence is that many group-managed resources are not being destroyed,

and it was realised that degradation is not an inevitable result of group management

(Bromley & Cernea, 1989, Lawry, 1990, Ostrom 1992). A number of criteria have been

identified under which group management is most likely to be successful (e.g. Baland

and Platteau 1996, IFAD, 1995, Ostrom,1992, Wade, 1987, Lawry, 1990, Cousins, 1996,

Shackleton et al., 2002).
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Changes in human population density and resource use patterns also mean that new

systems of resource management need to evolve. Building on communal property

resource management theory, a new paradigm of Community Based Resource

Management (CBNRM) is starting to spread across the African continent. The

Communal Areas Management Programme for Indigenous Resources (CAMPFIRE)

programme initiated in Zimbabwe in the early 1980’s was one of the first experiments in

this regard. Most southern African states now have some form of CBNRM program

(Murphree, 1997, Fabricius et al., 2004), partly due to the support they received from

official development aid agencies. Key to these early CBNRM programs was the

identification of the need to devolve ownership and management to the lowest possible

level. Although this devolution of power is still seen as important, it is clear that

devolution on its own is not a sufficient criterion to initiate successful CBNRM. Fabricius

et al., (2004) review the current status of CBNRM in Southern Africa. Even though they

identify many pitfalls in CBNRM, and admit it has not always been as successful as

initially envisaged, they still promote CBNRM as the means of achieving both

community development and increased sustainability of the natural resource base. They

identify seven principles that they see as paramount to sustainable CBNRM:

• A diverse and flexible range of livelihood options is maintained

• The production potential of the resource base is maintained or improved

• Institutions for local governance and resource management are in place and

effective

• Economic and other benefits to provide an incentive for wise use of the resource

exist
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• There are effective policies and laws, they are implemented, and authority is

handed down to the lowest level where there is the capability to apply it

• There is sensible and responsible outside facilitation

• Local-level power relations are favourable to CBNRM and are understood.

CBNRM principles are being employed in many areas of southern Africa as a

mechanism to enhance the local biodiversity and to ensure long term sustainability of the

biodiversity. This includes all the transfrontier parks throughout southern Africa, the

Wild Coast Initiative in South Africa, Administrative Management Design for Game

Management Areas (Zambia); Communal Areas Management Program for Indigenous

Resources (CAMPFIRE) (Zimbabwe); Community Based Natural Resource Management

Program in Conservancies (Namibia); Community Based Natural Resource Management

Program in Controlled Hunting Areas (Botswana).

6 Conclusions

The current extensive conservation network in southern Africa is poorly

configured to adequately protect the  biodiversity of the subcontinent. It is even less

suited to preserve biodiversity in a climatically changing environment. The largest

proportion of biodiversity is still found outside of the reserve areas, despite the impacts of

land transformation and degradation.
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With the anticipated impacts of climate change over the next 50 to 200 years,

many species will have to move from their current locations to track areas with suitable

climates. To facilitate this process and minimise species loss a multitude of strategies are

needed. Creating an environment that is permeable to species migrations can be achieved

through re-aligning reserves and ensuring that land use outside of reserves is biodiversity

friendly. Where species are unable to move on their own, facilitated translocations will

need to be considered. As a precautionary measure, and for species with no future

habitats, it will be necessary to engage in ex situ conservation.

A combination of strategic conservation planning tools and individual species

movement models makes it possible to design new configurations of reserves to better

conserve biodiversity in a climatically changing environment. With climate change,

strategic conservation becomes a shifting target and it is therefore important to protect the

migratory corridors and not simply a single end point. In this regard it is important to

realise that entire habitat will not move, but rather individual species will move at

different rates which will result in new habitat structures. Reconfiguring the reserve

network, though strategically important, may be difficult in practice due to costs and the

difficulties in acquiring new areas for reserves.  The most cost effective mechanism to

both conserve biodiversity and to allow species to move to new habitats is to ensure that

the areas between conservation areas are permeable to species migration. From an

economics perspective, where reserve expansion is envisaged, it is areas with high

opportunity costs of alternative land use options that should be prioritised for formal

reserves, and contractual reserves should be considered for areas of more marginal land.
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Facilitating the movement of species to new suitable habitats will be required

where autonomous dispersal does not take place. There is a long history of artificially

transferring large herbivores, carnivores and some birds between reserves in the region. It

is the movement of smaller animals, insects and plants that will be of greater concern.

Within southern Africa the mechanisms to ensure biodiversity friendly

management of the matrix are likely to differ significantly between areas of private land

ownership and areas with communal land ownership. Direct incentives such as tax

rebates, assistance with vegetation management (e.g. subsidised alien vegetation control)

and education may be sufficient to change behaviour on private land. Contractual

reserves, where the state compensates private land owners to manage portions of their

farms as areas for biodiversity conservation, are also an option. On communal land,

practices based on CBNRM principles are the most likely option. There is growing

evidence that inappropriate agricultural practices are, in many instances, the result of

distorted market forces and that more biodiversity friendly practices may be favoured  if

these are removed. Allowing private ownership of wildlife has greatly increased the

extent of private game ranches. It is in the landscapes profoundly transformed for crop

production where the greatest challenges to maintain a biodiversity friendly matrix will

occur.

For some species, there will be no suitable future habitats, and ex situ

conservation is the only option to prevent extinction. Ex situ conservation, though
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cheaper than other conservation options is less desirable as it does not conserve

ecological function, and can only conserve small populations of individual species. It is,

however, a safety  precaution given the large number of unknowns around impacts on

climate change and how individual species will be able to adapt to them.

7 Policy implications

Conservation planners will need a radical change in current thinking in that they

will have to plan for a future where the climate supports a different set of habitats to

those supported in the past. No longer will it be appropriate to use historic records to

determine which species should be maintained in a specific reserve. Indeed, there might

be justification for moving species into areas where they did not occur in the past, but

which in the future have a suitable habitat. This could involve translocation of plants and

insects to new areas, something that is not currently part of most conservation strategies.

Simply maintaining the current status quo in conservation will result in species extinction

from climate change.

There is no single strategy to ensure conservation of all species, rather a multiple

strategy is needed based on individual species responses to climate change. Some species

will become extinct unless there is facilitated translocation or ex situ conservation. For

other species, ensuring that they can move through the landscape to track climate changes

is the best strategy.
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Reserve expansion or re-alignment  as a strategy for strategic conservation should

be considered in exceptional circumstances, and will be best justified where land for

conservation has high opportunity costs, where large areas are involved, where there are

clearly identified gradients needing protection and where high levels of biodiversity loss

are can be prevented through reserve re-alignment. Strategic conservation tools coupled

to time-sliced climate change predictions can help identify priority areas.

Use of management tools such as fire and grazing intensity (including grazing by

mega-herbivores such as elephants), can help maintain habitat functionality in a similar

state to the present.

Managing areas outside of the reserves is the best and most cost effective option

to both ensure that species are able to track changing climatic environments and to

strengthen the conservation of biodiversity in general. Policies should therefore be in

support of this, and include devolution of resource ownership and management to land

owners and communities, securing of community tenure rights, and developing incentives

for sustainable resource management. For priority land, the establishment of contract

parks with the land owner may be appropriate and more cost effective than the creation of

reserves in areas identified as key for conservation.

Climate change research and an understanding on how biodiversity will respond

is in its infancy, and contains many uncertainties. Ongoing monitoring, research and

model improvement is necessary, fortunately there are many areas in which our current
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understanding is sufficient for us to start planning conservation for a climatically

changing environment.

8. Acknowledgements

The research reported in this paper was supported by grant number SIS06 from

Assessments of Impacts and Adaptations to Climate Change (AIACC), a project that was

funded by the Global Environment Facility, the US Agency for International

Development, the Canadian International Development Agency, and the US

Environmental Protection Agency and that implemented by the United Nations

Environment Programme and executed by the Global Change System for Analysis,

Research and Training (START) and the Third World Academy of Sciences (TWAS)

9. References

ABSA. 2003. Game Ranch Profitability in Southern Africa. ABSA Group Economic

Research. South Africa  Financial Sector Forum www.finforum.co.za

Baland, J. and J. Platteau. 1996. Halting degradation of natural resources. Is there a role

for rural communities? Oxford: FAO & Clarendon Press.

Balmford, A. .L. Moore, T. Brooks, N. Burgess, L.A. Hansen, P.H. Williams & C.

Rahbek. 2001. Conservation Conflicts Across Africa. Science 291: 2616-19.

Balmford, A., K.J. Gaston, S. Blyth, A. James and V. Kapos. .2003. Global variation in

terrestrial conservation costs, conservation benefits, and unmet conservation needs.

PNAS, 100: No 3.



37

Biggs, R, B. Rayers and R.J. Scholes, (submitted) A Biodiversity Score for South Africa.

Bond, I. B. Child, D. de la Harpe, B. Jones, J. Barnes and H. Anderson. 2004. Private

land contribution to conservation in South Africa. In Child, B. ed. Parks in Transition,

Biodiversity, rural Development and the Bottom Line. IUCN, SASUSG and Earthscan,

London, Sterling. VA.

Bromley, D.W. and M.M. Cernea. 1989. The management of common property natural

resources: Some conceptual and operational fallacies. World Bank discussion papers, No

57. Washington DC: World Bank.

Büscher, B. 2005. Conjunctions of Governance: The State and the Conservation-

development Nexus in Southern Africa. The Journal of Transdisciplinary Environmental

Studies vol. 4, no. 2, 2005.

Bush, M.B. 2002. Distributional change and conservation on the Andean flank: a

palaeoecological perspective. Global Ecology and Biogeography 11: 463–473.

Child, B. 1988. The role of wildlife utilization in the sustainable development of semi-

arid rangelands in Zimbabwe. DPhil thesis, Oxford University.

Child, B. ed. 2004. Parks in transition: Biodiversity, rural development and the bottom

line. London Earthscan,

Cousins, B. 1996. Livestock production and common property struggles in South Africa’s

agrarian reform. Journal of Peasants Studies 23:166-208.

Cowling, R.M., R.L. Presseyb, M. Rougetc, and  A.T. Lombarda. 2003b. A conservation

plan for a global biodiversity hotspot—the Cape Floristic Region, South Africa.

Biological Conservation 112: 191–216



38

Cowling, R.M.  and R.L. Pressey. 2003.  Introduction to systematic conservation

planning in the Cape Floristic Region. Biological Conservation 112: 1–13.

Cubasch, U., G. A. Meehl, G. J. Boer, R. J. Stouffer, M. Dix, A. Noda, C. A. Senior, S.

Raper and K. S. Yap. 200. Projections of future climate change. In: Houghton, J. T., Y.

Ding, D. J. Griggs, M. Noguer, P. van der Linden, X. Dai, K. Maskell, C. I. Johnson

(eds.). Climate Change 2001: The Scientific Basis. Contribution of Working Group I to

the Third Assessment Report of the Intergovernmental Panel on Climate Change.

Cambridge University Press, 525-582.

Cumming, D.H.M. 2004. Performance of Parks in a Century of Change. In Child, B. ed.

Parks in Transition, Biodiversity, rural Development and the Bottom Line. IUCN,

SASUSG and Earthscan, London, Sterling. VA.

Cumming, D. 1999. Study on the development of transboundry natural resource

management areas in Southern Africa, environmental context: natural resources, land

use and conservation. Biodiversity support program. Washington DC.

Davis, M.B. and  R.G. Shaw. 2001. Range shifts and adaptive responses to 36 Quaternary

climate change. Science. 292, 673-679.

Doremus, H. 2003. A policy portfolio approach to biodiversity protection on private

lands. Environmental Science & Policy 6: 217–232.

Dudley, N. and S. Stolton. 2003. Ecological and Socioeconomic Benefits of Protected

Areas in Dealing with Climate Change In: Hansen LJ, Biringer JL and Hoffman JR eds.,

Buying Time: A User's Manual for Building Resistance and Resilience to Climate

Change in Natural Systems. WWF.



39

Fabricius, C., E. Koch, H. Maome and S. Turner.  Eds. 2004. Rights Resources & Rural

Development. Community Based Natural Resource Management in Southern Africa.

Earthscan. London. Sterling VA.

Frazee, S., R.M. Cowling, R.L. Pressey, J.K. Turpie and N. Lindenberg. 2003. Estimating

the costs of conserving a biodiversity hotspot: a case study of the Cape Floristic Region,

South Africa. Biological Conservation 112: 275–290.

Gascon, C., T. Lovejoy, R.O. Bierregaard, J. R. Malcolm, P.C. Stouffer, H.L.

Vasconcelos, W.F. Laurance, B. Zimmerman, M. Tocher and S. Borges. 1999. Matrix

Habitat and Species Richness in Tropical Forest Remnants. Biological Conservation 91:

223-29.

Gelbard, J. L. 2003.  Grasslands at a Crossroads: Protecting and Enhancing Resilience to

Climate Change  In: Hansen LJ, Biringer JL and Hoffman JR, eds., Buying Time: A

User's Manual for Building Resistance and Resilience to Climate Change in Natural

Systems. WWF.

Gibson, L., A. B.A. Wilson, D.M. Cahill and J. Hill, 2004. Spatial Prediction of Rufous

Bristlebird Habitat in a Coastal Heathland: A Gis-based Approach. Journal of Applied

Ecology 41: 213-23.

Gitay, H., Brown, S., Easterling, W., and  Jallow, B. 2001. Ecosystems and Their Goods

and Services. 2001. In McCarthy, JJ.; Canzini, O. f.; Leary, N.A.; Dokken, D.J.; White,

K.S., eds., Impacts, Adaptations, and Vulnerability., Climate Change. Cambridge

University Press, 235-342.

Graham, R.W. 1992.  Late Pleistocene faunal changes as a guide to understanding effects

of greenhouse warming on mammalian fauna of north America. In Peters R.L. and T

Lovejoy. Eds., Global warming and Biological Diversity. pp 76 – 87. Yale University,

New Haven.



40

Graham, R.W. and E.C. Grimm. 1990. Effects of global climate change on the patterns of

terrestrial biological communities. Trends in Ecology and Evolution, 5: 289–292.

Gaston, K.J. 2003. The structure and dynamics of geographic ranges. Oxford Series in

Ecology and Evolution. Oxford University Press, New York. x 266 p.

Halpin, P. N. 1997. Global Climate Change and Natural-area Protection: Management

Responses and Research Directions. Ecological Applications 7: 828-243.

Hannah, L.,  G. F. Midgley and D. Millar. 2002b. Climate change-integrated conservation

strategies Global Ecology & Biogeography  11:  485–495.

Hannah, L., G.F. Midgley, T. Lovejoy, W.J. Bond, M. Bush, J.C.  Lovett, D Scott, F.I.

Woodward. 2002. Conservation of biodiversity in a changing climate. Conservation

Biology 16: 264-8.

Hardin, G. 1968. The tragedy of the commons. Science 162: 1243-48.

Hewitson, B.C., and R.G. Crane. 2005. Consensus between GCM climate change

projections with empirical downscaling, provisionally accepted in Int. J. of Climatology.

Heywood, V.H and  J,M. Iriondo. 2003. Plant conservation: old problems, new

perspectives. Biological Conservation 113: 321–335.

Hossell, J.E.,  B. Briggs and I.R. Hepburn. 2003. Climate Change and UK Nature

Conservation: A review of the impact of climate change on UK species and habitat

conservation policy. Department of Transport Environment and the Regions Wildlife and

Countryside Directorate. Bristol.



41

Hughes, L. 2000. Biological Consequences  of Global Warming: Is  the  Signal  Already

Apparent? Trends in Ecology and Evolution 15: 56-61.

Huntley, B. 1991. How plants respond to climate change: migration rates, individualism

and the consequences for plant communities. Annals of Botany 67 (Suppl. 1): 15–22.

Hutton, J., W.M. Adams, and J.C. Murombedzi. 2005. Back to the Barriers? Changing

Narratives in Biodiversity Conservation. Forum for Development Studies, No. 2-2005,

Norsk Utenrikspolitisk Institutt, www.nupi.no

International Fund for Agricultural Development (IFAD). 1995. Common property

resources and the rural poor in sub-Saharan Africa. International Fund for  gricultural

Development. Special programme for sub-Saharan African countries affected by  drought

and desertification. Rome: IFAD.

IUCN. 1993. Parks for Life: Report of the Ivth World Congress on National parks and

Protected Areas. IUCN, Gland.

Lawry, S.W. 1990. Tenure policy towards common property natural resources in sub-

Saharan Africa. Natural Resources Journal 30:403-422.

Lindenmayer, D. B. and H. Nix. 1993. Ecological Principles for the Design of Wildlife

Corridors. Conservation Biology 7: 627-30.

Low, B. and A.G. Rebelo, eds. 1996. Vegetation of South Africa, Lesotho and Swaziland.

Department of Environmental Affairs & Tourism, Pretoria.

Malcolm, J.R. and A Markham. 2000. Global warming and terrestrial biodiversity

decline. A report prepared for WWF. Washington DC.

MA. 2005. Millennium Ecosystem Assessment. www.millenniumassessment.org



42

Margules, C. R. and R. L. Pressey. 2000. Systematic conservation planning Nature  405:

243-253.

Martin, R. 2003. Annual recurrent expenditure for conservation and management: A

preliminary investigation of the use of a spreadsheet model to generate staff

establishment and operating budget for individual parks. South African National Parks.

McCarty, J. P. 2001. Ecological Consequences of Recent Climate Change. Conservation

Biology 15: 320-31.

McDonald, I. A. W. 1994. Global change and alien invasion, implications for

biodiversity and protected area management. In: Biodiversity and global change, edited

by O. T. Solbrig, P. G. van Emden, and W. J. van Oordt. Wallingford-Oxon, UK: CAB

International.

McIntyre, S. and G.W. Barret. 1992. Habitat Variegation, an Alternative to

Fragmentation. Conservation Biology 6: 146-47.

Midgley, G.F., L. Hannah,  D. Millar, W. Thuiller, and A Boot. 2002a. Developing

regional species-level assessments of climate change impacts on biodiversity in the Cape

Floristic Region. Biological Conservation. 112:87-97.

Midgley,G.F., L. Hannah, D. Millar, M.C. Rutherford and L.W. Powrie. 2002b.

Assessing the vulnerability of species richness to anthropogenic climate change in a

biodiversity hotspot. Global Ecology and Biodiversity 11:445-451.

Midgley, G.F., L. Hannah, D. Millar, W. Thuiller and A. Booth. 2003. Developing

regional and species-level assessments of climate change impacts on biodiversity: A

preliminary study in the Cape Floristic Region. Biological Conservation 112: 87-97.



43

Mol, P.W. and K.F. Wiersum. 1993. Common forest resource management: Asia. In,

D.A. Messerschmidt, ed., Common forest resource management: Annotated bibliography

of Asia, Africa and Latin America. Community Forestry note no. 11. Rome: Food and

Agricultural Oganisation of the United Nations.

Murphy, H.T. and J. Lovett-Doust. 2004. Context and Connectivity in Plant

Metapopulations and Landscape Mosaics: Does the Matrix Matter? OIKOS 105: 3-14.

Murphy, M.W. 1997. Congruent objectives, comparing interests and stratergiec

compromise. Concepts and processes in the evolution of Zimbabwes CAMPFIRE

programme. Community conservation in Africa Working Paper no 2. Institute for

development policy and management (IDPM).University of Manchester.

Myers, N., R.A.Mittermeier, C.G. Mittermeier, G.A.B. da Fonseca, and  J.Kent.  2000.

Biodiversity hotspots for conservation priorities. Nature 403: 853–858.

Noss, R. F. 2001. Beyond Kyoto: Forest Management in a Time of Rapid Forest Change.

Conservation Biology 15: 578-90.

Olson, D.M., E. Dinerstein, E.D. Wikramanayake, N.D. Burgess, G.V.N. Powell, E.C.

Underwood, J.A. D'amico, I. Itoua, H.E. Strand, J.C. Morrison, C.J. Loucks, T.F. Allnutt,

T.H. Ricketts, Y. Kura, J.F. Lamoreux, W.W. Wettengel, P. Hedao and K.R. Kassem.

2001. Terrestrial Ecoregions of the World: A New Map of Life on Earth. BioScience 51:

933-938.

Orme C.D.L., R.G. Davies, M. Burgess, F. Eigenbrod, N. Pickup, V.A. Olson, A.J.

Webster, T.S. Ding, P.C. Rasmussen, R.S. Ridgely, A.J. Stattersfield, P.M. Bennett, T.M.

Blackburn, K.J. Gaston and I.P.F. Owens. 2005. Global hotspots of species richness are

not congruent with endemism or threat Nature 436 (7053): 1016-1019



44

Ostrom, E. 1992. The rudiments of a theory of the origins, survival, and performance of

common property institutions. In, DW Bromley (ed). Making the commons work: Theory,

practice, policy. San Francisco: Institute for Contemporary Studies.

Owen-Smith, N. 2004, Functional heterogeneity in resources within landscapes and

herbivore population dynamics. Landscape ecology 19(7): 761-771.

Parmesan, C. and G. Yohe. 2003. A Globally Coherent Fingerprint of Climate Change

Impacts Across Natural Systems. Nature 421: 37-42.

Pence, G.Q.K, M.A. Botha and  J.K. Turpie. 2003. Evaluating combinations of on-and

off-reserve conservation strategies for the Agulhas Plain, South Africa: a financial

perspective. Biological Conservation 112: 253–273

Pressey, R.L., C.J. Humphries, C.R. Margules, R.I. Vane-Wright and P.H. Williams.

1993. Beyond opportunism: key principles for systematic reserve selection. TREE 8:124-

128

Pressey, R. L. and K.H. Taffs. 2001. Scheduling Conservation Action in Production

Landscapes:priority Areas in Western New South Wales Biological Conservation 100:

355-76.

Pressey, R. L., R. M. Cowling and M. Rouget. 2001. Formulating Conservation Targets

for Biodiversity Pattern Andprocess in the Cape Floristic Region, South Africa.

Biological Conservation 112: 99-127.

Pressey, R.L, T.C. Hager, K.M. Ryan, J. Scharz, S. Wall, S. Ferrier and  P.M. Creaser.

2000. Using abiotic data for conservation assessments over extended regions: quantitative

methods applied across New South Wales, Australia. Biological Conservation 96: 55-82.



45

Pressey, R.L. and R.M. Cowling RM. 2001. Reserve selection algorithms and the real

world. Conservation Biology 15: 275-277.

Pressey, R.L., S. Ferrier, C.D. Hutchinson, D.P. Siverstein, and G Manion. 1995.

Planning for negotiation. using an interactive geographic information system to explore

alternative protected area networks. In: D.A. Saunders, J.L. Craig and E.M. Mattiske,

eds.,  Nature conservation 4—the role of networks pp. 23–33. Surrey Beatty and Sons,

Sydney.

Radosevich, S.R., M.M. Stubbs, and C.M. Ghersa. 2003. Plant invasions—processes and

patterns. Weed Sci. 51: 254-259.

Reyers, B. 2004. Incorporating Anthropogenic Threats Into Evaluations of Regional

Biodiversity and Prioritisation of Conservation Areas in the Limpopo Province, South

Africa." Biological Conservation 118: 521-31.

Rodrigues, A.S.L., S. J. Andelman, M. I. Bakarr, L. Boitani, T. M. Brooks, R. M.

Cowling, L. D. C. Fishpool, G. A. B. Da Fonseca, K. J. Gaston, M. Hoffmann, J. S. Long,

P. A. Marquet, J. D. Pilgrim, R. L. Pressey, J. Schipper, W. Sechrest, S. N. Stuart, L. G.

Underhill, R. W. Waller, M. E. J. Watts, and X. Yan. 2004. Effectiveness of the Global

Protected Area Network in Representing Species Diversity. Nature 428: 640-43.

Root, T. L., J. T. Price, K. R. Hall, S. H. Schneider, C. Rosenzweig and A. J. Pounds.

2003. Fingerprints of Global Warming on Wild Animals and Plants. Nature 421: 57-60.

Rouget, M., D.M. Richardson, and R.M. Cowling. 2003b. The current configuration of

protected areas in the Cape Floristic Region, South Africa—reservation bias and

representation of biodiversity patterns and processes. Biological Conservation 112:

129–145.



46

Rouget, M., D.M. Richardson, R.M. Cowling, J.W. Lloyd, and  A.T. Lombard. 2003a.

Current patterns of habitat transformation and future threats to biodiversity in terrestrial

ecosystems of the Cape Floristic Region, South Africa. Biological Conservation 112:

63–85.

Rutherford. M.C., G.F. Midgeley, W.J. Bond, L.W. Powrie, R. Roberts, and L. Allsopp.

1999. Plant Biodiversity:- vulnerability and adaptation assessment.  South African

Country Study on Climate Change. National Botanical Institute. Cape Town.

Sakai, A.K., F.W. Allendorf, J.S. Holt, D.M. Lodge, and J. Molofsky, K.A. 2001. The

population biology of invasive species. Annual Review of Ecology and Systematics 32:

305-332.

Saunders, D.A., R. J. Hobbs and C. R. Margules. 1991. Biological Consequences of

Ecosystem Fragmentation: A Review. Conservation Biology 5: 18-32.

Scholes R.J., E.D. Schulze, L.F. Pitelka, and D.O. Hall. 1999. The biogeochemistry of

terrestrial  ecosystems. IN: Walker, B.H., W.L. Steffen, J Canadell and J.S.I. Ingram. The

Terrestrial Biosphere and Global Change. Cambridge University Press pp 88-105.

Scholes, R.J.  and R. Biggs. eds.,  2004. The regional scale component of the Southern

African Millennium Ecosystem Assessment. Millennium Ecosystem Assessment. CSIR.

Pretoria. South Africa.

Shackleton, S,  G.P. von Maltitz. J. and  Evans, 2002. Factors, conditions and criteria for

the successful management of natural resources held under a common property regime:

A South African Perspective. Occasional report 8. Plaas. School of government.

University of the Western Cape.



47

Shogren J.F. G.M. Parkhurst and C.Settle.  2003. Integrating economics and ecology to

protect nature on private lands. Models, methods, and mindsets. Environmental Science

& Policy 6: 233–242.

Simberloff, D., J.A. Farr, J. Cox and D.W. Mehlman. 1992. Movement corridors:

conservation bargains or poor investments? Conservation Biology 6: No. 4.

Soule, M.E. and M.A. Sanjayan 1998. Conservation targets: do they help? Science 279:

2060-2061.

Taylor, R.D. 1974. A comparative study of landuse an the cattle and game ranch in the

Rhodesian lowveld. MSC Thesis, University of Rhodesia.

Thomas, C.D., A. Cameron, R.E. Green, M. Bakkenes, L.J. Beaumont, Y.C. Collingham,

B.F.N. Erasmus, M.F. de Siqueira, A. Grainger, L. Hannah, L. Hughes, B. Huntley, A.S.

van Jaarsveld, G.F. Midgley, L. Miles, M.A. Ortega-Huerta, A.T. Peterson, O.L. Phillips,

and S.E. Williams. 2004. Extinction risk from climate change. Nature 427: 145-148.

Thuiller, W., O. Broennimann, G. Hughes, J.R.W.  Alkemade, G.F.  Midgley, and F.

Corsi. 2006. Vulnerability of African mammals to anthropogenic climate change under

conservative land transformation assumptions. Global change biology, 12: 424-444.

van der Linde, H., J. Oglethorpe, T. Sandwith, D. Snelson and Y. Tessema (with

contributions from A. Tiéga and T. Price). 2001. Beyond Boundaries: transboundary

Natural Resource Management in Sub-Saharan Africa, Washington DC: Biodiversity

Support Program.

van Jaarsveld, A. S., S. Freitag, S. L. Chown, C. Muller, S. Koch, H. Hull, C. Bellamy,

M. Kruger, S. Endrody-Younga, M. W. Mansell and C. H. Scholtz. 1998. Biodiversity

Assessment and Conservation Strategies. Science 279: 106-108.



48

von Maltitz, G.P. and S.E. Shackleton, 2004. Use and management of forests and

woodlands in South Africa: stakeholders, institutions and processes from past to present.

In: Lawes, M.J., H.A.C. Ealey, C.M. Shackleton, and B.G.S. Geach, eds.,  Indigenous

forests and woodlands in South Africa. Policy, People and Practice. University of

KwaZulu-Natal Press. Scottsville.

Wade, R. 1987. The management of common property resources: Collective action as an

alternative to privatisation or state regulation. Cambridge Journal of Economics 11: 95-

106.

Walther, G. R., E. Post, P. Convey, A. Menzel, C. Parmesan, T. J. C. Beebee, J. M.

Fromentin, O. Hoegh-Guldberg and F. Bairlein. 2002. Ecological Responses to Recent

Climate Change. Nature 416: 389-95.

WDPA.  2005. 2005 World Database on Protected Areas. Centre for Applied

Biodiversity Science. Conservation International.

Williams, P.,  L. Hannah, S. Andelman, G. Midgley, M. Araujo, G. Hughes, L. Manne, E.

Marinez-Meyer, and R. Pearson. 2005. Planning for climate change: identifying

minimum-dispersal corridors from the Cape Proteaceae. Conservation Biology, 19:

1063–1074.

Wilshusen, P.R., S.R. Brechin, C. L. Fortwangler and P. C. West. 2002. Reinventing a

Square Wheel: Critique of a Resurgent “Protection Paradigm” in International

Biodiversity Conservation’, Society and Natural Resources, 15: 17–40.



49

Table 1. The area as a percentage conserved in southern African countries in IUCN

reserves (IUCN classes I-V), IUCN sustainable resource use areas (IUNC Class VI) and

other non-IUCN conservation areas (mostly forest reserves) (based on WDPA 2005).

COUNTRY
IUCN

VI
IUCN

I-V
Total

IUCN
non-IUCN Total

Angola 0.0 6.7 6.7 5.5 12.2
Botswana 0.0 18.0 18.0 12.7 30.7
Burundi 0.0 3.7 3.7 0.0 3.7
Congo 0.5 9.3 9.8 8.5 16.6
Congo (DRC) 3.6 4.7 8.2 3.1 10.6
Equatorial Guinea 0.0 17.2 17.2 0.0 17.2
Gabon 0.0 2.5 2.5 14.5 16.4
Kenya 1.6 5.6 7.1 2.5 9.6
Lesotho 0.0 0.3 0.3 20.8 21.0
Madagascar 0.6 2.4 2.9 1.0 4.0
Malawi 0.0 8.5 8.5 0.0 8.5
Mozambique 1.4 4.0 5.4 5.9 11.1
Namibia 0.7 13.2 13.8 3.6 16.7
Rwanda 0.0 11.1 11.1 0.0 11.1
Seychelles 0.0 59.2 59.2 0.0 59.2
South Africa 0.0 5.5 5.5 0.8 6.2
Swaziland 1.0 2.1 3.0 0.0 3.0
Tanzania 0.1 14.8 14.9 16.0 27.8
Uganda 12.6 7.4 20.0 6.1 23.8
Zambia 18.8 8.1 26.8 9.5 35.4
Zimbabwe 4.8 7.9 12.7 15.3 27.9
TOTAL 2.6 7.6 10.2 6.0 15.6
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Table 2, The amount of conservation per ecoregion based on Olson et al. (2001)

ecoregions and the WPDA 2005 database of protected areas. This is for the same set of

southern and east African countries including Madagascar as listed in Table 1. Note that

non-IUCN areas include some planned areas that have as yet not been proclaimed. Most

of the non-IUCN areas are forest reserves.

Conservation in IUCN category I – VI
reserves

Total conservation including IUCN
and non-IUCN reserves areas. (some
of which are only in the planning
stage.

Percentage
conserved
per
ecoregion

Total
number of
ecoregions

Cumulative
percentage

of
ecoregions

Cumulative
percentage

of total
land area

Total
number of
ecoregions

Cumulative
percentage

of
ecoregions

Cumulative
percentage

of  total
land area

< 3 % 12 23.1 15.1 8 15.4 10
3 - 5 % 9 40.4 35.1 5 25 19.5
5 - 10 % 10 59.6 53.2 4 32.7 27.1
10 - 15 % 10 78.8 83 12 55.8 60.4
15 - 20 % 3 84.6 86.1 8 71.2 68.7
> 20 % 8 100 100 15 100 100
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Table 3. Extent of conservation versus “need” for conservation. Two extremes based on

South African Statistics. Based on Low and Rebelo (1996).

Vegetation

type

Centre of

endemism

Area in 1000

km2 % transformed% conserved

Mopane

Shrubveld

no 26 0% 99.8%

Mopane

Bushveld

no 209 8% 38%

West coast

Renoster veld

yes 61 97% 1.7%

Mountain

Fynbos

yes 247 11% 26.2%
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Table 4: Relative financial costs compared to the advantages and disadvantages of
differing adaptation options.   

Relative financial
cost

Advantages Disadvantages

Do nothing i.e.
maintain the
current
conservation
strategy

Zero additional cost
but there is an
existing
high current cost of
conservation
management

The current reserve system is in
place and funded.
No new land needed.
Easier to justify than new land
acquisition.
Will preserve a large percentage of
current biodiversity.
Maintains intact habitats and
ecological interactions.

Not optimised for climate
change.
No provision is made for
protection in a changing climate,
so extinction of some species is
inevitable.
In most areas the current
reserves do not optimise
biodiversity conservation, even
for a static climate.

Reconfigure
reserves

Very high additional
cost if multiple small
reserves are added,
more cost effective
if existing reserves
are expanded or re-
aligned.

Ensure high conservation levels for
a changing climate.
Allows full state control and
management of the land.
If adequately funded reserves
remain the most secure mechanism
for ensuring biodiversity
conservation.
Maintains intact habitats, ecological
process and a large proportion of
biodiversity.
Most affordable when linked to
existing reserves and for large
areas.
Best suited to land with high
agricultural or development
potential.

The high cost.
The political aspects relating to
acquiring land from private
individuals or communities.
Very difficult to acquire new
land once the land is settled (as it
is in many priority areas).
Poor predictive capacity
currently on how species will
respond to CC, therefore
difficult to know which land to
include.
Requires strategic planning to
identify priority areas.
Unlikely to ever conserve more
than a small percentage of the
total biodiversity.

Use
contractual
reserves

Less expensive per
ha than state run
reserves, especially
if small areas
involved.

No capital cost for land acquisition.
A more cost effective strategy to
deal with small parcels of land than
formal reserves.
May be less detrimental to other
land based economic activities (e.g.
it may be possible to mix
agriculture with strategically
configured migratory corridors.
Similar benefits to reserve
expansion, though slightly less
secure.
Does not require relocation of
current land owners and therefore
politically sounder option.
Cheaper than reserve expansion,
especially on agriculturally
marginal land.
.

Less state control over the land.
May require expensive
administration and other
infrastructure to administer.
A recurring state budgetary item
that my be cut in the future. May
be difficult to secure long term
(indefinite) funding.
This is still potentially an
expensive option, particularly on
land where high value
alternative land use options are
available.
Requires strategic planning to
identify priority areas.
Easier to implement on private
land than on communal land.
May be less effective at
conserving some ecosystem
processes than conventional
reserves.

Matrix
Management

Some options are
very inexpensive.
All options are less
costly than formal
reserves.

Ensures migratory pathways even if
limited information is available on
priority areas.

State has limited control.
Land conversion will continue to
threaten some species.
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Conservation
outside of
reserves

All options are less
costly than formal
reserves.
Because of the land
area involved
(potentially  5 to 10
times greater than
conservation areas)
the overall cost may
be high.

priority areas.
Potentially conserves the greatest
amount of biodiversity.
May be relatively inexpensive.

threaten some species.
Some species cannot be
accommodated in populated
areas due to human animal
conflicts.

Translocation Relatively cheap
compared to the
above options, but
actual costs will
depend on the
number of samples
translocated and the
species involved

The only option for facilitated
dispersers i.e where habitat cannot
be reached by natural distribution
mechanisms.
Far cheaper than ensuring
migratory corridors.
Will still require a conservation
network into which the species can
be re-introduced.

Only conserves a fraction of the
genetic diversity within a
species.
Competitive interactions with
other species will be an
unknown element.
Does not conserve ecosystem
processes, but only species
Will need a sound understanding
of individual species habitats.
Will require extensive research
and monitoring to know which
species to move, where to move
them to and what species need to
be moved jointly (e.g.
pollinators or seed dispersers).
Potential negative impacts of
translocated species on the
existing species in the new
habitat.

Ex situ
conservation

Relatively cheap
once the
infrastructure is in
place, but varies
between different
types of species.

An “insurance policy” when there
is uncertainty as to how species will
respond in the natural environment.
The only option for no-hoper
species.
The only option where there is total
habitat loss.
Relatively cheap (but the cost
cannot be compared directly with
in-situ conservation as different
objectives are achieved)

Conserves only a tiny fraction of
genetic diversity.
Conserves no ecosystem
processes.
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Figure 1. The increase in conservation areas cconserved and the number of reserves in

seven southern Africa countries (based on Cumming 2004).  Note: Only national parks

and large reserves in South Africa have been included.
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Figure 2. A decision tree for selecting adaptation strategies for different surrogate species

based on their response to climate change.
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