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ABSTRACT
This study describes the methodologies and results of systematic conservation planning for the South African forest biome. It addresses the urgent need for assessment and strategic planning of indigenous forests conservation in South Africa. One of the main aims of conservation planning is the identification of priority planning units for conservation action. Planning units that are evaluated as ‘irreplaceable’ are considered as essential for inclusion within a protected area network. Irreplaceability is a relative measure of the conservation value of a planning unit, based on its contribution toward meeting predefined targets. Targets are based on the requirements for achievement of biodiversity representivity and persistence. Global climate change is increasingly been considered as an important threat to biodiversity. Scientist contend that the most significant threats are drying trends, changes in rainfall patterns, changes in fire regimes and changes in seasonality, which in turn lead to changes in species distribution and composition. In the present study, a thorough literature review on conservation strategies of South African forest biome is performed.
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Introduction
South African forests are very ancient and have been fragmented for at least 20 million years. South African forest has special evolutionary significance. Fossil pollen has been used as indicators of past climatic conditions. Although South African forests show stronger affinities with Afro-tropical forests, their position in relation to the Equator qualifies them as occurring within the temperate forested region (Silander 2001). What is also not always realised is the national biodiversity significance of South African forests. They are between three and seven times richer in tree species than other forested areas of the Southern Hemisphere, even though these forests cover a much larger area. Furthermore, when it comes to the richness of genera and families of trees, South African forests are unparalleled (Cowling 2002; Silander 2001). If the number of species occurring within each of South Africa’s six biomes are considered relative to the total area covered by each biome, then the forest biome contains the highest density of species by far (3 000 species in approximately 5 052 km2, as opposed to the next highest, fynbos with 7 500 species on 76 744 km2) (DWAF, 2005a). 

Global hot spots are areas harbouring at least 1 500 endemic plant species within their borders and which have lost much of their natural habitat as a result of human impacts. This new hotspot encompasses most of our forest biodiversity and certainly the majority of the most threatened forest types in South Africa. The global and national importance of South Africa’s forests place a heavy responsibility on the South African government to ensure their long-term conservation. To this end, there is an urgent need for the planning and implementation of a representative network of forest protected areas. This needs to be driven by defensible conservation targets for each forest type, which are scaled according to inherent diversity patterns and the threats that each forest type faces. The plan should also target the ecological and evolutionary processes that maintain forest biodiversity. 

Since 1994, the Department of Water Affairs and Forestry (DWAF) has undergone significant changes and restructuring. This has affected the management, ownership and protected area status of South African indigenous forest (DWAF 1999). In theory all forests are protected under the National Forests Act, but in practice considerable legal and illegal exploitation is occurring. Currently the conservation status of much indigenous forest is uncertain (Castley & Kerley 1996; Lawes et al. 2001). Many of the forests are to be found in the poorer rural areas of the country where they play an important part in the local economy, livelihoods and culture of the people. In many respects, southern Africa’s forest and woodlands are regarded as the poor people’s safety net, providing as much as 35% of rural households’ income (Lawes et al. 2004) with increased urbanisation in recent years, the (often illegal) commercial utilisation of forest products (particularly for medicinal use, firewood and building material) has increased, placing many areas under threat of complete deforestation. Herein lies the central dilemma facing managers of these forests: they have important biodiversity significance (Midgley et al. 1997; Silander 2001) but are heavily utilised and valued by the country’s people. In addition, with a highly fragmented and patchy distribution across the country, they do not form a cohesive, contiguous biome within which this diversity can easily be conserved or managed (Lawes et al. 2004).


Prior to 1994, the main management objective was protection, and consumptive use of those forests under state control was virtually prohibited. Following the passing of the National Forests Act (NFA) in1998, the emphasis has shifted to allow managed access and utilisation of forests. This has been given an institutional framework, through DWAF’s Participatory Forest Management directorate). The NFA allows communities that live near or around state forests to utilise these forests without the need for a licence. It allows for the removal of products such as ‘firewood, mushrooms, herbs, plants etc.’ This exception is subject to certain restriction such as ‘no live wood may be removed, and a person may collect only as much can be carried between sunrise and sunset (DWAF 2005b). Conservationist argues that the non-licensing extraction of forest products by local communities, while laudable in its intentions, will be very difficult to regulate and control.

Concerns have also been raised that policies advocating the devolution of state control of indigenous forests will effectively lead to open access and increased levels of non-sustainable use and associated biodiversity loss (Lawes et al. 2001; Obiri et al. 2002). This concern is expressed within the context of increasing loss of power of traditional authorities, and diminished capacity of the state to regulate the use and abuse of forests (DWAF 2003). Some forest ecologists also question the ability to estimate sustainable harvest levels in the absence of a good understanding of forest regeneration processes (Obiri et al. 2002; RM Cowling, pers. comm.).

The aim of the present study was to (1) give a short overview of the natural forests in South Africa (2) recognize and communicate widely that South African forests are globally significant and need to be treated accordingly, as a large areas of forest has been already lost and many of South African forest types are under-represented in strict conservation areas relative to national conservation targets. This needs to be rectified by identification of priority areas for inclusion within a strict protected area network.

Study area
South Africa occupies the southern tip of Africa, its long coastline stretching more than 2 500 km from the desert border with Namibia on the Atlantic coast, southwards around the tip of Africa, then north to the border with subtropical Mozambique on the Indian Ocean. The low-lying coastal zone is narrow for much of that distance, soon giving way to a mountainous escarpment that separates it from the high inland plateau. In some places, notably the province of KwaZulu-Natal in the east, a greater distance separates the coast from the escarpment.
South Africa is a medium-sized country, with a total land area of slightly more than 1.2-million square kilometers. South Africa measures some 1 600km from north to south, and roughly the same from east to west. On dry land, going from west to east, South Africa shares long borders with Namibia and Botswana, touches Zimbabwe, has a longitudinal strip of border with Mozambique to the east, and lastly curves in around Swaziland before rejoining Mozambique's southern border. In the interior, nestled in the curve of the bean-shaped Free State is the small mountainous country of Lesotho, completely surrounded by South African territory. Although the country is classified as semi-arid, it has considerable variation in climate as well as topography. The great inland Karoo plateau, where rocky hills and mountains rise from sparsely populated scrubland, is very dry, and gets more so as it shades in the north-west towards the Kalahari desert. Extremely hot in summer, it can be icy in winter. South Africa has seven major terrestrial biomes, or habitat types - broad ecological life zones with distinct environmental conditions and related sets of plant and animal life.
          
      Figure 1: Distribution of indigenous forest types of South Africa
      (Source: von Maltitz et al., 2003)

Data and Methodology
A literature review has been carried out, to gather knowledge available and to define future research needs (see Cheng and Schulenberg, 2001; Khanchandani, 2001). 
Planning units
The choice of appropriate planning units is critical to systematic conservation planning, as they
represent the units of selection for prioritisation. A range of different planning units can be used.
These include regular grid squares (for example, Rebelo & Siegfried, 1992), broad habitat units (for example, Cowling et. al. 1999), land systems (Pressey & Taffs 2001) and habitat remnants (Von Hase et al. 2003).

Forest clusters and connectivity
The forest biome is inherently fragmented, occurring as chains of ‘habitat islands’ embedded within a range of different vegetation types, including grasslands, fynbos, woodlands, bushveld, and succulent thicket. Increased land use pressures (urbanisation, agriculture and forestry plantations) have greatly exacerbated the fragmentation and isolation of indigenous forest patches. Preserving the connectivity between remaining remnants of natural habitat and protected areas has been generally neglected in the design of reserves. Given the high degree of fragmentation, maintenance of habitat connectivity is considered to be a critical consideration for the long-term persistence of forest biodiversity (DWAF, 2005b).

Forests and ecological networks
Ecological network are regarded as coherent systems of natural and/or semi-natural landscape elements, configured and managed with the objective of maintaining or restoring ecological functions as a means to conserve biodiversity while also providing appropriate opportunities for the sustainable use of natural resources (Bennett & Wit 2001). Ecological networks are an important component of reserve network design, bioregional planning and eco-region based conservation.

Threat analysis
Threat analysis is an important component of systematic conservation planning. Forests in South
Africa has a long history of non-sustainable utilisation, being one of the first biomes to undergo
heavy exploitation with the colonisation of the Cape. Most of the destruction of forest took place at the hands of European settlers in the period 1860–1940. Overall, it is estimated that the forested area of South Africa declined by approximately 40% between 1800 and 2000, while this value may be closer to 65% for coastal forest belt forest in KwaZulu-Natal (Lawes 2002).

Fragmentation, isolation and edge effects
Most forest types in South Africa have been fragmented throughout much of their evolutionary
history by repeated and severe climate changes in the Quaternary (Eeley et al. 1999). However, selective logging of these forests from 1870 to 1944, the spread of agriculture, and lately the encroachment of commercial plantation forestry, have all exacerbated the dissection and fragmentation of the natural forested landscape (Lawes et al. 2000).

Global climate change and protected area planning
Forests are often highly sensitive to climate, judging by the past distribution of forest types during periods with different climates and by the vegetation bands on mountains. While the Intergovernmental Panel on Climate Change (IPCC) and associated national research programmes are generating valuable new information, forecasts of the potential impact of climate change on forests remain somewhat speculative. Some challenge that the most significant threats are drying trends, changes in rainfall patterns, changes in fire regimes and changes in seasonality, which would in turn lead to changes in species distribution and composition. Others suggest that forests may be equally affected by the indirect effects of climate on soil properties or on reproduction. In the final analysis, the most important factor may well be the impact of climate change on human populations, affecting settlement and consumption patterns, which will then influence how forests are used. However, the capacity of tree species to shift their ranges in response to climate change also depends on ecological factors, such as dispersal mechanisms (DWAF, 2005b).

Forest livelihood value and a subsistence use index
Indigenous forests provide important sources of natural resource products for many rural communities (Clark & Grundy 2004). The subsistence use of forests serves as important livelihoods safety net for many communities associated with forests (Shackleton & Shackleton 2004).

Conservation targets
Targets are critical to the process of conservation planning. Conceptually, they represent the translation of the broad goals of representivity and persistence into more specific and quantitative targets. More importantly, targets provide the means of measuring the conservation value (or irreplaceability) of individual planning units (DWAF, 2005b).

Irreplaceability analysis of patches using C-Plan
Areas that are totally irreplaceable are non-negotiable, while areas with lower irreplaceability values allow for greater flexibility and patch choice. Simply stated, in this study the irreplaceability of an individual forest patch is the contribution of that patch to meeting the specific target set for the forest type. As targets are area-based, larger patches will tend to have higher irreplaceability values, due to the relatively greater contribution made to meeting targets. C-Plan was used for forest patch irreplacability analysis. C-Plan is a conservation-planning computer decision support tool developed by the New South Wales National Parks and Wildlife Service (Anon, 1999). It has been successfully used to calculate and map irreplaceability values in a number of local and international conservation planning studies. Notably, C-Plan has been extensively used for conservation planning of a reserve system for Australian forests (ANZECC
1997).

Irreplaceability analysis of forest clusters using Marxan
Marxan and CLUZ (its user-friendly interface for ARC View) are computer software programs
developed specifically for conservation planning. They work by dividing the planning region into a series of planning units, listing the distribution of the conservation features found in the study area, setting targets for the amount of each feature to be included in the conservation landscape, and using computer software to identify the portfolio of units that best meet these targets (DWAF, 2005b).

IUCN protected area classifications of forest patches
The advantages of applying internationally standardised protected area categories to forests are numerous. Importantly, this will provide a common currency for national and international forest
conservation monitoring (Dudley & Stolton 2003).

Results
Priority forest patches (using C-Plan)	
Typically, conservation-planning units are prioritized in order to schedule conservation action. The assumption is that areas with a high irreplaceability and under high threat should receive priority attention. This is the classic approach to conservation planning adopted, for example, by Pressey et al. (1994) and Cowling et al. (1999a).

Using the FCP database and filtering for forest patches that are 100% irreplaceable, 111 forest
patches in South Africa were found to meet this criterion. Adding a second selection criterion to this filter – forest patches that scored a ‘high’ threat rating – 33 forest patches were identified. Forest patches that fell into Type 1 protected areas26 were included in the C-Plan irreplaceability
analysis. Irreplaceability values were calculated using both a ‘clean slate’ approach (by assuming no protected areas), and irreplaceabilities with current protected areas. The former was used as the standard unless otherwise stated. State forests are not considered as a special category of protected areas; however they may present the best opportunities for inclusion within a strict protected area network (DWAF, 2005b).

Priority livelihood value patches
Using the FCP data base all forests with a ‘high’ or ‘very high’ livelihood value (SRUPI score of
>1.9), were selected. In total, 616 patches met these criteria. A second criterion, forest larger than100 hectares, was then applied, leaving 65 forests. Finally a third criterion, forest that had less than 10 % of their buffer area transformed by plantations, was used. (Plantations are thought to act as a buffer to indigenous forest harvesting) (DWAF, 2005b).

Priority clusters resilient to global climate change
The potential impacts of global climate change on forest biodiversity are important considerations in forest protected area planning. Forests that span altitudinal gradients are though to be more resilient to the predicted effects of global climate change (Table 1). Apart from altitudinal gradients, river corridors play an equally important role in this respect. River corridors travel down altitudinal gradients and are often the least transformed areas of a landscape (steep slopes are unsuitable for agriculture). This enables forest species to ‘migrate’ up river corridors, and as such river corridors act biodiversity repository areas, in highly transformed landscapes (DWAF, 2005b).

Table 1. Priority clusters for resilience to climate change

	Cluster ID
	Forest type
	% natural in matrix
	River length
	Cluster name
	Irreplaceability

	2832
	Albany
	98
	18 000
	Unknown
	1

	2937
	Albany
	91
	14 900
	Unknown
	0

	2461
	Amatole Mistbelt
	88
	10 700
	Piri/ Amatola
	1

	2370
	Amatole Mistbelt
	92
	27 200
	Id 2114
	0.15

	2737
	Eastern Cape Dune
	97
	38 500
	Unknown
	1

	2694
	Eastern Cape Dune
	92
	  9 300
	Unknown
	0

	1069
	Eastern Misbelt
	71
	21 800
	Unknown
	1

	1741
	Eastern Misbelt
	97
	13 300
	Ngele
	0.8

	618
	Eastern Scarp
	96
	31 800
	Unknown
	0.55

	444
	Eastern Scarp
	97
	10 400
	Unknown
	0.85

	735
	Kwazulu-Natal Coastal
	82
	30 100
	Duku duku
	1

	693
	Kwazulu-Natal Coastal
	73
	12 900
	Unknown
	1

	1030
	Kwazulu-Natal Dune
	96
	21 600
	Unknown
	1

	931
	Kwazulu-Natal Dune
	82
	15 900
	Mtunzini
	0.8

	477
	Licuati Sand
	85
	63 500
	Unknown
	1

	306
	Licuati Sand
	72
	54 400
	Unknown
	1

	1
	Lowveld Riverine
	100
	67 800
	Unknown
	1

	337
	Lowveld Riverine
	45
	30 800
	Unknown
	0.65

	103
	Mpumalanga Misbelt
	93
	48 300
	Hebron
	1

	188
	Mpumalanga Misbelt
	70
	20 500
	Unknown
	0.7

	68
	Northern Misbelt
	85
	11 900
	Samangobos
	1

	72
	Northern Misbelt
	84
	9 700
	Mmakgawa1
	0.4

	2000
	Pondoland Scarp
	90
	249 400
	Nbanya
	1

	1874
	Pondoland Scarp
	91
	36 400
	Lutungulu1
	0.65

	2882
	Southern Cape Afrotemperate
	78
	258 300
	Blue Lily’s Bush
	1

	3018
	Southern Cape Afrotemperate
	60
	31 100
	Unknown
	0.9

	343
	Swamp
	91
	19 500
	Unknown
	0.3

	2377
	Transkei Coastal Platform
	87
	24 600
	Mpenvu
	0.05

	2284
	Transkei Coastal Platform
	95
	11 800
	Rebetshane
	1

	1966
	Transkei Misbelt
	68
	15 100
	Id 333
	1

	2018
	Transkei Misbelt
	64
	11 300
	Ludaka
	1

	2437
	Western Cape Afrotemperate
	100
	25 700
	Unknown
	0.25

	3111
	Western Cape Afrotemperate
	100
	1500
	Unknown
	0



Protected area gap analysis
A key output of systematic conservation planning is the design of an efficient and effective reserve network, representative of biodiversity pattern and process. One way of measuring the degree to which conservation targets are achieved is gap analysis. This is literally taken to mean assessment of the ‘gaps’, or target shortfalls within the protected area network. Because biodiversity is difficult to measure directly, habitat representivity in the form of forest types is used as a measure of biodiversity representivity. Because South Africa already has a reserve network which protects areas of indigenous forest, it is necessary to assess the contribution that these protected areas make to attaining conservation targets for each forest type (DWAF, 2005b).

Endangered ecosystem status of forest types
The listing of threatened ecosystems is potentially a powerful tool to focus conservation action,
helping to prevent further loss of already fragmented and degraded ecosystems (Driver, et al. 2003). Because these listings can have important legal, socio-economic and ecological implications, it is important that the methods used are scientifically defensible. In South Africa, the motivation to list endangered ecosystems is partly attributed to Section 52 of NEMBA.  This piece of progressive legislation reflects the general trend in conservation biology from species-based conservation to ecosystem and landscape-scale conservation planning (Simberloff 1997; Knight 1998; Cowling 1999; Margules & Pressey 2000). This Act does not specify how threatened ecosystems should be identified.


Conclusion
This study made an attempt to evaluate the conservation of South African forest biome. Ecosystem services provide the opportunity for promoting synergy in the planning and implementation of multiple development programs (poverty, food security, climate change response with mitigation and adaptation). This would however require integrated strategies for example, involving agro-ecosystems and forest ecosystems in order to achieve maximum benefits for the environment as well as for the local livelihoods or national economies. This study demonstrates the multiple benefits that are achievable by using ecosystem services as a framework for planning climate change adaptation measures. This also has implications for achieving poverty reduction targets and improved food security in developing countries. Current institutional and governance structures in some developing countries are likely the most important limiting factors for achieving such synergies and the realization of the suite of benefits. In many cases, this is also due to the lack of communication between major actors within and between sectors; weak institutions, competitive use of funds, and the fact that in many cases both activities are designed differently with different targets. 
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