Chapter 7: Vegetation degradation

Timm Hoffman & Simon Todd (for all sections, unless otherwise stated)

7.1  Veld degradation in South Africa: an overview
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In 1953, after an intensive six-year botanical survey, John Acocks published four maps showing the extent of vegetation degradation that has taken place in South Africa, since agropastoralists arrived on the sub-continent (Acocks 1953) (see Chapter 1 and Figure 1.1 for a discussion of the expanding Karoo hypothesis).  Although his chronology of human settlement of the sub-continent no longer stands up to archaeological scrutiny (Deacon 1986, Hoffman 1997), in one map, Acocks presented an hypothesis of the vegetation of a pristine South Africa as it might have existed prior to agropastoralist occupation.  He elaborated on these views for the arid parts of South Africa, in several subsequent publications (e.g. Acocks 1964, 1976, 1979).  The other three maps show the vegetation of South Africa at the time of his survey (set at 1950), a prediction for 100 years into the future (2050) and a model of what it could be like if managed under scientific principles.  Although several studies have rejected aspects of his hypothesis concerning a “pristine” South African environment (e.g. Meadows & Meadows 1988, McKenzie 1989), his “current” (1950) and “future” (2050) models remain the most widely cited authority on veld degradation in this country (Bosch 1988).  Perhaps because so few other national syntheses have emerged (but see Roux 1990, Figure 7.1), John Acocks’ maps continue to provide the support for conclusions such as those of Van Staden (1997), who suggests that “…the natural vegetation of South Africa is increasingly degraded and nobody seems able to stop the process”.  Acocks’ predictions, as well as others, for the Karoo (e.g. Tidmarsh 1948), provide the rationale for several recent government intervention strategies such as the Stock Reduction Scheme (Baard 1978) and National Grazing Strategy (Meyer & Van der Merwe 1987, Du Toit et al. 1991).


But is this true?  Do the maps presented by Acocks in 1953 still provide an accurate assessment of veld degradation in South Africa today?  Is the natural vegetation of South Africa becoming increasingly degraded?  Have we really not had any success with past attempts to reverse the process of degradation?  And should we still be using Acocks’ analysis to provide the rationale for our policy decisions?


Figure 7.2, 7.3 & 7.4  and Table 7.1 show the results from the 34 workshops held throughout South Africa during 1997 and 1998, and which form part of this national review.  Three measures of veld degradation are presented:

· The severity of veld degradation in each of the 367 magisterial districts in South Africa (Figure 7.2) as read from a table linking the perceived degree of veld degradation to the perceived extent of veld degradation;

· The rate of veld degradation over the last 10 years as determined subjectively by workshop participants (Figure 7.3);

· An index of veld degradation (Figure 7.4) calculated as the severity plus the rate of veld degradation multiplied by the area of grazing land in each magisterial district (see Chapter 2 and Table 2.4 for further explanation concerning the methods used and for the derivation of the veld degradation index).


Fifteen magisterial districts (or 4 % of the total of 367) were perceived by workshop participants to have severe levels of veld degradation.  These districts were scattered throughout South Africa and are to be found in the Western Cape (Hopefield, Hermanus), Eastern Cape (Uitenhage, Middledrift), KwaZulu-Natal (Kranskop, Mahlabatini, Nkandla, Nongoma, Nqutu, Weenen), Northern Province (Mutale, Naphuno 2, Praktiseer, Schoonoord) and the North West Province (Marico) (Figure 7.2).  Overall, KwaZulu-Natal, Northern Province, and the Western Cape had the highest mean values for the severity of veld degradation, while Gauteng and the Free State had the lowest values (Table 7.1).  The vegetation of the eastern Karoo, which has historically often been portrayed as the most degraded area in South Africa, was perceived by workshop participants to be relatively undegraded.  Mean values, for the severity of veld degradation, in all communal magisterial districts, were 66 % higher than the mean for commercial districts.
Figure 7.1.  Veld condition in South Africa based on estimates for the seven former agricultural regions.  The communal areas were not included in this assessment and some regions within the commercial areas (e.g. the Cape Fold Mountains) were also not included.  (Redrawn from Roux 1990).

The rate of veld degradation over the last 10 years was scored by workshop participants as: 0 = no change; -1 = veld degradation is slowly decreasing (i.e. getting “better”); -2 = moderately decreasing; + 1 = slowing increasing (i.e. getting “worse”); + 2 = moderately increasing.  Veld degradation rates were highest in KwaZulu-Natal, the Northern Province and the communal areas of the Eastern Cape (Figure 7.3), while they were lowest for the Free State and the Northern Cape.  In the latter province, workshop participants felt that in the last 10 years, for most districts, the rate of veld degradation had decreased and returned a negative value for the province.  There was an order of magnitude difference for the mean rate of veld degradation between the commercial and communal areas.  Values for the commercial districts were little different from zero, indicating no change in the rate of veld degradation over the last 10 years.  For the communal areas, however, the mean values suggest that veld degradation is increasing at a rate somewhere between “slow” and “moderate”.
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Figure 7.2.  The severity (degree and extent) of veld degradation in the 367 magisterial districts of South Africa.  The information is based on the perceptions of Agricultural Extension Offices and Resource Conservation Technicians gathered during a series of 34 consultative workshops held during 1997 and 1998.


The main reasons, provided by the workshop participants, for the decrease in the rate of veld degradation (largely in the commercial magisterial districts) were:

· Education through the agricultural extension service, local Soil Conservation Committees and farmer study groups has meant that better veld management practices (including better burning practices), have been applied;

· Better planning with lower stock numbers which follow departmental recommendations and a greater conservation ethic amongst farmers has led to decreased rates of veld degradation;

· The consolidation of farms into larger units (for commercial areas only) has meant that stocking rates have decreased;

· The widespread theft of small stock has reduced stock numbers;

· Better economic conditions as a result of the increased meat price has meant that farmers have been able to stock more conservatively than in the past.  (But the converse is also true (see below));

· Government intervention schemes, such as the drought subsidy scheme, grass conversion scheme, the bush clearing scheme of the Northern Cape and the National Grazing Strategy have made a big difference to the rate of degradation.  (Although very unpopular and causing much human suffering, the culling of 140 000 donkeys by the Bophuthatswana regime is perceived to have been beneficial to the veld of the arid savanna);

· The grass conversion scheme and correct extension approaches including study group programmes, have emphasized the role of fodder banks via planted pastures (e.g. Digitaria eriantha, Panicum maximum and dryland lucerne amongst other fodder crops).  This has decreased the pressure on the natural vegetation;

· The large-scale electrification of some communal area settlements has meant that people are using less firewood for energy and deforestation rates are lower;

· The involvement of local conservation groups in removing alien plants has reduced the rate of veld degradation;

· The recent series of high rainfall years has influenced peoples’ perceptions.

Figure 7.3.  The rate of veld degradation in South Africa over the last 10 years.  Magisterial districts which show a decrease in the rate of degradation indicate that conditions have “improved” in the last 10 years while conditions have “deteriorated” in areas where the rate of degradation is increasing.  The information is based on the perceptions of agricultural personnel.  

Table 7.1.  The mean values for each province and for commercial and communal areas for the severity (degree and extent) of veld degradation, the rate of veld degradation and an index of veld degradation calculated as the severity plus the rate multiplied by the % area of veld in each magisterial district (N=367).  The information is based on the perceptions of Agricultural Extension Officers and Resource Conservation Technicians gathered during a series of 34 consultative workshops held during 1997 and 1998.

Province
Number of magisterial districts
Mean values for veld degradation



Severity
Rate
Index

Eastern Cape
78
1.7
0.6
116

Free State
51
1.5
0.0
86

Gauteng
22
1.1
0.2
31

KwaZulu-Natal
51
2.3
1.0
187

Mpumalanga
30
1.8
0.2
81

Northern Cape
26
1.9
-0.3
140

Northern Province
39
2.2
1.2
189

North West
28
1.9
0.3
122

Western Cape
42
2.0
0.3
93







Commercial districts1
262
1.6
0.1
96

Communal districts
105
2.4
1.3
183

1 In this analysis, a district is considered commercial if more than 50 % of its area is managed under a commercial land tenure system and communal if more than 50 % of its area is managed under a communal land tenure system (see Chapter 3 for definitions used for commercial and communal areas).


The most important reasons provided by workshop participants for the increase in the rate of veld degradation were given as:

· The absence of local programmes to control alien plants has meant that alien plants have spread uncontrollably in some areas, often along water courses.  In Qwa-Qwa, chiefs were subsidized in the past to remove aliens from the rivers.  But this has fallen away, so alien plants are increasing;

· Incorrect veld burning programmes destroys vegetative cover and plant vigour;

· The removal of plants for traditional medicines and the cutting of trees for firewood reduces plant cover in many cases;

· Increases in stock numbers because of an increase in human populations in communal areas;

· A better beef and ostrich price has also encouraged some farmers to overstock;

· Poor infrastructure and theft of infrastructure and poor management practices in communal areas especially;

· While grazing areas have generally decreased in extent in communal areas, the number of animals has either remained constant or increased, thus increasing the pressure on the veld;

· Historical impacts of overgrazing in some areas makes restoration very difficult;

· Limitation of drinking points and so a large number of animals are concentrated around a few water provision points only;

· The communal system of land tenure was frequently raised as a major stumbling block in the rehabilitation of degraded grazing areas.  The lack of institutional control and lack of responsibility were often cited as reasons for the high levels of veld degradation in communal areas.  These issues are discussed in more detail in Chapter 9.2.


The severity and rate of degradation, together with the % area of the grazing lands are used to develop a veld degradation index (Figure 7.4 and Table 7.1).  The Northern Province and KwaZulu-Natal emerge as the two provinces with the highest mean veld degradation index values.  The Northern Cape is also relatively high.  This is because, firstly, in the Northern Cape, most magisterial districts are comprised predominantly of grazing lands, and this influences the overall veld degradation index value.  Secondly, bush encroachment (e.g. Acacia mellifera, Rhigozum obovatum), alien plant invasions (Prosopis spp.) and a change in species composition are perceived as real threats to the vegetation of this province.  Magisterial districts which had a combination of relatively low severity of degradation, reductions in the rate of veld degradation in the last 10 years and low % area of grazing lands (e.g. in Gauteng, Free State and the Western Cape), generally also possessed low veld degradation indices.  The grazing lands of the communal areas were generally perceived to be about twice as degraded as those of the commercial areas.

Figure 7.4. An index of veld degradation in the 367 magisterial districts of South Africa.  The information is based on the perceptions of Agricultural Extension Offices and Resource Conservation Technicians gathered during a series of 34 consultative workshops held during 1997 and 1998.  The index is calculated as: (( severity + rate)* % area of veld in the magisterial district.  Values are expressed as one or two standard deviations above and below the mean of 121 (median = 102) and values range from 0 to 540.

The results of the workshops, presented above, suggest that current perceptions of veld degradation in South Africa are significantly different from those presented by Acocks (1953) and by more recent reviews (e.g. Van Staden 1997).  Firstly, current perceptions reject the notion that the rate of veld degradation is increasing throughout the country and that no lessons have been learnt from our past about how to reverse the process.  The perceptions of workshop participants were that veld degradation, in the commercial areas at least, has been successfully reversed in some places, often through active education and state intervention programmes, implemented over the last three decades.  However, it is unlikely that the commercial agricultural sector will continue to receive the same attention as before.  There was a clear perception amongst workshop participants that the present government has shifted its focus somewhat to communal and emerging, small-scale farmers.  For the communal areas, there is a strong sense that veld degradation is a serious problem and in urgent need of attention.
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Secondly, the above results support Roux (1990) in suggesting that South Africa’s historical veld degradation focus on the eastern margins of the Karoo, as the main area of concern, is no longer as valid as it perhaps once was.  This is not to suggest that the area was not under threat or that attention should not have been paid to it in the past.  Ironically, it has been precisely because of the clarity of John Acocks message that the Karoo expansion issue has remained at the forefront of South African desertification research and media attention for the last five decades.  However, the debate appears to have expanded now, not only to include the communal areas as significant foci of concern, but also to embrace the notion that veld degradation is comprised of several, often interrelated forms or types.  In the next section we discuss the six different types of veld degradation, used in this review, and show their distribution in South Africa.

7.2  Types of veld degradation

Six main types of veld degradation have been recognized in this review.  They are:

1. Loss of cover largely as a result of the grazing and trampling patterns of domestic livestock;

2. Change in species composition of the vegetation, again largely as a result of the selective grazing patterns of domestic animals;

3. Bush encroachment as a result of the increase in cover of indigenous trees and shrubs;

4. Alien plant invasions;

5. Deforestation as a result of the removal of trees and shrubs by people usually for domestic energy or construction purposes;

6. Other forms of veld degradation, which usually encompassed the clearing of veld for the planting of agricultural crops, or mining pollution.
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Figure 7.5.  The type of veld degradation perceived as the 1st priority in each of the 367 magisterial districts of South Africa by Agricultural Extension Offices and Resource Conservation Technicians.  The information was gathered during a series of 34 consultative workshops held during 1997 and 1998

Figure 7.5 shows the type of veld degradation perceived by workshop participants as the 1st priority in each of the 367 magisterial districts of South Africa while Table 7.2 shows the distribution of all six types of veld degradation in each of three priority categories.

Table 7.2.  The percentage of magisterial districts in South Africa (N = 367) within each of three priority rankings (1=highest priority to not a priority) for six vegetation degradation types as perceived by agricultural extension officers and resource conservation technicians.  The information was collected during a series of 34 workshops held between 1997 and 1998 throughout the country.

Type of veld degradation
The % of magisterial districts

listed in priority ranking


1st
2nd
(3rd
Not a

priority

Loss of cover
31
19
6
44

Change in species composition
31
24
4
41

Bush encroachment
16
12
14
58

Alien plants
15
20
23
42

Deforestation
5
3
5
87

Other1
1
2
2
95

1 “Other” refers to veld degradation as a result of mining pollution and clearing of land for crops.


The loss of cover and the change in species composition, which together define the concept of “veld condition” (see later), are perceived as the two most important types of veld degradation in South Africa.  These two types represent the 1st priority in nearly two thirds of all magisterial districts in the country.  The arid and semi-arid succulent karoo and Nama-karoo biomes, and to a lesser extent the grassland biome, appear particularly affected by changes in plant species composition (Figure 7.5).  A loss of vegetative cover is perceived as the most important type of veld degradation in the arid grassland biome areas, as well as the communal areas of the former Transkei homeland.  Agricultural personnel familiar with the succulent subtropical thicket vegetation of the hot river valleys of the Eastern Cape, also place the loss of cover as the most important type of veld degradation.  Deforestation is perceived as a 1st priority in the arid savanna areas of the northern parts of the country as well as several KwaZulu-Natal savanna areas.  While alien plant invasions are widespread, occurring as a 1st, 2nd, or 3rd order priority in 58 % of the magisterial districts, they are only perceived as a 1st order priority in 15 % of the districts.  The southern part of the Western Cape, and scattered districts in the coastal areas of the Eastern Cape and KwaZulu-Natal appear most affected.  Districts in Mpumalanga, and the arid Northern Cape also appear severely affected.  Deforestation is only perceived as a priority in 13 % of the magisterial districts of South Africa.  These districts are to be found mostly in the Northern Province and the Eastern Cape.  Other forms of veld degradation appear relatively unimportant in South Africa as a whole.


Each of the different types of veld degradation is discussed in more detail in the six sections, which follow.  In discussing each type of veld degradation, a standard approach is used although emphasis and structure vary.  The occurrence and extent of the problem, derived from the workshop results, is discussed, as well as the process and rate of degradation.  The main causes are reviewed and the effects of a particular type of veld degradation are summarized.  Finally, key government intervention strategies are outlined.

7.3 Loss of cover and change in species composition (or “veld condition”).

7.3.1 Introduction

Veld degradation, as a result of the loss of cover and change in species composition, are discussed in the same section for two main reasons.  Firstly, together they embody the widely used concept of “veld condition”.  This is defined simply as “the state of health” of a particular sample of veld (Tainton 1981, 1988), and generally refers to the ecological status of the veld, in terms of is botanical composition and cover, as well as its fodder value, in terms of its productivity and palatability (Roux 1990).  Secondly, although the loss of cover and the change in species composition are clearly different phenomena, they are often measured together when describing the condition of the veld.  For most veld condition assessment techniques, range scientists measure the cover of different species to arrive at a veld condition score for a particular area or paddock (see later).  They are also considered together for practical reasons, as workshop participants frequently discussed the two types of veld degradation together, when defining the most important type of veld degradation in a magisterial district.


An understanding of veld condition, rangeland vegetation dynamics, and the entire notion of veld degradation have recently undergone considerable debate.  A so-called “new thinking” in rangeland ecology has been proposed (Behnke et al. 1993, Scoones 1994).  While this debate is only touched on briefly here and again briefly in Chapter 9.2, it should be noted that theoretical perceptions of rangeland dynamics have a profound influence on views of veld degradation.  For South African range science, it is clear that, with few exceptions, even today, perceptions of rangeland degradation and its dynamics are rooted in an “orthodox view of rangeland function” (Mentis et al. 1989), which has also been entrenched in government policy.  This view, as described by Mentis et al. (1989), is little different from the equilibrium theory, which Behnke et al. 1993 contest as being unhelpful for an understanding of rangeland dynamics and therefore government policy, particularly in semi-arid and arid, communally managed rangelands.


The “orthodox view” draws heavily on Clementsian succession theory - “the soul of rangeland thinking” (Mentis 1985) - and there is little doubt that this view has driven South African range science practice and government policy during the last 50 years.  Briefly, this theory suggests that, in the absence of disturbance such as grazing, fire or drought, the vegetation of an area will, over time, exist in an equilibrium or climax state with the prevailing climate.  There are often several stages that the vegetation of a particular area will pass through to reach the climax state, but the climax or near-climax state has generally been perceived as “excellent” or “good” veld, both for livestock production, as well as for maintaining healthy ecological processes, such as efficient nutrient cycling.  A loss of cover or a change in species composition, as a result of overgrazing, will generally mean a move down the successional sequence to an inherently less productive state.  While the concepts of multiple stable states, domains of attraction and thresholds (Bosch & Kellner 1991, Friedel 1991, Jordaan 1997, McKenzie 1992) have all recently been added to the general theory, the central role of the grazing animal in directing the successional pathway and affecting veld condition, remains a key concept in South Africa range science today (Bosch & Theunissen 1992, Du Toit 1998).


In an early critique of the “orthodox view” Mentis et al. (1989) propose a “paradigm shift in South Africa range science, management and administration.”  They contest the equilibrium view for many of South Africa’s rangelands by suggesting that:

· Arid and semi-arid areas in South Africa are best defined by non-equilibrium, event-driven models of rangeland function;

· Plant species composition and production are often determined by subtle biophysical factors (e.g. topography, physical and chemical soil properties) which are often not accounted for in veld condition assessments;

· Plant species composition, dietary intake and animal performance may not be as tightly coupled as conventional wisdom would suggest;

· Rotational grazing systems, which are derived from the successional view of rangeland dynamics, may not be superior to continuous grazing practices, especially in economic terms;

· Management principles, derived from the theory, have not been successfully implemented in commercial areas and the benefits are not obvious.  Orthodox management, range condition and financial performance are not necessarily associated.


In conducting this brief review on veld condition, we have tried to adopt a pragmatic approach when discussing vegetation dynamics and veld management systems.  The “orthodox view” still has considerable support from many agriculturalists in South Africa.  The concept of climax veld being “good” veld for commercial livestock production remains a basic tenet of the majority of agricultural extension workers and resource conservation technicians who participated in the degradation workshops.  There is little doubt that the “orthodox view” remains firmly entrenched in South African range science theory and practice and often for good reason (see also Dikeni 1996).  When discussing communal areas, however, this view appears wanting.  In South Africa, as elsewhere, communal farmers and their kin have broad livelihood strategies and keep animals for a wide range of purposes besides meat production (Cairns 1988, Düvel & Afful 1994).  They often do not have the fine institutional control and infrastructure present in commercial areas and, in most instances, use the rangelands very differently from their commercially-oriented colleagues (Cousins 1995).  South African range science theory has been concerned overwhelmingly with commercial management systems and has contributed very little to an understanding of communal areas in South Africa.  In the absence of anything else, we view the recent revision of range science theory, as applied to communal management systems (e.g. Behnke et al. 1993, Dikeni 1996, Scoones 1994), as instructive (Cousins 1995).  We maintain, however, that South African conditions are different from those in Kenya, Botswana and Zimbabwe, where much of the theory has been developed, especially concerning issues of livestock mobility, herd size increase following drought-induced mortality and land use practices in general.  South Africa has a unique set of historical, climatic and socio-economic circumstances and a general range science theory applicable to South African communal areas, although long overdue, does not currently exist.  In the absence of a locally-applicable theory we have adopted several elements of the “new thinking” as applied to South Africa’s communal areas.  While many will contest that the “orthodox view” remains a useful theory for commercial livestock production systems, we suggest that the imposition of a general theory, derived from commercial systems, onto communal areas is unhelpful.  It is also unlikely to provide a real solution to our veld degradation problems in the communal areas of South Africa.  In some cases it may, in fact, aggravate the situation (Forbes & Trollope 1991).  Political and socio-economic factors need to be considered and when technical solutions are imposed in isolation, they invariably fail, as happened in the Ciskei after political “independence” was established in 1980.  (See Forbes & Trollope 1991 for a detailed account of the failure of veld rehabilitation schemes which were introduced in 1955 and abandoned in 1980 following “independence”).

7.3.2 Measurement of veld condition

“Veld condition….is a deceptive phenomenon; it is difficult to define, changes over time, and is not easy to assess accurately and objectively.  It is also to a considerable extent, a matter of perception.  It could thus have a different meaning to different people.”  Roux (1990).


Difficulties with measuring veld condition are clearly shown by Jordaan (1997) who compared her analysis of the western grassland biome, using a degradation gradient approach (Bosch & Booysen 1992), with those of the Agricultural Development Programme’s questionnaire survey (Anonymous 1986) and another general field survey of the same area (Ludick 1994, 1995) (Table 7.3).

Table 7.3.  Comparison of the results of three surveys of rangeland condition in the Highveld grasslands.  Data are means for six Relatively Homogenous Farming Areas (RHFA) and have been recalculated from Table 11.1 in Jordaan (1997), who should be consulted for an explanation of the different methods used in each survey to calculate veld condition scores.

Survey author
% of the rangeland in each condition class


Poor
Medium
Good

Anonymous (1986)
66
28
6

Ludick (1994, 1995)
35
53
12

Jordaan (1997)
10
24
66


The detailed measurement of veld condition at paddock or farm scale has been something of a growth industry in the South African range science literature.  Three main sets of techniques for assessing veld condition have been developed, incorporating a wide array of approaches.  The first measures the proportional composition of plants species in an area (Hardy & Hurt 1989) and subjective classifies them into functional groups, key species or palatability classes (Martens et al. 1990).  One of the earliest methods was developed by Foran (1976) and comprised a modification of the quantitative climax method of Dyksterhuis (1949).  It has also been called the benchmark method (Hurt & Bosch 1991) and was first outlined in South Africa for the humid grasslands of KwaZulu-Natal (Foran et al. 1978).  It was later modified for the mesic savanna or bushveld areas (Tainton et al. 1980).  Variations on the general theme have also been developed for the Eastern Cape grasslands and savanna (Willis & Trollope 1987), for the Nama-karro biome (Vorster 1982) as well as for the Free State grasslands and arid savannas (Fourie & Du Toit 1982).  Numerous other methods have been developed over the last two decades (e.g. the key species method (Heard et al. 1986, Hurt & Hardy 1989, Trollope 1990, Hurt et al. 1993, Beckerling et al. 1995), weighted palatability composition method (Barnes et al. 1984), grazing index method Du Toit 1995, 1997).  (See Hurt & Bosch (1991) and Tainton (1988) for a review of several methods).  Since the benchmark method forms one of the earliest and most basic approaches, and is still widely used in some grassland areas (Hurt & Bosch 1991), it will be described in more detail below.


Generally, the species composition and basal cover (some researchers advocate the use of canopy spread cover or nearest plant (frequency) data), are assessed in a relatively homogenous plot of about 30 m x 30 m in extent (Tainton 1981).  The data are then tabulated and assessed relative to a subjectively-determined, standard benchmark, reflecting the “best” veld condition, preferably within the same “ecological zone” (Tainton 1981) or Reasonably Homogenous Farming Area (Vorster 1982).


The species that are recorded are divided into several categories, largely according to their response to veld management practices (grazing, resting and fire regimes), although drought response is also considered in the more arid areas (Vorster 1982).  The response categories for the benchmark method used in the humid grasslands (Tainton 1981) are: 

(1) Decreaser species, which dominate the benchmark site and decline when veld degradation occurs, either following overgrazing or under-utilisation of the veld;

(2) Increaser I species, which are only present in low abundance in good veld of the humid grassland areas but increase with under-utilisation, when “succession proceeds beyond the fire-grazing climax stage” (Tainton 1981);

(3) Increaser II species, which have low abundance in good veld but increase when veld is over-grazed;

(4) Increaser III species, which have low abundance in good veld but increase following selective grazing.


Variations on the terminology and use of benchmark sites exist.  For example, Vorster (1982) introduces the concept of invader or alien plants, while others weight different key species according to their sensitivity to grazing (Heard et al. 1986), palatability (Barnes et al. 1984)) or to indices which are combinations of a species grazing value, its perenniality and its ability to prevent soil loss (Du Toit 1995, 1997).  Lists of species, common in different veld types, are classified into different response categories (Camp & Smith 1997, Du Toit 1997, Tainton 1981, Vorster 1982).  Other features at the site (e.g. soil erosion, toxic plant abundance, population structure of key species, forage yield, etc.) are also given a rank score (1=excellent to 5=very poor).  Data for a site is then tabulated and compared to the benchmark score in terms of its species composition, proportion of the four classes of species groups and in terms of rank scores for other variables such as soil erosion.


The selection of benchmark sites is critical for many of the methods used and is usually based on agronomic (e.g. livestock production potential, palatability) and ecological (e.g. successional status, ability to prevent soil erosion) features.  The benchmark is selected to represent a stable and productive site which reflects the pristine, climatic climax condition (or for the humid eastern areas a biotic (fire-grazing) climax) (Tainton 1981).  For the more arid areas, at least, it is recognised that benchmarks are not necessarily static and may vary with rainfall, from year to year (Vorster 1982).


The current condition of the veld has been used as one variable in an equation which determines the carrying capacity of an area as well (Tainton et al. 1980), although other approaches have also been indicated (e.g. Danckwerts 1982, Van den Berg 1983).  Four, unweighted variables are used in the method outlined by Tainton et al. (1980) to determine the current carrying capacity.  These variables, which are all converted into fractions, with 0.25 as the largest value, are: species composition score (SC) (derived from the veld condition assessment procedure, with some modifications), basal cover (BC), topography and slope (T) and soil erodibility (SE), (derived from the SLEMSA model).  Current grazing capacity (CGC), measured in animal units per ha (where one animal unit is equivalent to a Large Stock Unit or the equivalent of one 450 kg animal (see Camp 1995, Hardy & Hurt 1989)), is related to the potential grazing capacity (PGC) of the benchmark site by the following relationship (see Tainton et al. 1980 for a detailed explanation of the method and a worked example):

CGC = PGC (SC + BC + T + SE)


The use of these techniques for the assessment of veld condition and carrying capacity has not been without its detractors, however (Tapson 1993).  The difficulty of estimating basal cover has been raised (Mentis 1983), as has the inappropriateness of using the nearest plant method (Snyman et al. 1990).  The identification, membership and scores of the ecological response groups (Decreaser, Increaser I etc.) along subjectively-derived successional pathways have also been questioned (Mentis 1983, O’ Reagain & Mentis 1990).  The role of ecotypic variation (Bosch & Theunissen 1992) and response to rainfall (Snyman et al. 1990) and soil type (O’ Connor 1985) in complicating any classification of homogenous ecological groups has also not been accounted for in the technique.  There is also some criticism that the supposed strong relationship between species composition, diet selection and animal performance has not been adequately demonstrated (Mentis 1983, Mentis et al. 1989).  In one experiment, average daily gains of cattle were higher in veld in a moderate condition than in good condition veld (Turner & Tainton 1989).  Mentis (1983) has stated that to use species composition and basal cover estimates for determining a stocking rate, amounts to “little more than guesswork”, while O Reagain & Mentis (1990) show that veld condition and dietary quality are unrelated in KwaZulu-Natal sourveld.  Others, however, find useful practical application in the techniques and successfully relate grazing capacity to veld condition score (Danckwerts 1982, Camp 1995) or palatability (Barnes et al. 1984) (see later).  


The applicability of veld condition assessment techniques in areas other than commercial livestock production systems may, however, be questioned.  In communal areas, livestock production objectives are seldom a priority and the whole notion of using veld condition to assess stocking rate appears problematic.


A second set of techniques, incorporating multivariate approaches for determining vegetation condition and benchmark sites (Bosch et al. 1987) in South Africa have been proposed since 1983 (Mentis 1983) and they have received increasing interest (e.g. Martens 1990, Stuart-Hill & Hobson 1991).  The Integrated System of Plant Dynamics (ISPD) (Bosch & Booysen 1992, Bosch & Gauch 1991), perhaps represents their fullest development in South African range science theory and practice.  Multivariate techniques have proved useful in classifying individual sites in relation to all other sites in a survey (Hurt & Bosch 1991) and also for determining veld condition over large areas (Jordaan 1997).  Modules for determining the carrying capacity of commercial livestock production systems have also been developed.  Results showing their applicability in communal areas, however, have not been published.  


Although whole farms, magisterial districts, relatively homogenous farming areas (RHFA), and even entire agricultural regions, can be assessed using the veld condition assessment methods described above (e.g. see Camp 1995, Jordaan 1997, Ludick 1995), they are labour intensive and hence, relatively expensive methods, which are also subject to significant observer bias (Jordaan 1997, Table 7.3).  A third set of techniques, which circumvent some of these problems by using satellite imagery to assess veld condition, has recently been developed.  While South Africa has a relatively long history of using satellite imagery to assess vegetation change (Jarman & Bosch 1973), the rapid development of the technology in the last decade has enabled increasing levels of refinement in assessing degradation.  Successful, albeit sometimes fairly general applications, have been developed in:

· The fynbos, succulent karoo and Nama-karoo biomes of the south western Cape Jury 1993);

· The Ceres Karoo within the succulent karoo biome (Mackay & Zietsman 1996);

· The savanna biome in the north eastern part of the Northern Province (Viljoen et al. 1993);

· The grassland, savanna and forest biomes of the Eastern Cape (Palmer et al. 1997).


The recently-completed land cover project (Thompson 1996) also uses satellite imagery to provide a general account of land cover (including degradation) and land use while Pretorius (1998) provides a general account of the use of remote sensing for evaluating and monitoring land degradation in South Africa.

7.3.3 Occurrence
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Despite the difficulty of defining and measuring veld condition (Roux 1990), numerous regional and even national estimates of the state of South Africa’s rangelands exist.  For example, in 1986, in the former Karoo agricultural region, comprised of 29 million ha, 0.4 % of the veld was adjudged to be in a good condition, 47 % was classified as fair, 51 % poor and 1.6 % very poor (Roux 1990).  For the Eastern Cape, Palmer et al. (1997) have used satellite imagery to show that only 4 % of the 13.7 million ha they examined is in a good condition while 77 % is in a moderate condition and 19 % is in a poor condition.  They conclude that poor condition veld is “largely associated with the communally managed rangeland of former Ciskei and Transkei”.  For 1.4 million ha in Mpumalanga, Rethman & Kotze (1986) suggest that no veld was in a good condition.  The only categories they considered were reasonable (34 %), poor (53 %) and critical (13 %).  Finally, in 1987, 10 % of the 68 million ha of veld in the commercial areas of South Africa, was classified as being in good condition, 30 % fair and 60 % in a poor condition (Meyer and Van der Merwe 1987).  Numerous other regional estimates, with varying levels of detail, exist (see Camp 1995, Ludick 1994, 1995, Roux 1990, Van Staden 1997).  


There are, however, several problems with these estimates.  Firstly, the original study, which determined the condition of the veld, is seldom cited and the methodology for assessing veld condition is therefore difficult to trace.  Secondly, the categories “good”, “fair” and “poor” are rarely defined and it is usually not known whether reference is being made to successional status of the veld, ecological and population processes, cover, diversity, species composition, palatability or biomass production for domestic livestock.  Thirdly, (and this problem affects most definitions of degradation (Abel 1993)), the permanency of the changes are not explicitly stated.  Even if 60 % of South Africa’s rangelands were in a poor condition, how long would it take for them to move to fair or good condition status?  Is it even possible?


The results of our workshops, which show the perceptions participants had concerning the loss of cover and change in species composition in the rangelands of South Africa, are presented in Figures 7.6 and 7.7 and Table 7.4 and 7.5 respectively.  Generally, it is in the higher rainfall, grassland biome in the eastern parts of the country, in Gauteng, KwaZulu-Natal, Eastern Cape and North West Province that loss of cover is perceived as the most important veld degradation problem.  Parts of the savanna biome in the eastern part of the Northern Province also experience loss of cover as a problem.  In the drier Northern Cape, Western Cape and to some extent the more arid part of the Northern Province the loss of cover was not perceived as a priority.  In nearly 80 % of the communal districts participants perceived the problem to be either a first, second or third order veld degradation priority.  However, this was the case in less than half of the commercial areas.

Figure 7.6.  The location of the 205 magisterial districts where loss of cover is perceived as a first order (114 ditricts or 31 % of the total), second order (71 or 19 %) or third order (20 or 5 %) veld degradation priority in South Africa.  The loss of cover was not perceived as an important veld degradation problem in the 162 districts where the priority ranking was zero.


In contrast to the perceptions participants had about the loss of cover, most felt that problems of species composition change resided predominantly in the arid areas of the Northern Cape and Western Cape and in the grassland areas of KwaZulu Natal, Mpumalanga and the
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Free State, often in association with a loss of cover.  (Figure 7.7, Table 7.5).  A change in species composition was considered a greater problem in commercial areas than in communal areas.  This highlights the impact of selective grazing regimes associated with the relatively low stocking densities in many commercial livestock production systems.

Figure 7.7.  The location of the 218 magisterial districts where a change in species composition is perceived as a first order (113 districts of 31 % of the total), second order (89 or 24 %) or third order (16 or 4 %) veld degradation priority in South Africa.  A change in species composition was not perceived as an important veld degradation problem in the 149 districts where the priority ranking was zero.

7.3.4 Causes, process and rate

Several causes are generally advanced as being most important in influencing veld condition:

· woodcutting (discussed later under “deforestation”).

· fire;

· rainfall, especially drought;

· grazing (overgrazing or sometimes selective grazing);


South African has a very long history of fire research in all biomes where it occurs as a significant influence on ecosystem structure and function (see Cowling et al. 1997, O’Connor 1985, Scholes & Walker 1993).  Although there appear to be fairly subtle interactions of fire with grazing and rainfall, the effect of different intensities and seasons of burn on community composition is well described, and numerous “how-to” manuals exist in the agricultural literature (e.g. Barnes et al. 1989, Danckwerts & Teague 1989, Tainton 1981, Trollope 1991).  Little, if any of this experience, however, has been adopted in the communal areas where fire is used mostly to stimulate out-of-season green grazing during summer, late autumn or winter (Mbelu 1995, Trollope 1989).  Incorrect burning practices in the Transkei are partly blamed for poor veld condition, increased rates of erosion and the invasion of veld by Aristida junciformis and Eragrostis plana in some areas such as Lusikisiki, Flagstaff, Bizana, Libode and Tabankulu (Mbelu 1995).  During the degradation workshops, incorrect burning practice also emerged consistently as an important determinant of poor veld condition in the communal areas of South Africa.

Table7.4.  The percentage of magisterial districts (N = 367) in each of the nine provinces of South Africa and in commercial and communal districts with a loss of cover perceived as a veld degradation problem within each of three priority rankings (1st = highest priority).  The results reflect the perceptions of Agricultural Extension Officers and Resource Conservation Technicians.

Province
Number of magisterial districts
The percentage of magisterial districts with loss of cover listed in priority ranking



1st
2nd
(3rd
Not a priority

Eastern Cape
78
41
17
1
41

Free State
51
33
27
0
40

Gauteng
22
100
0
0
0

KwaZulu-Natal
51
35
31
10
24

Mpumalanga
30
27
20
3
50

Northern Cape
26
8
4
12
76

Northern Province
39
8
33
13
46

North West
28
36
29
14
21

Western Cape
42
5
0
2
93








Commercial districts
262
28
15
3
54

Communal districts
105
38
30
11
21

Table 7.5.  The percentage of magisterial districts (N = 367) in each of the nine provinces of South Africa and in commercial and communal districts with a change in species composition perceived as a veld degradation problem within each of three priority rankings (1st = highest priority).  The results reflect the perceptions of Agricultural Extension Officers and Resource Conservation Technicians.

Province
Number of magisterial districts
The percentage of magisterial districts with a change in species composition listed in priority ranking



1st
2nd
(3rd
Not a priority

Eastern Cape
78
13
27
3
57

Free State
51
51
6
0
43

Gauteng
22
0
100
0
0

KwaZulu-Natal
51
47
35
10
8

Mpumalanga
30
43
13
13
31

Northern Cape
26
54
15
0
31

Northern Province
39
18
8
8
66

North West
28
14
39
7
40

Western Cape
42
36
7
0
57








Commercial districts
262
38
21
3
38

Communal districts
105
12
32
9
47


Grazing, by domestic livestock, is generally considered the most important factor influencing veld condition (Forbes & Trollope 1991, Kerley 1996, Roux 1990), although it is often difficult to separate the influence of grazing from rainfall effects.  Relatively short-term (1-2 years) changes in rainfall patterns have been shown to have a significant effect on plant cover and species composition, especially in South Africa’s arid and semi-arid areas (Novellie & Strydom 1987, O’Connor 1985, O’Connor & Roux 1995, Roux 1968, Van Rooyen et al. 1990).  Grazing, however, has a clear additional measured effect (O’Connor 1994, 1995, Wiegand et al. 1995), especially over longer time periods (O’Connor & Roux 1995).  It is often best understood in terms of the impact of grazing on key population processes, such as flowering and seed set (Milton 1992, Milton & Hoffman 1994, Milton et al. 1997, O’Connor 1991, O’Connor & Pickett 1992).  The continuous removal of flowers and the trampling of seedlings render it difficult for individuals of some species to survive long periods of sustained grazing pressure.  Species that can only reproduce by seed, and which are periodically killed by drought, are particularly susceptible to local extinction under heavy grazing regimes, especially if their seed is not long-lived (O’Connor 1991).  The continuous selection, by domestic livestock, of productive patches in the landscape can also result in significantly lowered range productivity (Fuls 1992) as bare, overgrazed patches broaden and coalesce to cover larger and larger areas (Dean et al. 1995).  


The impact of drought on rangelands, however, should also not be underestimated.  Severe drought can have a lasting effect on community composition (Danckwerts & Stuart-Hill 1988, Milton et al. 1995) and its effect appears compounded by grazing during (O’Connor 1995) and immediately after drought period (Danckwerts & Stuart-Hill 1988).

7.3.5 Effects

What follows is a synthesis of the South African literature on the impact of heavy grazing on species diversity and composition and on ecosystem processes.  The feedback of declining veld condition on stocking rates is also discussed.  Unlike Macdonald’s (1989) account, this analysis does not review the full suite of human impacts on the region’s biota but emphasises the role of heavy grazing and, to a lesser extent, cultivation.

7.3.5.1 Effects on species diversity, plant cover and species composition

The impact of humans on the region’s biodiversity dates from at least 40 000 years BP (Siegfried & Brookes 1995).  However, it has been primarily during the last millenium that the greatest impact has occurred (Macdonald 1989, Hoffman 1997), although the direct impact of cropping, grazing and other land use practices on the region’s biodiversity is still poorly known.  We first look at the impact of agriculture, in general, on the extinction patterns of plants, and then address the role of heavy grazing on the diversity and composition of South African rangelands.  Rather than provide a comprehensive synthesis of the literature we draw on recent examples, particularly as they relate to the commercial/communal area debate.  An excellent, earlier review of the grassland and savanna literature also exists (O’ Connor 1985).


Currently there are 62 globally Extinct plant taxa listed on the South African Red Data List (Hilton-Taylor, 1997).  Ten of these can be attributed to ploughing for crops; three appear to be the direct result of grazing activities and two because of afforestation (Craig Hilton-Taylor, personal communication).  These figures can be contrasted with at least 18 plant extinctions as a result of urban expansion (Craig Hilton-Taylor, personal communication).  The remaining extinctions are the result of over-collecting, some other form of development, or are species, which are only known from their type collections, made last century.  In addition to the documented extinctions, there are a further 48 plant species listed as Indeterminate on the Red Data List which may also be Extinct (Hilton-Taylor, 1996b).  Eight of the species are listed in this category as a result of agricultural activities (Craig Hilton-Taylor, personal communication).


Although 37 of the 62 plant extinctions are of species confined to the fynbos biome, seven of the 15 ‘agriculturally’ induced extinctions were in the succulent karoo, Nama-karoo and grassland biomes, all major livestock producing areas (Craig Hilton-Taylor, personal communication).  Similarly, six of the eight potentially Extinct species in the Indeterminate category have been impacted by agricultural activities in the major livestock producing areas (Craig Hilton-Taylor, personal communication).  In the Western Cape, the clearance of more than 97% of West Coast Renosterveld for wheat and other crops (McDowell and Moll, 1992), has undoubtedly had an enormous impact on the biodiversity of the area (Hoffman 1997).  Although few global extinctions are known from this area, local extinctions are likely to have been high (Craig Hilton-Taylor, personal communication).  This is partly illustrated by the large number of Critically Endangered species which once were widespread across the area but because of agriculture, are confined today to just a few Renosterveld remnant patches e.g. Protea odorata (Hilton-Taylor, 1996a) and the Geometric Tortoise Psammobates geometricus (Baard, 1993).


What are the impacts of heavy grazing for species diversity and community composition?  For plant species richness, heavy communal grazing in a relatively mesic KwaZulu-Natal grassland (MAR = 633 mm) did not significantly lower the number of grass species when compared to an adjacent area in the Umfolozi Game Reserve (Venter et al. 1989).  In this study, slope position provided a consistently stronger influence on species richness than land use practice.  Similar fence-line contrast studies in the arid succulent karoo biome (MAR = 200 mm) also showed no difference in plant and insect species richness between communal and commercial areas, although this study was undertaken during an exceptionally high rainfall year (Todd & Hoffman 1999, Todd et al. 1998).  Small mammal diversity, however, was lower in communal areas as was the number of bird species (Todd et al. 1998).  Small mammal diversity was also negatively effected in heavily grazed grasslands of KwaZulu-Natal (Bowland 1985) (MAR 500 mm – 700 mm) and appears related to the general loss of cover experienced in overgrazed landscapes.


In the semi-arid subtropical thicket of the Eastern Cape (MAR = 420 mm), heavy grazing had a significant negative impact on plant diversity (Fabricius et al. 1996 (see also Fabricius & Burger 1997).  Communal and commercial land use practices had significantly fewer plant species than an adjacent conservation area.  Reasons for the decline were attributed to a reduction in bush clump size as a result of heavy grazing, and a concomitant increase in inter-bush clump area.  Such open areas are less conducive to seedling establishment and growth than bush clump environments (Fabricius et al. 1996), and plant diversity is thus negatively effected.  At another study site in the Eastern Cape’s subtropical thicket, in the Sunday’s River Valley, (MAR = 280 mm – 469 mm) it was found that heavy continuous grazing resulted in significantly fewer species than control sites, which were either not grazed at all, or were grazed at recommended stocking rates, using rotational grazing systems (Hoffman 1989).


From the scant data available, it is difficult to generalise concerning the impact of heavy grazing on the biodiversity of South Africa’s rangelands.  However, a simple comparison of the number of species across fences which separate different land use practices, is not that informative.  As Todd et al. (1998) suggest, “it is not how many species are present, but which species are present.”


A common response to heavy utilisation amongst a wide group of organisms is an increase in the abundance of widespread “weedy”, often annual species, which are tolerant of grazing (Hoffman & Cowling 1991, O’Connor & Pickett 1992).  Plant species, which are more generally distributed in relatively more arid environments, have also been shown to dominate in overgrazed vegetation (Evans et al. 1997, Hoffman & Cowling 1990) where a transformation from mesic to arid microclimatic conditions often occurs.  At one site in the succulent karoo biome (MAR = 200 mm), perennial plant diversity and abundance declined under the sustained (> 70 years) heavy grazing pressure of the communal areas and was replaced by widespread and abundant annual species (Todd 1997, Todd & Hoffman 1999) (Figure 7.8).  Perhaps as a result of a “knock-on” effect of heavy grazing at this site, folivorous and granivorous insect species, such as ants and nitidulid beetles have also increased in response to the increased flower and seed availability (Seymour 1997).  Changes in plant cover, also have important implications for small mammal community composition.  At the same study site in Namaqualand, Joubert (1997) found a decrease in diurnal mammal populations such as Rhabdomys pumilio and Macrosceleides proboscideus, which need a high cover of plants to escape predation, and an increase in the nocturnal species, Gerbillurus paeba.  Comparisons are problematic for birds as they have high mobility, mixed diets and diverse foraging habits.  
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Figure 7.8.  The plant, invertebrate, small mammal and bird community structure as represented by the % plant cover or total number of individuals sampled on heavily grazed communal and relatively lightly grazed commercial rangeland in central Namaqualand.

The most important trend in this study was for a substantial decrease in the abundance of nomadic granivores and gleaners in communal areas (Joubert 1997, Todd et al. 1998).


Long-term studies on the impact of heavy grazing on diversity and composition are rare.  In 1996, Marriott (1997), re-sampled 83 sites that John Acock’s had first investigated in KwaZulu-Natal’s humid grasslands about 50 years previously.  The sites were located in both commercial and communal farming areas.  The results showed a greater change in species composition and lower basal cover in communal areas over the 50 years with an associated decrease in productivity.  Hotter and drier areas appeared more sensitive to grazing impacts than the cooler wetter areas (Marriott 1997).


Several investigations have, however, shown that the diversity and composition of many communal area grasslands are generally quite sound, despite several decades of intensive use (Acocks 1953, Forbes & Trollope 1991, McKenzie 1982).  The non-selective nature of the heavy grazing regimes in many communal areas (Acocks 1953, 1966), together with the tremendous resilience to heavy grazing that some South African grasslands appear to possess (Du Toit & Aucamp 1985, McKenzie 1982), means that the composition of the sward is quite mixed, with palatable and unpalatable plants co-dominant.  Adjacent commercial areas, under a similar climate, are often dominated by unpalatable species such as Aristida junciformis, and bush encroachment is also often an important process.  However, the impression should not be created that this is the case for all communal areas.  As discussed above, composition and diversity are often profoundly altered by heavy grazing.  Low basal cover and low plant vigour are also frequently cited as indicators of poor veld condition in many communal areas, even when the diversity and composition appear healthy (Forbes & Walker 1991).


Another crucial question to ask in the degradation debate is: How permanent are the changes in diversity and species composition brought about by the heavy continuous grazing pressure often associated with communal areas of South Africa?  How quickly are impacts noticed and if this grazing pressure is removed, how rapidly will the vegetation respond?


Harrison (1993) has shown that with the removal of heavy grazing pressure, species composition in protected sourveld and sweetveld grassland sites changes to a more palatable sward and basal cover also increases over relatively short time periods (i.e. less than 10 years).  Hoffman et al. (1995) also measured a “healthy” population structure of key species and relatively palatable species composition in Riemvasmaak, an arid savanna rangeland that had been removed from heavy continuous grazing 20 years earlier.  The problem with both of these studies, however, is that the composition and diversity of the vegetation was not known prior to the commencement of heavy continuous grazing pressure.  Experimental approaches to an understanding of heavy grazing pressure release responses and veld recovery are urgently needed.


Earlier generalisations, from several fence-line contrast studies in South Africa, suggest that heavy grazing has a greater impact on plant species diversity and composition in relatively more arid environments, although rainfall can often mask the effects of grazing under arid and semi-arid conditions (O’Connor 1985, Shackleton 1993).  In this account we have done little more than discuss a few recent findings.  Some of these findings reject Shackleton’s (1993) suggestion that “there are few changes induced under a continuous, high stocking rate”.  Stocking rate (both light and heavy (Du Toit & Aucamp 1985)) significantly affects the composition of some rangelands but it is not known how permanent such changes are.  Although the specific direction of change is poorly understood and often contested, a more important question, perhaps, concerns the effect of the change on ecosystem function and on long term, sustainable agricultural practices.

7.3.5.2 Effects on ecosystem processes


Much of the research in South Africa, on the influence of veld condition on ecosystem processes, has been conducted by Professor Hennie Snyman and his colleagues, from the University of the Free State.  They provided experimental evidence for the long-term impacts of veld degradation on rangeland hydrology, erosion and biomass production.  What follows is a brief account of the most recent synthesis of this work (Snyman 1998) in the Themeda-Cymbopogon veld (Acocks 1953) of the grassland biome where mean annual rainfall is 560 mm (see also Du Preez & Snyman 1993, Snyman 1994).  


In their experiments, three replicates of three veld condition classes (good, moderate and poor veld condition) were artificially created and maintained from 1977 to 1991.  Good veld was dominated by Themeda triandra and Digitaria eriantha with a basal cover of 8.3 % and a veld condition score of 88.9 %, relative to the benchmark for the area.  Moderate veld was dominated by Eragrostis lehmanniana, E. chloromelas and Sporobolus fimbriatus, with a basal cover of 6.4 % and a veld condition score of 63.5 %.  Poor veld was dominated by Aristida congesta, Cynodon hirsitus and Tragus koeleroides, with a basal cover of 2.9 % and veld condition score of only 28.8 %.


From this data it is apparent that veld condition has a significant effect on all ecosystem processes investigated (Snyman 1998; Table 7.6). Although evapotranspiration levels were higher as a result of greater plant cover in good veld, water infiltration was deeper, and runoff and soil loss rates were reduced.  The nutrient status of the soils was higher in veld in good condition as well as the average dry matter production values.  The range of production was greater and water use efficiency values were also enhanced in good condition veld.  For all variables, good veld reflected the most desirable state for sustainable commercial livestock production practices and was also able to better withstand drought (Snyman & Van Rensburg 1990).  Veld in good condition could also maintain more animals and generated greater economic returns (Snyman 1998).  Several other studies and models confirm the general patterns described by Snyman (1998) for some of the variables (e.g. Fouche et al. 1985, Henning & Kellner1994, Van den Berg et al. 1976).

Table 7.6.  The influence of veld condition on several grassland ecosystem processes (data from Snyman 1994 and Snyman 1998).  (* = p<0.05; ** = p< 0.01).

Variable
Veld condition


Good
Moderate
Poor

Mean evapotranspiration (mm/day)
1.73*
1.67*
1.55*

Percolation (>1 m) (% of annual rainfall)
0.5*
0.2*
0.1*

Runoff (% of annual rainfall)
3.50**
5.55**
8.71**

Sediment loss (t/ha/yr)
0.41**
1.20**
3.55**

Relative loss of organic C (kg/ha 1977-1991)
0
2659
5225

Relative loss of total N (kg/ha 1977-1991)
0
180
331

Mean annual dry matter production (kg/ha)1
1238
768
368

Range in dry matter production (kg/ha)
2678-313
1968-200
889-70

Water use efficiency (kgDM/ha/mm)
2.5**
1.58**
0.78**

1 Statistical information is not provided in Snyman (1998) and the variable is not present in Snyman (1994).


Measures of heavy grazing impacts on soil patterns and processes in Namaqualand have shown that, at the landscape scale, a reduction in perennial shrub cover can result in soil nutrient depletion (Allsopp 1999).  Soil nutrients, such as nitrogen and phosphorus and organic matter, tend to accumulate under shrub islands in arid and semi-arid ecosystems, leaving inter-shrub spaces relatively infertile.  Since heavy grazing reduces perennial shrub cover in the succulent karoo (Todd & Hoffman 1999), the number of nutrient “islands” in the landscape, associated with shrubs, is also diminished.  This results in an overall decrease of soil nutrient levels in the landscape (Allsopp 1997, 1999).


These studies suggest that plant cover does indeed have an important influence on ecosystem processes.  Since plant cover is often directly related to veld condition, such measures may well be important indicators of the long-term sustainability of current land use practices.  

7.3.5.3 Effects on carrying capacity

Several aspects of the influence of veld condition on carrying capacity have already been discussed.  Although contested by some (e.g. Mentis 1983, O’ Reagain & Mentis 1990, Tapson 1993), the perceived close relationship between veld condition, carrying capacity and profitability per ha, is well-entrenched for commercial livestock production models, within a number of ecosystems (e.g. grassveld (Rethman & Kotze 1986, Snyman1998, Turner & Tainton 1989), False Thornveld (Danckwerts & Teague 1989), subtropical thicket, (Stuart-Hill in Danckwerts & Teague 1989).  For example, using the veld condition assessment techniques of Foran et al. (1978), Danckwerts (1982) has suggested that carrying capacity increases linearly with improving veld condition in the False Thornveld of the Eastern Cape (Figure 7.9).  The number of grazing days per ha also increases, more than four-fold, from 25 GD/ha in vegetation with the lowest veld condition score to about 108 GD/ha for veld with the highest veld condition score (Danckwerts 1982).  Carrying capacity is not only affected by veld condition and annual rainfall also has an important influence.  When assessed together, in a multiple regression analysis, veld condition score and rainfall over the preceding 12 consecutive months accounted for more than 70 % of the observed variation in carrying capacity (Danckwerts 1982). 


The proportion of palatable species in a paddock also has a significant effect on carrying capacity.  In an experimental grazing trial, Barnes et al. (1984) show that nearly 80 % of the variance in carrying capacity is explained by the (weighted) composition of species with different palatabilities.  In another, more complex model, Hatch (1994) has also shown that in commercial livestock production situations, a lower range condition results in an increased risk of financial loss.  Finally, Dean & Macdonald (1995) have argued that the decline in the Karoo stocking rates over the last century or more has occurred as a direct result of declining veld condition.  They suggest that the significant drop in animal numbers since 1970 reflects a lowered productivity of the Karoo rangelands.  Hoffman et al. (1995) however, have suggested that state intervention strategies and an improving conservation ethic amongst commercial farmers have also had an important influence.
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Figure 7.9.  The relationship between veld condition score and grazing capacity recommendations (LSU/ha) as determined for the Sweet Thornveld of the Eastern Cape.  (Data from Danckwerts 1982).

While long-term profitability and veld condition are believed to be significantly co-correlated in commercial livestock production systems, the relationship between animal survival and veld condition in communal areas is less clear.  Despite several decades of high stocking rates, the number of animals in many communal areas appears not to have declined significantly (Tapson 1990, 1993, Hoffman et al. 1998, Figure 7.8).  How is this possible?  This issue lies at the heart of the recent debate in range science theory and will be discussed in more detail in Chapter 9.2.  (See also Düvel & Afful 1994).

7.3.6 Intervention strategies

What follows is by no means an exhaustive account of the intervention strategies of the government to influence veld condition in South Africa (for example, see Rimmer (1993) for an account of the major loan, emergency and subsidy schemes to commercial farmers in 1991/92).  We have focused on a few of the more widely known strategies and schemes that have been developed over the last 30 years, largely for the commercial farming areas of South Africa, to specifically improve veld condition.  The Betterment Scheme of the communal areas is discussed in further detail in Chapters 6 and 9.2.

7.3.6.1 Research and development into veld management systems

The Department of Agriculture has a long history of research into the development of appropriate veld management systems for particular commercial livestock production areas.  This effort has resulted in a number of regional accounts, in varying degrees of detail, which outline the most appropriate system for a particular area (e.g. Camp & Smith 1997, Danckwerts & Teague 1989, Dekker 1998, Fourie et al. 1982, Roux 1968, Tainton 1981, Trollope 1981).  These accounts are usually derived from research projects and embrace several biophysical, ecological and ecophysiological factors in their operation.  They generally provide information on stocking rate, rotational grazing, resting and burning regime, paddock layout and implementation.  Local agricultural extension officers are usually trained in the principles of each system and incorporate such a veld management approach in farm planning guidelines.  A few non-departmental veld management systems have also been advocated over the years with varying degrees of popularity and success (e.g. Acocks 1966, McCabe 1987, Savory 1989).  Several critical reviews of veld management systems, which have been developed and advocated in South Africa, have emerged (e.g. Hoffman 1988, Barnes 1992, O’ Reagain & Turner 1992).  The often unclear advantages of adopting multi-camp systems over continuous grazing approaches are frequently discussed, as is the apparent dearth of ecological and experimental rigour in the development of the veld management system (see also O’ Connor 1985).


The same long history of research has not occurred in South Africa’s communal areas (Bembridge 1988).  While interest has increased dramatically in recent years (e.g. Critchley et al. 1998, Du Bruyn & Scogings 1998) most research is still in a descriptive phase of defining differences in management objectives, production coefficients and resource status between communal and commercial areas.  While a knowledge vacuum clearly exists concerning our understanding of communal areas, South Africans should be cautious of imposing the ideas developed from commercial agricultural research programmes directly onto communal areas.  Their theoretical basis for communal management objectives is questionable and they have generally failed elsewhere, in African communal areas, in the past.  Similarly, however, the imposition of ideas which stem from the “new thinking” (Behnke et al. 1993, Scoones 1994) might be equally inappropriate.  The majority of South Africa’s communal areas exist in higher rainfall areas than many others in Africa and the value of the disequilibrium view is questionable (Illius & O’Connor 1999).  They also occur usually as islands in a sea of commercial agriculture.  They are severely overcrowded, livestock mobility is severely curtailed and many communal farmers also have direct links to the urban centres and cash economy of South Africa via migrant labour practices.  A long and difficult road lies ahead and extreme caution is advised before replacing existing land use practices and policy on the basis of some dogmatic bias.

7.3.6.2 Stock reduction scheme

An excellent summary of the stock reduction scheme has been compiled by Baard (1978) and what follows is a synthesis of the most important points contained therein.


The stock reduction scheme ran from 1969-1978 and came into being, largely in response to the perceived degradation of the Karoo.  The 1923 Drought Investigation Commission findings and other arguments which had elaborated on the Karoo desertification theme (e.g Tidmarsh 1948) were all used to support the introduction of the scheme.  Although not specifically cited by Baard, the recommendations of the 1951 Desert Encroachment Committee, of which John Acocks’ karoo encroachment maps formed a part, must also have influenced its introduction.


The main objectives of the scheme were to reduce the number of animals on the veld, to withdraw eroded and vulnerable areas from grazing, and to institute judicious veld management practices on the rest of the grazing lands, so as to provide greater stability to the extensive livestock industry of parts of South Africa and Namibia.  It was instituted at a time of great economic hardship for stock farmers as a result of drought, low meat and especially low wool prices and rising costs.  Farmers were thus receptive to the idea.


The stock reduction scheme was declared applicable on 56,8 million ha in South Africa (or 46.6 % of the country) incorporating the succulent karoo, Nama-karoo, and western parts of the savanna and grassland biomes.   It was also declared applicable on 28.2 million ha of veld in Namibia.  Participation was voluntary and a total of 7 025 South African farmers, and nearly half of all karoo farmers, applied to join the scheme.  However, only 4 905 participants, with a combined area of 20.3 million ha (16.6 % of South Africa’s land surface) and possessing 3.4 million small stock units completed the full, five year term of the scheme.  Those who joined were obligated to reduce the number of animals on their farm by at least a third less than that recommended by the Department of Agriculture and to rest a third of their grazing lands every year.  Participants were then compensated for the animals, which were removed from the farm.  They were paid R3 per animal, up to a maximum of R4 950 per participant per year.  The majority of participants were large land-owners with large herds, who could afford to reduce their numbers without compromising their incomes.  In addition, some farmers were already farming with fewer animals than recommended and were, therefore, compensated for reducing animals that were not on their farm at the start of the scheme.


Nearly R48 million (or about R10 000 per participant) was spent on the scheme in South Africa between1969 and 1978.  The bulk of this money (R45.4 million) was comprised of compensation payments to farmers.  R1.3 million was spent on subsidies for infrastructural improvements while a further R1.2 million was used to administer the project.


The general findings of the scheme are that it brought about an improved agricultural extension service and a greater veld management and stocking rate awareness amongst farmers, that did not previously exist.  Other findings, however, appear more critical of the scheme.  Firstly, while there was an improvement in veld condition in the targeted areas (assessed by an increase in the basal cover of grasses and a decrease in basal cover of shrubs), the effect of the high rainfall period between 1974-1976 in the arid and semi-arid parts of South Africa is recognised as a confounding factor (Hoffman et al. 1995, O’Connor & Roux 1995).  These good rainfall years, and the subsequent general positive response of the veld, across the country, masked the importance of sound conservation farming methods as a hedge against droughts and veld degradation.  Veld surveys in 1977 in the Karoo region showed no significant differences in veld condition between those who participated in the scheme and those who didn’t.  Veld improvement and hence, greater resistance to drought was also not achieved through resting and the application of veld management systems in the Little Karoo and extreme arid western part of the country.  The potential for rehabilitation, without active intervention, is low in these areas (Milton et al. 1997).  Even so, it was recommended that the scheme be extended in the arid west for a further five years.


Secondly, although recommended veld management programmes were instituted many participants reverted to pre-scheme management approaches once the scheme had ended.  The resting of individual camps or paddocks, and not one third of the farm every year, was the dominant practice among non-participants.  Participants in the scheme reverted to this practice.


Thirdly, no significant difference in livestock production co-efficients (wool production, angora goat hair production and lambing percentages) were evident between participants in the scheme and non-participants.  While participants who received payment from the government showed an increase in gross income per livestock unit, their per area income was lower than farmers who did not participate in the scheme, although not significantly so.  This is ascribed to the higher stocking rates of non-participants.  Despite government payments, this was still not enough compensation and the dramatic increase in agricultural costs ultimately disadvantaged those who participated in the scheme.


In his conclusion Baard (1978) states that the R54 million that was spent on the scheme in South Africa and Namibia could not be justified given the inherently low potential of the targeted regions when compared to the high production areas further to the north.

7.3.6.3 National Grazing Strategy

The National Grazing Strategy (NGS) was announced in 1985 (Meyer & Van der Merwe 1987, Bruwer & Aucamp 1991).  Its main objective was to “use, develop and manage the natural and cultivated pastures in the RSA [note that the communal areas were specifically excluded in the strategy] in such a way that the present generation gains the greatest sustained benefit, while the production potential must be retained to satisfy the needs and aspirations of future generations.”  Although it had no legal status (Du Toit et al. 1991) several clearly defined actions were proposed, including:

· An information campaign aimed at informing the public of the contents of the strategy;

· The promotion of optimum pasture management largely through the use of leader farmers, demonstration farmers and study groups focused on increased production;

· A heightened business-like and goal-oriented approach within the agricultural extension service including the setting of objectives, proper planning and evaluation and reporting procedures;

· A broadening of the agricultural research component addressing issues such as carrying capacity, veld management systems, veld condition assessment and veld monitoring, drought characterisation;

· Revision of teaching curricula at the five agricultural colleges in the commercial areas to emphasise the principles of the NGS;

· Affirmation of the role of law enforcement in achieving the objectives of the NGS, particularly through the measures of the Conservation of Agricultural Resources Conservation Act (Act 43 of 1983);

· Financial assistance to farmers, but only in strict accordance with the stipulations of the Soil Conservation Scheme and the drought aid scheme;

· Sound management of the NGS through the appointment of additional personnel to oversee the process and to co-ordinate and evaluate progress.


It is difficult to gauge the overall success of the NGS.  Although no evaluation has, as yet, emerged, Du Toit et al. (1991) suggest, that after six years, progress with achieving the objectives of the NGS had been mixed.  While greater conservation awareness amongst farmers had been achieved, research progress had been slow as had progress with a national monitoring system.


There has been substantial institutional transformation within the national Department of Agriculture since 1994 (Anonymous 1996).  Clearly, the collapse of many government financial assistance schemes to large-scale commercial farmers and the current focus on communal and emerging small-scale farmers through the (BATAT) initiative (Broadening Access to Agriculture Thrust (Anonymous 1996)), has compelled the Department of Agriculture to redefine the role and specific actions listed within the National Grazing Strategy. 

7.3.6.4 Drought-assistance schemes

Occasional and severe drought forms part of South Africa’s climatic environment (Tyson 1988) and numerous government-funded, drought-related assistance programmes have been announced over the last several decades (e.g. Anonymous 1983, Anonymous 1993, Table 7.7).  In this section, attention will be on the “Disaster Drought Assistance Scheme for stock farmers in the Republic of South Africa” which came into effect on the 1st June 1990 (Anonymous 1993).  This scheme replaced two earlier programmes in the cropping and extensive grazing lands of the commercial areas of South Africa.  Its rationale is rooted in the “unsatisfactory condition of the agricultural resources in the RSA” (Anonymous 1993) and was linked to the Conservation of Agricultural Resources Act of 1983 and to the implementation of the National Grazing Strategy (see below).  “Optimum resource use” and “agricultural production…in harmony with the natural environmental factors” (Anonymous 1993) are mentioned in the rationale for the scheme.  While the improvement of veld condition may have been an important argument for introducing the scheme, Rimmer’s (1993) stinging critique suggests more sinister motives.  He argues that the full drought relief package contained several complementary schemes, which had more to do with writing-off or rescheduling of debt, than direct drought relief, and favoured those farmers with most debt.  Because drought relief and debt relief appear to have been inter-related, the scheme prevented foreclosure of a number of commercial farms and thus represents a “lost opportunity for land reform” (Rimmer 1993).


The scheme differentiated between “seasonal drought” and “disaster drought” and placed responsibility for overcoming the former on individual farmers.  The definition of disaster drought was related largely to a consensus opinion of veld condition on designated “conservation reference farms”.  A rigorous climatological assessment was not used in the documentation.


For disaster droughts, four assistance measures were instituted and were applicable only to farmers who had more than the equivalent of 30 LSUs.

1. A 75 % rebate on the transport costs of stockfeed and licks;

2. A contribution of R44 per LSU to feed costs for the maintenance of a nucleus breeding herd.  A nucleus herd was defined as a third of the animals permissible on a farm in terms of the long-term carrying capacity and the payments was made for a maximum of 125 LSUs;

3. An incentive for the reduction of livestock in the form of a monthly payment for each LSU less than the recommended long-term carrying capacity value.  To qualify, at least one-third of the animals had to be removed from a farm.  The amount paid was linked to the average net farming income for small and large stock and ranged between R5 and R12 per month per LSU, depending on the type of animal and the total number reduced;

4. The lease of grazing land elsewhere was subsidised by R5 per LSU per month.


Table 7.7 provides details of some of the major schemes, which were directly related to drought relief.  The total amount spent is way below the R3 billion, which Rimmer (1993) maintains was spent in the name of drought relief in the 1992/93 fiscal year alone.  Most of this money was spent in the commercial areas of South Africa.  Rimmer (1993) shows that about R130 million was spent in communal areas during the disaster drought of the early 1990’s but that this was mostly for “employment schemes, water supplies, compensation for crop losses, subsidy on production credit and a rebate on the transport and purchase of stock feed”.

Table 7.7.  Some of the major drought subsidy and loan schemes for the period 1 April 1987 to 28 February 1998 (data from Department of Agriculture: Directorate Financial and Provisioning Administration).

Name of scheme
Type of assistance
Allocation 1987-1998 (Rands)

Stock feed loan (to 1991 only)
loan
9 007 800

Stock feed purchase 
subsidy
608 526 300

Stock feed transport
rebate
69 166 800

Emergency drought relief (1989-91)
subsidy
104 555 900

Production cost assistance (1992-93)
subsidy
16 700 000

Interim veld rehabilitation assistance (1995-97)
subsidy
31 258 400


Total
839 215 200


No assessment of the impact of the drought assistance scheme on veld condition has been published.  Given that arid and semi-arid ecosystems appear fairly resilient to short-term grazing impacts (Fourie et al. 1984), the withdrawal of a third of the animals for a few years during a severe drought is unlikely to have a significant impact on veld condition in the long-term (but see Danckwerts & Stuart-Hill 1988, Milton et al. 1995, O’Connor & Pickett 1992).

7.3.7 Closing remarks

This discussion on loss of cover and change in species composition was introduced with a brief discussion of the equilibrium and non-equilibrium view of rangeland science and by the views of Mentis et al. (1989) who suggest that a paradigm shift was necessary in rangeland science policy and practice.  While the influence of the “new thinking” is clear in recent policy documents (e.g. the 1995 draft White Paper on Agriculture, Dikeni et al. 1996), it is too soon to evaluate just how much of a paradigm shift there has really been in South African agriculture.  Despite the fact that our understanding of plant-animal interactions remains inadequate, the imposition of stocking rates guidelines, as determined by long-term averages in annual rainfall is still firmly entrenched in our thinking around intervention strategies and government policy.  There remains a strong perception, amongst agricultural extension officers and resource conservation technicians that this is the most effective tool at our disposal, if the condition of the veld in South Africa is to be improved.  But as Dikeni et al. (1996) and many others point out (e.g. McKenzie 1982, Shackleton 1993, Tapson 1993, Düvel & Afful 1994), the long-term impacts of high stocking rates under communal land tenure systems are poorly understood and researched in South Africa.  The entire concept of veld condition and carrying capacity, as applied to the communal areas, has generally been rejected.  It is crucial for any policy, arising from the South African National Action Plan to Combat Desertification, that agriculture in the communal areas is not simply “white commercial agriculture in the making” (Mbelu 1995).  The imposition of general theory, developed primarily for commercial agricultural systems, onto communal areas, should be avoided.  Some of these issues will be discussed further in Chapter 9.2.

7.4 Bush encroachment

Timm Hoffman, Simon Todd.  (with contributions by Tim O’Connor)

7.4.1  Introduction

In South Africa, bush encroachment includes the concept of bush thickening.  It has come to mean both the large scale conversion of former grassland vegetation to a savanna physiognomy by encroaching indigenous trees, as well as the increase in size and density of woody plants (usually trees) within historical savanna areas (Le Roux 1996).  While there have been some attempts in South Africa to confine the definition of bush encroachment to the savanna and neighbouring grassland areas, and only include indigenous subtropical woody invader species (Baard 1980), this does not reflect the broader understanding of the phenomenon.  Shrubs such as Rhigozum trichotomum, Lycium cinereum, Euryops spp., Leucosidea sericea, Elytropappus spp.and Protasparagus spp all form part of the general bush encroachment problem in South Africa (Donaldson 1987).

In this analysis we have used a broad definition of bush encroachment.  We include bush thickening within the savanna biome as well as any significant change in vegetation structure in the grassland and Nama-karoo biomes caused by the increase in cover and density of indigenous trees or shrubs.  Thus, shifts from grassland to savanna (e.g. by Acacia spp., in the grassland biome), grassland to shrubland (e.g. by Protasparagus spp., Rhigozum trichotomum in the grassland and Nama-karoo biomes), and low shrubland to tall shrubland (e.g. by Lycium cinereum in the Nama-karoo biome), are all accommodated in our discussion of the problem.  It is recognised, however, that very little information is available on non-savanna bush encroachment problems.

7.4.2  Occurrence

“Baie gegewens berus op persoonlike waarneming en interpretasie wat soms gebaseer is op foutiewe spekulasie.  Daar is min konkrete eksperimentele feite oor die ekologie van die probleem. (Much information rests on personal observation and interpretation, which is often based on faulty speculation.  There are few concrete experimental facts about the ecology of the problem.)”  Van der Schijff 1964)

Numerous general statements on the extent of the bush encroachment problem in the savanna biome of South Africa exist.  However, the subject is characterized by a general absence of scientific rigour and Van der Schijff’s 1964 summary, shown above, remains relevant today.  One problem is that considerable discrepancy exists in the definitions used for describing the extent of bush encroachment.  Some authors provide estimates for areas already affected by the problem and others for areas only threatened by woody plant infestation.  Still others combine the two definitions when providing a single statistic.  This makes it very difficult to synthesize the information into one general statement on the extent of the problem of bush encroachment in South Africa.

One early estimate for the country suggested that 8 million morgen (6.8 million ha) are affected or threatened by bush encroachment (Mimosa 1948).  Another, often-repeated estimate, is that of Van der Schijff (1964) who suggested that 15 million morgen (about 13 million ha) of South African savannas are subject to bush encroachment (e.g. Donaldson 1969, Louw & Van der Merwe 1973, Trollope et al. 1989).  There are, however, several other views.  Pienaar (1979), for example, suggests that 40.5 million ha in SA and Namibia is bushveld and that on 15 million ha livestock production is suppressed as a result of bush encroachment.  Baard (1980a) states that 37 million ha of grazing land in SA are threatened by bush encroachment, and Walker (1980) suggests that some “…53 million ha of previously open savanna rangelands are now covered by bush, to a degree which has seriously reduced grass production, and therefore animal production”.  Other estimates for the different categories of encroachment exist.  For example, Grossman and Gandar (1989), state that of the approximately 43 million ha of savanna vegetation used in their definition, 1.1 million ha is so densely encroached upon by trees and shrubs that it is no longer utilizable.  Twenty seven million ha is further threatened by bush encroachment and much of the rest of the area has experienced a reduction in the grazing potential by more than 50%.

Very few regional accounts exist of the extent of the bush encroachment problem.  As early as 1943 Irvine suggested that for the Northern Province bush encroachment was the most serious problem facing farmers with about 9.1 million ha affected.  In the eastern Cape nearly 2 million ha are thought to be “infested with denser stands of thorn trees” (Viljoen 1980) and in KwaZulu-Natal.  Le Roux (1996) provides an excellent summary of what has been written about the problem in the province but without an account of the extent of bush encroachment.

The problem in non-savanna areas is even more poorly described.  Rhigozum trichomum occurs in approximately 9.5 million ha of veld (Donaldson 1987) and is a problem for grazing on 5.2 million ha (Moore 1989).  Lycium spp. occur on 10.9 million ha of veld (Donaldson 1987) but there is no indication of the extent of the problem related to this genus.

One difficulty with these estimates is that few authors provide information as to how the data were collected.  One source, which has been neglected in the literature, is that of the 1980 workshop on bush encroachment organized by the Department of Agriculture (Pienaar 1980).  Agricultural officials and scientists met to discuss the issue and provided estimates of the extent of the problem, in each of four agricultural regions of South Africa within four categories.  The data are shown in Table 7.8.  Although the information is nearly twenty years old and is based on the untested estimates of agricultural extension workers in the regions it provides the most comprehensive picture of the problem that exists to date.  The information shows that, of the almost 38 million ha of veld used in their analysis, 4 % (1.4 million ha) possessed heavy infestations and 24 % (9 million ha) was lightly to moderately affected by bush encroachment.  A further 19 % (7 million ha) was vulnerable to bush encroachment and slightly more than half (54 % or 20 million ha) of the area was not affected by the problem at all.  Although no independent check has been made, Baard (1980b) suggests that there is an 80-90 % degree of accuracy in the estimates.

Table 7.8.  The area of bush encroachment in 1980 according to four infestation categories for four, pre-1994 agricultural regions in South Africa.  The infestation categories are: 1 –Heavy infestations with little or no grass production; 2 = Light to moderate infestations that are getting worse; 3 = Areas vulnerable to bush encroachment (isolated stands may occur); 4 = Areas that are not vulnerable (no isolated stands).  The data are extracted from Donaldson (1980a), Fourie (1980), Venter (1980) and Joubert (1980) and exclude the communal areas of the former homelands and national states.  In some regions data for alien woody species are also included in the analysis.  No data for the other three, pre-1994 agricultural regions (Winter Rainfall region, Karoo region and Highveld region) are provided in Pienaar (1980).

Agricultural
Infestation category


Region
1
2
3
4
Total


ha
%
ha
%
ha
%
ha
%
Ha

Transvaal
222 968
2.2
3 296 082
33.1
No data
-
6 456 714
64.7
9 975 764

Free State
802 000
5.5
3 144 000
21.5
5 013 000
34.2
5 700 000
38.9
14 659 000

Eastern Cape
367 874
8.7
733 487
17.3
1 277 034
30.0
1 868 146
44.0
4 246 541

Natal
28 000
0.3
1 772 000
19.7
900 000
10.0
6 300 000
70.0
9 000 000

Total ha & %
1 420 842
3.8
8 945 569
23.6
7 190 034
18.9
20 324 860
53.7
37 881 305
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The 1980 bush encroachment workshop only considered the problem in four agricultural regions, and in the majority of cases excluded the communal areas in their analysis.  Although a different approach was used in our survey of the problem in 1997/98, and the data are therefore not comparable, it is clear that bush encroachment remains a serious problem in South Africa.  The perceptions of the agricultural extension officers, who participated in our workshops are that bush encroachment is either a first, second or third order veld degradation priority in 154 (42 %) of the 367 magisterial districts of South Africa (Table 7.9).  The problem appears most acute in the North West, the Northern Cape, the Eastern Cape and the Northern Province.  Workshop participants from both Gauteng and the Western Cape suggested it was not a problem at all, while in the Free State, Mpumalanga and KwaZulu-Natal, bush encroachment was considered a relatively low priority compared to other veld degradation problems in the provinces.  Bush encroachment was considered a first, second or third order veld degradation priority in 101 (38.5 %) of the commercial magisterial districts and 53 (50 %) of the communal districts.  The latter result is surprising and confirms that communal land tenure is not in itself able to control encroaching woody species (see Photo 7.3).  The location of these districts with their priority rankings are shown in Figure 7.10.


Although bush encroachment is a widespread phenomenon, only a few species are perceived as problem elements.  The most important of these are a suite of small-leafed Acacia and other legume species including Acacia karroo, A. tortilis, A. mellifera, A. nilotica, A. hebeclada and Dichrostachys cinerea.  Tarchonanthus camphoratus was also regularly cited by workshop participants in the Northern Cape and North West provinces as an encroaching plant.  Shrubby elements, which were highlighted, include Protasparagus spp., Lycium spp. Euryops spp., Elytroppapus rhinocerotis, Leucosidea sericea and Rhigozum trichotomum.  The distribution of some of these species where they were perceived as problem plants by the 1997/98 workshop participants is shown in Figure 7.11.
Figure 7.10.  The location of the 154 magisterial districts where bush encroachment is perceived as a first order (60 districts or 16 % of the total), second order (42 or 11 %) or third order (52 or 14 %) veld degradation priority in South Africa.  Bush encroachment was not perceived as an important veld degradation problem in the 213 magisterial districts where the priority ranking was zero.
Table 7.9.  The percentage of magisterial districts in each of the nine provinces of South Africa (N = 367) and in commercial and communal districts with a bush encroachment problem within each of three priority rankings (1=highest priority to no priority).  The results reflect the perceptions of agricultural extension officers and resource conservation technicians.  The information was collected during a series of 34 workshops held between 1997 and 1998.

Province
Number of magisterial districts
The percentage of magisterial districts with bush encroachment listed in priority ranking



1st
2nd
(3rd
Not a priority

Eastern Cape
78
26
18
18
38

Free State
51
6
18
16
60

Gauteng
22
0
0
0
100

KwaZulu-Natal
51
8
10
14
68

Mpumalanga
30
13
3
13
71

Northern Cape
26
31
12
35
22

Northern Province
39
23
21
3
53

North West
28
43
7
32
18

Western Cape
42
0
0
0
100








Commercial districts
262
15
10
14
61

Communal districts
105
20
15
15
50
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Figure 7.11.  The distribution of several key bush encroachment species showing the magisterial districts in which they are considered problematic.  Data are derived from a series of 34 workshops held in South Africa between 1997/98 and express the perceptions of agricultural extension officers and resource conservation technicians.
7.4.3.  Process and rate of encroachment

Bush encroachment is usually described as a successional sequence in which small-leafed, leguminous woody species, often Acacias, initiate the process.  These species are then followed by broad-leafed woody species and, in some instances, such as in the dry, hot river valleys of the subtropical east coast, by succulent elements as well (Edwards 1967, Le Roux 1996).  The overall trend in affected areas is towards a closed-canopy woodland, and Le Roux (1996) has provided a useful conceptual model of the dynamics of bush encroachment in South Africa, which appears very similar to the ideas developed for the southern Texas savannas (Archer et al. 1988).  Evidence from the Weenen district of KwaZulu-Natal suggests that bush encroachment is a “cyclical, event-driven phenomenon”, primarily affected by disturbance patterns rather than by environmental factors such as soil properties and mean annual rainfall conditions (Le Roux 1996).  Not all savanna trees behave in the same way, however, and there is evidence for four functional groups, which are evident in different proportions during different stages of the bush encroachment successional process.  Following a disturbance event or sequence of events, (such as a drought followed by a period of unusually high rainfall, overgrazing, or suppression of fire), ruderal or weedy woody plants establish in the landscape.  In KwaZulu-Natal it is Acacia karroo, A nilotica and A. tortilis, which are usually the first to invade grassland areas.  These species all have seeds, which are dispersed by large herbivores, and seedlings which are relatively intolerant of shady conditions, requiring open environments for establishment and growth.  [But see O’Connor 1995 for experimental data of A. karroo, which survives best under shady conditions].  Their relative success also appears influenced in part by altitude, with A. tortilis dominating the lowlands and A. karroo and to a lesser extent A. nilotica, establishing more successfully at higher altitude sites above 1 000 m (Hoffman & O’Connor (submitted)).  The continued absence of browsers, further suppression of fires and overgrazing of the grass layer ensures the growth to maturity of the initial weedy colonizers, which provide perch sites for birds and shady and relatively moist understory conditions.  Le Roux (1996) found evidence for several bird-dispersed species requiring shady conditions for seedling establishment and survival, and which dominated later in the successional sequence.  Such species include Maytenus heterophylla, Rhus tomentosa, Vitex rehmannii, Acacia ataxacantha, A. caffra, A. robusta, Euclea schimperii, Grewia occidentalis, Celtis africana, Cussonia natalensis, Sideroxylon inerme, and Tarchonanthus camphoratus (Photo 7.1)

Early writers on the problem of bush encroachment suggest that it is a problem primarily of this century.  It dates from the 1920’s and 30’s for the mesic savanna areas such as in the Northern Province (Irvine 1943) and Kwa-Zulu Natal (Joubert 1980) and from the 1940’s for the arid savanna areas (Donaldson 1969).  Numerous anecdotal lines of evidence support this view.  For example, at a 1975 symposium, farmers from the Tambotie and Hluhluwe thornveld areas in KwaZulu-Natal testified that during the 1920’s thorn trees only occurred along the river courses and the grassveld areas “stretched for miles and miles without trees”.  By 1975, 10-30 % of the area was described as “useless” as a result of bush encroachment (Joubert 1980).

The speed of encroachment can be rapid.  Within five or six years after fire suppression, hundreds of pod-bearing trees can establish as they escape from fire, and farms with open landscapes can shift to bush encroached areas in 25 years (Irvine 1943).  More quantitative estimates, reliant on ground and aerial photography, confirm the rapidity of change in southern Africa.  One example includes an aerial photograph analysis in which a more than two and a half times increase in woody biomass was measured between 1950 and 1975 in eastern Bostwana (Van Vegten 1984).  Another aerial photograph study recorded an overall increase in woody plant cover of 27 % between 1940-1985 in one, relatively undisturbed, commercial farm site in the Weenen district of KwaZulu-Natal (Le Roux 1996).  In a recent study, using matched ground photographs in the Weenen and Muden areas of KwaZulu-Natal, Hoffman & O’Connor (submitted and see photo essay) recorded a mean increase in woody cover of 38 % (from 21 % to 59 %) between 1955 and 1998, across all topographic units at the 13 sites used in their study.  Their data show that the increase in woody cover was greater on hill slopes (45 % mean increase in woody cover) than on the plains (26 %) and on north facing slopes (56 %) rather than on south facing slopes (32 %).  Finally, an analysis of aerial photographs in Swaziland records average changes in woody plant cover from about 2 % to 31 % between 1947-1997 (Roques 1997).  At one site in a communal area, a shift in woody plant cover, from about 5 % to more than 40 % in less than 20 years, was recorded (Roques 1997).  A stable equilibrium in woody plant cover developed over the 50-year time span of this study, although disturbances such as drought and fire were important in maintaining this equilibrium.  Low grazing conditions were essential if disturbances were to lead to any significant reduction in woody plant cover.

7.4.4 Major causes of bush encroachment

Many reasons have been suggested as the main causes of bush encroachment.  In an early, untested narrative Irvine (1943) suggests that it was a change in the way in which the veld was utilized by European settlers, and not stocking rates, which influenced rates of bush encroachment this century.  He suggests that prior to 1836 in the Northern Province, Bantu pastoralists ranged widely and made use of sourveld, mixed veld and sweetveld at different times of the year, thus allowing each a chance to rest and to tolerate the annual fires which occurred.  The permanent colonial settlements, established under private ownership and the erection of fences, however, replaced these large-scale, rotational systems with a continuous system of grazing whereby animals were kept in the same camp for the whole year.  The collapse of the grass sward and the increase in the inter-fire interval allowed the invasion of trees to occur, especially as seed dispersal was enhanced by domestic animals.

Donaldson (1969) provides additional insight into the history of bush encroachment, with particular reference to the Molopo region and the problems with Acacia mellifera in the area.  He suggests that until the second world war the region was relatively undeveloped as water points were not available and cattle disease and poor communication hampered settlement (see also Dean & Macdonald 1994).  Extensive veld fires maintained the balance between grasses and shrubs, which were confined to the few areas where domestic livestock were grazed.  A large influx of European farmers, however, came to the area in 1945, which, at the time, consisted of “boundless expanses of open grassy plains with scattered tall trees…(and) sparse stands of a variety of short woody shrub plant.”  Boreholes were sunk, farms fenced, veld fires eliminated and grasses over-utilized.  Within 20 years the situation changed “in favour of the woody plants.”  Woody shrubs increased in size and volume in the absence of fires, more seed was produced as a result of the increase in size, and grass cover was reduced as a result of selective grazing.  Even though recruitment was sporadic and confined to certain years of favourable mass germination and establishment (for A. mellifera Donaldson (1969) suggests that there were only three specific seasons between 1945-1969 which resulted in mass recruitment events), bush encroachment has become a serious problem in the region.

Although it assumes a somewhat simplistic view of the problem (Le Roux 1996), the determinants of bush encroachment can be divided into primary and secondary factors (Teague & Smit 1992.  Pimary factors include:

· High rainfall periods;

· Drought;

· Increase in atmospheric CO2
Secondary factors influencing bush encroachment include: 

· Elimination of diverse indigenous browser element;

· Replacement of browsers with cattle;

· Changes in the fire regime;

· Reduction in fuel wood harvesting by people.

With regard to primary factors and as shown earlier, the recruitment of woody plants is often confined to periods of high rainfall (Donaldson 1969) and mortality to severe droughts (Le Roux 1996).  Prolonged dry periods may have an additional impact, however, through their influence on soil moisture availability and the creation of new habitats for woody plant colonization.  Walker (1980) for example, suggests that after the prolonged and severe drought of the mid- to late 1960’s in South Africa, hydromorphic grasslands occurring on clay soils above 350-400 mm mean annual rainfall, dried out, thus allowing woody plants to establish.  This idea deserves further investigation. (see also Tinley 1982).

A more recent primary factor, put forward to explain the bush encroachment phenomenon, suggests that global increases in atmospheric carbon dioxide (CO2) may be responsible (Archer et al. 1995, Polley et al. 1994).  The hypothesis is that encroaching woody species, nearly all of which possess a C3 photosynthetic pathway, exhibit a greater photosynthetic and growth response under elevated CO2 conditions than the predominantly C4 grasslands that they invade.  Therefore, C3 species such as the Acacias of southern Africa, may dominate many of the grasslands simply because of their CO2-driven, enhanced competitive abilities.  While some international perspectives reject the hypothesis, and suggest that the correlation between CO2 levels and bush encroachment may be spurious (Archer et al. 1995) local investigators (Wand et al. 1996) have used Acacia karroo and Themeda triandra as experimental species to test the hypothesis.  They tested whether elevated levels of CO2 and UV-B radiation could be responsible for stimulating the growth of trees such as A. karroo.  A. karroo did not show enhanced growth under elevated CO2 conditions and Wand et al. (1996) concluded that the direct CO2-induced growth responses in these two species, did not support the hypothesis that elevated levels of atmospheric CO2 could be responsible for the bush encroachment problem.  However, the experiment did find differences in resource use efficiency between the two species as well as morphological responses within T. triandra, which could alter the competitive balance between these two growth forms.  There is also some recent evidence suggesting that a decline in stomatal conductance and reduced transpiration rates of C4 grasses under elevated CO2 conditions will increase the duration of soil water availability in the upper soil layers of grasslands (Polley et al. 1997, Midgley et al. (In press)).  In some ecosystems it is also hypothesized that percolation to deep soil layers may occur, favouring the growth of shrubs under such circumstances (Polley et al. 1997, Midgley et al. (In press)).  Finally, Midgley et al. (In press) suggest that atmospheric CO2 enrichment influences the rate of carbohydrate accumulation and storage in woody plants.  This, they hypothesize, could enable woody resprouters to grow more quickly after fire, thus escaping the flame zone of subsequent fires.

Most hypotheses relating to the secondary causes of bush encroachment are concerned with changes in herbivore and fire regimes, largely as a result of colonial settler interference during the last 200 years.  One idea is that bush encroachment has arisen because the diversity of indigenous browsers, which existed in pre-colonial southern Africa, have been eliminated from the landscape and replaced by grazers, mostly cattle ((Donaldson 1969, Pienaar 1979, Trollope et al. 1989, Grossman & Gandar 1989).  Large, natural browsers such as elephant and giraffe, either push over and kill trees or browse the trees while smaller browsers keep them stunted and within the fire zone.  There is evidence that the browsing of seedlings is important during the early stages of encroachment but thereafter becomes insignificant, especially when there is a scarcity of larger browsers, which are able to impact on mature plants (Roques 1997).  Just how important browsers are in keeping woody trees out is not certain but it is clear that many communal areas in the eastern Cape, for example, exhibit far less of a bush encroachment problem than the neighbouring commercial farms.  The role of small browsers, such as goats, needs to be better undestood.

Another hypothesis suggests that the replacement of browsers with cattle, and the subsequent impact on the grass layer, reduces the ability of the grasses to compete with tree seedlings, which establish more easily in overgrazed rangelands (Donaldson 1969, Aucamp 1980, Walker 1980, Grossman & Gandar 1989, Trollope et al. 1989, Shackleton (1993)).  Although there is some evidence to support this hypothesis (Knoop & Walker 1984), tree seedling establishment has also been found to be tolerant of high grass cover (O’Connor 1995, Smit et al. 1996, Roques 1997).  Therefore, if germination and seedling establishment is little influenced by high grass cover then heavy grazing of the grass layer may simply facilitate the growth of already established seedlings (O’Connor 1995).

Changes in the fire regime within savanna areas is another important secondary cause of bush encroachment (Photo 7.4).  It is thought that the less intense and spatially limited fires as a result of active suppression and overgrazing by cattle and subsequent reduced grass fuel loads favours the survival and recruitment of trees (Irvine 1943, Pienaar 1979, Du Toit 1972, Grossman & Gander 1989, Trollope et al. 1989, Roques 1997).  In more humid areas (>650 mm.yr-1) fires were historically annual or biennial and could have acted to suppress trees on their own (Trollope et al. 1989).  However, drier regions would probably have relied on a combination of infrequent fires and browsers to keep trees from encroaching.  Roques (1997) has indicated that fire suppression is especially important during the early stages of bush encroachment and when rainfall is high.  Donaldson (1969, 1980b) also suggests that active suppression of fire by colonial farmers increased the seed rain as mature woody species grew up and added to the seed pool (see also Du Toit 1972).

One final suggestion as to why bush encroachment has occurred in South Africa is that with the increased rates of electrification in many of our rural areas over the last several decades there has been a reduction in fuel wood harvesting by humans (Grossman & Gandar 1989).  While areas where fuelwood harvesting occurs may generally have less of a bush encroachment problem, the presence of a human settlement close by is no guarantee that bush encroachment will not occur (Photo 7.3).

Given the plethora of primary and secondary determinants of bush encroachment, which factors are most important?  In a study of the changes in bush cover between 1947 and 1997, at a site in Swaziland, Roques (1997) assessed the relative contributions of grazing and browsing, fire frequency, high rainfall, soil type and initial shrub cover, in determining the extent of change in bush encroachment.  He found that the negative effect of grazing pressure on fire frequency was the most important factor while initial shrub cover, browsing pressure and annual rainfall were of less importance.  His results thus support the suggestion that bush encroachment occurs when heavy grazing by cattle reduces the biomass of the grass layer which in turn suppresses fire frequency and results in increased rates of bush encroachment.  Le Roux (1996) also emphasizes the role of disturbance and land use history rather than environmental or primary factors in determining the extent and rate of bush encroachment.

7.4.5 Effects of bush encroachment

The most important effect of bush encroachment is to lower grass production and reduce the grazing capacity of the veld, especially for purposes of cattle production.  Estimates of the reduction in grass cover with increasing woody plant cover range from 40-90 %, depending on the extent of bush encroachment (Viljoen 1980, Aucamp et al. 1983, Moore 1989).  Experiments done on the effect of the removal of trees on grass production suggest an increase in grass production of between 50-500 % (Barnes 1979, Aucamp 1980, Van Niekerk 1980, O,Connor 1985, Teague & Smit 1992).  The increase in grass production is ascribed to the competitive release from trees for water and nutrients and the additional nutrients added to the soil by the decaying above and below-ground parts of trees (Teague & Smit 1992).  The relationship between grass production and woody plant abundance is, however, non-linear (Aucamp 1980, Aucamp et al. 1983, Scholes & Walker 1993).  For the eastern Cape, Aucamp et al. (1983) show that grass production is not adversely affected when the density of Acacia karroo is below 296 tree equivalents/ha and only slightly affected between 297-850 tree equivalents/ha.  This non-linear relationship has led Aucamp et al. (1983) to advocate a holistic management approach in which total bush clearing is averted and instead both goats and cattle are used to maximise red meat production.

Reductions in grazing capacity, as a result of bush encroachment, have been shown to be dramatic.  In a 13-year, non-replicated bush clearing experiment, begun in the late 1930’s at Towoomba Research Station, it was found that bush clearing resulted in an average annual gain of 14 kg per steer, as opposed to a loss of 7 kg in the uncleared, 2.14 ha plot (Louw & Van der Merwe 1973).  There was also an extension of the number of grazing days from 117 to 147 days, and an improvement of 141 % in the basal cover of grasses in the cleared plots, as opposed to the uncleared control.  In the Molopa area, Donaldson (1969) suggests that grazing capacity has been reduced by 50 % or more as a result of Acacia mellifera encroachment while in Otjiwarongo in Namibia, a decrease of about 90 % in grazing capacity was recorded between 1970 and 1980 as stocking rates fell from 1 LSU:6 ha to 1 LSU:15 ha.  In the eastern Cape, at A. karroo densities above 2 000 tree equivalents/ha Aucamp (1983) have calculated a reduction in grazing capacity of 68 %.  In one of the few studies where the impact of Rhigozum trichotomum on grazing capacity has been studied, Moore (1989) suggests that grazing capacity is reduced by 43-93 % in heavily-encroached areas.

7.4.6 Methods and costs to control bush encroachment

Guidelines for the control of bush encroachment have existed for a long time (Irvine 1943) and incorporate a wide range of methods including mechanical, chemical, biological and the use of fire (Trollope et al. 1989).  Although the economic viability of each method has always been an issue (Van der Schijff 1964), the long-term ecological consequences of bush clearing have more recently come under the spotlight.  In particular, it is the short-term nature of most trials, conducted on small plots and which usually measure only the response in grass production and tree mortality (Scholes & Walker 1993), that has been questioned.  Also, the inability to predict both short and long-term consequences of management actions remains problematic (Smit et al. 1996), although the likely long-term loss in soil nutrients following bush clearing, particularly on sandy soils, has been highlighted (Scholes and Walker 1993).  Since trees contribute half of the total plant production and two thirds of the above ground production, there is an emerging view which rejects complete bush clearing as a viable management option (Aucamp et al. 1983, Scholes and Walker 1993).  It advocates a more adaptive management strategy instead, such as manipulating grazer-browser ratios to maximise meat production.  It also suggests employing traditional methods of using mixed grass-tree landscapes, in which the trees are cut at chest height making them available for browsing animals and reducing the competitive effects of the trees with the grass layer (Scholes & Walker 1993).

Irrespective of the method one uses it has to be accompanied by good veld management (Low 1980) and it is further recommended that not more than 20 % of a farm is cleared at any one time, as follow up operations on a larger scale are difficult (Trollope et al. 1989).

7.4.6.1 Mechanical

The mechanical clearing of trees forms the most expensive methodology and is normally used as an adjunct to other forms of control (Trollope et al. 1989).  Methods range from simply cutting down trees and shrubs by hand to stumping, “holting” and using the ball and chain drag method with the employment of specialised equipment including heavy machinery such as tractors and bulldozers.  Such high cost intervention (estimated in 1980 at between R80-R140 per ha (Van Niekerk 1980)), is only recommended when thickets are to be replaced with cash crops or planted pastures (Donaldson 1980b).  Because of the cost involved, mechanical methods of controlling bush encroachment play only a limited role in most problem areas.  

7.4.6.2 Chemical

The control of bushes and trees through chemical methods can be carried out on a large scale and with quick results especially if chemicals are sprayed aerially.  Guidelines for chemical spraying were developed at the 1980 bush encroachment workshop (Van der Venter 1980), and are explored further in Trollope et al. (1989).  Chemical spraying is only recommended when it complements the use of fire and browsers and when a known, registered and selective poison is available for the control of one or more specific species (Donaldson 1969, Trollope et al. 1989).  A wide range of chemicals have been used in the past including brand names such as Hyvar X, Tordon 225, Tordon Super, Garlon, Ustilan, Graslan, Grazer and Reclaim.  Most act by inhibiting respiration, photosynthesis and the synthesis of nucleic acids of selected tree species either through uptake via the leaves or root systems and can remain active for up to four years in the soil (Trollope et al. 1989).  Soil applications appear particularly effective only on non-sour soils with a low clay content (<20 % clay) (Trollope et al. 1989).  Costs of chemical spraying in 1980, ranged from R22-R32 per ha ( Aucamp 1980, Baard 1980a, Van Niekerk 1980).  

A number of extensive bush eradication trials, which have tested the efficacy and economic viability of chemical eradication, have been carried out in southern Africa over the last several decades (e.g. Donaldson 1969, Van Niekerk 1980).  In one, well-replicated experiment, carried out in Namibia in 1976, Van Niekerk (1980) showed that the application of one, two and three litres of  Tordon 225 per ha gave woody species kills of 45, 55 and 67 % respectively.  Grass production also increased by 100-300 % after the second year, mainly as a result of the increase in perennial species.  Livestock production doubled in the replicates where 3 litres/ha Tordon 225 were used, largely as a result of increased grass production.  Van Niekerk (1980) concluded that chemical eradication was a viable economic option.  He found no re-infestation of woody elements after six years and suggested that a spraying programme will remain effective for at least 10-15 years under conservation farming practices.

7.4.6.3Biological

The biological control of bush encroachment usually incorporates the role of browsers and fire.  While some researchers feel that domestic browsers are unlikely, on their own, to significantly reduce bush densities (Van Niekerk 1980), Du Toit (1972) has shown that goats are able to kill Acacia karroo individuals.  Also, indigenous breeds such as Damara sheep have been used successfully to browse trees and shrubs, thereby allowing cattle to get in underneath and to utilize some of the ground layer which was previously protected by the trees (Van Rooyen 1997).  It is also worth noting that the generally low incidence of bush encroachment in communal areas may be attributed in part to the usually high numbers of goats in these areas.  Goats are thought to keep invading trees short and utilizable and the role of browsers may therefore be very important in preventing and controlling bush encroachment (Aucamp 1980).  Finally, the call for a breeding and domestication programme of indigenous large browsers such as giraffe, which could then be used to control bush encroachment under normal ranching conditions (Walker 1980), has not been explored.

Generally, however, it is advocated that fire and browsers be used in an integrated way to control bush encroachment, although fire is probably only effective where encroachment is not too dense and where there is a fuel load capable of burning (Du Toit 1972, Trollope 1980).  Generally, the older the tree the more resistant to fire it is (Trollope 1992), although this is not the case in some species such as Acacia erioloba (Van der Walt & Le Riche 1984).  Good guidelines for burning practices in savannas have been established (Trollope 1980).  For example, in the higher rainfall areas (>650 mm) where enough biomass accumulates, a fire of about 2 000 – 3 000 kJ/s/m is needed every 3-4 years to be an effective tool controlling bush encroachment through the control of tree regrowth and seedling establishment (Trollope et al. 1989).  For lower rainfall areas, one needs the addition of browsers to control bush encroachment (Du Toit 1980) and here burning is only necessary every 10-15 years (see Trollope 1974).
7.4.7 Government intervention schemes

No synthesis of the government’s bush eradication subsidy schemes is available and what follows has been extracted from the files of local agricultural extension officers, mostly from the North West Province, and from the 1980 workshop on bush encroachment, held in Pretoria.  The Department of Agriculture and Fisheries maintained originally that because the clearing of bushes raised the carrying capacity of the region or farm, loans for bush eradication didn’t qualify under the law (Baard 1980a).  Despite this, between 1971-1980 the Department of Agriculture and Fisheries had already spent R121 000, as part of a loan scheme in the Molopo area, for the control of Acacia mellifera.  By 1980, loans for the control of bush encroachment were R11/ha up to a maximum of R33 000 and local Soil Conservation Committees had already become involved in the assessment of the problem (Baard 1980a).  For example, Magudu and Tamboti Farmer Associations assessed 84 000 ha in northern Natal in 1976/77 (Baard 1980a). This, however, was clearly not enough, and the 1980 bush encroachment workshop participants felt that more extensive state intervention had become necessary to deal with the problem.  Although it was agreed that areas should be demarcated, participants couldn’t come to an agreement as to whether farmers should be compensated for losses incurred as a result of the removal of animals during the operations.  

Two separate schemes were introduced.  The first lasted from 1986-1991 and appears an extension of what was already put in place under the Conservation of Agricultural Resources Act, 1983 (Act 43 of 1983) for Kuruman, Postmasburg and Vryburg (Baard 1980a).  Information from Kuruman district suggests that the schemes were popular amongst the farming community where about 40 % of the 450 farmers participated in the scheme at a total cost to the state of R2.65 million for the district.  Farmers were initially paid R10 per ha for chemical eradication of trees and shrubs, which by 1986 were considered a problem over 70 % of the 1.74 million ha of the district.  From 1990, however, the subsidy was increased and became coupled to the density of the infestation with light infestations receiving R23-40 per ha, medium infestations R32-50 per ha and dense infestations R65-00 per ha.  The spraying of a maximum of only 500 ha per year was subsidized for any one year to a limit of R32 500 per farmer.  About 212 000 ha (or 12 % of the district) was sprayed in the Kuruman district during this first scheme (Wynand Nel, Extension Officer, Kuruman personal communication).

Another subsidy scheme was introduced from 1991-1995, which provided R65 per ha for aerial spraying and between R24-R35 per ha for poisoning by hand depending on the density of trees in the target area.  A total of 140 Vryburg farmers participated over the five years and about 60 000 ha in total (or 2 % of the district) was sprayed in the 3.2 million ha Vryburg district (Philip Olivier, Extension Officer, Vryburg, personal communication,).

Although the subsidy schemes have now fallen away there has been no follow up to assess the efficacy and long–term success of the programme.  There is an urgent need to do this before further recommendations can be made.
7.4.8  A photographic essay of bush encroachment
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Matched photography is a useful tool for looking at historical changes in the environment.  But the images can also tell us something about the process and rate of change as the following four matched photographs from different sites in the Weenen district of KwaZulu-Natal show.  The earlier photographs were taken by Denzil Edwards in 1955 (see Edwards 1967) and the later photographs and captions by Timm Hoffman and Tim O’Connor (see Hoffman and O’Connor submitted).
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Photo 7.1.  Several bird-dispersed, broad-leafed tree and shrub species such as Maytenus heterophylla, Rhus pentheri, and Olea europaea subsp. africana have started to form bush clumps around a nucleus of early-colonizing species comprised predominantly of Acacia spp. a Dicrostachys cinerea.  The site is about 8 km from Weenen on the Muden road and were taken 43 years apart.
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Photo 7.2.  The rate of bush thickening can be rapid and depends on topography and aspect amongst a host of other factors.  Between 1955 and 1998 the woody cover in the narrow river valley and river terrace of the foreground has increased from about 15 % to 45 % largely as a result of an increase in the cover of Acacia karroo, and several other species such as A. caffra, Celtis africana, Combretum erythrophyllum, Grewia occidentalis, and Maytenus heterophylla.  On the north-facing hillslope, woody cover has increased from 25 % to 70 % since 1955 and is now dominated by Acacia spp. and Dichrostachys cinerea.
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Photo 7.3.  Bush thickening can occur even in the midst of dense rural settlements as this site about 7 km from Weenen on the Mooi River Rd shows. 
Woody cover on the rocky hill slope has increased from 5 % to 45 % since 1955 and is now dominated by Acacia tortilis.  A few broad-leafed species including Boscia albitrunca are also present.  The foreground remains a cultivated field although many abandoned lands in the vicinity are now dominated by dense, 3 – 4 m high Acacia karroo stands.  The Boscia albitrunca individual seen in 1955 has disappeared although a new bush clump has appeared at the base of the slope.  
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Photo 7.4.  The suppression of fire in the grassland of the upper west and south-west facing slope above 1 300 m has meant that woody trees such as Acacia karroo, A. nilotica and Tarchonanthus camphoratus have been able to extend their altitudinal range by about 50 m and now comprise about 15 % of the cover of the hillslope.  Bush clumps are now starting to form beneath the ridges of the escarpment.  The foreground slopes also show a dramatic increase in woody cover from about 25 % in 1955 to a closed woodland of about 85 % cover in 1995.  The site is about 20 km from Weenen on the Muden Rd.

7.5 Alien plants

Dave le Maitre(with contributions from Timm Hoffman and Simon Todd)

7.5.1 Introduction
7.5.1.1 What is an invading alien plant?

The term alien can be used for any species not naturally occurring in a given area.  In broad terms this could include species indigenous to other parts of South Africa but for this review is restricted to species introduced to South Africa.  Humans have introduced a wide variety of plant species to areas outside their natural distributions and have actively encouraged the establishment and cultivation of these exotic or alien species. About 750 alien tree species and probably several thousand alien shrub and herbaceous species have been introduced to South Africa, for use in horticulture, agriculture and forestry (Von Breitenbach 1989; Richardson et al.  1997).  Most of the alien species are potentially invasive, that is they have the potential to invade areas where they have not been introduced.  Many of these species have not yet spread from where they were planted but some have invaded new localities and now are recognised as problem plants (Wells et al.  1986a; Bromilow 1995); these species are called invaders or invading species.  Alien invaders which are only able to invade heavily disturbed or transformed areas such as cultivated farmlands or urban environments are termed ruderal or agrestal weeds (Holzner & Humata 1982).  A small proportion of the invading species are also able to invade natural or semi-natural environments such as natural pastures.  These are generally recognised as naturalised species and are able to establish and persist in natural communities.  Another term for this group of species is environmental weeds (Holzner & Humata 1982).  Wells et al. (1986a) catalogued 711 alien species which had become naturalised and listed a further 273 taxa which were suspected to have become naturalised.  About 161 of these naturalised species are recognised as significant invaders, including 110 woody, 13 succulent and 38 herbaceous species (Henderson 1995).  An example of invasion of natural habitats is the Kruger National Park where there are about 213 alien invaders, many of which have been dispersed from areas upstream of the park (Anon 1997a in Lotter & Hoffman 1997).


The emphasis of this review is mainly on this last group of species - the alien shrubs and trees, which are environmental weeds - particularly those which are able to dominate and transform the communities they invade (e.g Acacia (wattle) species which transform grassland into thickets of trees).  The information has been drawn largely from the recent report by Versfeld et al.  (1998), which estimated how much of South Africa has been invaded by alien trees and shrubs, how much water they are using, and how much it will cost to control them.  Additional information has been taken from the reviews in Macdonald et al.  (1986) and Richardson et al.  (1997).  The handbooks by Stirton (1978, Bromilow (1995) and Henderson (1995) contain useful information on the identification, distribution and control of many alien plant species.

7.5.1.2 Why are alien plants important?

Invasions by alien plants have a number of significant effects on natural systems and on those which humans have partially or completely transformed (Bright 1998). Invading alien plants have both direct and indirect impacts on semi-natural and natural systems.  The direct impacts of invaders are those generally recognised by the landowner or manager, for example, the loss of potentially productive land and the associated loss of grazing and livestock production or poisoning of stock (Phillips 1938, Harding & Bate 1991, Vitousek et al. 1996).  The indirect effects of invaders are caused by the effects which they have on ecosystem processes which are essential for maintaining the health of ecosystems.  The most obvious effect is the reduction biodiversity caused by alien plants displacing, suppressing and eliminating indigenous species and communities (Breytenbach 1986, Richardson et al. 1989, Hobbs & Huenneke 1992).

7.5.2 Occurrence and extent
Almost all of South Africa appears to have been invaded by alien plants to some degree and there are no areas that can be described, with confidence, as totally free of alien species, be they grasses, herbs, cactuses or woody species (Versfeld et al. 1998).  Shrubs and trees do seem to be more restricted.  In areas with less than about 500 mm of rainfall they seem to be confined to areas where they have access to surface or shallow ground water resources, such as alluvial plains and river banks and beds (Brown & Gubb 1986, Henderson & Wells 1986, Harding & Bate 1991, Richardson et al. 1997, Versfeld et al. 1998).

7.5.2.1 Extent of invasions

In this section, the results of three sources of data are described.  These are: (1) a recent national survey (Versveld et al. 1998), (2) the degradation workshops (this review) and; (3) other sources of data.

7.5.2.1.1 National survey for impacts on water resources

A recent national survey, to estimate the impacts of primarily woody species on water resources, found that about 10 million hectares (8.27%) of South Africa has been invaded to some degree by a wide range of woody alien species (Versfeld et al. 1998, Table 7.10, Figure 7.12).  If the invaded area is ‘condensed’ to adjust the canopy cover to 100%, then the equivalent of about 1.7 million hectares has been fully invaded.  This is more than the current extent of commercial forestry at 1.5 million hectares and approximately the area of Gauteng province. 


The most extensively invaded catchments in the Eastern Cape are those in the coastal region from Port Elizabeth to the Kariega River catchment south of Port Alfred, followed by the Gamtoos and the coastal region of the Tsitsikamma (catchment K) (Figure 7.12 Versfeld et al. 1998).  Parts of the semi-arid to arid Gamtoos River system are heavily invaded, particularly the Baviaanskloof and Kouga Rivers. Mapping of alien plant invaders in the Free State was very uneven with only the Vaal River system being thoroughly mapped.  Invasions ranged from about 0.9-3.7% of the Vaal River sub-catchments, and were confined largely to river systems.  Similar areas in the Caledon River system have not been mapped, but are known to be invaded to the same extent.  Gauteng appears to be relatively free of invading plants according to the available data (Table 7.10) but invaders in the urban and industrial complexes of the Pretoria-Witwatersrand-Vereeniging region were not mapped. In KwaZulu-Natal, including the Umzimkulu district of the former Transkei (now part of the Eastern Cape), the coastal belt and the mistbelt are the most heavily invaded regions.  KwaZulu-Natal appears to be particularly densely invaded compared with adjacent areas of the Eastern Cape and Mpumalanga (Figure 7.12), but this is because the distribution data in KwaZulu-Natal were derived mainly from generalised data on the river systems and dryland areas were not thoroughly mapped (Versfeld et al. 1998).  There are smaller densely invaded areas, for example the escarpment bordering on the Free State, but the drier parts of the province appear to be much less invaded.  Expert opinion and the data from well mapped catchments suggests that the total invaded area in this province may be 2-3 times as extensive as shown in Table 7.10 (Versfeld et al. 1998). 


Mpumalanga is one of the most heavily invaded provinces with 16% being invaded to some extent and the equivalent of 185 000 ha being completely covered.  The Olifants River system (including the Blyde) and the Komati, Crocodile, Sabie and Sand Rivers are heavily invaded by a wide range of species. More than one million hectares of the Northern Cape has been invaded by alien plant species (Figure 7.12) but most invasions are less than 5% cover so that the ‘condensed’ area reduces to 166 000 hectares (Table 7.10).  Recent airborne mapping of much of this province shows that Prosopis invasions (occasional or 1-5% cover) are much more widespread than is shown in Figure 7.12 (A. van der Merwe personal communication 1998).  The most densely invaded areas are in the De Aar and Vanwyksvlei regions, mainly Prosopis, and the Namaqualand-Olifants River region along the West Coast where the coastal lowlands are invaded by Acacia cyclops.  In some areas thickets of Prosopis now cover all the really productive land (Zimmerman pers. comm. 1997).  The Orange River itself has been invaded by a number of species but the true extent (e.g. width) and density of the different species is not well documented.  In terms of area, the Northern Province is the second most extensively invaded province with about 1.7 million hectares in total (Table 7.10) but most invasions, except in the rivers, are at low densities.  The river systems draining the highveld and the escarpment are the worst affected with the Nyl & Sterk, Elands, Steelpoort and Olifants Rivers being the most heavily invaded (Figure 7.12).  The North West Province appears to be relatively lightly invaded although parts of the western Magaliesberg and the rivers draining into the Limpopo have been invaded by species such as Melia azedarach and Acacia mearnsii.  The Western Cape differs from much of the rest of the country in that

Table 7.10.  Areas invaded by alien plants in the different provinces both as hectares and as a percentage of the area of the provinces (after Versfeld et al. 1998).  The condensed area is the total area adjusted to bring the cover to the equivalent of 100%.
Province
Area (ha)
Total area invaded

Condensed invaded area




(ha)
(%)
(ha)
(%)

Eastern Cape
16 739 817
671 958
4.01
151 258
0.90

Free State
12 993 575
166 129
1.28
24 190
0.19

Gauteng
1 651 903
22 254
1.35
13 031
0.79

KwaZulu‑Natal
9 459 590
922 012
9.75
250 862
2.65

Mpumalanga
7 957 056
1 277 814
16.06
185 149
2.33

Northern Cape
36 198 060
1 178 373
3.26
166 097
0.46

Northern Province
12 214 307
1 702 816
13.94
263 017
2.15

North West
11 601 008
405 160
3.49
56 232
0.48

Western Cape
12 931 413
3 727 392
28.82
626 100
4.84

Total
121 746 729
10 073 908
8.27
1 735 936
1.43

the problem of invaders is one of both landscapes (i.e. the entire catchment area) and rivers, whereas riparian invasions tend to dominate as an issue through most of the rest of the country.  The coastal mountain ranges and the lowlands in the west south are the most heavily invaded. The equivalent of more than 20% of some sub-catchments in the Berg and Breede River systems is covered by condensed invaders.

7.5.2.1.2 National desertification audit
The perceptions of participants at the degradation workshops held between 1997 and 1998 as part of this review (Table 7.11, Figure 7.13), conform closely to the results obtained from the national survey of aliens by Versfeld et al. (1998, see previous section).  The Western Cape, Northern Cape and KwaZulu-Natal were regarded as the three provinces with the greatest problem concerning alien invasive plants.  For Gauteng, Northern Province and the North West Province, alien plants are generally not perceived as a veld degradation priority.  Alien plants appear less of a priority in communal areas than commercial areas, where they ranked as a first, second or third order priority in 162 of the 262 magisterial districts.
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Figure 7.12.  A map of South Africa showing the distribution and the density classes of areas mapped as invaded during a national survey of alien plant species, primarily woody shrubs and trees (after Versfeld et al. 1998).

Table 7.11.  The percentage of magisterial districts in each of the nine provinces of South Africa (N = 367) and in commercial and communal districts with alien plants listed in each of three priority rankings (1st = highest priority to no priority).  The results reflect the perceptions of agricultural extension officers and resource conservation technicians.

Province
Number of magisterial districts
The percentage of magisterial districts with

alien plants listed in priority ranking



1st
2nd
(3rd
Not a priority

Eastern Cape
78
18
17
23
42

Free State
51
10
27
25
38

Gauteng
22
0
0
27
73

KwaZulu-Natal
51
10
16
43
31

Mpumalanga
30
13
27
20
40

Northern Cape
26
8
58
8
26

Northern Province
39
5
5
26
64

North West
28
7
11
18
64

Western Cape
42
55
24
5
16








Commercial districts
262
18
24
18
40

Communal districts
105
10
8
35
47
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Figure 7.13.  The location of the 213 magisterial districts where alien plants are perceived as a first order (57 districts or 16 % of the total), second order (72 or 20 %) or third order (84 or 23 %) veld degradation priority in South Africa.  Alien plants were not perceived as an important veld degradation problem in 154 districts where the priority ranking was zero.
7.5.2.1.3 Other sources of data
The distributions of different invading species identified by Versfeld et al. (1998) were generally similar to those generated from the South African Plant Invaders Atlas database compiled by Leslie Henderson of the Plant Protection Research Institute (Henderson 1995, 1998).  The SAPIA data cannot be converted directly to invaded areas but the patterns of occurrence and abundance by quarter degree squares generally corresponded well. 


The invaded areas estimated by Versfeld et al. (1998) appear to be high but they are comparable with regional estimates of the area that had been invaded.  For example, a survey of Hakea species found that by 1977 they had invaded 384 000 ha of montane fynbos, 47% on State Forest land and 27% in declared Mountain catchment Areas on private land (Fenn 1980).  About 2% was densely invaded, 48% medium and the balance comprised scattered plants.  Macdonald et al. (1985) estimated that some 1.27 million ha of the Western Cape lowlands had been invaded by alien species, mainly Acacia, with about 37% being densely invaded.  These figures are quite close to those in Table 7.12.  Van den Berg (1973 in Pieterse & Boucher 1997) estimated that Acacia mearnsii had invaded 49 000 ha in South Africa as either dense stands or scattered individuals.  Coetsee (1990) estimated that more than 6 million ha in the Cape and about 9 million ha in Transvaal had been invaded by A. mearnsii, well in excess of the more recent estimate of 4.6 million ha for all invading Acacia species (Versfeld et al. 1998).


An estimated 60% of the total invaded area on the Highveld, in Mpumalanga and in Northern Province is in the river systems (Versfeld et al.  1998).  Salix babylonica was recorded at 52% of river crossings in the grassland biome (at 72% in the Free State) with 8% of the rivers being heavily invaded (Henderson, 1991b). The considered opinion of experts in KwaZulu-Natal was that virtually all the river systems were invaded to some degree, with many, particularly in the Midlands, being severely invaded (Umgeni Water 1997, Versfeld et al.  1998).  Mapping of the Sabie/Sand River system showed that invading alien plants were virtually ubiquitous in the headwaters, where the invasions were generally medium to dense, and in the perennial rivers in the lower reaches (R.  Van Wyk personal communication, 1997). A survey of three quaternary catchments (U20A-U20C) above Midmar Dam found that of the 2056 km of river mapped, 40% was invaded (7.6% was dense), mainly by wattles (Umgeni Water, 1997).  A survey of 532 km of the major rivers (Breërivier to Olifants River) in the Western Cape in 1983 showed that 31% of the river courses had dense, 25% medium, 8% light invasions of Sesbania and the remainder had isolated plants or was uninvaded (Bruwer 1983).  The high proportion of dense invasions illustrates the invasive potential of Sesbania in the short period since the mid-1960s when it was first noted as a weed although it had been introduced prior to 1914 (Hoffman & Moran 1988).  A recent survey of the Berg, Breede & Olifants Rivers in the Western Cape found that all the sample sites in the lower reaches had been disturbed, with the natural environment being extensively or seriously modified or destroyed at 72% of the sites by water abstraction, bulldozing of the river bed and invasion by alien plant species (Brown 1998). 

7.5.2.2 Most important species

The national survey (Versveld et al. 1998) showed that the most important species in terms of the total area invaded are Melia azedarach and the pines (mainly Pinus pinaster and Pinus patula) followed by Acacia mearnsii species and Lantana.  The main species in terms of condensed area are Acacia cyclops, which is found in the Western and Eastern Cape, and Prosopis species, which are found mainly in the Northern Cape.  Acacia mearnsii is ranked third on the basis of condensed area. The different Acacia species could not always be separated and were grouped as Acacia mixed species.  This category generally comprises Acacia mearnsii mixed with other species such as Acacia dealbata.  Overall, Acacia species are the most 

Table 7.12:  Top 25 invading species or groups of species in South Africa ranked by the total invaded area.  Data from Versfeld et al.  (1998). The condensed area is the total area adjusted to bring the cover to the equivalent of 100%).  Dates from: Keet 1929, Deacon 1986, Henderson & Wells 1986, Geldenhuys et al. 1986; Poynton 1979a,b, 1990 & unpubl ms, Shaughnessy 1986.  EC = Eastern Cape, KZN = KwaZulu-Natal, NC = Northern Cape, SC = southern Cape, Tvl = former Transvaal, WC = Western Cape.

Species
Preferred Habitat (riparian, landscape)
Total invaded area (ha)
Condensed invaded area (ha)
Density (% canopy cover)
First record

(* = naturalised)

Melia azedarach
r, l
3039002
72625
2.4
KZN 1894*

Acacia mearnsii
r, l
2475748
131303
5.3
WC 1858, KZN 1870*, EC 1884

Eucalyptus species
r, l
2397132
55979
2.3


Lantana camara
r, l
2236961
69268
3.1
<1900, KZN 1907*

Acacia cyclops
l
1855792
339153
18.3
WC 1857

Acacia saligna
l, r
1852155
108004
5.8
WC 1848

Jacaranda mimosifolia
r
1819008
23838
1.3


Prosopis species
r
1809229
173149
9.6
±1879, NC 1885

Solanum mauritianum
l, r
1762264
89479
5.1
KZN 1894*

Sesbania punicea
r
1404505
24147
1.7
>1900 (1914)

Pinus species
l
1338359
15930
1.2


Caesalpinia decapetala
r, l
1317243
23948
1.8
Tvl >1904

Acacia melanoxylon
r
1201417
7196
0.6
WC 1848, SC ±1856

Populus species
r
1179884
8276
0.7


Pinus pinaster
l
1174183
51062
4.3
WC 1685-93

Morus alba
r
997960
422
0.0


Psidium guajava
r, l
759844
23625
3.1
<1919*

Hakea sericea
l
717962
60857
8.5
WC 1858

Rubus species
l, r
647347
26461
4.1
KZN early 1900s

Acacia dealbata
r
615171
55030
8.9
KZN 1870*

Chromolaena odorata
r, l
534655
43227
8.1
KZN 1947*

Pinus radiata
l
457391
6554
1.4
<1865

Acacia decurrens
r
441146
3267
0.7


Acacia longifolia
r
200160
20585
10.3
WC 1827

Arundo donax
r
187948
3147
1.7
naturalised <1850

Acacia baileyana
r
187743
67
0.0


important with three species in the top 10 and a further five species (notably Acacia dealbata) in the top 25 species.  The importance of riparian invasions is shown by 18 species in the top 25 being primarily riparian invaders despite the relatively limited extent of riparian habitat in South Africa.  The importance of the different species varies between provinces with Prosopis and Opuntia occurring mainly in the arid interior (Karoo and Kalahari) and the remaining species in the top 25 occurring in the region between the coast and the escarpment.
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The distribution of 12 of the most agriculturally important alien species as perceived by agricultural personnel in the degradation workshops are shown in Figure 7.14.  These perceptions also conform closely to those shown in Versveld et al. (1998).  For example, Prosopis is ranked the top invader in the Northern Cape by both surveys and Acacia mearnsii is among the major weed species in the Western and Eastern Cape, KwaZulu-Natal and Mpumalanga.  Solanum mauritianum was not identified as a weed in Mpumalanga where it is known to be important but is largely confined to forestry areas (Versfeld et al. 1998).  Both surveys identified it as a major problem in the midlands and northern KwaZulu-Natal regions.  Stipa trichotoma and Solanum eleagnifolium were not included in the datasets compiled by Versfeld et al. (1998) and Cirsium vulgare, Opuntia, Cereus and other Cactaceae were only mapped in parts of their known distribution.  The strong concern about Prosopis invasions right across the Northern Cape agrees with the findings of Versfeld et al. (1998) and the apparent lack of concern in the Gordonia district may simply be a consequence of its low densities in that area at present (Figure 7.12).

Figure 7.14.  The distribution of 12 of the most agriculturally important invasive alien plants on the rangelands of South Africa as perceived by the agricultural extension officers and resource conservation technicians who participated in the series of degradation workshops held throughout the country between 1997 and 1998.

Table 7.13.  Factors influencing invasions and the traits and major invading species in each of the biomes of South Africa.  Biome classification from Low & Rebelo (1996).  For more information on Biomes see Cowling et al.  (1997) who do not recognize the Thicket Biome.  Alien plant data collated from Stirton (1978),  Brown & Gubb (1986), Dean et al. (1986), Henderson & Wells (1986), Geldenhuys et al. (1986), Richardson & Cowling (1992),  Richardson et al. (1992), Henderson (1995), Richardson et al. (1997) and Versfeld et al.  (1998).

Biome
Habitat and biotic constraints
Traits of major invaders
Major invaders

Fynbos
Habitat: in fynbos, infertile, shallow soils, relatively long fire intervals (10-30 years) and intense fires; in renosterveld, herbivory and fires.
Wind-dispersed canopy-stored seeds or medium to long-lived, vertebrate (particularly birds) or water-dispersed, medium-sized, soil-stored seeds; woody shrub or tree growth form
Fynbos: Hakea species,  Pinus pinsaster, P. radiata, P. halepensis, Acacia cyclops, A. saligna, A. mearnsii, A. longifolia, A. pycnantha, Leptospermum, Arundo donax
Renosterveld: Acacia saligna

Forest
Habitat: closed canopy, gap-driven regeneration, with major disturbance (e.g. fire) being rare except on margins (ecotones)
Bird, vertebrate, wind or water dispersed seeds; medium to long-lived, soil-stored seeds; many-seeded fleshy fruit; species often able to coppice, climbing or scrambling shrub growth-form
Chromolaena, Rubus, Jacaranda, Solanum mauritianum, Psidium, Lantana, Caesalpinia, Acacia melanoxylon,  A. mearnsii, Morus alba, Pittosporum

Thicket
Habitat: heterogenous, climates ranging from arid (winter and summer rainfall) to sub-tropical.

Biotic: gap-driven regeneration, particlulary in mesic thicket, often with annuals in the ground layer where present
Vertebrate, water and wind dispersed seeds, some species with soil-stored seeds; climbing or scrambling shrub growth-form
Opuntia species, Echinopsis, Agave,Pereskia

Acacia saligna, A. cyclops (dune thicket); Lantana, Chromolaena, Caesalpinia, Melia azedarach, Psidium and Solanum mauritianum (east coast)

Grassland
Biotic: competitive grasses. Habitat: frequent fires (2-4 year intervals in moist areas) and frost tolerance. 
Seed dispersal by birds, other vertebrates, water and wind; vegatative dispersal by water; soil and canopy stored, small to medium sized dry seeds.  Many species fire tolerant or able to coppice. 
Acacia: mearnsii, dealbata, decurrens Eucalyptus species, Pinus halepensis, P.elliottii, P. patula, Populus species, Salix species, Pyracantha species, Arundo donax

Savanna
Habitat: Fire frequency (high in wet areas) and prolonged droughts.

Biotic: competitive grasses and forbs, especially in high rainfall areas.
Seed dispersal by vertebrates, particularly birds, wind and water. Many species with small, dry seeds and long-lived seed banks.
Moist inland areas and perennial rivers: Melia, Acacia, Caesalpinia and Sesbania.  Arid and semi-arid savanna: Cactaceae (e.g. Opuntia, Cereus jamacaru),  forbs and grasses. Kalahari region: Prosopis species. Eastern coastal region: Sesbania, Caesalpinia, Chromolaena and Lantana. Arundo donax widespread in rivers

Nama-Karoo
Summer rainfall very low in the west, increasing eastwards, often very unevenly distributed; high evaporative demand; mild to severe frost.
Vertebrates, particularly livestock, and water dispersed seeds; small to medium sized, soil-stored seeds.
Cactaceae (mainly Opuntia species), Prosopis species in  alluvial plains and pans (leegtes), and river systems.  Arundo donax and Melia azedarach (in the north-east) in perennial river systems. Tamarix ramossissima in central and southern regions.

Succulent Karoo
Low to very low winter rainfall, severe summer droughts with high evaporative demand.
Water, wind and vertebrate dispersed seeds; many species with small, dry seeds.
Acacia cyclops (on the Sandveld and Namaqualand coast), Nerium oleander (southern region), Nicotiana glauca in seasonal and ephemeral river systems, Prosopis in the east, Bromus grasses

7.5.3 Process and rate
7.5.3.1 Invasion processes

A large body of information on invasions by plant species and their impacts on natural systems has been assembled (see the reviews by MacDonald et al. 1986; Drake et al. 1988; Hengeveld 1989).  These studies have shown that there are some general patterns in invasions.  In general, the process of invasion of a landscape in both space and time can be divided into two phases:

· expansion - dispersal from the existing patches as an expanding front and by establishing satellite colonies (which later become patches); and

· densification - increases in the density of populations within the colonised patches.

Numerous studies of the expansion of invading species, both plants and animals, have shown that they typically go through the following stages (see Harper 1977; Mack 1985; Birks 1989): 

· a lag or delay during which the plant reaches maturity, or adapts genetically, or builds up to a population level at which new colonisation begins;

· a stage of rapid, frequently exponential, increase in the invaded area; and

· a gradual slowing down of the expansion rate as the potentially invadable area becomes fully occupied.

This is most easily represented by the sigmoidal 'logistic' model, which was used to estimate expansion rates for different species (Versfeld et. al. 1998).  Increases in density are also initially slow and then accelerate rapidly.  Transitions rates from initial invasion to complete cover in fynbos took from 40 to 160 years over a wide range of situations (Boucher 1984, Richardson & Brown 1986).  This is equivalent to a rate of increase in density of 4.5 to 19.4% per year.

7.5.3.2 Factors determining invasion

The main factors determining invasion can be grouped as follows (after Kruger et al. 1986): 

biotic barriers habitat barriers and human facilitation.  Invasions almost always begin with introduction by humans (accidental or deliberate) in the course of their activities (Vitousek et al.  1996).  The plants then establish populations and spread by overcoming the habitat and biotic barriers.  In most cases the different stages of the process are linked, for example human introduction (e.g weeds mixed in crop seeds) and facilitation (e.g. by degrading land) are often directly connected. Human facilitation is discussed below in the section on Causes.

7.5.3.2.1 Biotic barriers
There have been numerous attempts to define the attributes that make species invasive (e.g. Noble 1989 and other chapters in Drake et al. 1989; Richardson & Cowling 1992).  Finding general rules has been difficult because different traits are required for success in different environments (Rejmanek & Richardson 1996), but the most common traits include:

· Life-history attributes: early seed production which shortens the generation time (e.g. Dean et al.  1986); prolific production of propagules (e.g. seeds) which increases the rate at which colonies increase in density and extends the tail of the dispersal curve (Harper 1977);  long-range dispersal mechanisms for those propagules which allow the seeds to spread to greater distances than predicted by the typical exponential decay curves (Clark 1998; Higgins & Richardson 1999); examples are wind dispersal under turbulent wind conditions, bird and water dispersal (Kruger 1977; Richardson & Brown 1986; Richardson et al. 1992).

· Resource utilisation: ability to establish new populations by outcompeting the native plants during recruitment after or between disturbances; this involves traits such as the ability to germinate earlier and grow faster or taller (Richardson & van Wilgen 1984).

7.5.3.2.2 Habitat barriers
Invasions can be categorised as primarily riparian - along river banks, beds and wetland edges - or primarily landscape or dryland (Versfeld et al. 1998). Many of the species, which invade landscape habitats, are confined to particular biomes because the different biomes have different habitat and biotic barriers (Dean et al. 1986; Kruger et al. 1986; Richardson et al. 1997; Table 7.13).  The readily available moisture in riparian zones allows many invaders to succeed in areas where they are excluded from landscape invasions, particularly by limited moisture availability.  This partly explains the very wide distribution of most species, which are particularly invasive in riparian habitats, including about 75% of the top 25 invading species (Table 7.12). 

7.5.3.2.3 Disturbance
Rapid colonisation and increases in density of invasive plants are often tightly linked to disturbances.  For example, fires, floods and overgrazing create areas of open soil, or reduce competition from other plants, providing open space which is ideal for colonisation by invasive plants (see Hobbs 1988; Noble 1988; Richardson & Cowling 1992).  Colonisation continues between disturbances for most species, but at a much slower rate than shortly after disturbances.  Fires typically initiate expansions and increases in density of invasive alien plants in fynbos (Richardson & Cowling 1992), but the same may not be true of grasslands.  The frequent fires, which occur in grasslands in good condition, may actually prevent regeneration, and factors which reduce fire frequencies, or exclude fires (e.g. overgrazing), may be needed to initiate invasion.  The processes are very similar to those in bush encroachment, which is discussed in detail elsewhere.


Riparian zones are particularly vulnerable to invasions because they are physically dynamic areas with changes in flows, especially floods, altering river beds and exposing bare soil for colonisation by weeds (Wells et al. 1980; Henderson & Musil 1984; Pysek and Prach 1993).  They also are invasion prone because they are long and narrow and vulnerable to the impact of changes in land-use and cover in adjacent areas.  The long perimeters create extensive ecotones, transition areas between water and land and riparian vegetation and adjacent vegetation, which often are important for their high biodiversity.  Ecotones are particularly sensitive to invasions by species such as Rubus, Chromolaena and Lantana, which readily colonise these habitats (Geldenhuys et al. 1986).  Water is also the dispersal agent for Arundo donax and the Acacia, Salix and Populus species, which invade riparian habitats (Henderson 1991b).  The woody vegetation typical of riparian zones also provides habitat for the birds that disperse the seeds of species such as Rubus, Lantana, Melia and Acacia mearnsii species.  Floods or good rainfall years may stimulate recruitment in many invasive aliens.  For example, there is some evidence that recruitment in Prosopis depends on good rainfall years (Harding & Bate 1991) and floods increase invasions by Sesbania (Hoffman & Moran 1988).  Invasions apparently increased markedly, at least in density, during the relatively wet periods in the 1970s and 1980s (Henderson 1991a)

7.5.3.3 Rate of spread

Very few studies have tried to quantify the physical invasion process of plants in space and time in any detail (Versfeld et al.  1998).  Almost all of these studies have been in fynbos vegetation (e.g. Brownlie 1982, Boucher 1984, Smit & de Kock 1984, Taylor et al. 1985, Moll & Trinder-Smith 1992).  The only study outside the fynbos biome is the one by Harding and Bate (1991) on Prosopis in the Karoo.  Only four of the South African studies provided sufficient data to determine the rate of spread over time: Brownlie (1982) for various species (mainly Acacia), Richardson & Brown (1986) for Pinus radiata, Harding & Bate (1991) for Prosopis species and Macdonald et al. (1989) for Acacia cyclops.


Versfeld et al. (1998) analysed the available data on rates of spread to estimate the expansion rates for a logistic model.  Pinus radiata is able to spread rapidly in mountain fynbos as its seeds can be dispersed by strong winds for distances of 2-5 km (Richardson & Brown 1986).  It was able to invade 98% of 237 ha in 40 years , equivalent to an areal expansion exponent (ha per year) of 0.203 (r²=0.90, n=5) (Versfeld et al.  1998).  Similar analyses give an exponent 0.084 (r²=0.98, n=3) for Acacia cyclops at Cape Point (based on data from Macdonald et al. 1989), for Prosopis species 0.180 (r²=0.92, n=5; based on maps in Harding & Bate 1991).  Small differences in the rate of spread (r) can result in large differences in net expansion on an area basis.  Beukes (1958 in Walsh 1968) reported that Acacia cyclops was introduced to the Albertinia, Still Bay, Riversdale and Heidelberg districts in 1928.  By 1958 it had invaded some 41 000 ha.  At the rate of spread estimated for the Cape Peninsula this would have taken about 126 and not 30 years; the latter period requires a rate of spread exponent of the order of 0.36.  The spread rate was undoubtedly accelerated because it was actively planted in driftsand areas by farmers, but this does give an idea of the potential rates of spread of this species. Data from Anneke & Moran (1978) and Moran & Anneke (1979) for Opuntia species give expansion coefficients (1000s of ha per year) of about 0.09.  Estimates for the Rand Water Catchments (Vaal River system above the Vaal Barrage) gave expansion rates of about 0.12-0.15 for both landscape (area in ha) and riparian (length in km) situations (Versfeld et al., 1997).  Mimosa pigra is a major invader in riparian and wetland situations in Northern Australia (Lonsdale 1993).  Using the sigmoid expansion model, and data from Lonsdale (1993), the invasion rate (r) for Mimosa pigra is about 0.26.  This species has been recorded in the Letaba and Sabie River systems (Versfeld et al. 1998) and could spread downstream to Mocambique where there are similar habitats to those in Northern Australia. Versfeld et al.  (1998) used a conservative rate of spread of 5% per annum to estimate the increase in area at a national scale.  This is very low compared with the estimated a mean spread rate of 14% per year for alien invaders in the United States of America (OTA 1993).  It is also low compared with the estimates provided by various experts (Table 7.14) but rates of spread are typically slower in large areas, partly because larger areas are more fragmented by different, and non-invadable, land uses (Versfeld et al. 1998). 

7.5.4 Causes of the problem
The information reviewed in this chapter clearly shows that human activities have played a key role in facilitating alien plant invasions from early on in human history, both directly by introducing alien species and indirectly by transforming environments and the processes in natural systems (Deacon 1986; Wells et al.  1986b, Bright 1998).  A few invaders in South Africa predate historic records (e.g. Ricinus communis) (Deacon 1986) but the arrival of Euopean settlers in 1652 began a steady stream of introductions which increased rapidly from about 1820 and reached a flood in the 20th century (Shaughnessy 1986, Wells et al.1986b).  Many of South Africa’s top 25 invading species were introduced after about 1820 (Table 7.12).  

7.5.4.1 Agriculture and horticulture

Seeds of a wide variety of species were imported for food and fodder production, shelter and driftsand reclamation (Shaughnessy 1986, Wells et. al. 1986a, De

Table 7.14.  Rates of expansion (spread) and increasing density (densification) estimated by experts (after Versfeld et al. 1998).  These estimates assumed that suitable habitat is available and no control measures are being taken.  Values believed to be extreme were included in parentheses.  Density classes ranged from occasional (<5% cover) to dense (>75%).

Species
Expansion (%/year)
Transitions between density classes (years)
Notes

Tree and shrub species




Acacia cyclops

10-20


Acacia dealbata &

A. decurrens
10
10


Acacia mearnsii
5-10
(1)5-10 or 20  
can be high after fire

Acacia saligna

5
can be high after fire

Leucaena leucocephala
5-10

flood plains

Melia azedarach
10-20(75)
(2)5-20(30)
ranked next to Lantana

Nerium oleander
50



Poplars
5-15
(1)5-20
very high after fire

Prosopis spp
(50)
5-20
high in overutilized areas as it is dispersed by livestock 

Solanum mauritianum
10-20
2-10


Semi-woody scramblers and thicket forming weeds




Chromolaena odorata
10
2-10
ranked as next fastest spreading after aquatic species

Lantana camara
10-20
3-10
ranked as having a medium rate of spread

Rubus spp
20
2-10


Semi-woody and herbaceous species




Xanthium spp

2-5


Cactaceae




Cereus spp
5-10
3-10


Opuntia spp
(1)15-20
5-10


Selincourt 1992).  These imports also led to the accidental introduction of the seeds of many of the agrestal and some of the environmental weed species.  The desirable species were needed and provided the food and other resources needed for development, but some had unwanted impacts as well. A number of the Opuntia species were introduced and promoted as a means of providing supplementary fodder for livestock farmers, especially in the arid interior or for cochineal production (Brown & Gubb 1986).  In many cases the supplementary fodder was needed because poor management had resulted in overgrazing.  The same motivation led to the introduction of fodder producing trees, the most prominent example being Prosopis species.  Many tree and shrub species were introduced and widely planted as ornamental species, for shade and other amenity values; these include Melia azedarach, Jacaranda mimosifolia and Lantana camara (Shaughnessy 1986; Wells et al.1986a).  Colonisation and wars seem to have facilitated the introduction on invaders as well as with importation of fodder (Nicotiana glauca) (Brown & Gubb 1986, Richardson et al. 1997).


Overgrazing and the consequent destabilisation of driftsands was a problem that emerged early on in the history of the Cape colony (Keet 1936) The first large scale successes in drift sand reclamation were achieved by Storr-Lister from 1875 onwards both on the Cape flats and near Worcester on the Breede River (Keet 1936, Shaughnessy 1986).  Pines (Pinus pinaster, P. pinea) and acacias (Acacia saligna, A cyclops) were successful but A. mearnsii, A. pycnantha and A. longifolia failed when used in driftsand reclamation.  By 1934 at least 10 960 ha of driftsands had been reclaimed by the government (Keet 1936), and an unknown area by private landowners, both inland and along the coast from Port Nolloth to Hamburg near East London.  The net result was the introduction and establishment of a suite of highly aggressive invading acacia species in most, if not all of the areas where they are regarded as a problem today.

7.5.4.2 Afforestation

[image: image26.jpg]


South Africa has always suffered from a shortage of wood and the planting of trees for timber production began in the 1600s in the Cape colony (King 1943, Shaughnessy 1986).  Many of the major invading tree species in South Africa were introduced in well meant attempts to find fast growing species suitable for use in plantations, woodlots and agroforestry (King 1943). South Africa is not unique in this respect, unwanted invasions by introduced plantation species also have occurred, for example, in Australia, New Zealand and Chile (Richardson 1996).  Examples are Acacia mearnsii, Pinus pinaster, Eucalyptus grandis.  The first successful state plantations were established at Tokai in 1884 using Pinus radiata (King 1943; Geldenhuys et al. 1986; Shaughnessy 1986).  This was followed by further afforestation on the Cape Peninsula, in the southern Cape beginning in 1891. Afforestation began in the Eastern Cape in 1882-84 with Acacia, Pinus and Eucalyptus species and by 1900 there were 27 state plantations throughout the Eastern Cape including much needed woodlots in the Native Trust lands. The discovery of diamonds and gold resulted in rapid economic development and settlement of the interior.  This created a demand for agricultural produce and especially for wood for construction and mining timber (King 1943).  State afforestation in the former Transvaal began in the early 1900s in the Belfast-Carolina area to meet the demand for timber for mining and construction. Private landowners also had established extensive plantation areas by the turn of the century, especially of Acacia mearnsii (van der Zel & Brink 1980).  The extent of plantation areas has increased rapidly during this century (Figure 7.15).  More than 100 000 ha of commercial wattle plantations had been established by 1918, mostly on private land in KwaZulu-Natal, the total area peaked at about 290 000 ha in 1960 (about 350 000 ha according to Stubbings 1977), and then declined to about 110 000 ha at present.  This is in addition to the extensive use of acacias in farm woodlots and in the former Native Trust areas.  Plantations of pines and eucalypts have increased rapidly since 1960, with Pinus patula, P. elliottii and Eucalyptus grandis (and its hybrids) accounting for almost all of the increase in area .  All three species are known to be major invaders and the problem is likely to increase because of the increase in the source area for these invasions. Plantations are also colonised by many alien plant species, particularly Caesalpinia, Solanum mauritianum, Rubus, Chromolaena, Lantana and Psidium (Geldenhuys et al. 1986).

7.5.5 Effects of the problem
Invading plant species alter ecosystem processes, structure and diversity in a number of ways which alter the benefits of those systems to society (Vitousek et al. 1996, Bright 1998).  The true costs of these impacts have not yet been estimated for South Africa but a limited amount of information is available for some resources and from local case studies and this is reviewed below.

Figure 7.15.  Expansion of the area of private, municipal and state plantations in South Africa during the 20th Century.  Eucalypts include a wide range of species but mainly Eucalyptus grandis and its hybrids.  Conifers are mainly pines (Pinus patula, P. elliottii, P. taeda, P. radiata).  Wattles are mainly Acacia mearnsii but include some A. decurrens and A. decurrens, particularly in the first few decades.  Data from Anon (1951), Bosman (1956), Anon (1960, 1972, 1982, 1992, 1998b) and Van der Zel & Brink (1980).

7.5.5.1 Water resources and river systems

The possibility that invasions by exotic trees could reduce water supplies was recognised half a century ago by Wicht (1945).  The reductions in streamflow were expected to be similar to those under pine plantations (about 350 mm per year) (Kruger 1977, van Wilgen et al., 1992).  A study of the potential impacts of invading species on streamflow from fynbos catchments, using a simple ‘biomass’-based model (Le Maitre et al. 1996, Van Wilgen et al. 1997), showed that Cape Town’s water supplies could be significantly affected (Le Maitre et al., 1996). The same approach was used by Versfeld et al. (1998) to estimate water-use by invading aliens at a national scale. The model estimates how much more water is used compared with the natural vegetation, i.e. the incremental water-use.  The estimates from the model were adjusted downwards to compensate for the fact that water is not always freely available to the plant’s root systems (Versfeld et al. 1998).


Invading alien trees and shrubs are estimated to be using about 3 300 million m³ of water per year, about 6.7% of the mean annual surface runoff of the country (Versfeld et al. 1998, Table 7.15).  Alien invaders in the Western Cape account for about one-third of the total, followed by KwaZulu-Natal (17%), the Eastern Cape (17%) and Mpumalanga (14%).   The greatest percentage reduction was found in the arid Northern Cape (17%), followed by the Western Cape (15%) and 

Table 7.15.  Impact of the water-use of invading alien plants on the mean annual runoff (MAR) in each of the provinces and in Lesotho (after Versfeld et al. 1998). 

Province
Mean annual runoff (millions of m³)
Condensed invaded area (ha)
Incremental water-use (millions of m³)
Water-use (% of MAR)
Water-use in rainfall equivalents (mm)

Eastern Cape
9 998.76
151 258
558.19
5.58
369

Free State
3 546.10
24 190
86.19
2.43
356

Gauteng
551.97
13 031
53.93
9.77
414

KwaZulu-Natal
12 517.61
250 862
575.74
4.60
230

Lesotho
4 647.19
502
1.88
0.04
374

Mpumalanga
6 303.01
185 149
446.29
7.08
241

Northern Cape
910.94
166 097
150.86
16.56
91

Northern Province
3 383.63
263 017
297.70
8.80
113

North West
1 081.57
56 232
95.40
8.82
170

Western Cape
6 555.18
626 100
1 036.82
15.82
166

South Africa + Lesotho
49 495.96
1 736 438
3 303.00
6.67
190

Gauteng (10%).  Acacia species, notably A. mearnsii, A.cyclops, A. dealbata and Acacia mixed species (mainly A. dealbata, A. mearnsii) account for almost 40% of all the water-used.  Pines and eucalypts use about 13% of the total.   Prosopis species are estimated to be using about 192 million m³ per year, probably mainly groundwater in shallow aquifers, and could be using substantially more (Versfeld et al. 1998). At a conservative expansion rate of 5%, the impacts on invaders could double in the next 15 years.


The direct costs of the water-used by aliens are difficult to estimate but they are undoubtedly substantial when compared with the alternative uses for that water.  Analyses of specific catchments and data collated for management plans show that clearing aliens is cost effective compared with building dams to provide the same volume of water (Van Wilgen et al. 1996, 1997).  Dams will also not be effective if alien plants are using the water they were built to store. The productivity of the deciduous fruit, citrus and wine industry in the Western Cape depends largely on water from fynbos catchment areas, which would be lost if the areas were invaded by alien trees (Van Wilgen et al. 1996).  These industries have turnovers running to several billion Rand, employ large numbers of people and earn significant amounts of foreign exchange.


Invasions by Prosopis in the arid interior depend on groundwater for their survival (Harding & Bate 1991, Scott & Le Maitre 1998).  Versfeld et al. (1998) estimated that Prosopis invasions could be using 192 million m³ of water per year, 89% and 43% of the water used by invading aliens in the Northern Cape and North West Province respectively.  The groundwater resources are critical for the survival of many farmers and rural communities but no estimates have been made of the impacts and the potential consequences for humans and for the natural systems (e.g. riverine communities dependent on aquifers in riverbanks and beds) which include desertification.  The indirect effect of alien invaders on arid areas is more subtle.  The the moist, upper catchment areas are the worst invaded and show the greatest losses (Versfeld et al. 1998).  They produce about 60% of the total annual volume of runoff and more than 80% of the dry season (low) flows.  Reductions in the runoff from these areas, particularly low flows, will have a disproportionate effect (much higher on a percentage basis) on the flows in rivers in dry regions.  The consequences of this could be severe and merit further study.


Invasions by alien plants not only reduce the volume of water in streams and rivers which is available for human use, they also can alter the proportion of the rain ending up in spates after storms and can reduce groundwater recharge (Scott 1993, Scott et al.  1998). Alien plants such as Acacia longifolia, Prosopis species and Sesbania punicea can alter sediment dynamics in stream and river courses, contributing to the silting up of dams (Wells et al.  1980, Rowntree 1991, Hoffman & Moran 1988).  Woody aliens typically invade channel banks and floodplains with only a few invading bars and shelves within the channel itself.  Invaders stabilise river banks by establishing colonies on open areas (e.g. exposed sediment deposits) or destabilising (e.g. during floods) the banks (Rowntree 1991).  Acacia mearnsii is an example of a species which stabilises sediments by colonising deposits (e.g. banks) but its shallow root system is easily washed out during floods, releasing sediments and blocking bridge arches and storm drainage systems.  Salix and Populus species develop very extensive root systems which tend to trap and stabilise sediments.  Both forms of stabilisation can aggravate flood damage by obstructing and narrowing  the channel, or tightening the curvature of bends, increasing flow rates and the energy available for scouring.  The only known estimate of the costs of flood damage directly caused by invading alien plants blocking a river channel, and making it burst its banks, was in the Crocodile River near Brits in 1996 (WfW 1997).  The flood damage was estimated at R6 million compared with the R410 000 it cost to clear a section of the river and successfully prevent similar damage during a subsequent flood in 1997.

7.5.5.2 Ecosystem processes and biodiversity

Invasions by woody aliens generally result in changes in species composition and vegetation structure which, in turn, will alter the ecological functioning and resilience of ecosystems (Versfeld & van Wilgen 1986, Vitousek et al.  1996, McCann et al.  1998, Naeem 1998).  The reduction in the biodiversity in natural communities, caused by alien plants displacing, suppressing and eliminating indigenous species is easily observed. South Africa has a particularly diverse flora and some centres of diversity and floras are among the areas most heavily affected by alien invaders, for example the Cape, Albany and parts of the Succulent Karoo and Wolkberg centres and the flora of the Agulhas plain (see Cowling and Hilton-Taylor 1997). Only a few local studies have quantified the decreases in biodiversity and only for fynbos.  There were substantial decreases and changes both in the overall diversity and the community structure (Breytenbach 1986, Richardson et al. 1989).  Invading alien plants were recognised as the major threat to plant biodiversity on the Cape Peninsula both now and in the future (Richardson et al. 1996). Although there seem to be no documented losses of aquatic or riparian species due to alien plant invasions, the degree of invasion of riparian zones suggests that the impacts of fragmentation of the natural communities could be substantial, for example the loss of genetic diversity.  Other effects are more subtle.  For example, invaders compete with indigenous species or alter the vegetation structure to make habitats unsuitable for pollinators and seed dispersers (Knight 1986; Breytenbach 1986); invaders modify disturbance regimes by changing fire frequencies or changing changing the primary productivity of natural systems by increasing the levels and availability of nutrients (Stock & Allsop 1992).  Research has found that mycorrhizal, symbiotic fungi are important for maintaining biodiversity (van der Heijden et al.  1998) and alien plants can alter the rootzone environment (Richardson et al. 1992, Stock & Allsop 1992).  Thickets of alien plant species can also increase the fire hazard, increasing the costs of fire protection and the degree of damage caused by fires (Van Wilgen & Richardson 1985, Richardson & Cowling 1992). Invaders can also increase soil erodibility and erosion rates by suppressing the ground-layer so that the root mat no longer binds the soil as effectively.


The direct economic impacts of invasions by alien plants include the loss of potentially productive land, loss of grazing and livestock production, poisoning of humans and livestock, increased costs of fire protection and damage caused by fires (Richardson et al. 1997). They also include opportunity costs, where the money spent on control operations could have been spent on other activities.  Versfeld et al. (1998) estimated that, if alien invasions were increasing at 5% per year, a 20-year programme to control alien plants would have to clear about 750 000 ha per year and would cost about R600 million per year.  The total cost of the 20-year programme would be about R5.4 billion when discounted to present day values.  This money could have been invested in other ways, for example in improving educational facilities.  Another study estimated that an area of 4 km² of pristine mountain fynbos could potentially yield products valued at R300 million (water production, wildflower harvesting, hiking and ecotourism, endemic species and genetic resources) (Higgins et al. 1997).  If it were fully invaded by aliens the income would be only R19 million, derived mainly from the remaining surface runoff.


The costs of controlling alien invaders are high and typically increase exponentially with increasing density from R300/ha for sparse to R4 000 for dense stands (Versfeld et al. 1998, WfW 1998). Poplars and eucalypt species typically require repeated applications of herbicdes to achieve 100% control and this is expensive.  Acacia species are particularly difficult to control as they have very long-lived seeds, accumulate large seed banks and some species are able to sprout after cutting (MacDonald & Wissel 1989).  Successful control of Acacia dealbata may require 25-40 years on heavily infested farms (Campbell et al.  1990).  Farmers are typically loath to clear wattle on low potential land (e.g in kloofs, steep rocky hillsides and on streambanks) and preferred to contain existing invasions to prevent encroachment on high potential land.  One consequence of this is that seeds are transported by water and invade areas downstream of the original infestation.


There is increasing concern about the invasiveness, and the extent of invasions, by Prosopis species (e.g. Anon 1997b) but the warning signs have been there for at least 20 years (Harding & Bate 1991).  In some areas the costs of control are far in excess of the value of the land (Anon 1997b).  The major reason for delaying action, as with Acacia mearnsii, has been a conflict of interest (Harding & Bate 1991, H.  Zimmerman pers.  comm.  1998).  Some landowners insist that they need the trees to produce fodder to feed their livestock, others demand control because large areas of their farms are now impenetrable Prosopis thickets.

7.5.6 Government intervention schemes and strategies
The various central and provincial government departments of agriculture and forestry have played contradictory roles as they have been involved both in: 

- introducing and promoting alien plant species which are potential invaders or are known to be invaders elsewhere; and

- funding research into their control and control programmes. 

For example, the introduction of fast-growing trees was undoubtedly necessary to ensure that South Africa had adequate supplies of wood.  The forestry department naturally favoured species which were able to establish with minimal, or no, site preparation, a trait noted early on for wattle and pines (especially P. pinaster) in some areas (e.g. Anon 1902 for the Amatola and Pirie areas).  By the 1930s forest nurseries were selling more than 4 million plants per year (King 1943).  In 1996/97 the 1.51 million ha of commercial plantations produced about 18.6 million m³ of roundwood valued at R1.75 billion (7.3 of agricultural output) and exports (e.g. pulp, paper) earned about R.4.7 billion (almost as much as metal ores) (FOA 1998).  Unfortunately, the establishment of large areas of plantations, and the active promotion of tree planting, led naturally to the naturalisation and invasions by the major plantation species.  The same may happen with a number of the species promoted for agroforestry species, notably Lucaena leucocephala.

7.5.6.1 Concern about invading plants

The first records of concern about invading alien plants date back to the 1850s and the first active campaign, against Xanthium spinosum, dates back to the 1930s (Phillips 1938).  The first attempts to control Opuntia ficus-indica were begun in 1883 (Moran & Annecke 1979).  The first control programmes for an environment weed were those to aimed at controlling Hakea species which began more than 50 years later (Fenn 1980, Richardson 1985).

7.5.6.2 Legislation

South Africa has had well thought out and potentially effective legislation for controlling invaders, some of which dates back to the last century.  The Weeds Act, No 42 of 1937, was the first national legislation for weed control (Phillips 1938).  Species proclaimed, or reproclaimed as weeds under this act included a number of agrestal weeds, Opuntia species and Hakea species.  About 15 Acts and at least four Provincial Ordinances currently include measures to control weeds (Le Maitre 1996).  The most important is the Conservation of Agricultural Resources Act (CARA) which was promulgated in 1983 (Act 43 of 1983) and replaced the Weeds Act of 1937. 


The CARA deals with all problem plants, including both indigenous weeds - also species involved in bush encroachment (see section 7.4) - and invasive exotic species.  The Minister can publish regulations to declare any plant to be a weed or an invader plant, either throughout the Republic or in any part of the Republic.  It covers all land, including land situated in an urban area, except for areas declared under the Mountain Catchment Areas (Act No. 63 of 1970).  Selling and spreading of weeds, whether "caused or permitted", in agricultural produce and on livestock from any place to any other place is prohibited.  The Act deals with the use and protection of land, wetlands (e.g. vleis, marshes) and vegetation and the control of weeds and invader plants. Regulation No. R. 1048 (25 May 1984) distinguished between weeds and invader plants.  Weeds are regarded as more serious problems than invader plants and were species that had, or very limited, commercial uses and serious negative impacts.  For example, Sesbania punicea, Rubus cuneifolius, Lantana camara, Hakea species. Invader plants typically have commercial value and include: Prosopis species and all the major invading Australian Acacia species. Declared weeds must be cleared, or at least be under effective control and there are strict provisions prohibiting the dispersal and trading in weeds and weed seeds. Invader plants must be controlled where there occurrence results in a loss of agricultural productivity.  In effect, compliance with the regulations which involve weeds will require the land owner to eradicate them. The list of declared weeds and invaders needs to be expanded and several are being considered for proclamation as weeds or invader plants (Henderson 1995).


Another important law is the Agricultural Pests Act (Act 36 of 1983) which regulates the importing of any plant into the Republic by means of permits.  The screening provisions are aimed at preventing the introduction of pathogens or insects which could introduce or spread disease or become pests themselves.  There are no procedures for screening plants for invasive tendencies, although the authorities can obtain advice from experts.  This is a recognised weakness and will be rectified in future legislation (H. Zimmerman pers. comm. 1997).  The Agricultural Research Act (Act 86 of 1990) established the Agricultural Research Council (ARC) which includes the Plant Protection Research Institute (PPRI).  The PPRI is charged with carrying out research, inter alia, into weed control, including biocontrol, and quarantine measures for imported plant material.  The Plant Improvement Act (Act 53 of 1976) regulates the nursery industry and any related organisations involved in the breeding and commercial propagation, import and export of plants and plant material.  Any plant (or plant part) must be registered and comply with certain requirements.  Weeds are excluded from the lists of acceptable species and varieties.

7.5.6.3 State control programmes and subsidies

The state, through the various government agencies, has been involved in many ways and in a wide varieties of control schemes.  This is in addition to the biocontrol programmes funded through the Plant Protection Research Institute.  Considerable amounts have been spent on controlling, and subsidising the control of, invading cactuses (see section 7.5.6.5 on biocontrol).  A comprehensive summary is lacking but the scattered information in the literature gives an idea of the total investment. As early as 1946 an estimated £172 000 was spent on controlling Hakea sericea and about R90 000 was spent on clearing the Wemmershoek Dam catchment (near Franschhoek), beginning in about 1957 (Neser & Annecke 1973).  From 1963/64 to 1967/68 the Department of Forestry spent R 38 207 clearing 34 071 ha of Hakea, 1 5418 ha of which was densely infested (Fenn 1980). The programme continued and from 1976/77 to 1978/79, about 19 376 ha of Hakea was cleared at a cost of R169 580 and 14 200 ha of Pinus pinaster, 37% of which was densely invaded, at a cost of R105 400 (Fenn 1980).  At least R393 000 was spent by the Directorate of Forestry on alien clearing in the southern Cape Region in 1993 alone (Southwood 1985).  The Divisional Council of the Cape spent R154 000 in 1984/85 alone on clearing aliens in the Cape of Good Hope Nature Reserve and the cost per ha ranged from R753 to R1 255 (Clark 1985). Each year from 1987-1993, Cape Nature Conservation spent about R7 million (17% of its budget) on controlling about 57 851 ha of Hakea and Pinus species (unpubl. data cited in Richardson et al. 1997).

7.5.6.4 Subsidies

The CARA allows the Minister to establish subsidies and grant schemes for combatting weeds or invader plants, including supplying weed killers and providing advisory services.  Land can also be expropriated to restore or reclamation the natural agricultural resources.  IN 1996 subsidies were only available for two schemes: controlling indigenous invasive trees (Acacia, Dichrostachys and Terminalia) in the Kuruman, Postmasburg and Vryburg districts (Regulation No. R. 1045), and for controlling Opuntia species (prickly pears) in the Republic and Stipa (Nasella tussock grasses) in the Cape Province (Regulation No. R. 1044).  A clearing programme for Cereus peruvianus (Queen of the Night) was launched in 1994 and has resulted in the clearing of 8 767 ha of the 11 037 ha originally invaded (Freitag 1997).

7.5.6.5 Biocontrol programmes

South Africa has a number of highly successful control programmes for different species (Richardson et al.  1997).  One of the best known is for the control of the 12 cactus species which have been introduced to this country (Zimmerman & Moran 1982).  Five Opuntia species are serious weeds and two achieved major weed status.  Opuntia ficus-indica (Prickly Pear) became very widespread and dense invasions covered about 1-million ha (Annecke & Moran 1978).  Mechanical control of Opuntia ficus-indica began in the 1890s but was not successful and biocontrol was introduced in 1932 after substantial resistance by farmers who cultivated the spineless form (Du Toit 1942).  Following biocontrol, and the introduction of additional agents, the total area was reduced to 350 000 ha by 1965 (Neser & Annecke 1973). Mechanical control of Opuntia aurantiaca was initiated in 1892 but was not successful and biocontrol efforts beginning in 1938 also met with limited success (Moran & Annecke 1979).  By 1965 it had invaded more than 1.5 million ha (Neser & Annecke 1973) despite the mechanical clearing of about 350 000 ha from 1946 until 1956 (Moran & Annecke 1979). Control operations by the State and farmers from 1957 to 1970 using herbicides were also unsuccessful despite a total expenditure of R7 million on herbicide alone.  According to Zimmerman & Moran (1982) the annual (dilute, ready for application) herbicide consumption was about 25 000 litres for Cylindropuntia imbricata, 250 000 litres for Opuntia ficus-indica and 5 million litres for O. aurantiaca.  Biocontrol of Opuntia vulgaris, which spread along the eastern coast was very successful, reducing it to limited numbers in isolated places (Neser & Annecke 1973).


Research into the biocontrol of Acacia mearnsii began in the 1970s but soon led to controversy and strong lobbying from the wattle to stop the research (Stubbings 1997). Although Stubbings arguments were strongly and correctly criticised (e.g. Luckhoff 1977), lobbying from the industry delayed further research on this species for about 15 years (Pieterse & Boucher 1997).  If invasions by A. mearnsii had expanded at just 5% per year, the delay meant that the problem would have doubled in size.  Funding for the biocontrol of environmental weeds was drastically cut during the reorganisation of agricultural research in the early 1990s but is now being supported by the Working for Water Programme.

7.5.6.7 Working for Water Programme

The Working for Water Programme (WfW) was launched in September 1995 under the auspices of the Reconstruction and Development Programme with the aims of controlling alien plants to increase water yield from catchments;

• conserving biodiversity and land productivity; 

• and providing worthwhile employment and improving the life-skills and quality of life, particularly of the unemployed and poor, in rural and urban communities (WfW 1996, Van Wilgen et al. 1998).  

By March 1996 the programme had cleared about 32 229 ha, directly employed 6 163 people (55% women) and had spent about R25 million (R776/ha), about half of this in the Western Cape.  Since then the programme has grown to be probably the largest alien invader clearing programme in the world.  By March 1998 the total area that had been initially cleared was about 325 000 ha (221 000 ha in 1997/98) and follow-up operations had been done on 68 000 ha (WfW 1998).  Total direct employment in 1997/98 was 75 910 person-days. 


This programme has been complemented by other programmes. For example, the Forestry industry has cleared almost 82 000 ha of stream and rivers at a cost of R41 million (R500/ha) since 1993 (Anon 1998a).  In 1996 the forestry industry sponsored the Working for Water Programme with R8 million and has initiated its own clearing programme which employs 645 people and has cleared 4 758 ha of alien invaders ast a cost of about R3.5 million (R736/ha).  Foreign funding through the WfW Programme has supported several programmes (Van Wilgen et al. 1998), including enabling South African National Parks to enhance existing control programmes in the Kruger National Park, where Opuntia stricta has invaded some 30 000 ha (Lotter & Hoffman 1998), and to begin control programmes in the other parks.


The Programme has the potential to make a significant impact on alien invaders in the country. It is in a unique position to co-ordinate the existing control measures and make really effective use of the available resources, unlike the scattered efforts in the past.

7.5.7 Conclusions
The estimated 10.1 million ha of South Africa which has been invaded by alien plants to some degree generally excludes invasions by herbaceous and succulent species (Versfeld et al. 1998).  The total invaded area is not known but it is undoubtedly much greater than 10 million ha. The invaders are estimated to be using an additional 3 300 million m³ of water per year compared with the vegetation they have replaced.  The impact will increase significantly in the next 5-10 years, resulting in the loss of much, or possibly even all, of the available water in certain catchment areas. The total costs associated with alien plant invasions also are not known.  Simply getting invasions under control over the next 20-years could cost as much as R5.4 billion (Versfeld et al. 1998).  Most of the major invading species in South Africa also produce useful products (wood, tanbark, fodder) and provide substantial income to large numbers of people.  It is also unfortunately true that, in many cases, the alien species most suitable for use in woodlots or land rehabilitation are known to be invaders in South Africa or elsewhere in the world.  The ideal solution would be to replace these alien species with indigenous species or non-invasive alien species.  In many cases that cannot be done and the only solution is to educate the communities managing the woodlands or the rehabilitation projects to detect new invasions and to control them at an early stage. 


An analysis of the costs of alien invaders (plant and animal) in the U.S.A. found that the direct and indirect costs of 79 the major invaders (plant and animal) was about US$97 billion per year (OTA 1993, DOI 1998).  Weeds in non-agricultural systems cost about US$4.8 billion and in agricultural systems about US$15.2 billion per year.  The estimated costs of alien invaders in the USA doubled from the 1950s to the 1970s and again by the 1990s (DOI 1998).  Concern about the state of invasion of the U.S.A. and the fragmented and confused government approach to prevention and control led to calls from scientists for a coordinated approach (Anon 1997c, 1998c) and the call by the Secretary of the Interior for a national strategy and a coordinated national control programme (DOI 1998). South Africa finds itself in a similar situation.  The current state of the country shows very clearly that the various efforts at controlling invaders have not been successful despite well thought out and effective legislation, some of which dates back to the previous century. 


Traditionally, land owners in South Africa have had absolute rights over their land and its natural resources, including - at least implicitly - the “right” to neglect and abuse it (Barnard 1992).  In many cases the historical approach was to convince rather than compel landowners to clear their land or to allow them to plead poverty.  The net result of this has simply been to defer the costs, at the same time increasing them substantially.  In essence the costs are being passed from one generation to the next, directly contrary to a basic principle of sustainability. The Conservation of Agricultural Resources Act and Environment Conservation Act introduced the idea that landowners are obliged to manage their land and natural resources sustainably.  This approach has been extended through the inclusion of sustainability as a basic principle of the Reconstruction and Development Programme and in the National Constitution.  It is further strengthened in the Principles of the Water Act, the Environmental Conservation discussion document and the Forestry White Paper, all of which recognise the fundamental importance of sustainability together with the concept of stewardship.  This is important because it provides a strong argument that failing to take action against invasive weeds is neither sustainable nor efficient, and also for taking the steps needed to implement the existing legislation and any new legislation that replaces it.


Phillips (1938) offered some simple precautionary advice to landowners which is typically ignored, namely: to keep a constant watch for strange plants and, if they were known or potential weeds, to destroy them before they set seed.  Simple basic advice and good land stewardship, but so easy to neglect in practice and there are clear examples of expensive lessons from the past, for example Opuntia, Acacia mearnsii, A. dealbata and Prosopis.  The country cannot afford to disregard the opportunity and impetus established by the Working for Water Programme.  The challenge is enormous and will require fundamental changes in mindset and a concerted national effort. It will also require considerable political will and courage to undertake and complete a 20-year programme in the face of the competing demands for allocation of money to basic human needs and national reconstruction.  The issue is not whether or invaders should be controlled or not.  It is where, when and how to go about it to make sure control programmes are being as efficient and effective as possible.

7.6 Deforestation

“Through Mid Pondoland, and more particularly in the neighbourhood of Sigcau’s kraal, the forests are completely gone, charred remains or unburnable trees being all that remain to show where good forests have existed within a few decades.  Nowhere else have I come across such complete destruction”. Sim 1900

7.6.1 Introduction

Unlike bush encroachment, which is a relatively recent phenomenon, deforestation has been an important environmental issue for more than a century, especially within the communal areas of South Africa (Sim 1900, Carlson 1939).  It has even been suggested that the extensive, and relatively treeless grasslands of the Transkei region are the result of woodland destruction by precolonial, Iron Age agropastoralists (Acocks 1953).  Although the process of iron smelting could have had a significant local impact on tree density (Van der Merwe & Killick 1979), archaeological (Feely 1985), palynological (Meadows & Meadows 1988) and ecological (McKenzie 1989) evidence suggests that the current mosaic of grassland and woodland vegetation in the Transkei probably predates the arrival of humans in the region.  Whatever the precolonial distribution of different vegetation types in South Africa, all research indicates that current demands on woodland resources, mostly for people’s energy and construction needs, are impacting heavily on these environments.  It is generally accepted that the current unsustainable rates of wood consumption are a serious threat to the forests and woodlands of the communal areas of South Africa.


Even though deforestation in South Africa’s rural areas has been recognised as a problem for a long time, fuelwood consumption studies have only been conducted since the late 1970’s (Aron et al. 1989).  In addition, studies, which investigate the extent of deforestation, and its impacts on ecosystem function, are extremely rare (e.g. Shackleton 1993) and such investigations are usually done in the context of household economy or rural development surveys.  What follows is an attempt to synthesize the disparate literature on deforestation in South Africa and to integrate this information with the findings of the workshops held around the country as part of the national audit of land degradation.

7.6.2 Occurrence

The burning of wood for heating, cooking and other household purposes contributes about 8 % to the overall primary energy consumption pattern of South Africa (Mammon et al. 1994).  Fuelwood is used primarily by people living in rural areas and since only about 10 % of rural dwellings are electrified (Van Horen 1994), approximately 17 million people in 3.2 million households depend heavily on fuelwood for their energy needs (Van Horen 1994, Eberhard & Van Horen 1995, Trollip 1996).  One comprehensive survey of fuelwood use (Eberhard 1990) found that 99 % of rural households in the communal areas of the former homelands used fuelwood and 97 % of farm labour households while between 43 % and 81 % of rural households actually collected fuelwood (Williams 1996).  Fuelwood use generally declines with urbanisation and households in peri-urban areas and townships are less dependent on fuelwood for their energy needs with only 68 % and 38 % of the households respectively using fuelwood (Eberhard 1990).


The most important source of fuelwood in the rural areas is from natural shrubland or especially savanna woodland, with other sources (e.g. indigenous forests, alien plants, commercial exotic plantations, woodlots) being negligible (Eberhard 19990, Gandar & Grossman 1994).  However, it is not just fuelwood that is collected from these woodlands and shrublands, which provide a multitude of other goods and services.  Such goods and services include grazing and browse material for animals, wood for construction, fencing, carving and woodworking, as well as fruits and medicines (Gandar & Grossman 1994, Trollip 1996).  In the Msinga district of KwaZulu-Natal, for example, the thornveld was estimated, in 1986, to be worth at least R48/ha/yr to the inhabitants of the region (Milton & Bond 1986).  This value of the thornveld exists largely because of its multipurpose use in providing animal feed (e.g. the shoots and pods of Acacia spp. and Dichrostachys cinerea), fencing materials, construction timber and firewood.


Fuelwood consumption varies a great deal from location to location depending largely on availability and need (Bembridge 1990).  Therefore, generalisations about energy use, fuelwood scarcity and unsustainable rates of harvesting have recently been discouraged (Eberhard & Van Horen 1995, Mammon et al. 1995).  This is understandable if one considers that the 38 energy studies, conducted over the last two decades at 91 locations in South Africa have only included 5 444 households in their surveys (Ward 1994 in Mander & Quinn 1995).  This amounts to 0.2 % of the estimated 3.2 million rural households in the country and any generalisation based on such a small sample size is problematic.


There have been several recent attempts to develop a woody biomass inventory for South Africa (e.g. Aron et al. 1991, Mander & Quinn 1995, Williams 1996), and these will be discussed later in the context of existing predictive models of fuelwood supply.  Despite this, no map of areas in the country subject to deforestation has emerged, although much is known about fuelwood supply and demand in the communal areas of the former homelands and national states (see Mander & Quinn 1995, Williams 1996).  While it may be premature, and perhaps too general for effective planning purposes, Figure 7.16 and Table 7.16 & 7.17 provide some idea of where deforestation is considered a first, second or third order vegetation degradation priority in the nine provinces of South Africa and according to land tenure system.  Clearly deforestation is occurring predominantly in the communal areas only and is most apparent in the Northern Province and to a lesser extent in Mpumalanga, the Eastern Cape and the North West Province.

Table 7.16.  The percentage of magisterial districts in each of the nine provinces of South Africa (N = 367) and in commercial and communal districts with a deforestation problem within each of three priority rankings (1=highest priority to no priority).  The results reflect the perceptions of agricultural extension officers and resource conservation technicians.

Province
Number of magisterial districts
The percentage of magisterial districts with 

deforestation listed in priority ranking



1st
2nd
(3rd
Not a priority

Eastern Cape
78
3
3
10
86

Free State
51
0
0
2
98

Gauteng
22
0
0
0
100

KwaZulu-Natal
51
0
4
6
90

Mpumalanga
30
3
7
13
77

Northern Cape
26
0
0
0
100

Northern Province
39
38
10
8
44

North West
28
0
7
0
93

Western Cape
42
0
0
0
100








Commercial districts
262
0
1
2
97

Communal districts
105
17
9
13
61
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Figure 7.16.  The location of the 49 magisterial districts where deforestation is perceived as a first order (18 districts or 5 % of the total), second order (12 or 3 %) or third order (19 or 5 %) veld degradation priority in South Africa.  Deforestation was not perceived as an important veld degradation problem in the 318 districts where the priority ranking was zero.
7.6.3 Process and rate of deforestation

Data from several household energy surveys indicate that each rural household consumes between 0.9 and 6.9 tonnes of fuelwood per household per year (mean = 3.3 tonnes/year) giving a per capita fuelwood consumption rate of between 0.5 and 1.28 tonnes/person/year (mean = 0.69 tonnes/ person/year) (Williams 1996).  If multiplied by the number of households or people living in the rural areas and using fuelwood then it is clear that the wood resources in the communal areas are under increasing pressure (Van Horen 1994, Mammon et al. 1995).


Several attempts have been made to predict future fuelwood availability scenarios based on simple supply and demand models (Aron et al. 1989, Eberhard 1990).  Annual fuelwood supply in the communal areas of the former homelands has been determined from ecological principles, which use the area of woodland in each communal area and standard biomass production coefficients to ascertain overall biomass supply in tonnes per year.  The derived values range from rough estimates (Aron et al. 1989) to fairly sophisticated calculations based on satellite imagery and orthophotography (Williams 1996).  Initial figures suggested that the total annual biomass supply in the communal areas of the former homelands is about 11.6 million tonnes per year.  Because not all of this production is available to rural people without transport, and because it may not be the right size or species and part of it may also be wasted, only half of this, however, could be considered useable for fuelwood, thus providing only 5.8 million tonnes per year (Aron et al. 1989).  The most recent analysis, however, suggests that the woodlands of the communal areas currently yield 20 % less than this value, or about 4.6 million tonnes of harvestable fuelwood per year (Mander & Quinn 1995, Williams 1996) (Table 7.17).


Fuelwood consumption estimates indicate that between six to 11 million tonnes of wood are used every year in South Africa (Eberhard 1990, Scholes 1993, Gandar & Grossman 1994, Van Rensburg et al. 1997) leaving an annual deficit of around 1.5 million tonnes per year (Table 7.17).  Only the magisterial districts of the former KwaNdebele and Bophuthatswana appear to enjoy a surplus of harvestable wood at present although local shortages in these areas undoubtedly also occur.  The shortfall in fuelwood supply in most of the communal areas is invariably made up from the 

Table 7.17.  Fuelwood supply and demand estimates for the communal areas of the ten former homelands or national states in South Africa showing the expected deficit or surplus in each area.

Former homeland or national state
Harvestable fuelwood yield1
Estimated fuelwood consumption2
Deficit or surplus


tonnes/yr
tonnes/yr
Tonnes/yr

Venda
253 310
466 737
-213 427

Gazankulu
328 390
331 910
-3 520

Lebowa
507 137
752 715
-245 578

KanGwane
205 987
289 190
-83 203

KwaNdebele
110 889
71 241
+39 648

KwaZulu
1 181 860
2 064 804
-882 944

Transkei
783 860
999 752
-215 892

Ciskei
155 946
602 883
-446 937

Bophuthatswana
1 060 979
575 354
+485 625

Qwaqwa
0
21 600
-21 600

Total
4 588 360
6 176 186
-1 587 826

1 Data are from Williams (1996) and reflect the estimated potential production values for the “Moderate” scenario in Tables 2.3-2.7 multiplied by a conversion factor (Table 2.2) established for each region;

2 From Mander & Quinn (1995).

standing crop, and the cutting of live trees is a common phenomenon in many rural settlements (Shackleton 1993, Gandar & Grossman 1994).  Despite the questionable utility of existing supply and demand models (Trollip 1996), Eberhard (1990) has suggested that if current consumption patterns continue then the natural woodlands of the communal areas of South Africa would be almost completely denuded by the year 2020 (Figure 7.17).  Whatever the exact figures, all statistics suggest that less fuelwood is being produced than consumed although the national fuelwood supply/demand balance has only recently moved into a deficit situation (Eberhard 1990).  Local perceptions confirm this view and suggest that fuelwood availability, together with many other services provided by woodlands such as fruit and woodcraft species, has decreased in the recent past (Shackleton et al. 1995, Mander & Quinn 1995, Solomon 1999).  For some villages in Mpumalanga, total denudation of fuelwood resources have been predicted within the next 10-20 years (Shackleton et al. 1995).  As Gandar (1983) states it is significant that “of the 250 forests in KwaZulu proclaimed under the Trust Land Act of 1936 three quarters have all but disappeared as a result of human population pressures.”
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Figure 7.17.  The projected impact of unsustainable fuelwood harvesting patterns on above-ground biomass and fuelwood supply in the communal areas of the ten former homeland or national states of South Africa from 1980-2020.  As fuelwood demand increases, the ability of natural shrublands and woodlands to continue supplying usable fuelwood products is placed under pressure.  Users are then forced to utilise the available standing crop until such time as this too becomes depleted.  The projections indicate that natural woodlands in many communal areas could be entirely denuded by 2020 if current utilisation patterns continue (redrawn from Eberhard (1990)).

7.6.4 Major causes of deforestation

The problem of deforestation is inseparable from the more general problems of poverty, racial and gender inequality and rural development and neglect (Bembridge 1990, Gandar & Grossman 1994).  While many of these issues have their roots in the racially-motivated policies of South Africa’s colonial and apartheid past, few generalizations are possible (Van Horen 1994).  Certainly, the role of betterment planning has played an important role as people have been resettled at high population densities without the provision of basic services such as electricity making them very dependent on natural resources for their basic needs (Grossman & Gandar 1994, Van Horen 1995).  With fewer than 10 % of rural households electrified in South Africa (Eberhard and Van Horen 1995) it is inevitable that people will utilize wood for some or all of their energy needs.  But in many cases, traditional control measures and the social cohesion of rural communities have also been eroded over time (Gandar & Grossman 1994).  Since woodland resources in the poverty-stricken communal areas are generally considered to be “free”, their unsustainable exploitation has been unavoidable.


The loss of woody biomass in some communal areas, however, cannot be attributed solely to the activities of fuelwood collectors.  Other significant causes include the clearing of woodlands for agricultural land and settlements, the cutting of live timber for construction and craft purposes, the exploitation of woodlands for medicinal plants and the disruption of important plant recruitment processes caused by overgrazing and browsing by cattle and goats (Scholes et al. 1993, Shackleton et al. 1995).  While woody biomass depletion is undoubtedly caused by several associated factors the partitioning of such factors is extremely difficult especially considering the limited amount of data available from South African studies (Van Horen 1994).

7.6.5 Effects of deforestation

There are both environmental as well as social costs associated with deforestation but because the woodlands provide many other products beside fuelwood, it is often very difficult to isolate the impact of fuelwood collection on woodland ecosystems and human society.


Some of the most important environmental costs of deforestation include increased rates of soil erosion, disruption to the hydrological and nutrient cycles and the loss of biodiversity.  


Increased rates of soil erosion are usually measured in woodlands denuded of tree cover.  Although less effective than grasses, trees can reduce the kinetic energy of rain drops and attenuate erosion rates (Milton & Bond 1986).  Tree roots also bind the soil and assist in reducing soil erosion.  When accompanied by heavy grazing of the ground layer, erosion rates in deforested areas can be extreme (Scholes et al. 1993, Van Horen 1994) although no published comparative data are available.  Deforestation can also lead to significant changes in the hydrological cycle in affected areas.  Greater discharge rates during high rainfall periods and lower discharge rates during drier rainfall periods are thought to occur in denuded areas (Van Horen 1994).  It is possible that deforestation may similarly affect nutrient cycling processes through the loss of soil carbon because of lowered inputs.  Shackleton (1993), however, found no significant difference in soil organic matter between a deforested and a relatively intact woodland site.  He suggested that the absence of a significant difference between the sites can be explained by the fact that leaf litter turnover contributes far more to the soil organic matter pool than necromass litter.  However, if tree stems are removed then leaf litter will also be reduced in the long-term and more studies on the impact of deforestation on nutrient cycling are needed.  


Perhaps the most important impact that deforestation has on the environment is its influence on ecosystem composition and diversity.  A decline either in tree species richness, in tree density or an alteration in the size class profile has been recorded at several heavily utilized communal sites in Mpumalanga and KwaZulu-Natal (Shackleton 1993a, 1993b, Gandar & Grossman 1994).  The general pattern in heavily utilized areas is a conversion from an open savanna with tall, older trees to a shrubby woodland with many smaller shrubs and trees (Gandar & Grossman 1994).  Again, however, it is not always fuelwood collection that may be responsible for these changes.


Although in his study Shackleton (1993b) suggests that no adverse effects of dead wood removal were detected, other investigations suggest that the removal of dead wood may have catastrophic effects on invertebrate and vertebrate diversity alike.  For example, it is estimated that between 35 % - 50 % of resident forest bird species in southern Africa rely on cavities either for roosting or breeding or both of these activities (Du Plessis 1995).  When a significant proportion of these cavities are removed through the harvesting of both dead and live wood from a forest habitat, the diversity and breeding success of many birds may be affected.  Observations between 1981-1991 have shown that three out of the original 15 cavity-using bird species (i.e 20 %) and one of the two mammals (the large-spotted genet, Genetta genetta) have disappeared in a 10 ha area of a heavily utilized woodland in the Eastern Cape (Du Plessis 1995).  In addition, there were 60 % more breeding pairs of birds in the relatively unutilized site and persistent heavy utilization could, therefore, lead to the local extinction of some species.


It appears that invertebrates may be similarly affected by the removal of nesting material.  In an exhaustive study of the habit requirements and impacts of land use on the diversity of aculeate wasps and bees in the semi-arid areas of South Africa, Gess & Gess (1993) indicate that the removal of nesting material may have important implications for the healthy functioning of these ecosystems.  Aculeate bees and wasps are important pollinators of many plant species.  They also prey on numerous phytophagous and non-phytophagous insects and spiders and are host to a number of parasitic wasps and beetles (F. Gess & S. Gess, personal communication, 1998).  Since they are habitat specialists and adapt poorly to change, the removal of nesting material may lead to local extinctions and a cascade effect on ecosystem function (Gess & Gess 1993).


The denudation of woodlands also has important social costs, especially for women who collect the wood.  These costs are considered of such a magnitude that the issue should “…be amongst the top priorities in the national energy-environment policy arena.” (Van Horen 1994).  The most important social costs of deforestation include the increased time spent collecting fuelwood, heavier wood loads, the negative effects of coping in the home with limited fuelwood supply and the increased cost of paying for alternative fuels (Van Horen 1994. 

Data from several household energy surveys (Gandar 1983, Liegme 1983, Eberhard 1986, Bembridge & Tarlton 1990, Bembridge et al. 1992, Mander & Quinn 1995, Solomon 1999) indicate that people (mostly women and children) who collect fuelwood for domestic consumption already spend on average about 3.6 hours per trip collecting wood.  They often travel considerable distances ranging, from about 3 to 8 km, and may do this several times in a week.  If local fuelwood supply and also the supply of desirable species decreases, through unsustainable harvesting practices, then the time and energy spent collecting will also increase (Shackleton et al. 1995).  Van Horen (1994) has calculated that the total annual opportunity cost associated with women’s time spent collecting fuelwood in South Africa already amounts to about R1.5 billion.  If just half an hour more is needed per trip then this increases the cost by R150 million.  It has also been found that increased fuelwood scarcity generally leads to an increase in the weight of each fuelwood load (Van Horen 1994).  There are obvious health costs associated with the carrying of heavy loads of wood over long distances over several years or decades.  Other health costs arise when fuelwood scarcity forces the introduction of various “cost-cutting” measures or coping strategies such as the implementation of bulk cooking, reduced cooking time, or fewer cooked meals (Van Horen 1994).  Finally, as fuelwood scarcity increases, people may be forced to spend more of what little money they have on commercialised fuels thus exacerbating the already dire problem of rural poverty.

7.6 6 Intervention strategies

Although the Environment Conservation Act (No. 73 of 1989) provides the background for environmental legislation in South Africa very little specifically covers natural woodland resource use or the development of woodlots (Mammon et al. 1995, Van Horen 1995).  Several recent initiatives, however, have placed the issue of fuelwood security and deforestation on the national agenda.  One of the most important of these is the Biomass Initiative, which was started in 1992 to assess the fuelwood situation in South Africa, and to make recommendations for intervention (Trollip 1996, Williams 1996).  In accordance with all recent thinking around the issue of fuelwood security the need for an integrated intervention strategy has been highlighted (Van Horen 1994, Trollip 1996, Williams 1996).  The problem should not be narrowly defined as an environmental problem (Van Horen 1994) and will not be solved with large-scale technological interventions, although there may well be a place for technology.  The problem will also not be solved with top-down interventions based on stringent control measures and fines (Shackleton 1993, Gandar & Grossman 1994).  Rather, the problem can only be solved if seen in the broader context of rural development programmes, land access and tenure, poverty alleviation and the socio-cultural environment (Van Horen 1994).  Local conditions should be considered in all cases and large-scale generalizations of the problem should be avoided (Van Horen 1994).  Affected people in target communities need to be involved at all levels of the process and outsider “delivery-package” style intervention strategies are doomed to fail (Eberhard et al. 1991, Van Horen 1994).  Finally, multidisciplinary teams and decentralised approaches to dealing with the problem are crucial.


Within the broad framework of the general principles outlined above, a number of specific recommendations have emerged over the last few years (Scholes et al. 1993, Gandar & Grossman 1994, Mammon et al. 1995).  These include the encouragement and promotion of alternative fuels, such as paraffin and solar energy (Mammon et al. 1995).  The problem, however, is that alternative fuels are usually more costly than fuelwood in cash terms.  Although many rural households may be able to afford the cost of electricity, the very poor will probably continue to rely primarily on fuelwood for their energy needs (Eberhard et al. 1991).


Although relatively easy to control, and holding numerous socio-cultural benefits, open fires possess a low energy conversion efficiency of between 8-20 % (Bembridge 1990).  A second specific recommendation therefore, proposes that fuelwood conservation should be promoted through the more efficient use of wood stoves (Bembridge 1990, Eberhard & Van Horen 1995, Mammon et al. 1995).  However, problems of market access and market knowledge are important constraints for large stove manufacturers, although these could be eased with government assistance (Mammon et al. 1995).


Bush encroachment is an important veld degradation issue in many magisterial districts of South Africa (see section 7.4) and extremes of woody biomass abundance are often separated by fence-lines dividing commercial and communal rangelands.  Numerous authors have suggested, therefore, that some alleviation of both the bush encroachment as well as the deforestation problems would occur if surplus woodland resources could be used by people in areas with a deficit (Grossman & Gandar 1994, Mammon et al. 1995).  Although there are examples of people from rural communities using certain resources (e.g. thatch grass) from protected conservation areas as well as from neighbouring commercial farms, it is difficult to imagine how this would translate into a national programme.


The role of woodlots has a long history in South Africa and while they have played an important role in some communal areas (Gandar 1988), they have also been relatively unsuccessful in others such as the Ciskei (Bembridge 1990).  However, their value may be strengthened if incorporated into a broader social forestry programme (Mammon et al. 1995).  Such a national programme could include education and training to improve the management of natural woodlands, together with a range of complementary agroforestry efforts such as the encouragement of tree plantings around homesteads, community woodlots, village nurseries for seedling production and commercial, small-grower agroforestry projects (Mammon et al. 1995).  This has important implications for the existing rural extension services, within the separate departments of agriculture, forestry and health.  They will all ultimately need to provide a more integrated service (Gandar 1994).  An extensive training programme focussed at village level would also need to occur and this should preferable build on traditional practices of woodland management (Scholes et al. 1993, Gandar & Grossman 1994).


It may be worth it to examine briefly the role of woodlots in rural areas and to highlight some of the successes and failures of their past utilization and to outline the scale of the problem.  The first woodlots were started more than a century ago near King William’s Town in the Eastern Cape (Gandar 1988).  Estimates of the extent of woodlots in the communal areas of South Africa range from 19 500 ha (Gandar 1988) to 27 000 ha (Aron et al. 1989) with most of this occurring in the former Transkei and KwaZulu communal areas.  Although many different authorities have been responsible for woodlot management in the past, most have now been transferred to traditional authorities (Eberhard & Van Horen 1995).  The condition and yield from these woodlots is currently very low and they probably contribute less than 80 000 tonnes per annum or about 1 % of the total amount of fuelwood consumed in the communal areas (Aron et al. 1989, Eberhard & VanHoren 1995).  Eberhard (1990) has estimated that an area of about 500 000 ha would need to be set aside for woodlot development if the deficit in fuelwood supply by the year 2 000 is to met.  However, the total land area suitable for tree planting programmes in the communal areas has been calculated at only 185 000 ha (Arenhold 1983).  On their own, woodlot development programmes are clearly not able to solve the fuelwood crisis for South Africa.  Even if land were available for woodlots, dramatic improvements in management and access would be needed if they are to contribute meaningfully to rural people’s livelihoods.  For example, Bembridge (1990) suggests from his survey of the 452 ha of woodlots in the former Ciskei that only 21% were being managed “at a reasonable level”.  Fencing was either not maintained or had disappeared in about half of the woodlots and reduced yields as a result of incorrect felling practices were also noted in many instances.  Construction materials and not firewood were the most important products from the woodlots.  Perhaps the most important rejection of the value of the Ciskein woodlots came from local people themselves who perceived them to relatively low on their list of basic need priorities (Bembridge 1990).


While different approaches, which avoid the top-down approach of the Ciskein example, could do much to improve the value of afforestation programmes, their high cost, in terms of extension and support efforts is an important constraint on their national effectiveness, although local impacts may be important (Van Horen 1994).  Afforestation programmes in themselves will probably not solve the problems of the rural environment.  Since fuelwood problems are inseparable from poverty and neglect it is perhaps here that the emphasis should be placed.  The large-scale housing and electrification programmes currently underway in the rural areas (Mammon et al. 1995, see Chapter 3) may go some way to alleviating poverty and are likely to have a large impact on household energy consumption patterns.

7.7 Other

For “Other” forms of veld degradation we refer primarily to the clearing of lands for crop production, and in some cases for settlements.  It is only perceived as a problem in the Western Cape, in parts of the Northern Province and as a 3rd order priority in the magisterial district of Port Elizabeth in the Eastern Cape (Table 7.18, Figure 7.18).  The trends appeared to be the same for commercial and communal areas.  Numerous factors drive the process.  These include:

· The conversion of low production grazing area for higher yielding crops (e.g. potato production in the Sandveld on the west coast of the Western Cape, citrus and rooibos tea production in the north western interior of the Western Cape);

· The conversion of potentially high production grazing area for crops (e.g. maize production in the Northern Province as people, who have been retrenched from the mines, return to the rural areas).   As noted earlier, however, the general trend in South Africa, is for a slight decrease in the area used for cropping.

· [image: image29.jpg]


The conversion of grazing areas for the large-scale expansion of urban and rural settlements (e.g. the expansion of the Port Elizabeth metropolitan area into the surrounding subtropical thicket vegetation of the Sundays River Valley, the expansion of many communal villages in the Northern Province).  While the expansion of settlements was noted for nearly every magisterial district, the perception of workshop participants was that the extensive rangelands were under greater threat from grazing, deforestation, bush encroachment and alien plants than from settlement expansion.

Figure. 7.18.  The location of the 20 magisterial districts where “other’ forms of degradation are perceived as first order (5 districts or 1 % of the total), second order (8 or 2 %) or third order (7 or 2 %) priorities in South Africa.  “Other” forms of veld degradation were not perceived as an important veld degradation problems in the 347 districts where the priority ranking was zero.

Table 7.18.  The percentage of magisterial districts in each of the nine provinces of South Africa (N = 367) and in commercial and communal districts with “Other” listed in each of three priority rankings (1st = highest priority to no priority).  The results reflect the perceptions of agricultural extension officers and resource conservation technicians.

Province
Number of magisterial districts
The percentage of magisterial districts with

“Other” listed in priority ranking



1st
2nd
(3rd
Not a priority

Eastern Cape
78
0
0
1
99

Free State
51
0
0
0
100

Gauteng
22
0
0
0
100

KwaZulu-Natal
51
0
0
0
100

Mpumalanga
30
0
0
0
100

Northern Cape
26
0
0
0
100

Northern Province
39
8
8
5
79

North West
28
0
0
0
100

Western Cape
42
5
12
10
73








Commercial districts
262
1
2
2
95

Communal districts
105
2
2
2
94
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Figure 5:
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Figure 6: The bird community composition of the communal and commercial rangeland as represented by the number of individuals sighted during transects.
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Figure 5: The small mammal community composition of the communal and commercial rangeland as represented by the number of individuals trapped.
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