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ABSTRACT 

This study was designed to provide the' ~eans for implementing 
formal scientific vegetation management 1n the succulent valley 
bushveld of the eastern Cape, South Africa. 

Nowhere in the world has a detailed, effective and practical veld 
management system being developed entirely from research, and 
even the most successful management systems rely heavily on the 
intuition of people. A process, formally called ' adaptive 
management', combines this intuition with scientific testing and 
the overall objective of this study was to provide a framework 
for formalized adaptive management in succulent valley bushveld. 

On analyzing the process of adaptive management, the following 
knowledge 'tools' were identified: (i) a management system for 
immediate implementation; (ii) a technique for vegetation 
assessment; (iii) a technique for monitoring vegetation change; 
(iv) a technique for monitoring forage use and recovery; (v) a 
list of key forage species; (vi) a model to set initial stocking 
rates; (vii) a method of recording essential information; and 
(viii) a database of ecological principles. 

Providing these 'tools' became the goals of this study. These 
topics covered almost all facets of rangeland science, and the 
approach was to address these in a 'top down' manner, rather than 
sub-optimize by specializing on anyone component. 

Most of the 'tools' were achieved to a greater or lesser extent 
and are presented as a series of publications. However, a 
central tool, that for monitoring vegetation change, remains 
outstanding despite comprehensive testing of a range of 
traditional botanical methods. Indeed, critical review revealed 
that this 'missing tool' is a problem which is common in all 
vegetation communities in South Africa - despite the impression 
created by vegetation researchers that adequate techniques are 
indeed available. This is serious because land managers are not 
able to evaluate the impact of their efforts and the government 
is unable to monitor the effectiveness of their research and 
extension services, costing millions of public monies annually. 
The implication also, is that vegetation cannot be managed 
scientifically (management implies monitoring). 

Either formal adaptive management is not practicable, or 
researchers are operating from an inappropriate paradigm; 
specifically that of providing techniques for their research 
projects and claiming that these (or derivatives of these) are 
adequate for farm or regional scale monitoring. 

More generally, research has often become an end in it's self, 
with research quality being judged by criteria which are of 
lit~17 significance to the real world and which damage 
eff 1c1ency. Perhaps, the real value of vegetation research lies 
in the experiential learning which the researcher gains n~t the 
inevitably parochial results. ' 
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PREFACE 

This thesis is presented as a series of publications, both 
published and unpublished, as well as reports which have been 
produced over a period of eight y~ars. The inevitable 
consequence is that literary and presentation style varies and 
details/thinking in some papers have become redundant (or are not 
yet fully mature). I make no apology for this. Indeed my 
intention is for the thesis to record a process. Because it is 
a process, there are however, some gaps. Whilst I have made 
every attempt to cover each topic as broadly as possible, my 
further input had to be terminated at some point. Inevitably, 
this point is a value judgement. 

Another unavoidable consequence of a series of articles published 
over time, is the repetition of material; e.g. description of 
the vegetation, references and some non-redundant text which may 
be repeated in successive articles covering the same topic. I 
considered removing this (especially the latter), but there were 
also good reasons to leave the format as it is (e. g. to 
illustrate a process and for efficiency with publication). In 
the end I decided to leave the thesis as a series of independent 
articles, and consequently I request the reader to forgive the 
repetition. 

I declare, furthermore, that this thesis is the result of my 
original work, unless specifically stated to the contrary in the 
text. It has not been submitted for any degree or examination 
at any other university. 

G.C. STUART-HILL 
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FOREWORD 

'RULES OF THE GAME' 

In this dissertation , I have aligned myself with the strategy of 
allowing the land manager to define his own land use objectives. 
However, the study originated from within the traditional 
agricultural paradigm of domestic stock farming and as a 
consequence, the dated works reflect this thinking. When I do, 
in the later works, lapse into making value loaded statements 
(e. g. veld degradation) this may be done either: from the 
viewpoint of a specific land user; or where the land use option 
leads to a decrease in overall vegetation cover. I have selected 
cover in place of soil loss as it is an easier parameter to 
mon~tor and because it has been shown to be positively correlated 
with soil protection (Anon 1976). 

As we do not know what the needs of future generations will be, 
it is perhaps wise to take a conservative approach to land use. 
Consequently, I have adopted the approach that it is best to 
maintain those aspects of the vegetation which, if lost, will not 
regenerate within a human life span. If the actions of the land 
manager lead to a reduction in total vegetation cover or 
irreversible change i n the vegetation (the 'rules of the game'), 
then I believe that mechanisms should exist whereby society be 
informed of the consequences so that they (through their elected 
leaders) can take appropriate action. It is important to 
realize, however, that under certain socio-economic conditions, 
even the most well-intentioned land user will unavoidably break 
the 'rules'. In such cases, society may be forced to reassess 
~he these and be prepared to bear the consequences. . / 
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CHAPTER 1 

INTRODUCTION 

1.1 THE DESIRE 

VI timately we aspire to have managemen~ sY,stems for land u~ers 
which are compatible with the conservat10n 1deal. Conservat10n, 
as opposed to preservation, means "wise use" and is defined by 
the World Conservation strategy (WCS) as the management of the 
biosphere so that it may yield the greatest sustainable benefit 
to present generations whilst maintaining its potential to meet 
the needs and aspirations of future generations (WCS, 1980). 

1.2 THE PROBLEMS 

While noble in intent the WCS definition has a number of problems 
which affect its implementation (see Mentis 1985). "How do we 
know apriori, what the needs and aspirations of future 
generations will be. "Greatest sustainable benef it" is of 
course, a value judgement and will depend on the viewpoints and 
objectives of the various sectors of the "present generation". 
For example, a traditional tribal pastoralist may have the 
objective of maximizing animal numbers and not products (Brown, 
1969). A commercial pastoralist, on the other hand, may seek 
maximum financial profit. A tax-paying town dweller may enjoy 
fishing at the coast and consequently object to excessive 
siltation of estuaries caused by land managers who profit at the 
expense of top-soil . 

Even if we consider only commercial pastoralism, we soon notice 
how widely operator objectives can vary. For example, a farmer 
could operate with either cattle, sheep, goats, game or various 
combinations of all these. He also has the option of adopting 
various systems of management such as: high and low stocking 
rates, rotational grazing or continuous grazing, burning or not 
burning, as examples. None of the above are necessarily harmful 
to the vegetation and consequently, none should be condemned out 
of hand. Rather, it is the specific timing, combinations and/or 
magni tude of each which may lead to undesirable vegetation 
change. 

It follows, that the combinations of enterprises and management 
systems is almost inf ini te. Consequently , it would be an 
extremely complex, tedious and expensive task to determine, 
through research, the optimum timing, combination and magnitude 
of each so as to produce a management formula. Importantly, this 
tas~ is ~ade even more,difficult due to the added complexity of 
hav1ng d1ffer~n~ spec1es (each behaving uniquely), different 
plant commun1 t1es and constantly changing environmental 
conditions. 
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Because of this complexity, a detailed, effective and practical 
management procedure cannot be developed entirely from research. 
In the eastern Cape thornveld, where more that 50 scientific 
articles devoted to veld management have been published (one of 
the most researched veld types in southern Africa), the most 
practicable management system developed thus far (Danckwerts 
1984), whilst incorporating some scientific predictions, relies 
mostly on the intuition and exper i ence of successful farmers and 
scientists. 

It may even be concluded that research is a waste of time and 
money, especially when we see land users earning a good living 
whilst doing their veld no harm . Could the management solution 
lie with these peopl e? Should we not simply copy the 'leading 
farmers'? Yes and no! Often the perception is created that 
successful land users are wealthy because they implement 
conservation practises. However, it has been shown that these 
individuals were often wealthy to start with and it is because 
of their wealth that they are able to implement altruistic 
conservation (Grossman 1988). Most land users are not in a 
position to spend large amounts of money on, for example, soil 
reclamation works, but does this mean that they are not 
conservation farmers? Remember, conservation means wise use! 
I suggest that the ' leading farmers' are those who manage with 
specific objectives in mind and to achieve these they monitor 
both the performance of their animals (and hence profits) and 
their veld. These farmers have the answer; by having objectives 
and periodically monitoring goal attainment, they are able to 
identify successes and failures. with appropriate monitoring 
programmes and an understanding of the ecosystem- (derived from 
research), they can adapt their management system accordingly. 
Essentially, they practise a system formally call "Adaptive 
Management" (Walters & Hilborn 1978; Holling 1978). 

1.3 THE OBJECTIVE 

The overall objective of this study was to provide a framework 
for formalized adaptive management in the succulent valley 
bushveld of the eastern Cape (see Paper [P 0.1] for a description 
of this vegetation type) . 

The approach was firstly, to describe an interpretation of 
adaptive management, and from this description, identify the 
'tools' that a land-manager would require to formally implement 
the system. providing these tools became the goals of this 
study. 
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CHAPTER 2 

ADAPTIVE MANAGEMENT 

2.1 DESCRIPTION 

Adaptive management, in the act i ve sense, is an approach whereby 
a manager would specifically implement various actions to learn 
how the system responds, thereby learning to manage. In the more 
passive (and applied ) sense, adapt i ve management is the term used 
to describe the system of modi fying management by learning 
through mistakes and successes. It is useful in situations 
where few facts are known but where management decisions cannot 
be delayed while research is being conducted (Walters & Hilborn, 
1978; Holling, 1978). Adaptive management is thus particularly 
relevant to veld management where few quantitative management 
guidelines are available. 

Mentis (1985) provided a general i zed algorithm for scientific 
management (Figure 2.1) which is fi rmly based on the paradigm of 
adaptive management . 

Figure 2.1 

No 

No 

7. Can solution 
be generated? 

Yes 

5. Wait 1 day, 
week, month, 
year ... 

Yes 

11. Revise goals 

A generali zed algori thm for sc i e nt i fi c manageme nt 
(Me nti s 1985 ) . 
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This can be expanded into a more applicable veld management 
algorithm (see Figure 2.2 as an example). 

%:-;;FiT)---4~ 1. Inventory of resources 

Sa. Find or design 

4 . Determine stocking 1-+-------"1 
rates 

initial management Sb. Manage veld : 
system f--~-------, (1) Ensure adequate fodder reserves ~ _______ -, 

(2) Achieve high animal performance 

6h. Redesign management 
system or revise 
stocking rates 

6g. Call in 
pasture expert 

Figure 2.2 Generalized 
management. 

(3) Achieve overall oblectlves 

Sc. Monitor and record for each paddock: 
(1) Grazing and browsing days . . 
(2) Animal performance (fertility, weight gains, etc) . 
(3) Burning programme, rainiall, supplementary feeding 
(4) Appearance of poisonous plants 
(5) Miscellaneous problems (e.g. theft, water, predators) 

Resurvey control paddocks 
after about 2 years 

Yes 

Yes 6e. Is economic 
performance acceptable? 

(Better /Same as 

procedure 

6f. Call in 
economic expert 

study group) 

for adaptive veld 

A grazier beginning to use adaptive management may go through the 
following seven phases (Figure 2.2). 

1) Undertake an inventory of the natural resources on the 
property. 

2) Decide on his objectives and translate these into 
operational goals (e.g. what is the desired animal 
performance, what veld condition, etc.) 

3) Identify and survey sites representing each veld type on 
the property so that vegetation change can be monitored. 

4) Determine stocking rates with quantitative methods, if 
available, or through educated estimates. 
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6) 

7) 
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select a veld management system according to the best 
(objective and subject~ve) knowledge currently available. 
For example, a grazler could adopt: published veld 
management guidelines (e.g. Danckwerts & Teague, 1989), an 
expert system based on scientific prediction~, his 
neighbours management program, or a new system devlsed by 
himself. This will serve as a starting system which can, 
in time, be modified or replaced depending on its 
performance. While managing according to the system 
adopted, all management and environmental impacts should be 
recorded (e.g. the grazing, browsing and burning programme; 
rainfall; forage availability before and after each period 
of occupation; miscellaneous occurrences such as the 
appearance of poisonous plants; and animal performance such 
as weight gains, fecundity, etc). 
Periodically resurvey the monitoring sites and compare the 
veld condition with what it was previously. This allows 
the performance of the grazing/browsing system to be 
evaluated in terms of both animal productivity (i.e. 
fecundity, weight gains and profitability as described 
above) and vegetation change. If the veld . has 
deteriorated, or the animal/economic performance is low 
compared to previous experience or study group figures, the 
manager is then able to return to the management and 
environmental records and discover what went wrong and 
thereby, devise a new management strategy. During this 
analysis it may become apparent that the goals are 
unattainable and this would necessitate changing the goals 
or perhaps even the objectives. 
Finally, return to phase (5) and repeat the whole process. 

It is evident, that, if the process continues long enough, and 
is formalized (by being written down or computerized), then a 
model specially adapted for the property could evolve. This 
will be useful as the knowledge it contains can be passed from 
one manager to another with limited loss of information. 

2.2 ROLES OF RESEARCHERS, LAND-MANAGERS AND SCIENTIFIC ADVISORS 

Three types of people will in all likelihood be required to 
implement formalized adaptive management. These are: land
managers; scientific advisors (e.g. extension officers and 
consultants) and research workers. -

The 
i) 

ii) 

iii) 

iv) 

v) 

role of a research worker may be to: 
develop techniques to monitor vegetation change (phases 3 
and 6); 
develop predictive models to determine initial stocking 
rates (phase 4) and help construct management systems phase 
5) ; 

dev~lo~ an understandi~g ?~ the, ecosystem, thereby 
asslstlng managers and sClentlflc advlsors to interpret and 
overcome problems (phase 6); . 
discover new and more efficient methods of resource 
conservation (phase 2); and 
present research results in a usable form. 
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The role of the manager is to develop a unique grazing/browsing 
system for the property and continually modify it according to 
new circumstances and information. 

The advisor's role is to assist the manager with the technical 
aspects of each step, assimilate new information, inform the land 
user of the various options available, inform researchers as what 
work is required, and thereby serve as the coordinating body 
between research and management. 

Let us examine a simple example to see how formalized adaptive 
management could work in practice. 

We assume that the manager has, as one of his goals, "The 
vegetation condition index must not deviate by more than 10% from 
the initial score of 80". After proceeding through phases 1 to 
5, he finds (during phase 6) that his veld condition · index has 
changed beyond acceptable limits. A cursory glance at his 
records shows that this has occurred despite the fact that he has 
had the same stocking rate, has been implementing the same system 
of rotational graz ing and has burnt his veld at the same 
frequency as those neighbours who have not experienced 
unacceptable vegetation change. He calls in a scientific advisor 
who, in examining his detailed management records, finds that 
al though burning frequency is the same, he has been burning 
during the growing season while all his neighbours have been 
burning during the dormant season. The advisor recalls a 
researcher having found that burning veld while it is growing 
changed it, whereas burning during the dormant period had little 
adverse effect. App l ying this ecological principle, the advisor 
is able to advise the manager to consider a change in the burning 
schedule. The manager, after evaluating the advice to see 
whether it is compatible with the rest of his farming enterprise, 
may implement the change. 

This is a very elementary example. But from this, it is evident 
that with veld monitoring, adequate records and some ecological 
principles, the manager was able to identify a problem, learn 
from his mistake and adapt management accordingly. Without 
these, he would not have been able to make any constructive 
progress other than have a vague feeling that the veld was 
deteriorating. 

Adaptive veld management depends on four equally important 
monitoring programmes: 
i) measuring vegetation change; 
ii) measuring animal performance (thereby linking management to 

financial performance); 
iii) recording the environmental conditions· and 
iv) recording the management actions that ~re being applied. 
~hese monitoring and record keeping programmes should be balanced 
ln that, for example, equal emphasis should be placed in 
rec~r~i~g ve~etation change as in recording the rainfall. By 
deflnltlon, lf you are not monitoring the vegetation then you 
cannot claim to be managing it. 
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In addition to these monitoring programs, it is essential that 
we have some understanding of the important ecological processes. 
This knowledge will be required to extract, from the 
environmental and management records, the reasons for failure to 
achieve goals (e. g. "the vegetation is changing beyond acceptable 
limits") and to suggest appropriate corrective action. 

2.3 TOOLS REQUIRED FOR ADAPTIVE VELD MANAGEMENT 

From analysis of Figures 2.1 and 2.2 the following 'Tools' are 
necessary to implement formalized adaptive veld management. 

1. A management system for immediate implementation. 

This should not be presented as the· only correct management 
system. Rather it is a suggestion which individual land 
users can adopt in the absence of their own. 

2. Technique for vegetation inventory. 

The technique should be a rapid survey technique which is 
descriptive and has a resolution adequate for planning 
purposes. I refer to this as veld or vegetation 
assessment. 

3. Technique for monitoring vegetation change. 

The technique should have high repeatability and 
efficiency, and be acceptable to land managers. I refer to 
this as veld or vegetation monitoring. 

4. Technique for monitoring forage use and recovery. 

This is required for management feedback in the short-term 
and the technique must monitor degree of utilization and 
forage accumulation so that farmers can decide when an area 
of veld should be burnt, is ready to be grazed or when 
animals should be removed from a paddock. I refer to this 
as forage ass~ssment. 

5. List of key species. 

In mUlti-species communities it is inevitable that 
utilization levels will differ between species. 
Consequently the manager should know those plants that are 
important to his obj ecti ves and understand why they are 
important. I call these plants key species. 

6. A model to set i nitial stocking rates. 

This model should integrate, at the very least rainfall 
and vegetation condition. Importantly, it should clearly 
~tate that it's predictions are not absolute but rather 
~ntended to be used as initial values which can be adapted 
with experience. 
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7. A method of recording essential information. 

Here the emphasis must be on balanced record keeping and 
only information which is useful should be collected. It 
must be clearly stated why each piece of information is 
being collected; e.g. why collect rainfall data? 

8. A database of ecological principles. 

The ecological principles must be relevant to management by 
contributing an understanding of the system. Full 
understanding is unachievable and a library, database or 
expert systems of ecological principles (which can 
continually be updated) is probably the best that can be 
achieved. 

2.4 GOALS OF THIS STUDY. 

As mentioned in Chapter 1, providing these Tools became the goals 
of this study. It is obvious, from perusal of these goals, that 
the study is extremely broad (encompassing almost all the facets 
of the discipline of rangeland science) and consequently, runs 
the risk of superficial treatment of any single component. To 
avoid this, whilst maintaining the "top-down" approach which 
system analysis demands (Ahituv & Neumann 1986), I concentrated 
on a few of the adaptive management tools and devoted less effort 
to others. It follows that the adaptive management framework 
presented in this dissertation is not complete (nor will it ever 
be), but in the spirit of adaptive management, is itself 
presented for immediate implementation, identification of further 
applied research needs and later improvement. 
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PROVIDING THE TOOLS FOR ADAPTIVE MANAGEMENT 
IN SUCCULENT BUSHVELD 
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While project design is a sequential process, it is necessary to 
recognise that the implementation of the steps may be u~derta~en 
concomitantly. In addition there is also a degree of lteratlon 
in that as we discover something new, it may become necessary 
to chan~e, delete, add or reassess the importance attached to 
each goal. A consequence of this is that som~ of the 
work/thinking is rendered redundant by later work. ThlS Chapter 
is a summary of the progress achieved so far. 

Because the Chapter is designed to describe how the various 
articles fit into the broad picture, the details of each have 
been left in the publications themselves. However, to avoid the 
necessity of having to continually refer back to this chapter, 
the relevant text is repeated on the introductory pages of each 
section. 

3.1 INTRODUCTORY WORK 

Before providing the tools for adaptive management, it was 
necessary to define the extent and nature of the vegetation type. 
The unpublished paper: An agriculturalists view of the nature 
and extent of succulent bushveld [P 0.1], is the product of that 
effort. This study, as with all classifications, relies heavily 
on the objectives for classification. As such, it may offend 
classical botanists who are used to traditional quantitative 
avenues of classification. I have considered issues of real 
concern to graziers (i.e. forage source and sustainability) and 
based the classification on these attributes. 

Despite this 'new classification', it has been necessary to use 
the original classification convention in those pUblications 
destined for strictly botanical journals. This has led to some 
inconsistency in the thesis but hopefully this article will at 
least serve to cross reference the various naming conventions. 

3.2 A MANAGEMENT SYSTEM FOR IMMEDIATE IMPLEMENTATION [TOOL 1] 

The next goal was to provide the management system which land 
users could implement immediately (Tool 1). The first product 
of this goal was a section in a book entitled: Management of veld 
types: succulent valley bushveld [P 1.1]. This recipe was given 
reluctantly to serve as an initial guideline for those who have 
no management plan. It is heavily biased towards domestic stock 
farming and consequently has a very narrow market. On 
reflection, it was decided not to upgrade this recipe (even for 
those rare individuals who may request one) because the effort 
in developing such a system does not warrant the amount of times 
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it will be used. Furthermore, a management plan rests on 
objectives which are value judgements and it follows that these 
plans will be personalized for each proper~y ,and land ~an~ger. 
This Tool was eventually achieved by emphas1s1ng the pr1nc1ples 
that managers should be aware of (see the section in a second 
book: Management of different types of veld: succulent bush~eld 
[P 1.2]). The reader should b~ aware that th~ second ~rt1cle 
repeats some material from the f1rst. I apolog1se for th7s, but 
deleting the first would have removed the apportun1ty of 
illustrating a process. 

3.3 A TECHNIQUE FOR VEGETATION INVENTORY [TOOL 2] 

An essential part of scientific management and land use planning 
is an inventory of resources (Figure 2.2). Consequently, it was 
necessary to develop a system whereby succulent bushveld (in 
different states) could be quantified in some objective and 
repeatable manner. Using the terminology of the time, the 
intention was to develop a method of assessing veld condition 
(Tool 2). 

Providing this tool became the next goal and the first product 
was the published paper: Towards a method of assessing the veld 
condition of the valley bushveld in the eastern Cape [P 2.1] (the 
co- authors assisted in selecting the sampling approach and in 
addi tion, c. J . G Ie Roux advised on statistical analysis). At the 
time the approach was innovative in that it broke from the 
tradition of using species response categories (decreasers and 
increasers) and calculating score as some percentage deviation 
from the 'ideal'. I t was nevertheless naive and later modified 
(see the section of a book, entitled: Monitoring vegetation 
change and assessing veld condition: Assessing the condition 
(ecological status) of valley bushveld [P 2.2]) where the 
vegetation score came to represent an index (now called 
ecological status), devoid of value judgement and describing the 
position which the site occupies along a gradient of floristic 
similarity. The philosophy developed further, and was 
crystallised in an invited published paper: An alternative 
approach to veld condition assessment in the non-grassveld 
regions of South Africa [P 2.3] (the co-author of this paper 
contributed the review of vegetation assessment in the karoo). 
The sections of r elevance to this dissertation are the 
Introduction, the review of thicket assessment methods and all , , 
sect10ns thereafter. 

While ~he philosophy and theoretical procedure for scoring veld 
was be1ng developed, a means of actually assessing vegetation in 
the field was devised. The approach was a formalized visual 
method with multiple operators. It was tested and found to be 
acceptable and Tool 2 was thereby provided (see the published 
paper: Towards visual assessment of succulent valley bushveld 
[~2.4]). Not included in the paper was a discussion of the 
~lffere~ce ~etween 'subjective' and 'visual' methods. My 
1mpress1on 1S that many people confuse the two some even 
believing that they are the same. A useful analogy is that of 
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determining a length of string. A subjective approach would 
return measurements of "long or short" (obviously not repeatable 
between operators) , whereas a visual method would return 
estimates of length in millimetres, centimet,res, or metre~ (or 
other measurable units). This could be done ln the conventlonal 
sense by placing a ruler next to the piece of string or by 
estimating the length by simply looking at it whilst refering to 
a repeatable index 'embedded' in the mind. Visual methods are 
not subjective methods! 

3.4 A TECHNIQUE FOR MONITORING VEGETATION CHANGE [TOOL 3] 

Providing Tool 3 (a technique for vegetation monitoring) was more 
problematical and hinged on evaluating the repeatability and 
efficiency of the survey technique. The first attempt was 
informal (unpublished report: Repeatability of bushveld 
assessment: informal analysis [P 3.1]) and showed that the 
survey method initially used (the point-centred-quarter method) 
was not sufficiently sensitive fpr farm scale monitoring. 

This result led to the initiation of a series of experiments to 
test the repeatability and efficiency of a number of traditional 
botanical survey methods. The approach was neutral and 
conventional; i.e. establishing relationships between 
repeatability (error) and sampling effort. See the following 
unpublished papers: 

i) Evaluation of the point-centred-quarter method of 
sampling kaffrarian succulent thicket [P 3.2]; 

ii) Evaluation of a belt transect method of sampling 
kaffrarian succulent thicket [P 3.3]; 

iii) Repeatability of the Domin-Krajina cover-abundance 
scale in kaffrarian succulent thicket [P 3.4]; and 

i) The 'Bubble' technique for sampling kaffrarian 
succulent thicket [P 3.5] (parts 1,2 & 3). 

Essentially, the philosophy was to provide the above 
relationships so that, by defining apriori a level of precision 
suitable for their requirements, users could then determine what 
sampling effort they would need. In this paradigm, the same 
sampling technique is used by all users but at different sampling 
intensities depending on the required precision. This approach 
had its roots in grassveld monitoring and led to a host of 
technique studies (Mentis 1984; Walker 1987; Hardy 1986). An 
implicit assumption with this philosophy, is that land managers 
require (for adaptive management) a less sensitive vegetation 
mo~itoring technique than researchers (Hardy & Walker 1991). 
ThlS ~ challenged in a paper entitled: Vegetation monitoring for 
adaptl. ve management: is a paradigm shift required? [P 3.6], 
where I argued that the converse is true. This is because land 
~anagers need to be pro-active and adapt their management before 
lrreparable damage ,?ccurs. Researchers, on the other hand, 
merely want to quantlfy the response to some applied treatment. 
~eople have assumed that because managers seek an 'easy' method, 
It follows that they are happy with a less sensitive technique. 
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All of the conventional botanical methods tested in this st~dy 
were found to be too tedious and/or insensitive for pro-act1ve 
farm scale monitoring. Of the methods tested, the 'bubble 
method' (using frequency measures) was the most useful and could 
be used for research based monitoring. The reason for the 
failure of all these classical methods is probably that their 
very nature depends on the death (or sev~re,reduction ~n,size) 
of individual plants. To a land user, th1s 1S not suff1c1ently 
sensitive as he needs to take appropriate action before losing 
valuable plants. 

The failure of this research effort to produce Tool 3 prompted 
a paradigm shift and the emphasis has turned to monitoring 
attributes of individual plants which give early warning of their 
imminent demise l

• To do this, however, requires a detailed 
understanding of the growth and reaction to defoliation of key 
plant species. Future research should concentrate on the 
demography of this vegetation type and, in particular, on 
understanding how individual plants are killed by defoliation so 
that critical attributes of the plants can be identified for 
monitoring. 

It is important to note that if this ' new paradigm' is also 
unable to produce Tool 3 (a monitoring technique for proactive 
adapti ve management), then the implication is that adaptive 
management may not be tenable. If this fails, what scientific 
approach to vegetation management is possible? The consequence 
could be that the vegetation cannot be managed scientifically or 
at least, cannot be managed in a pro-active manner. 

3.5 TECHNIQUE FOR MONITORING FORAGE USE AND RECOVERY [TOOL 4] 

Tool 4, a method for monitoring forage, was not seriously 
addressed in this study because: 
i) of logistical limitations; 
ii) it is only necessary for the implementation of rotational 

grazing which, in succulent bushveld, is untested; 
iii) if the stocking rates are 'correct' then monitoring forage 

utilization and regrowth is not really necessary; and 
iv) there is already an informal visual method which monitors 

the development of a 'browse line' (for utilization) and 
length of current shoot growth on ~ afra (for recovery) . 

Nevertheless, a method of monitoring twig utilization on P. afra 
and ~ robusta was briefly evaluated and found 1to~ 
inappropriate, even for research efforts (see the unpublished 

I An example is perhaps the 'skirting' phenomenon of P. afra 
(reported in the published paper entitled: "Effects of el~h~ 
and goats on the Kaffrarian succulent thicket of the eastern 
Cape, South Africa"),and is paral~eled by the aerial tillering 
phenomenon observed 1n Themeda tr1andra (Tainton 1981). 
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paper: Evaluation of a non-destructive technique to monitor 
utilization and recovery of two shrub species in succulent 
bushveld [P 4.1]). 

3.6 A LIST OF KEY FORAGE SPECIES [TOOL 5] 

Tool 5, a list of key forage species, was also not a priority as 
this had previously been researched by Aucamp (1979). Howe~er, 
while evaluating productivity, Aucamp did not formally conslder 
palatability or acceptability. To address this limitation~ a 
'f irst approximation' type investigation was undertaken resul tlng 
in the unpublished paper: The goat preference rating of shrubs 
in the succulent bushveld of the eastern Cape [P 5.1]. It is 
important to note that while there exists a differentiation in 
the palatability of the shrub species in this vegetation type, 
almost all species will be utilized to extinction if animals are 
forced to. It follows that when viewed globally, there may be 
a relatively small variation in absolute palatability between 
shrubs of the succulent bushveld. 

The results of this investigation were then used in a pilot study 
which aimed to initiate research into understanding goat 
selectivity. The unpublished research note (Relationships 
between some commonly assayed plant chemicals and shrub 
acceptability (to goats) in the succulent bushveld of the eastern 
Cape [P 5.2]) details the results. 

3.7 A MODEL TO SET INITIAL STOCKING RATES [TOOL 6] 

A model to set initial stocking rates (Tool 6) was provided in 
the published paper: Carrying capacity of the succulent valley 
bushveld of the eastern Cape [P 6.1] (the co-author initiated the 
field work). This model should be viewed as a first 
approximation which should be tested and upgraded where 
necessary. A formal test of the model .has been started and is 
currently the responsibility of F.O. HObson2 • The essential 
preliminary result after three years of treatment, is that while 
the vegetation at the high stocking rates (i.e. two and three 
times greater than recommended by the model) is showing visible 
signs of damage, the goats' producti vi ty (measured with mass 
gain) continues at control levels (pers comm. F. o. Hobson). 
Despite this new experimental effort, further on-farm testing is 
required. 

A lesson from the published study was that th'e research effort 
was not worth the information obtained, especially in view of the 
rather nebulous concept of carrying capacity and the temporal and 
spatial limitations of the predictions. I suggest that future 
work of this nature should be more holistic, the experimental 
effort going into increasing the range of sites and variables 

2 
Dohne Research Centre, P Bag X15, stutterheim, 4930. 
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under test rather than on the backbreaking and inefficient 
efforts to ~bjectivelY monitor plant utilization and recovery. 

By way of generalizing the resu~ts, and ~n an att~mpt.to discover 
a unifying relationship to pred~ct carry~ng capac~ty ~n the woody 
vegetation communities of the eastern Cape, the model developed 
for the false thornveld of the eastern Cape (Acocks 1975, veld 
type number 21) was used to predict the carrying capa~i~y as 
measured in the above experiment . The result was surpr~s~n~ly 
good, given the major differences between the two vegetat~on 
types (see the unpublished paper: Can a common model be used to 
determine carrying capacity in false thornveld and succulent 
valley bushveld: a preliminary investigation? [P 6.2]). 

3.8 A METHOD OF RECORDING ESSENTIAL INFORMATION [TOOL 7] 

Tool 7, a model of recording essential environmental and 
management informat i on, is not specifically provided in this 
dissertation. It is a complex study which would have received 
superficial treatment given the resources at my disposal. The 
complexity comes from the myriad of land-use possibilities, time 
scales and variables and ideally, each property should have a 
tailor-made monitoring system. By way of example, however, an 
elementary information monitoring system is suggested for a 
national park in the unpublished report: A vision for ecological 
monitoring in a National Park [P 7.1]. 

3.9 DATABASE OF ECOLOGICAL PRINCIPLES [TOOL 8] 

Tool 8, a database of ecological principles, is also not fully 
provided in this dissertation (as expected). Nevertheless, a 
paper was produced which reported on a preliminary community 
based investigation. The approach was to examine pattern in the 
community and develop hypotheses describing how the succulent 
bushveld responds to impact. The study consisted of a three way 
comparison between the treatments: 'elephant grazing', 'goat 
grazing' and 'no grazing' (reported in the published paper: 
Effects of elephants and goats on the Kaffrarian succulent 
thicket of the eastern Cape, South Africa [P 8.1]). The results 
implied that the succulent bushveld was changing in sympathy with 
the change in util i zation regime; from that dominated by 
elephant to that of small domestic stock (mostly goats). The 
results illustrated that the vegetation is adapted to tolerate 
elephant impact and not goat farming! This initiated an interest 
in.a basic biological principle, seldom if ever articulated, upon 
wh~ch all of pasture/veld/range/grassland science rests and 
against which vegetation management efforts inevitably work. IF 
THE DEFOLIATION REGIME, UNDER WHICH A PARTICULAR VEGETATION TYPE 
EVOLVED SHOULD BE CHANGED, THEN THE VEGETATION WILL CHANGE IN 
SYMPATHY WITH THE 'NEW' REGIME. Veld 'degradation' (change away 
from some agro-ecological ' ideal') is inevitable with modern 
farming practices and is a symptom of the changing defoliation 
:eg~me. This principle is so simple, but more often than not it 
~s 19nored. Bush clearing efforts are a good example and this, 
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together with the results of the above publi~ation, led to ~he 
paper (in press): Farmland elephant: a solut~on to degradat~on 
in the woody vegetation communities of southern Africa [P 8.2]. 

3.10 FURTHER WORK 

It is obvious that t h is study has failed to produce all the tools 
required for formalized adaptive veld management in succulent 
bushveld. It is sti ll necessary to develop and test: 

i. a vegetat i on monitoring system for proactive adaptive 
management (Tool 3); and 

ii. a system of recording essential environmental and 
management information (Tool 7). 

Assuming that these are provided, it will then be necessary to 
formally implement an adaptive management system on various 
properties and monitor the performance of such systems. 

I believe that future work with respect to Tool 8 (ecological 
principles) should concentrate on the demography of this 
vegetation type and, in particular, developing an understanding 
of how individual plants are killed by defoliation. My 
suggestion for integrating future vegetation work in a manner 
that is useful to managers is described in the last paper of the 
thesis: Framework for the development of a management orientated 
vegetation model [P 0.2]. 
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CHAPTER 4 

CONCLUDING REMARKS 

Perhaps the most important conclusion, from this, study is my 
questioning the practicability of adapt1ve vegetat10n management 
in succulent valley bushveld. This has arisen ~ecause of my 
inability to find an efficient land-manager or1~ntated, ~nd 
proactive vegetation monitoring technique on Wh1Ch adapt1ve 
management rests. It could be argued that the methods tested are 
able to achieve repeatable results, but with considerable effort. 
The counter to this argument is that without exception, land 
managers cannot afford the degree of effort required with these 
conventional botanical methods. It is no wonder that few land 
managers monitor their veld. I agree .that it is too soon to 
discard the philosophy of adaptive management, but honest 
reflection will conclude that, to date, there are no good 
examples where formal pro-active adaptive veld management is been 
successfully practised. The impression I have, is that we pay 
lip service to adaptive management and get away with it because 
its flexible nature is such that its failure can be easily 
ignored. If, for argument sake, a suitable monitoring technique 
cannot be found, what becomes of adaptive management, and what 
alternatives are there? 

One view is that biological systems operate randomly in response 
to stochastic events; i.e. they do not have a predetermined end 
point. Why should veld management be any different? Objective 
orientated vegetation management implici ty supports the 
philosophy of adapting the vegetation to meet the requirements 
of a predefined need, rather than vice versa. What if (when) the 
need changes? Perhaps management effort should be designed to 
take responsible advantage of vegetation change when it occurs, 
rather than trying to adapt management to achieve a specific 
vegetation vision. 'Locking onto' a specific vegetation endpoint 
(e.g. open savanna) could even cost opportunities (e.g. clearing 
encroaching bush instead of converting it into a useful 
resource) . 

What of vegetation research? Perhaps there is room for a return 
to the lassa fair approach to vegetation science based on a 
mixture of science and art - called 'gut feel'. Big biological 
breakthroughs (e.g. Darwin 1901; Clements 1916) came from this 
paradigm. 'Modern biological scientists' must deny this inherent 
attribute and thereby forgo innovative opportunities because they 
have been constrained by a system which has a preoccupation with 
turning biology into a hard science. The scientific system 
d7m~n~s ,absolute accuracy despite the biological 'law' of 
d1m1n1sh1ng returns . For example, scientists waste a massive 
p~oportion o~ their time on irrelevant detail ensuring that a 
slngle paper 1S 'perfect', instead of writing additional papers. 
Better still, ,the ext,ra ti~e could be used to develop 'gut feel' 
through ~xper1menta~10n (In the broadest sense) and innovative 
observat1on. If th1S assessment is true, and I am aware of the 
untested dogmas which may result in soft sciences (not that these 
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don 't appear with monotonous regularity in conventional science) , 
then this can have far reaching implications for research. For 
example, the tangible results of the research project may be less 
important than the experience which the project gives the 
researcher. As such, biological research proj ects could be 
designed in such a way that they maximize the experiential 
learning of the scientist even if this means that the experiments 
do not strictly conform to the expectations (value judgements) 
of the current scientific system. 
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INTRODUCTORY WORK 

Before providing the tools for adaptive management, it was 
necessary to define the extent and nature of the vegetation type. 
The unpublished paper: An agriculturalists view of the nature 
and extent of succulent bushveld [P 0.1], is the product of that 
effort. This study, as with .all classifications, relies heavily 
on the objectives for classification. As such, it may offend 
classical botanists who are used to traditional quantitative 
avenues of classification. I have considered issues of real 
concern to graziers (i.e. forage source and sustainability) and 
based the classification on these attributes. 

Despite this 'new classification', it was been necessary to use 
the original classification convention in those pUblications 
destined for strictly botanical journals. This has led to some 
inconsistency in the thesis but hopefully this article will at 
least serve to cross reference the various naming conventions. 
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ABSTRACT 

This paper examines the Sub-Tropical Thicket communities of the 
eastern Cape (alias - 'Valley Bushveld') from the viewpoint of 
a land user, not a botanist. As such it concentrates on features 
which are of concern to managers (i.e. forage production and 
sustainable utilization) . 

After reviewing the present classifications, the name 'Succulent 
Bushveld' is proposed for all those vegetation communities where: 
i) trees and shrubs are the forage production base; ii) bush 
encroachment is not a feature; iii) a dominant perennial grass 
sward cannot be encouraged with bush clearing and iv) succulent 
shrub species (e.g. Portulacaria afra, Euphorbia spp. & Crassula 
spp.) are/were an important part of the community. 

Typically this vegetation occurs in hot, dry (rainfall 225 to 
500mm), frost-free areas at low altitude (usually below 500m but 
never above 1100m) between the Kei and Gouritz river valleys. 
Dominant in river valleys, it changes, from one valley to another 
as one progresses up the coast towards Transkei, and within a 
single river valley with increasing distance from the coast. 
The change is generally reflected in greater species diversity, 
high tree densities, more grass and higher growth habit of the 
bush as one moves down the valleys towards the coast and 
eastwards from one river valley to the other. 

Included under the name 'Succulent Bushveld', are portions of 
Acocks's: Fish River scrub [Nr. 23c]i Addo Bush [Nr. 23d(i)]; 
Sundays River scrub [Nr. 23d(ii)]; Gouritz River Scrub [Nr. 23eJ; 
Noorsveld [Nr. 24J and Spekboomveld [Nr. 25J. The Succulent 
Bushveld is also similar to Cowling's 'Kaffrarian Succulent 
Thicket', except that it excludes the non-succulent portions of 
the Kei river valley bushveld [Acocks Nr. 23bJ. It is similar 
to Everard's Xeric and Mesic Succulent Thickets but differs in 
that it includes the Noorsveld and the Spekboomveld. 

Address during study: Dohne Research Centre, P Bag 
X15, Stutterheim, 4930. 
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INTRODUCTION 

vegetation classification is traditionally ~he domain ~f 
phytosociological botanists w~o cl~ssifY vegetat70n,on the baS1S 
of the evolutionary relatl0nshlps of florlstlcs. Such 
classifications while extremely useful with respect to 
understanding the development of the vegetation, are not 
necessarily useful to land managers. This pa~er attempts ,to 
evaluate past classifications of the succulent thlcket vegetatlon 
types in the eastern Cape from the viewpoint of a land user~ not 
a botanist and consequently, concentrates on the functlonal 
features of the vegetation types which are of concern to land 
managers: i.e. forage production and sustainable utilization. 

BACKGROUND 

On the eastern seaboard of the Cape province exists a variety of 
vegetation communities within which woody plants are a 
characteristic and important component (see Acocks 1975). Most 
of this vegetation may be classed as typical savanna, where the 
herbaceous layer is dominated by perennial grasses and the 
successional trend is towards increased bush: i. e. 'bush 
encroachment' is a feature of these communities. In past 
commercial agriculture, the woody plants were treated as weeds 
and great effort was expended in attempting to rid the veld of 
these plants. In more recent times, and in contrast to other 
parts of southern Africa, these woody communities now form an 
important forage source for browser based farming enterprises. 
Broadly, the utilization philosophy in these eastern Cape 
savannas' concentrates on conserving (utilizing wisely) the 
herbaceous layer whilst damaging (controlling) the woody layer 
because the latter has strong recuperative powers. 
In contrast, the vegetation community known locally as 'Valley 
Bushveld' is functionally different to the savannas because the 
herbaceous layer is dominated by ephemeral plants and the 
successional drift towards increased bush is so slow that for all 
practicable (land use) purposes, it does not exist. The 
management philosophy in this vegetation is one of maintaining 
the shrub component because it is potentially the most productive 
and if lost, does not regenerate wi thin a human lifespan at 
least. 

Unfortunately, locals (with parochial insight) have simply 
adopted the term 'Valley Bushveld' to refer to all of the dense 
woody vegetation where succulents, in particular Portulacaria 
afra, are common. This has resulted in endless confusion - at 
best with Val~ey Bushveld-proper (in Natal), and at worst, with 
savanna. ThlS confusion needs to be eliminated because the 
differences are of vi tal concern to management and can be 
summarized as follows. 
i) The shrub component of the succulent varieties of Valley 

B~shveld (unlike non-SUCCUlent Valley Bushveld or savanna) 
wlll not, regenerate (within a human lifespan) following 
severe dlsturbances. 
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It is not possible to establish and maintain a s~ab~e and 
highly productive grass sward in the succulent varletles of 
Valley Bushveld, even with bush clearing. 

LITERATURE REVIEW 

The name 'Valley Bushveld' comes from Acocks (1975) and refers 
to the densely wooded vegetation found in the major river valleys 
of the eastern seaboard of South Africa. This classification 
intended to group together vegetation with the same utilization 
potential, but at least two distinct plant communities (a dense 
scrub dominated by succulents and a very dense savanna or 
bushveld not dominated by succulents) are grouped together under 
the same name (Valley Bushveld) . 

Acocks (1975) did account for this to some extent by dividing the 
Valley Bushveld [Veld type Number 23] into six variations as 
follows: 
i) Valley Bushveld proper, northern variation, [23a] which 

extends from the Tugela River valley southwards as far as 
the Great Kei River; 

ii) Valley Bushveld proper, southern variation, [23b] which 
extends from the Great Kei to the Kabeljauw's valley; 

iii) The Fish River scrub, [23c] in the Lower Great Fish River 
valley; 

iv) The Addo Bush [23d(i)]i 
v) The Sundays River scrub, [23d(ii)] in the wide flat lower 

Sundays River valleYi and 
vi) The Gouritz River Scrub [23e]. 

Cowling (1984), in a conventional botanical study, revised 
Acocks's classification for the eastern Cape and included all 
except the northern variation [23a] into a syntaxonomic 
synecological 'order' called Kaffrarian Succulent thicket which 
falls into a 'class' called Subtropical Transitional thicket. 
He identified another order in this class called Kaffrarian 
thicket and this contains the grass-bush communities of the 
eastern Cape [Acocks veld type numbers 2, 76, 21, 46 & 47]. He 
hypothesised that it was possible to include within the 
Subtropical Transitional Thicket a third order, Karroid Succulent 
thicket and this would encompass Acocks's Noorsveld [24], 
Spekboomveld [25] and Karroid broken veld (of the little Karoo) 
[26b]. A schematic breakdown of Cowling's (1984) proposed 
classification is presented in Figure 1. 

Insert Figure 1 

Everard (1987) further subdivided each of Cowling's Kaffrarian 
thickets into xeric and mesic sub-orders (Figure 1) but made no 
attempt to relate these to Acocks's (1975) veld types. 
Importan~ly, t~e vegetation map which Everard presented (Figure 
2) confllcts wlth that of Acocks's (Figure 3). 

Insert Figure 2 
Insert Figure 3 
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The former shows more variation within one river valley than 
between river valleys. This is probably reflected in an 
increase in 'wetness' as one moves down the rivers towards the 
coast so that the vegetation in, for example, the Fish river 
valley changes from Xeric Succulent thicket in the interior, to 
xeric Kaffrarian thicket near the coast. It is also evident that 
the interior of the Fish and Sundays river valleys have similar 
bush communities (i.e. Xeric Succulent thicket) . 

DISCUSSION 

Although I am more comfortable with Everard's (1987) 
classification than with Acocks's, it has a limitation in that 
it does not consider the Noorsveld or the Spekboomveld. This 
omission, together with the suggestion by Acocks (1975) that the 
Spekboomveld is a karroid vegetation type (despite Palmer (1990) 
showing its subtropical affinity), could imply that the Xeric 
Succulent thicket (300 400 mm rain.yr l

) and the Mesic 
Kaffrarian thicket (700 - 800 mm rain.yr-I ) are more similar to 
each other than the former is to Spekboomveld (300 - 250 mm 
rain.yr- I

) or Noorsveld (225 - 300 mm rain.yr-I ). Cowling (1984) 
suggested that these two veld types could also be included into 
the Subtropical Transitional Thicket as a third order, Karroid 
Succulent thicket. I suggest, however, that on the basis of 
rainfall, the same differential bush species (Portulacaria afra, 
scotia afra, Pappea capensis and Grewia robusta - Acocks, 1975; 
Everard, 1987; Palmer, 1989), the absence of a stable and 
productive grass sward, and the irreversible nature of change in 
these veld types, that the succulent thickets defined by Cowling 
(1984) and Everard (1987), and Acocks' s Noorsveld [24] and 
Spekboomveld [25], should be incorporated into a single 
functional veld type. I suggest that these veld types be 
collectively known as 'Succulent Bushveld' (or Succulent 
Thicket) . 

Because of the historical and local connections with the name 
'Valley Bushveld', i t is probably unwise (for the applied 
scientist) to reject this name totally. Consequently, when the 
Noorsveld [24] and Spekboomveld [25] (which do not occur in 
valleys) are excluded , then the name 'Succulent Valley Bushveld' 
would be appropriate. It is convenient to subdivide this group 
into four divisions on the basis of rainfall, the relative 
dominance and occurrence of diagnostic species and production 
potential. A suggested division is given in Figure 4 although 
naturally this requires testing. 

Insert Figure 4 

Formal description 

Succulent Bushveld (or Succulent Thicket) occurs along the south
eastern seaboard of the Cape Province in hot, dry (rainfall 225 
to 500mm), frost-free areas at low altitude (usually below 500m 
but never above 1100m) between the Kei and Gouritz river valleys 
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(data from Acocks, 1975; cowling, 1984; Everard, 1987; Palmer, 
1989; Palmer, 1990; Palmer, unpublished data and Ag met. reports) . 
The vegetation changes, from one river valley to another, as one 
progresses northwards up the coast, and within a single riv7r 
valley with increasing distance from ~he co~st. . The c.hange l.S 
generally reflected in greater specl.es dl. versl. ty, hl.gh tree 
densities, more grass and higher growth habit of the bush as one 
moves down the river valley towards the coast and eastwards from 
one river valley to the other. 

Growth forms are diverse and include: leaf and stem succulent 
shrubs, trees, vines and herbs; - large and small-leaved 
microphyllous and orthophyllous shrubs; stunted trees, grasses; 
forbs; and geophytes (Cowling, 1984). Succulents contribute 20 -

30% relative cover (Cowling, 1984) and the high incidence of 
succulents, spines and vines reflects extreme specialization 
(Bews, 1925): for example, the abundance of CAM species (£.afra, 
~. ovata and Aloe ~) indicates an adaptation to hot, dry days 
followed by cool nights (Kluge & Ting, 1978). 

Palmer (1990) proposed that the succulent thickets (Succulent 
Bushveld) evolved after 18 000 BP (the Last Glacial Maximum) and 
were most extensive during the warmer wetter periods which 
occurred between 14 000 and 10 000 BP. . Conditions then became 
progressively drier until 6 000 BP, whereafter similar climatic 
conditions to those currently experienced prevailed (Scholtz, 
1986). Palmer, et al (1988) argued that this vegetation is able 
to survive the present arid conditions by growing in clumps 
within which the plant/soil environment is modified and moisture 
is conserved. Destruction of these communities leads to 
irreversible change given the present arid conditions and 
consequently the succulent bushveld is informally called a relic 
vegetation. Whatever the mechanism, it remains an inherent 
feature of this vegetation that once destroyed, it seems unable 
to regenerate within a human lifespan. 

CONCLUSION 

It should be borne in mind that, as with any classification, 
there are intergrades. Drawing lines between groups is 
subjective and does not reflect reality. The resolution of 
classification will depend on the objectives for classification. 

When mapping these, misunderstandings inevitably arise when the 
resolution of the vegetation map is different to the resolution 
required by the user . The result of such misunderstanding is 
that a particular user rejects the map/classification as being 
worthless. Another problem with mapping is that these are often 
unable to accurately represent the variation on the ground -
this being particularly severe in the Succulent Valley Bushveld 
as a result of the broken topography. 

In ~n attempt to avoid this problem I suggest a 'vital 
~ttrl.~utes' approach (perhaps contained in an expert system) to 
ldentl.fy .the t~pe of vege~ation and hence utilization potential 
at any gl.ven slte. It l.S my opinion that vegetation maps are 
for explanation and illustration, not prediction. 
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FIGURE CAPTIONS 

Figure 1. Schematic breakdown illustrating the relationships 
between the classifications of the thicket vegetation 
communities of the eastern Cape made by Acocks (1975), 
Cowling (1984) and Everard (1987). 

Figure 2. A map showing the extent of the four thicket types in 
the eastern Cape identified by Everard (1987). 

Figure 3. A map showing the extent 'of three arid thicket 
vegetation types in the eastern Cape identified by 
Acocks (1975). 

Figure 4. A suggested agricultural classification of Succulent 
Bushveld in the eastern Cape. Everard's Kaffrarian 
Succulent Thicket and Cowling's Karroid Succulent 
Thicket (see Figure 1 for the respective Acocks veld 
types) are equivalent to the Succulent Valley Bushveld 
and Karroid Succulent Bushveld respectively. 
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TOOL 1 

MANAGEMENT SYSTEM FOR IMMEDIATE 
IMPLEMENTATION 

[P 1.1] Management of veld types: succulent valley bushveld 

[P 1.2] Management of different types of veld: succulent 
bushveld 



[TOOL 1] 

A MANAGEMENT SYSTEM FOR IMMEDIATE IMPLEMENTATION 

ORIGINAL BRIEF 

This should not be presented as the only correct management 
system. Rather it is a suggestion which individual land users 
can adopt in the absence of their own. 

RESULT 

The first product of this goal was a section in a book entitled: 
Management of veld types: succulent valley bushveld [P 1.1]. 
This recipe was given reluctantly to serve as an initial 
guideline for those who have no management plan. It is heavily 
biased towards domestic stock farming and consequently has a very 
narrow market. On reflection, it was decided not to upgrade this 
recipe (even for those rare individuals who may request one) 
because the effort i n developing such a system does not warrant 
the amount of times it will be used. Furthermore, a management 
plan rests on objectives which are value judgements and it 
follows that these plans will be personalized for each property 
and land manager. This Tool was eventually achieved by 
emphasising the principles that managers should be aware of (see 
the section in a second book: Management of different types of 
veld: succulent bushveld [P 1.2]). The reader should be aware 
that the second article repeats some material from the first. 
I apologise for this, but deleting the first would have removed 
the opportunity of i llustrating a process. 



[P 1.1] 

ERRATA & CLARIFICATION NOTES 

This publication appeared in a semi-popular book published in 
1989 by the Government Printer, Pretoria. The numbering 
convention for sections, figures and tables refers to the book, 
not the thesis. 

Specific errors (excluding punctuation and those as a result of 
changing information or philosophy) are as follows. 

Pg. 167 Col. 1 Ln. 42 "only" should precede "once the 
plants " ... 

Pg. 171 Col. 1 Ln. 19 "step 41" should read "step 40" 
Pg. 174 Col. 1 Ln. 8 "step 17" should read "step 18" 
Pg. 174 Col. 1 Ln. 20 "step 17" should read "step 18 " 
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10.4 SUCCULENT VALLEY BUSHVELD 

G.c. Stuart-Hill 

10.4.1 Introduction 

There are very little quantitative data available that 
can serve as a basis for the development of a 
management plan for the Succulent Valley 
Bushveld. Aucamp (1979) produced a dissertation in 
which the production potential of the Succulent 
Valley Bushveld was assessed . A portion of this work 
investigated the growth of P. afra and its reaction to 
defoliation. This is a relatively limited input when 
compared with veld types such as the False 
Thornveld and the Dohne Sourveld. Aucamp and 
Tainton (1984) published a booklet entitled Veld 
Management in the Valley Bushveld of the Eastern 
Cape in which a management programme, based on 
the results of Aucamp (I cn9) , was presented . The 
present author has used this work extensively in thi s 
Section. 

This Section begins by reviewing the maj or 
biological principles that management should 
consider in the Succulent Valley Busveld. It then 
describes some farming enterprises that appear to 
have potential in this vegetation type. Finally, it 
presents a management plan that can serve as a 
starting point for an adaptive management 
programme. 

10.4.2 Principles to consider in management 
of Succulent Valley Bushveld 

(i) The climate is characterised by an unreliable. 
low ra infall - averaging less than 500 mm a year. It 
is estimated that there is a 25 0/[ chance of the area 
receiving less than 80% of its long-term average 
a nnual rainfall in any yea r (Auca~p & Tainto; . 
1984). This aridity is compounded by extremely high 
temperatures. 
(ii) The shrub component of the vegetat ion is the 
production base. If damaged through 
over-utilisation , the woody layer will not recover 
and, consequently, bush encroachment is not a 
phenomenon experienced in this veld type. It is 
important to appreciate that if bush is removed it is 
not , as in other bushveld types, replaced by more 
productive grassland . 
(iii) The herbaceous layer is not a reliable source of 
forage as it fluctuates widely with environmental 
conditions. It is sparse and predominantly 
non-perennial and although it normally has little 
commercial value (except after a series of good rains) 
it is ecologically important in enhancing infiltration 
a nd reducing run-off and soil eros ion. This is shown 
by run-off and soil erosion data obtained with a 
rainfall simulator (Scheltema, unpublished data) 
which illustrates that cutting the herbaceous material 
results in a dramatic increase in run-off and soil loss 
(Ta ble 10.4. 1) . 

It is advisable therefo re. that no farming 
en terprises be based entirelv on thi s resource. 
(iv) Degradation of this ~:egetation is characterised 
by loss of almost a ll pla nts occurring in the veld 



TABLE 10.4.1 - The role of standing herbaceous material in 
reducing run-ofT and soil erosion in the Succulent Valley 
Bushveld. These were determined from two runs (a wet and a dry) 
with a rainfall simulator on a Swartland soil with a slope of 
between 7,8 and 8,2%. "Rainfall" intensities were 83,82 mmlh and 
67,43 mmlh for the dry and wet runs respecti"fly 

Treatment Dry run Wet run 

Minutes After 60 min Minutes After 60 min 

before Run- Soil before Run- SOIl 

run- ofT loss run- ofT loss 

ofT % t/ha ofT % t/ha 

Uncut > 83 0 0 12 21 0,57 

Cut 12 12 1,66 3 54 1,53 

type. The .result of extreme degradation is bare 
ground. 
(v) There appears to be little' or no recruitment of 
woody species in the Succulent' Valley Bus~veld: T.o 
maintain the productivity of this vegetation It IS 

essential that every plant be kept alive as the loss of 
even a single plant usually represents a loss in total 
productivity. This can be achieved by . lenient. 
defoliation and, more importantly, by allowmg the 
plants to recover to at least their pre-defoliat~on 
levels. It is inevitable, however, that on occasIOn 
some plants will die, and consequently it will be 
necessary to provide for this, either by allowing some 
recruitment or, at the very least, allowing the 
remaining plants to increase in size. At present the 
mechanisms of shrub recruitment through seeding in 
the Succulent Valley Bushveld are not known, and 
this requires urgent investigation. It proba bly occurs 
after certain episodic events and , logically, one 
would expect that management afte r these will be 
crucial to the survival of the seedlings. 

Allowing remaining plants to increase in size so 
as to compensate for the loss of a plant is 
inadequate, but current management 
recommendations use this approach because: (i) we 
do not know how to encourage seedling survival: 
and (ii) P. a/ra, the dominant (and desirable) 
species, is able to propagate vegetatively provided its 
branches are allowed to become long enough so that 
they rest on the ground, where they can take root 
and eventually become new individuals. 

In the past, before commercial pastoralism, 
elephants were probably a dominant defoliating 
agent in the Succulent Valley Bushveld . It is of 
interest that these animals, although having an 
enormously · destructive impact on individual P. a/ra 
plants, do not appear to stop this plant from 
reproducing vegetatively (personal observation). 
Elephants appear to browse P. a/ra, "from the top 
downwards" and this contrasts with goats that 
browse P. a/ra "from the side inwards" (Fig. 10.4. 1). 

The browsing habit of elephant would allow 
the lower-side branches to root and propagate 
despite severe dama'ge to the upper canopy. By 
contrast, goats would be defoliating these branches 
and this would prevent them from establishing new 
individuals . The sudden change in defoliation regime 
with the introduction of commercia l pastoralism, 
means that this vegetation is not adapted to the type 
or intensity of browsing to which it is now subjected . 
The inevitable result is that it will change -

(C) 

FIG. 10.4. 1 . Hypothetical effect elephant browsing (A), 
no browsing (B) and goat bro .... 'Sing (C) have on the growth 
habit of P afre 

unfortunately it changes to a state that is less 
producti\'e and ecologically unsound. 

It may be worth noting that with the removal 
of avian and mammalian predators , small herbivores 
(e .g. rodents and Hyrax species) have been allowed 
to increase in number. This may be having a 
detrimental effect on the survival of seeds and 
seedlings and therefore on the recruitment of shrubs. 
(vi) The annual productivity of this vegetation is 
low (Aucamp , 1979) and goats, if forced to do so, 
are able to consume years of accumulated growth 
within a short period . If this occurs, a large amount 
of twigs will be removed and this represents a loss of 
meristematic tissue (i.e. growing points). It follows 
that in order to recover from this form of utilisation, 
shrubs, unlike grasses, have to regenerate growth 
sites before lost foliage can be replaced . This would 
require extremely long rest periods. As a 
consequence, it is hypothesised that the management 
principle of "sacrificing" a camp following good 
rains in order to allow plants in other camps a 
period of undisturbed growth (Section 10.1), is not 
applicable to this veld type. 
(vi i) After defolia tion, the recovery of shrubs in this 
vegetation can be extremely variable, and depends 
on defoliation intensity, season of defoliation and 
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prevailing environmental conditions during the 
recovery period . For example, P. afro, following 50% 
leaf removal, has been known to take between 30 
days (Aucamp, 1979) and 18 months (Stuart-Hill, 
unpublished data) to recover to its pre-defoliated 
state. This means that it is extremely difficult to 
apply a rotational system with fixed periods of 
occupation and absence. Preferably, recovery should 
be monitored on the plant and only once the plant 
has recovered (be it in I or 24 months) should it be 
browsed. 

Fanners generally do not observe their plants 
and, for planning purposes, prefer to have fixed 
rotational systems. If these inefficient systems must 
be adopted, then it is necessary that the periods of 
absence be long. Aucamp ' imd Tainton (1984) 
recommended that between 211 and 275 days be 
allowed following defoliation intensities of 25-50%. 
This intensity of defoliation is recommended as it 
would appear that P. afro, at least, is stimulated to 
produce more forage with these levels of utilisation 
(Aucamp, 1979). It is evident that many other 
browse species respond in a similar manner to 
lenient defoliation (Garrison, 1953; Cook & Goeble, 
1962; Lay 1965; Ferguson & Basile, 1966; Teague, 
1987). 

(viii) Provided the Succulent Valley Bushveld is not 
greatly overstocked, both Boer and Angora goats are 
able to select a diet that permits good animal 
performance (Aucamp, 1979). Indeed, these animals 
are able to slowly destroy the vegetation whilst still 
gaining mass. It follows , therefore, that the cond ition 
of the animal should not be used as a measure of 
overbrowsing. Consequently, if destocking is 
necessary as a result of a loss in animal performance. 
then the land operator should be aware that he has 
already damaged the vegetation and should allow for 
this in his future planning. This attribute of the 
vegetation nevertheless confers I an advantage to a 
farmer who bases his rotational browsing system on 
the recovery of the key shrubs (principle vii) - i.e. he 
only allows a camp to be regrazed once the plants 
have recovered to their predefoliated levels. As soon 
as such a land operator finds himself in the situation 
where h~ has no camps that have recovered , then he 
knows hiS property is overstocked. He will then have 
time to o~~-load (sell) some of the stock before they 
lose condition. A further advantage is that, as most 
farmers do not manage their veld in this manner he 
would be selling his stock at a time when few others 
are. 

(ix) . Al~hough goats will utilise almost all of the 
species ~n this vegetation type, the palatabilities of 
the va.flous bush species do differ (Stuart-Hill, 
unpublished data). Indeed, it appears that the most 
deSirable species will be over-utilised before the less 
deSirable sp~~ies have even been browsed . Forcing 
goats . to. utilise all species to the same level is 
unre~listlc because they will over-utilise and even 
physlcall~ .damage the branches of desirable species 
before utiliSing the less desirable species (the author 
has obs~rved that branches of P. afro in excess of 
70 mm In diameter have been broken off during 
lenient browsing). It follows that this vegetation 
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should be so managed that the desirable/ palatable 
species are utilised at their "optimum" level. 

10.4.3 Current and potential farming systems 

Since environmental conditions in the Succulent 
Valley Bushveld are too arid for cultivated pastures, 
livestock production is usually based entirely on the 
veld. However, if a farmer has irrigated lands, a 
useful system would be to establish cultivated 
pasture on these with the objective of removing the 
animals from the veld onto the pastures during 
critical growth stages (e.g. after each significant rain) 
to allow the bush a chance to grow undisturbed. 

. This would increase productivity and ultimately 
. raise the carrying capacity of the bushveld. Another 

enterprise that has potential in areas where the bush 
has been eliminated through past mismanagement, is 
to establish saltbush. These are productive and 
hardy, and can be used either to relieve nutritional 
bottle-necks, or as an enterprise on their own. 

Since the primary forage source is browse, it 
follows that browsers should be the main enterprise. 
The only domestic browser is the goat and both 
Ang~ra and Boer goats are popular and profitabl~ 
farming enterprises in this vegetation. Some land 
operators are opting for a game enterprise in which 
the dominant browsers are kudu and bushbuck and 
the income is derived from hunting fees and ! or the 
produ~ts of these animals. A useful, financially 
attrac.tlve. and aesthetically pleasing system is a 
combination of game and domestic stock into a 
single enterprise. 

Sheep (e.g. Dorpers) may also 'be considered as 
they do some browsing, although they will probably 
d.estroy the little herbaceous vegetation before using 
Significant amounts of browse. It is thus preferable 
to run goats alone and thereby lessen the pressure on 
the herbaceous vegetation. This recommendation is 
based on the run-off and soil erosion data shown in 
Table 10.4.1. 

After a series of exceptionally good rains , a 
conSiderable amount of herbaceous vegetation rriay 
be pro?uced. When this occurs, the grass could be 
used With grazers brought in on an ad hoc basis. It is 
emphasised, however, that the herbaceous vegetation 
does not provide a constant fodder supply and, 
con.se9uently, managing grazers on a permanent 
baSIS I~ the Valley Bushveld is a hazardous exercise. 

FI?ally, it appears that there may be a potential 
for ostflch farming in areas where the bush veld has 
b~en severely damaged through past 
mlsma~agement. However, there is little information 
regardl~g the potential or suitability of this 
enterpflse. 

10.4.4 A veld management system for consideration 

There is ce.rtainly more than one way of managing 
veld to aCh.leve profit Without harming the resource. 
The questIOn that will probably always remain 
unanswered is, which system is the most efficient? 
The management system presented here attempts t~ 
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· incorporate the ecological principles discussed earlier 
(Section IOA.2) and is presented as a model for 
testing and modIficatIOn, refinement . . and, If 
necessary, rejection. It is intended as ~n millal s~ep 
in adaptive management, i.e. to provide a startmg 
management system for Succulent Valley Bushveld 
where none exists (Fig. 2. 1, step Sa). The system IS 
illustrated as an algorithm (Fig. 10.4.2) and assumes 
that the user is farming domestic browsers for profit. 

The prevention of resource deterioration is a 
non-negotiable attribute of this manageI?ent n:odel 

and, consequently, it may not be economically viable 
on many properties in the veld types tha.t are to.o 
small for sustained commercial pastoraltsm. It IS 
the opinion of the author that attempting to. dev.elop 
a management system for these properties, IS a 
worthless exercise. ' 

The management system presented (Fig. 10.4.2 
is derived from some research results, but relies also 
on successful farming operations and on the intuition 
of pasture scientists. 

A step by step explanation of Fig. IOA.2 follows . 

1. Start 

2. Identify areas lI'ilh Succulelll Valley Bushveld 

It is important to identi fy these areas on a farin 
because they can be confused with dense 
non-succulent bushvclc which has different 
management options and requirements (Section 
8.5.2). 

3. Do subjeclive assessme/JI of I'eld colldilion 

In this vegetation type. objective assessment IS 
tedious and time-consuming. If the objective IS 
merely to do an inventory (i.e. assess what is there) 
then structured subjective estimates are probably 
adequate. This can be done by inspecting recent 
aerial photographs and placing areas with different 
appearances into different categories. This should be 
backed up by using a team of experienced assessors 
to class , in the field, these ca tegories into different 
condition / ecological classes. 

4. Draw a veld lype /condition map of the 
property 

Veld type , In this context . refers to plant 
commuOitles that are likely to have different 
production potential, palatabilities and sensitivities 
to degradation. In the Succulent Valley Bushveld , 
the ecological status (condition) of the vegetation is 
probably of overriding importance with respect to 
productivity, palatability and sensitivity and it is 
important that areas of similar ecological status be 
mapped together. Further classification should be 
done on the basis of soi l types (especially depth) , 
aspect, catenal position and irrigable lands. This step 
is necessary to assist in setting objectives, selecting 
enterprises and developing a management plan (step 
5). 

5. Set objectives and seleci enterprises 

In this step the farmer must . clearly ~efine. his 
personal objectives in t~rms. of Income, ~Im~, Itkes 
and dislikes. With these In mmd, and consldenng the 
natural and financial resources, the various farming 
enterprises should be selected (e.~. Angora goats will 
be the main enterprise and Will be supported by 
game farming, 50 ha of irr~gated I.ucerne, and 20 ha 
of saltbush plantation). It IS also Important that the 
land operator should stat: what. veld 
condition I ecological status he conSiders as optImum, 
and what performance he expects from his individual 
enterprises. Without doing this, the farmer has no 
way of measuring his progress, ~nd cannot, 
therefore, apply adaptive management (Chapter 2). 

6. Determine stocking rales and number of 
groups of animals 

An approximate index of the average long-term 
browsing capacity for the Valley Bushveld in various 
conditions is illustrated in Fig. IOA.3. 
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FIG. 1004.3 - The relationship between the ecological status 
(veld condition) and carrying capacity in the Sundays River 
Valley as estimated by si.x leading farmers. The vertical 
bars represent the standard errors 

This graph shows the relationship between veld 
condition score and browsing capacity and was 
developed from subjective estimates of carrying 
capacity, by a group of leading farmers of the Xeric 
Succulent Valley Bushveld (Kirkwood District) . The 
veld condition was determined by the technique 
described in chapter 8.5 (Stuart-Hill, unpublished 
data). As an initial value, the carrying capacity of a 
sample site of Valley Bushveld in the Sundays River 
Valley can be obtained from the graph. It would 
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appear that the carrying capacity of the Mesic 
Succulent Bushveld may be slightly higher. 

It has been estimated in the Fish Valley, from 
grazing records of 17 years, that an average annual 
stocking rate of 0,19 LSU / ha has not harmed the 
condition of a site of Succulent Valley Bushveld 
scoring 100% (Stuart-mll, unpublished data~. This 
represents a 50% increase . over. the mean estimated 
carrying capacity of Xenc River Valley bushveld 
scoring 100% and may serve as . a rule of thumb 
when estimating carrying capacity of the M~slc 
Succulent Valley Bushveld (i.e. mUltiply the carrymg 
'capacity obtained from Fig. 10.4.3 by 1,5). It should 
be appreciated that these values are not to be 
considered as hard and fast rules, but should rather 
be used in the interim until mare objective methods 
of estimating grazing capacity become available, or if 
adaptive management shows that they should be 
adjusted . .. . 

The most desirable stockIng ratio Will vary 
according to the objectives of the land operator and 
according to the condition of the vegetation .. In 
dense bushveld. it is recommended that stockmg 
rates be adjusted so that the total number of animal 
units are made up of: 85% goats and 15% kudu. In 
open bushveld where herbaceous vegetation becomes 
relatively more important. the stocking ratio may be 
made up of: 80% goats, 5% kudu and 15% 
sheep / cattle (Aucamp & Tainton, 1984). It IS 

important to appreciate that the Succulent Valley 
Bushveld has a fair ly high stocking rate of kudus 
(a pprox. 0.083 LS U i hal. and this should be 
accounted for when s~tting stocking rates. 

Once the farmer is aware of the number of 
an ima ls he can run on the property. he can 
determine the number of flocks that he will require. 
These should be kept to the minimum practicable 
number in order to fac ilitate fe wer camps on the 
property (e\'ery extra group of animals will require 
at least 12 extra camps) . 

7. Plan camps 

In addition to fencing off the "veld types" identified 
in step 4. the property should have sufficient camps 
to facilitate proper rotational grazing. It is suggested 
that at least 12 camps are necessary per group of 
animals (Aucamp & Tainton, 1984). 

The recommended camp size is 40 - 50 ha in 
the dense bushveld and 80 - 100 ha in the open 
bushveld (Aucamp & Tainton. 1984). 

Camps that follow the shape of the areas 
identified in step 4 are biologically more acceptable 
than the funnel-shaped camps provided by 
wagon-wheel layouts. The latter, however. provide 
considerable advantages in water provision and stock 
management and therefore may be extremely useful 
where conditions permit. Wagon-wheel layouts 
should be established only where the topography is 
such that it is possible to separate veld types and to 
provide a central hub area in such a position that it s 
surroundings will not be severely eroded by the 
inevitable concentration of stock trampling around 
the hub (Aucamp & Ta inton. 1984). A further 
disadvantage of wagon-wheel camps is that they are 
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long and narrow (especially in large l~youts) a~d the 
animals a re reluctant to walk long distances In this 
vegetation when they can s~~erely defoliate nearby 
plants without suffering nutntlOnal stress. 

8. Do economic analysis 

Having determined the number of animals the 
property can carry (step 6), and t~e requirements for 
production (step 5) and campIn~ (step 7), . the 
operator can determine the theoretical profitabilIty 
of the property. The manager will then b.e in a 
position to determine whether the ~roperty. IS large 
enough to fulfil his personal financial reqUIrements 
in an average year. 

9. [s properrr an economic unit? 

10. Do you lI"a/ll to remain a rancher? 

If the property is not adequate to fulfil the owner's 
financial requirements, he must decide whether he 
wishes to remain a pastoralist. 

I I . Sell properry 

If the owner does no t wish (or cannot afford) to 
remain a rancher, it would be advisable to sell the 
prope rty and invest in an alternative enterprise. 

12. Purchase or hire m ore properly 

Should th~ o\\ner of a subeconomic unit wish to 
remain a r2.n..:her. it is necessary that he either 
purchase or hir~ more property in which case he 
shou ld beg:n again at step 2. 

13. [s dt?lt'iupmelllai capi/QI available? 

14. Make a priority listing of camps 

If there are not sufficient funds immediately 
available to erect all planned fences and watering 
systems, then this should be done according to 
priority. The most important fences are those that 
sepa rate diifere nt plant communities. In this veld 
type. it means separating veld with different 
conditions (o r ecological statuses) - the bigger the 
difference the more of a priority is the separation . 
Camps that enjoy the lowest priority are those that 
break up a uniform area to reduce camp size or 
crea te more paddocks. 

15. Erect fe ncl'S according to priority 

As devel opment ca pital becomes available, the fences 
with the highest priority ra ting should be erected 
fi rst. 

16 . Erect all (;:nces 

If sufficient de\elo pmental capital is immed iately 
3\ailahle then all fences and watering sys tems 
planned in step 7 sho uld be erec ted. 



J 7. Select certain camps as controls 

The objective method of vegetation assessment is 
expensive and tedious. Consequently, it is not 
practicable to do veld condition surveys in all camps 
on the property. Certain camps should be chosen to 
represent the major plant communities identified in 
step 4. These will be known as control camps and 
should receive no special treatment in relation to the 
other non-control camps. 

18. Conduct veld assessment in control camps 

Conduct detailed vegetation surveys in the control 
camps according to the technique described in 

Section 8.5. . 

19. Use control camps to monitor long-term 
influence of management on the vegetation 

Detailed records of any management activity or 
environmental perturbation must be kept for each of 
the control camps. When these camps are resurveyed 
(step 41), any change in the condition of the 
vegetation can be interpreted in terms of the 
management applied and / or the environmental 
conditions experienced (Chapter 2). If the 
management of the control camps has been the same 
as the management on the non-control camps, then 
it may be assumed that the dynam ics of the former 
represent th:l t of the latter. 

20. Use a rOlalional broll'sing syslem 

Although there are no data that ill ust rate that 
rotational browsing systems are superior to 
continuous browsing systems. the fo rmer IS 
recommended fo r the following reasons: 

(i) 

(ii) 

(iii) 

(iv) 

It allows a degree of control O\'er area-selective 
grazing. This can be seve re as goa ts seem to 
prefer sparsely-bushed areas. In time, these areas 
become over-uti lised while the dense ly bushed 
areas are under-utilised. 
It allows a degree of cont ro l o\'er the intensity 
and ,frequency of defoliation of the key browse 
~pecles . At this stage it is not certain whether it 
IS necessary to control th is as certain browse 
species appear to have the abili ty to become 
unpalatable when browsed (Van Hoven, 1984; 
Rhoades. 1985). They may be able. therefore, 
to . control the intensity and frequency with 
whlc.h they are defol ia ted . provided ' the 
herbivores are allowed a free choice. This 
requires test ing, especially with goats, since 
these appear to be less sensi tive to secondary 
plant metabolites than wild herbivores 
(Malechek & Provenza. 1983). 
.It allows for strategic trea tments to be 
Implemented, e.g. allowing an ex tra-l ong rest 
after exceptional rains to encourage shrub 
recruitmen t. 
It all ows for easier stock management. e.g. 
stock mustering (findin g ani ma ls in small 
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camps is easier than finding them in large 
camps), control of predators and parasites. 

It is true that the above [except point (iii)] 
could be achieved in a multi-camp system regardless 
of whether continuous or rotational browsing is 
applied. The essential reason for recommending 
rotational over continuous browsing is that the 
former allows the manager to control , when, where 
and how intensively his animals will browse, thus 
giving him a better chance of manipulating the 
vegetation. 

Early browsing of regrowth will reduce the rate 
at which defoliated plants will recover. 
Consequently, animals should not remain in a camp 
until regrowth has developed sufficiently to permit it 
to be rebrowsed. Within reason, therefore, the 
shorter the period of occupation, the better. In doing 
so, however, the subsequent rest period becomes 
shorter as the rotation from one camp to the other 
speeds up. During fast growing periods, the period 
of occupation should be short but need not be 
reduced below about 7 - 10 days (Aucamp & 
Tainton, 1984) . During slow growing periods, 
however, the period of occupation can be extended 
to approximately 60 days (to lengthen the period of 
absence in other camps) without the danger of 
browsing regrowth. 

A long period of absence is desirable in this 
veld as rains are infrequent and sporadic, and it is 
proposed that rests without rains do not constitute a 
recovery period. It is, at the very least, necessary to 
allow enough time for the plants ' to recover to their 
pre-defoliated condition. Unless this is done 
individual plants will in time become smaller thei; 
vigour will decl ine and eventually they will di~. This 
will lead to veld deterioration since shrub 
replacement through seedling establishment does not 
appear to occur under current agricultural systems. 
It is not unreasonable to accept that the required 
period of rest depends on the degree of utilisation 
that is employed. The lower the intensity of 
utilisation, the shorter need the period of rest be. So, 
for example, if 50% of the leaf material is removed 
from spekboom under nonnal climatic conditions a 
rest period of about 275 days, on ave rage, is requi;ed 
to a llow the browsed plants to recover to their 
pre-utilised condition. Where utilisation is less severe 
(say 30% leaf removal), the rest period can be 
reduced to about 210 days (Aucamp, 1979). 

21. Caution - years of accumulated growth 
can be utilised within a single period of 
occupation 

The quality of Succulent Valley Bushveld is high and 
g~at~ are able to severely damage the vegetation 
wI~hln a short period without significantly affecting 
animal ~erformance (Aucamp, 1979). Unlike grasses 
that retain .thelr meristematic regions out of reach of 
grazing animals, the meristematic regions of shrubs 
are exposed to herbivory. These are protected either 
by seconda ~' plant metabolites, or by being 
aSSOCiated With highly lignified material (i .e. wood). 
It follows that if browsers are able, or a re forced, to 



ignore the protective attempts of the shrubs, then 
they can inflict severe damage on the plants' tota l 
meristematic material. There is a limit to the amount 
of physical damage that grazers can inflict on 
grasses, even if they are forced to overgraze. It. IS 

more likely that grasses die through overgrazmg 
because of a rundown in vigour rather than physical 
damage. Shrubs die, however, because of: (i) a 
rundown in vigour, (ii) a loss of meristematic tissue 
and (iii) loss of bark (i.e. "ring barking"). This 
would mean that palatable shrubs are more sensitive 
to over-utilisation than grasses and extreme caution 
should be applied when utilising these plants, 
especially in this vegetation where annual 
productivity is low. 

22. Is planted forage available? ' 

It is strongly recommended that extra forage be 
planted on all properties in this veld type, This refers 
to irrigated pastures (where possible) or plantations 
of drought resistant crops (e.g. saltbush). Having 
these available is advantageous because: they can be 
used as a drought reserve; they can be used to 
increase the carrying capacity of the property; and. 
most importantly, they allow pressure to be removed 
from the veld at critical times. Cultivated forage 
should be viewed as an aid in managing veld rathe r 
than as an enterprise on its own - despite the 
short-term advantages that intensi ve systems appear 
to have. 

23. Af ter rains. spread animals over as 
many camps as possible 

If cultivated forage is not available . then, after 
significant rains have fallen (i .e. rains of sufficient 
size to support growth for at least one week) . it is 
proposed that the rotational grazing system should 
be abandoned and the animals spread over as large 
an area as possible. The intention here, where no 
cultivated forage is available, is to allow lenient 
defoliation of the key browse species so that they are 
given a chance to grow new twigs and on these 
produce and protect new meristematic material. 

24. After rains. run animals on cultivated 
fodder until soil water is deple/ed 

When cultivated forage is available, then for the 
same reason as given in step 23, animals should be 
removed from the actively growing veld onto the 
cultivated fodder. These fodder sources (especially 
when irrigated) should receive rests during the period 
when the animals are on the veld , in the normal 
rotational system. 

25. These strategies are aimed at allowing 
undisturbed growth so that plants are able 
to produce new twigs 

The meristematic regions for the production of 
browse (leaves, flowers, pods, etc.) are generally 
borne on young twigs . If these are never allowed to 
establish, then it means a loss in the potential for 
forage production. It is proposed that, in this veld , 

where growth generally occurs in short bursts 
following rains, removing or reducing browsing 
pressure during these times is advantageous because 
it would allow new twigs to grow. Furthermore, it 
will give these young twigs a chance to be~ome less 
susceptible to browsing (e.g. by becommg more 
lignified) . 

26. When normal (dry) conditions resume. revert 
to conventional rotational bro\~'sing system 

27. Concentrate on a few individual plants and 
monitor their utilisation and recovery rather 
than attempt to monitor all plants in the 
community 

The time to move animals into and out of a camp 
should depend on the state of the key browse plants. 
It is the opinion of the author that, to monitor the 
recovery of the vegetation, single plants should be 
marked and monitored and these used to represent 
the dynamics of the vegetation. Obviously these 
should be selected with care, but if the most sensitive 
key species are used as the indicator plants, then a 
measure of safety is immediately incorporated . 
Trying to monitor the recovery and utilisation of all 
plants (i.e. get an average idea) in the community is 
m'ore open to the problems of the operator trying to 
assimilate too much detail, and "finding proof' for 
his preconceived ideas. 

28. Grewia robusta is used as the indicator plant 

Although the most dominant forage plant in good 
and moderate Succulent Valley Bushveld is P. afra 
(Aucamp , 1979), G. robusta is used as the indicator 
plant as this species is more responsive to 
perturbations and it is easier to subjectively monitor 
utilisation and regrowth on it than on P. afra . There 
are some preliminary indications that Euphorbia 
bothea could be a superior indicator plant but 
this requires further investigation (Stuart-Hill, 
unpublished data) . 

29. Remove animals from camp when 50% of 
G. robusta leaves have been removed 

It has been established throughout the world, that 
moderate levels of defoliation appear to stimulate the 
production of man'y browse species (Garrison, 1953, 
Cook & Goeble, 1962, Lay, 1965, Ferguson & Basile, 
1966, Teague, 1987). It has been illustrated that the 
same occurs for P. afra (Aucamp, 1979). Stuart-Hill 
(unpublished data) has found that during a period of 
occupation with goats when 50% of G. robusta 
leaves have been removed , P. afra has been 
defoliated by approximately 30 - 40%. This has been 
identified as a desirable intensity with which to 
defoliate P. afra (Aucamp, 1979). 

30. Animals return to camp only once 
p lants have recO\'ered lost material 

In the rotation of animals through the camps, the 
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objective is to enable the individual plants to recover 
to their pre-defoliated state before they are 
rebrowsed. This rule should never be broken. 

31. Necessary to return to camps before 
recovered? 

If found that it is necessary to return to camps 
before the plants have recovered lost forage, then the 
current stocking rate is too high in relation to 
prevailing conditions (e.g. may be experiencing a 
severe drought) . . 

32. Veld is overstocked 

33. Reduce stocking rate 

If the property is overstocked, the owner should sell 
as many non-breeding and non-replacement animals 
as necessary. This should not be delayed, even 
though in the veld type animal performance will not 
suffer while the veld is overstocked i.e. resist the 
temptation to hang on to stock in the hope that 
conditions and prices will improve. Prices are likely 
to decrease if the environmental conditions remain 
dry, as the average land operator, who does not 
monitor the recovery of the vegetation. will become 
aware that he is overstocked only at a much later 
time than a farmer applying the principles outlined in 
steps 29 to 32. Indeed, this is probably one of the 
few vegetation types where the farmer can determine 
that his property is overstocked before he causes it 
damage or before animal performance suffers. 

34. Have there recenl~l ' been exceptiona/~)' 
good raills? 

The Succulent Valley Bushveld is almost certainly an 
event-driven system, i.e. only under exceptionally 
rare circumstances is the system prone to positive 
change. The vegetation in this veld type is water 
limited and it is argued, therefore, that these events 
occur during seasons which experience exceptionally 
high rainfall. If we desire (as we should) to improve 
the productivity of the vegetation, then it IS 
necessary that we take advantage of these events. 

35. Any sign of shrub recruitment? 

An artifact of misuse of the vegetation is a loss of 
individual plants. If there is a chance of replacing 
these "lost plants" then it should be grasped. The 
recruitment of shrubs appears to occur only rarely 
and these occurrences should be identified so as not 
to lose the opportunity of attempting positive change 
on the few occasions when the ecosystem is prone to 
change. 

36. This is an unusual event which should be 
taken advantage of to improve the veld 

See discussion in step 35 . 
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37. Give camps with Tnost shrub recruitment sDecial 
treatrnent toe nsure juvenile·plein, survival 

It is not normally practicable to give all camps on a 
property "special treatment" (e.g. rests of3 - 4 
years). Certain camps, which require rehabilitation 
and which have the most chance of achieving it (i.e. 
have the most shrub recruitment), should be set aside 
until the juvenile shrubs are resistant to browsing. It 
is not certain how- ·long this ·woulu-taice, ansi will 
almost certainly vary depending on subsequent 
environmental conditions, but the land operators 
should be prepared to rest the camps for at least 3 -
4 years - possibly more. This is not as bad as it 
would at first appear, because in the normal 
browsing system recommended here, no camps are 
allocated extra long rests as is the case in the- ' 
grassveld. There, it is recommended that a third of a 
farm should receive "special treatment" (i.e. yearly 
rests) in addition to the normal period of absence it 
receives during the grazing rotation (Section 10. I). 

Further, it would seldom be necessary to 
implement these special rests as these events occur 
rarely (possibly every 8 plus years). In reality, 
therefore, this strategy does not constitute removing 
large tracts of land from the productive system on a 
regular basis. Rather it recognises the event-driven 
nature of the system, the rarity of these events and 
the necessity of attempting change when the system 
is on the few occasions prone to change. However, it 
does constitute implementing a major resting 
programme on these special occasions. Farmers 
should be aware and make provision for this. It is 
unlikely that land owners with small properties will 
be able to implement this strategy as they will not be 
able to live off the portions of their property 
remaining in the productive system. 

38. Abundance of grass? 

It frequently (but not always) occurs that, during 
unusually "wet" seasons, a high biomass ~f 
herbaceous material accumulates. This is . almost 
always temporary and represents a valuable bonus to 
a grazier. 

39. Buy ill gra=ers on a speculation basis 

As farmers following this strategy will be largely 
farming browsers, it will be necessary for them to 
buy in grazers (cattle or sheep), on an ad hoc basis, 
to utilise the extra grass. Because of the unreliable 
nature of this forage source, these animals should 
neve:- be kept as a permanent enterprise, except 
pos~lb.ly where nucleus breeding herd/flocks are kept 
on Irngated pastures. It is also possible to utilise this 
herbaceous material with goats, provided this is done 
before it dries out. Anot11er-uption- is to leave this 
material for soil protection and the enhancement of 
infiltration (c. Scheltema, pers. comm.). If the 
herbaceous layer is to be utilised, it is recommended 
:hat the grass be allowed to seed before it is grazed _ 
It appears that the cattle perform better on the dry 
grass than they do on the green grass (M. Swart, 
pers. comm.). 



40. Resurvey control camps every Z 
to 3 years 

This is vital to the success of adaptive management 
which, in Chapter 2, we decided was the only practicable 
system of veld management. To monitor the effect of 
management (and environmental conditions) on the 
vegetation, it is necessary to resurvey the control camps 
assessed in step 17. These surveys are tedious (taking a 
two-man survey team one day per camp), but the 
costs are negligible in terms of the costs of managing 
the entire system: e.g. surveying JO control camps 
every 2 years represents 1,60% of a manager's time -
assuming he works a 6-day week! . Weighing this 
against' the importance of knowing if the 
management system is harming ,or benefitting the 
vegetation, illustrates that this step represents time 
and effort well spent. 

41. Has ecological status afveld changed? 

This is determined by comparing the current survey 
results with those from step 17. Any significant 
difference means that the vegetation has changed. 
This may be either irrelevant, beneficial or 
detrimental depending on the type of change - i.e. 
along which environmental gradient, and in which 
direction the vegetation has moved (Section 8.5). In 
agricultural systems, we are concerned with a change 
in "ecological status" because it represents, amongst 
other things , a change in the current and potential 
forage productivity. 

42. Better or worse? 

This refers to the direction of change along the 
relevant environmental gradients. 

43. Management beneficial to veld 

Care must be taken when coming to this conclusion 
as change, for the better, may also be as a result of 
favourable environmental events that may mask the 
influence of management. Novelli & Strydom (1987) 
i? a wildlife situation, have shown that grazing had 
httle effect on the density of karoo grass when 
compared with the influence of seasonal rainfall. 

44. Is economic performance acceptable? 

This can be determined by comparing the economic 
performance of the farm with that of other similar 
farms. This facility already exists in the form of 
study groups. 

45. Call in economic expert 

I~ t.he economic performance of the property is 
slgmficantly less ~han that of similar properties, the 
cause sh0l:lld be Identified, possibly with the help of 
an expert In these matters. 
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46. Call in pasture expert 

This should be done if the ecological status of the 
control camps has deteriorated (steps 41 and 42). If 
the property is not performing as it could 
economically (step 44), then a pasture expert should 
be consulted before implementing changes that may 
adversely affect the vegetation. 

47. Redesign management system or revise 
stocking rales 

If the economic performance is poor or the veld has 
deteriorated, it is necessary that the management 
system be revised and this may involve setting new 
stocking rates. This step should be considered 
positively as it is a critical process in adaptive 
management - i.e. learning from past mistakes . 

48. Manage veld according to newly-adapted 
management system 
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CLARIFICATION NOTES 

This article will appear in a book to be published during 1994, 
edited by N.M. Tainton & A.J Aucamp. The numbering convention 
for sections, figures and tables refers to this book and not the 
thesis. 
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13.5 Succulent Bushveld 

13.5.1 Geographical distribution and extent 

The term 'Valley Bushveld' was coined b~ Acocks ~ 1975,> and refers 
to the densely wooded vegetation found l.n the maJor rl.ver valleys 
of the eastern part of South Africa. Acocks (1975) we~t on ~o 
sub-divide the valley bushveld [Veld type Number 23] l.nto Sl.X 
variations as follows: 
i) Valley bushveld proper; northern variations, [23a] which 

extends from the Tugela river valley southwards as far as 
the Great Kei river; 

ii) Valley bushveld proper, southern variation, [23b] which 
extends from the Great Kei to the Kabeljauw's valley; 

iii) The Fish river scrub, [23c] in the lower Great Fish river 
valley; 

iv) The Addo bush [23d(i)] and 
v) The Sundays river scrub, [ 23d(iii)] in the wide flat lower 

Sundays river valley; and 
vi) The Gouritz river scrub [2 3e]. 

This classification intended t o group together vegetation with 
the same utilization potentia l but, from a management viewpoint, 
at least two distinct plant communities are grouped together 
under the same name, Valley Bushveld: a dense scrub-thicket 
dominated by succulents and very dense savanna or bushveld not 
dominated by succulents, This distinction i s important because: 
i) the shrub component of succulent bushveld (unlike 

non-succulent bushveld) wi l l not regenerate (within a human 
lifespan) following severe disturbances; and 

ii) it is not possible to establish and maintain a stable and 
highly productive grass sward in the succulent bushveld, 
e v en with bush clearing. 

Three of Acocks's other veld-types (Noorsveld [24], Spekboomveld 
[25] and Karroid broken veld (of the little karoo) [26b]) also 
have these two characteristics and for management can all be 
considered variations of succulent bushveld. In this section we 
concentrate on the management of the succulent bushveld types 
which are largely confined to the eastern Cape. The management 
of non-succulent valley bushveld is the same as for the arid 
savannas' (see section 14.5). 

13.5.2 Present condition 

The current condition of the succulent bushveld ranges from good 
~o ~xtremely poor. The invasion of prickly pear (Opuntia ficus
l.ndl.ca), blue-b~sh (pteronia incana), honey-thorn (Lycium 
oxycarpum), slaal.bos (Zygophyllum morgsana) and various karoo 
bush~s over large areas and the disappearance of valuable browse 
specl.es such as spekboom (Portulacaria afra) is an indication 
that the carrying capacity has been exceeded or that incorrect 
managemer:t systems have been applied (Aucamp & Tainton 1984; 
Stuart-Hl.ll et . ~l. 1986). The succulent bushveld types are 
extremely senSl.tl.ve to over stocking and have become degraded 
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over large areas (Hoffman & Everard 1987; Hoffman 1989, Hoffman 
& Cowling 1990). When the shrub component is damaged or 
destroyed by over-browsing, it is replaced by a form of "~alse 
dwarf karroid veld composing karoo shrublets" (Aucamp & Talnton 
1984) interspersed by umbrella shaped Pappe,a ,capensis trees. In 
severe situations even these plants are ellmlnated and only the 
umbrella shaped P . capensis trees remain. This is serious as it 
represents an irreversible loss of a unique vegetation type, a~d 
the community which replaces it is unstable, prone to sOlI 
erosion and is able to support fewer stock than dense succulent 
bushveld (Stuart-Hill & Danckwerts 1988). 

13.5.3 Management 

There are little quantitative data available which can serve as 
a basis for the development of a management plan for this veld 
type. Aucamp (1979) produced a dissertation in which the 
production potential of the succulent bushveld was assessed. A 
portion of this work investigated the growth of P. afra and its 
reaction to defoliation and this has been extensively used by 
Aucamp and Tainton (1984) to propose a management programme for 
the succulent bushve l d. This work has in turn been used 
extensively in this section but a more flexible approach has been 
adopted, incorporating t he work by Stuart-Hill (in prep.). 

We begin by reviewing the major biological principles that 
managers should consider, we then discuss some farming 
enterprises that appear to be suitable for this vegetation and 
finally, present a ma nagement plan that can serve as a starting 
point for an adaptive management programme . 

13.5.3.1 Principles to consider in management of succulent 
bushveld 

i) The climate is characterized by a largely non-seasonal, low 
and unreliable rainfall regime - averaging less than 500 mm a 
year. It is estimated that there is a 25 % chance of the area 
receiving less than 80 % of its long-term average annual rainfall 
in any year (Aucamp & Tainton, 1984). This aridity is compounded 
by extremely high temperatures in summer. 

ii) The shrub component of the vegetation is the production 
base . If damaged through over-utilization, the woody layer will 
not recover and, consequently, bush encroachment is not a 
phenom~non experienced in this veld type. It is important to 
appreclate that removal of the woody plants does not, as in other 
bushveld types, lead to a grassland which is more productive than 
the shrubs. 

~ii) The herba?eous l ~yer is, not a reliable source of forage as 
lt fluctuates wldely wl th env lronmental conditions. It is sparse 
a~d predominan,tly non-perennial and al though it normally has 
~lttle co~ercla~ value (except after a series of good rains) it 
lS,ecolog~cally lmportant in e nhancing infi l tration and reducing 
sOll erOSlon (Table 13.5.1). It is advisable therefore, that no 
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farming enterprises be based entirely on this resource. 

INSERT TABLE 13.5.1 

iv) Goats will utilize almost all of the shrub species in this 
vegetation. The palatabilities of the species do nevertheless 
differ and the most desirable are over-utilized before the less 
desirable species have even been browsed (Stuart-Hill unpublished 
data). Forcing goats to utilize all species. to the same ~egree 
is unrealistic because they severely defollate and physlcally 
damage the branches of desirable species before utilizing the 
less desirable species (branches of P. afra in excess of 70 rom 
in diameter are broken off during' lenient' browsing with goats) . 
It follows that this vegetation should be managed so that the 
desirable (palatable and productive) species are utilized at 
their 'optimum' level. 

v) The vegetation is adapted to defoliation by a range of 
indigenous animals, in pa rticular elephant and degrades if these 
are replaced by domestic ungulates even if these are stocked at 
the same rates as the mix of indigenous herbivores (Stuart-Hill 
1992). The dominant su c culent shrub, P. afra, is well adapted 
to to l erate severe uppe r canopy elephant damage because it 
reproduces vegetatively from procumbent lower side-branches which 
in hea l thy plants, form a 'skirt' around the base of the plant. 
Goats at high densities prevent this ' sk i rt ' from developing as 
they browse "from the side inwards" (Figure 13.5.1). The other 
woody shrubs tolerate elephant damage to their canopies by 
coppicing (Stuart-Hill 1992). Managers should ensure that there 
is always a 'skirt' of rooted side-branches around each P. afra 
plant and that the coppice of woody plants is allowed to become 
established. 

INSERT FIGURE 13.5.1 

vi) The annual productivity of this vegetation is low (Aucamp, 
1979) and goats, if forced to do so, are able to consume years 
of accumulated growth within a short period. If this occurs, a 
large amount of twigs will be removed and this represents a loss 
of meristematic tis~ue (i.e. growing points). It follows that 
to recover from this degree of utilization, shrubs (unlike 
grasses) have to regenerate growth sites before lost foliage can 
be replaced. This requires extremely long rest periods (Aucamp 
1979; Teague 1987) and as a consequence, it is hypothesised that 
th~ man.agement principle of 'sacrificing' a camp following good 
ra1I?-s ln order to allow plants in other camps a period of 
undlsturbed growth (Danckwerts 1984), is not applicable to this 
veld type. 

vii~ After defoliation, the recov~ry . of s~rubs can be extremely 
varla~le! and depen~s . on defollatlon lntensity, season of 
defollatlon ~nd prevalilng environmental conditions during the 
recovery perl0d. For example, P. afra, following 50% leaf 
removal, has been kn~wn to take between 30 days (Aucamp 1979) and 
18 months (Stuart-Hl1 l 1993) to recover to its pre-defoliated 
state. This means that i t is extremely difficult to apply a 
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rotational system with fixed periods of occupation and absence. 
Preferably, recovery should be monitored on the plant and on~y 
once the plant has recovered (be it in 1 or 24 months) should It 
be re-browsed. Farmers generally do not monitor their plants 
and, for logistic reasons, prefer to have fixed rotation~l 
systems. If these sub-optimal systems must be adopted, then It 
is necessary that the periods of absence be long. Aucarnp and 
Tainton (1984) recommended that between 211 and 275 days ~e 
allowed following defoliation intensities of 25 to 50%. Thls 
intensity of defoliation is recommended as P. afra appears to be 
stimulated to produce more forage with these levels of 
utilization (Aucarnp 1979): a response similar to that found in 
other browse speci es (Garrison 1953; Cook & Goebell 1962; Lay 
1965; Ferguson & Basile 1966; Teague 1987). 

viii) If Boer and Angora goats are not greatly overstocked they 
are able to select a diet that permits good animal performance 
(Aucarnp 1979). Indeed, these animals are able to destroy the 
vegetation whilst still gaining in weight. It follows, 
therefore, that t he condition of the animal should not be used 
as a measure of over-browsing. Consequently, if destocking is 
necessary as a result of a loss in animal performance, then the 
land operator should be aware that he has already damaged the 
vegetation and should account for this in future planning. 

ix) Although mass gemination of seed occurs periodically, there 
appears to be little or no recruitment of woody species through 
this source. Palmer (1990) implies that this vegetation is a 
relic community from a wetter and warmer period (between 12000 
and 6000 years ago) able to persist by growing in 'bush clumps' 
within which the micro-climate is so modified as to allow 
seedling establishment during the present more arid conditions. 
Seedling recruitment in degraded bush is as a consequence 
impossible and to maintain productivity of this vegetation, it 
is essential that every plant be kept alive. This can be 
achieved to some extent by very lenient defoliation but 
inevitably plants die, and it is necessary to provide for this, 
by either allowing some recruitment or (at the very least) 
allowing the remaining plants to increase in size. At present 
the mechanisms of shrub recruitment through seeding in the 
succulent bushveld are poorly understood (La Cock 199????). It 
probably occurs after certain 'episodic' events and, logically, 
one would expect that management after these will be crucial to 
the survival of the seedlings. ( 

It may be worth noting that with the reduction of avian and 
mammalian preda~ors, smal~ herbivores (e.g. rodents and Hyrax) 
have, probably lncreased In number and this may be having a 
detrlmental effe~t on the survival of seeds and seedlings, and 
thus o~ the recrultment of shrubs. An interesting theory is that 
the fllghtless dung beetle (Circellium bacchus), dependent on 
elep~ant dung and having largely disappeared along with these 
herblvores, may have been a vector for seedling establishment 
th:ough its ,habit of burying balls of elephant dung, possibly of 
whlch contalns seed (Stuart-Hill 1992). 
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x) Burning is not recommended in this veget~tion although it may 
be an option to consider in those exceptlonal ~ases where an 
impenetrable spiny thicket of May tenus spp. and AZlma tetrac:antha 
develops (in moist sites). No resea:ch has b~en d.one on t~lS but 
circumstantial evidence from an accldental flre In the Klrkwood 
district shows that the reduction in cover of these shrubs has 
led to an increase in forage production. Veld burning in the 
succulent bushveld should nevertheless, be viewed In an 
experimental light and with extreme caution. 

13.5.3.2 Current and potential farming systems 

Since environmental conditions in the succulent bushveld are too 
arid for cultivated pastures, livestock production is usually 
based entirely on the veld. However, if a farmer has irrigated 
lands, a useful system would be to establish planted pasture on 
these with the objective of removing the animals from the veld 
onto the pastures during critical growth stages to allow the bush 
a chance to grow undisturbed (e.g. after each significant rain). 
This will increase productivity and ultimately raise the carrying 
capacity of the bushveld.. Another e nterprise that has potential 
in areas where the bush has been eliminated through past 
mismanagement, is to establish sal t bush plantations (Atriplex 
nummularia). Once established, the se are productive and hardy, 
and can be used to relieve nutrit i onal bottle-necks, or as an 
enterprise on its own. 

Since the primary forage source is browse, it follows that 
browsers will be the main enterprise. The only domestic browser 
is the goat and both Angora and Boer goats are popular and 
profi table farming enterprises in this vegetation. Some land 
operators are opt i ng for a game enterprise in which the dominant 
browsers are kudu and bushbuck and the income is derived from 
hunting fees and/or the products of these animals. A useful, 
financially attractive and aesthetically pleasing system is a 
combination of game and domestic stock into a single enterprise. 
It may even be possible for the larger land owners to introduce 
elephant into their system as hunting and tourism can be very 
lucrative. Elephant are retained by relatively cheap electrical 
fencing and do less damage to the floristics of the vegetation 
than the goats (Stuart-Hill in press.). 

Sheep (e.g. Dorpers) may also be considered as they do browse to 
some extent. They will, however, probably destroy the little 
herbaceous vegetation before using significant amounts of browse. 
In view of this and the run-off and soil erosion data shown in 
Table 13.5 .. 1, it i s pre~erable to avoid large numbers of sheep. 
After a serles of exceptlonally good rains, a considerable amount 
of herbaceous vegetation may be produced. When this occurs, 
grazers could be brought in on an ad. hoc basis. It is 
emph~sised, however, that the herbaceous vegetation does not 
provlde a constant fodder supply and managing grazers on a 
permanent basis in succulent bushveld is hazardous. 
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Finally, it appears that there may be a potential for ostrich 
farming. However, this is limited to areas where the bushveld 
has been severely damaged because in dense bush, the skin (the 
most valuable part of the bird) becomes excessively scratched and 
loses value. There is, however, little information regarding the 
potential or suitability of these animals but observations are 
that they are extremely heavy feeders in relation to bodymass. 

13.5.4 A veld management system for consideration 

There is certainly more than one way of managing veld to achieve 
profit without harming the resource. The question that will 
probably always remain unanswered is, which system is the most 
efficient? While any management system should attempt to 
incorporate the ecological principles discussed earlier (section 
13.5.3.1), each property will have a unique system depending on 
resources and objectives. It follows that an adaptive management 
should be followed (Walters & Hilbron 1978). Essentially this 
involves setting rather specific objectives with respect to 
economic and biological facto r s, and periodically monitoring 
progress towards these whils t recording relevant management 
actions and environmental pen:urbations. The details of the 
system suggested here, revolv e around the dominant farming 
practise in the region: i . e. domestic stock farming for profit. 
It is worth noting that whilst a management system may attempt 
to use only scientifically de r ived information, inevitably it 
will rely heavily on evidence from successful farming operations 
and on the intuition of experienced people. 

Setting objectives 

The land-user needs to clearly define his personal objectives in 
terms of income, time, likes and dislikes, etc. With these in 
mind, and considering the natural and financial resources, the 
various enterprises should be selected (e.g. Angora goats will 
be the main enterprise supported by game farming, 50 ha of 
irrigated lucerne, and ·20 ha of salt-bush). It is important 
also, to state what veld condition is considered as optimum, as 
well as .what per~ormance is expected from each enterprise (e. g. 
ma~s galn, weanlng. percentage, gross margin). Without doing 
thlS, the farmer wlil have no way of measuring performance and 
cannot, therefore, implement formal adaptive management. 

The prevention of resource deterioration should be a 
non-negotiable attribute of any management model and, 
consequently, it may be a hard fact that many properties in this 
veld type are too small for sustained commercial pastoralism. 

Resource inventory 

Common to 
inventory 
essential 

all management systems is the requirement for a basic 
of the resource. From the vegetation viewpoint it is 
to differentiate areas of succulent bushveld fro:n dense 
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non-succulent bushveld because of the inherently different 
management options and requirements (Section 13.5.1). 

In this vegetation type, objective assessment is ~edious t;tnd 
time-consuming (Stuart-Hill in prep.) so to lnventorlze 
vegetation condition, structured. visual estimates ~f. ve~d 
condition are recommended (Stuart-Hlli 1991). Veld condltlon In 
this context, ref~rs to pla~t communiti~s ~h~t are likely ~o.ht;tve 
different productlon potentlal, palatabliltles and sensltlvltles 
to degradation. In succulent bushv~ld, the 'ecological stt;tt~s' 
(condition) of the vegetation lS. probably .of. o~errldlng 
importance with respect to these attrlbutes and It lS lmportant 
that areas of similar ecological status be mapped together. 
Further classification should be done on the basis of soil types 
(especially depth), aspect, catenal position and irrigable lands. 
This step is necessary to assist in setting objectives, select~ng 
enterprises, determining stocking rates and thereby developlng 
a management plan. 

Stocking rates and ratios 

The relationship between vegetation condition, rainfall and the 
economic carrying capacity for the succulent bushveld is 
illustrated in Figures 13.5.2 and 13.5.3 and Table 13.5.2. 

INSERT FIGURES 13.5.2 & 13.5.3 
INSERT TABLE 13.5.2 

This was developed in the Sundays river valley (Kirkwood 
district) to determine initial stocking rates for the xeric 
succulent bushveld (Stuart-Hill & Aucarnp 1993). The carrying 
capacity of mesic succulent bushveld may be slightly higher. 
Seventeen years of grazing records from a site in the Fish river 
valley, showed that an average annual stocking rate of 0,19 
LSU/ha did apparently not harm vegetation condition (Stuart-Hill, 
unpublished data). This represents a considerable increase over 
the mean estimated carrying capacity of Xeric succulent bushveld 
and is probably due to the more perennial grass sward in these 
areas. It should be appreciated that these values are not hard 
and fast rules but rather as starting points which can be 
adjusted as adaptive management proceeds. 

Th~ mo~t desirable stocking ratio will vary according to the 
obJectlves of the land operator, current season rainfall and 
according to the condition of the vegetation. In dense bushveld . , 
It has been recommended that stocking rates be adjusted so that 
the total number of animal units are made up of: 85% goats and 
the rest the naturally occurring kudu. In open bushveld where 
herbaceous vegetation becomes relatively more important the 
stocking ratio may be made up of: 80% goats, 5% kudu and 15% 
sheep/~attle (Aucarnp & Tainton 1984). It is important to 
appreclate that the succulent bushveld has a fairly high stocking 
rate of kudus (approx. 0,083 LSU/ha), and this should always be 
accounted for when setting stocking rates. 
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Infrastructure 

Fencing off the 'veld types' is recommended if the intention is 
to farm with domestic stock as it reduces area selection. For 
rotational grazing, it has been suggested that at least 12 camps 
are necessary per group of animals (Aucamp & Tainton 1984) but 
given the low productivity of this vegetation this degree of 
camping is unlikely to be economically feasible. 

The ideal camp size is 40 to 50 ha for dense bushveld and 80 to 
100 ha for open bushveld (Aucamp & Tainton 1984). These sizes 
are designed to promote uniform utilization of the vegetation 
spatially, and to aid in mustering but again economic constraints 
will dictate camp size. 

Camps that follow the natural boundaries of areas of different 
potential are biologically more acceptable than traditional 
paddock layout or the funnel-shaped camps of wagon-wheel systems. 
A further disadvantage of wagon-wheel camps is that inevitably 
they are long and narrow. Because animals are reluctant to walk 
long distances in this vegetation, they severely defoliate nearby 
plants without suf fering nutritional stress and degrade the hub 
area. Wagon-whee l s do however, provide considerable advantages 
in water provision and stock management and, therefore, are 
extremely useful where conditions permit: i.e. where the 
topography is such that it is possible to separate veld types and 
the central hub area is in a position where it will not be 
severely eroded by the inevitable concentration of stock 
trampling around the hub (Aucamp & Tainton 1984). 

Monitoring 

Monitoring goal attainment is central to adaptive management. 
Vegetation surveys for monitoring veld condition change should 
be conducted in str ategic places on the property according to the 
techniques described in Section 8.4. These surveys can be 
tedious and easily postponed (indefinitely), but the costs are 
negligible in terms of the costs of managing the entire system. 
Weighing these against the importance of knowing if the 

~ana~ement .system is harming or benefitting the vegetation, 
lnevltably ~llustrates that this step represents time and effort 
well spent. 

Care must, however, be taken when interpreting reasons for 
changE;, for the extent and nature of vegetation change will 
depend on both management and on the environmental conditions 
which have been experienced. . Novellie and Strydom (1987), for 
example, have shown that grazlng had little effect on the density 
of. karoo grass when compared with the influence of seasonal 
ralnfall. 

For . this reason detailed records of any management activity or 
e~vlronmental perturbation must be kept. When the monitoring 
sltes ~re resurveyed, any change in the condition of the 
vegetatlon can then be interpreted in terms of the management 
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applied and/or the environmental conditions experienced. 

Management 

There are no data that illustrate that rotational browsing 
systems are superior to continuous browsing systems. Indeed, ~, 
Mentis (199:::) has shown that these are seldom justified on the 
basis of pur"e economics. However, rotational grazi~g has. a 
number of distinct disadvantages for domestic stock farmlng whlch 
bear mentioning. . . 
i) It allows a ' degree of control over area selectlve grazlng 

which can be severe as goats seem to prefer sparsely-bushed 
areas. In time, these areas become over-utilized while the 
densely bushed areas are under-utilized. 

ii) It allows a degree of control over the intensity " and 
frequency of defoliation of the key browse species. 

iii) It allows for strategic treatments to be implemented, e.g 
allowing an extra-long rest after exceptional rains in 
order to encourage shrub recruitment. 

iv) It allows for easier stock management, e.g. stock mustering 
(finding animals in small camps is easier than finding them 
i n large camps) and the control of predators and parasites. 

J 

While it is true that the above (except point iii) could be 
achieved in a multi-camp system regardless of whether continuous 
or rotational browsing is applied, the essential reason for most 
people recommending rotational over continuous browsing is 
probably that the former allows the manager to control, when, 
where and how intensively animals will browse. This gives the 
land operator a better chance of manipulating the vegetation. 

Early browsing of regrowth reduces the rate at which defoliated 
plants recover (Aucamp 1979). Consequently, it is normally 
recommended that animals do not remain in a camp until regrowth 
has at least replaced material previously browsed. Within 
reason, therefore , the shorter the period of occupation, the 
better. In doing so, however, the subsequent rest period becomes 
shorter as the rotation from one camp to the other speeds up. 
During fast growing periods, the period of occupation should be 
short but need not be reduced below about 7 to 10 days (Aucamp 
& Tainton 1984). During slow growing periods, however, the 
period of occupation can be extended to approximately 60 days (in 
order to lengthen the period of absence in other camps) without 
the danger of browsing regrowth. 

Long p~riods o~ absence are desirable as rains are infrequent and 
sporadlc. It lS proposed that rest periods without rain do not . , 
constltu~e recovery periods and it is at least necessary to allow 
enough tlme for the plants to recover to their pre-defoliated 
condition otherwise they become progressively smaller and 
eventually die. The required period of rest is dependent on the 
degree of utilization: the lower the intensity of utilization 
the s~orter the period of rest. So, for example, if 50 % of th~ 
leaf lS removed from spekboom under normal climatic conditions 
a rest period of about 275 days is required to allow the browsed 
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plants to recover to their pre-utilized condition. Where 
utilization is less severe (say 30 % leaf removal), the rest 
period can be reduced to about 210 days (Aucamp 1979). 

A word of caution, however, is that years of accumulated growth 
can be utilized within a single period of occupation because the 
forage quality of succulent bushveld is high and remains high 
even in old growth. Goats can, therefore, severely damage even 
well rested vegetation without their performance being 
significantly effected (Aucamp 1979). 

The time to move animals into and out of a camp should depend on 
the state of the key browse plants. Trying to monitor the 
recover and utilization of all plants (i.e. get an average idea) 
in the community is susceptible to the problems of the operator 
trying to assimilate too much detail, and 'finding proof' for his 
preconceived ideas. It would appear that based on abundance, 
palatability, productivity and sensitivity to over-utilization, 
P. afra and G. robusta are the most appropriate indicator plants. 
The length of the young (red) shoots of P. afra can be used as 
an indicator of recovery following defoliation and the presence 
of a well developed 'skirt' of rooted side-branches can be used 
as an index of 'health' of the community (Stuart-Hill 1992). It 
is easier to visually monitor utilization on G. robusta than on 
P. afra, and defoliation of this species can be used to determine 
when animals should be removed from a camp. Grewia robusta 
responds rapidly to environmental perturbations and is also 
useful as an indicator of current growing conditions. There are 
some preliminary indications that Euphorbia bothea could also be 
a useful indicator of utilization but this requires further 
investigation (Stuart-Hill, unpublished data). 

Moderate levels of defoliation appear to stimulate the production 
of many browse species (Garrison 1953; Cook & Goebell 1962; Lay 
1965, Ferguson & Basile 1966; Teague 1987) and this also 
applies for the dominant forage shrubs in this vegetation type 
(Aucamp 1979). Stuart-Hill (1993) found that, during periods 
of occupation with goats, when 50 % of G. robusta leaves have 
been removed, P. afra will normally have been defoliated to an 
intensity of approximately 30 to 40% - a desirable intensity with 
which to defoliate P. afra (Aucamp 1979). 

In rotating animals through the camps, the rule which should be 
applied is that the individual plants should recover to their 
pre-defoliated state before they are re-browsed. This may not 
occur on occasion .dep~nding on prevailing conditions (e.g. the 
area may be experlenclng a drought) but if the rule is broken 
repeatedly, then this suggests that the carrying capacity 
estimate should be adjusted. 

If the pr?perty is overstocked, the owner should sell as many 
non-breedlng and non-replacement animals as is necessary. This 
~h?u~d not be delayed, even though animal performance will not 
lnl tlal.ly suffer. Farmers should resist the temptation to retain 
st,?ck In. the hope that conditions and prices will improve. 
Prlces wlll decllne further if conditions remain dry. This is 
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because most land operators do not monitor the vegetation and 
consequently only become aware that they are ,ov~rstocked ~t a 
much later stage than farmers applying the pr1nc1ples ,outl1ned 
above. Indeed, this is probably one of the few ve~etat1on types 
where the grazier can determine that the property 1S overstocked 
before irreparable damage or before animal performance suffers. 

Special strategies 

It is recommended that extra forage crops be planted on all 
properties in this veld type because th~y can be, used as a 
drought reserve, to increase the carrY1n~ capac1ty of the 
property and most importantly, they allow an1mals to be remo~ed 
from the veld at critical times. Such plantings may compr1se 
irrigated pastures (where possible) or plantations of drought 
resistant crops (e.g salt-bush, spineless cactus and Agave spp.). 
Planted forage in these areas should be viewed as a synergistic 
aid to manage veld rather than as an enterprise on its own. 

After significant rains (i.e. rains of sufficient size to support 
growth for a least one week), any rotational grazing system 
should be abandoned and the animals spread over as large an area 
as possible. If planted forage is available, then animals could 
instead be removed from the actively growing veld onto the 
planted fodder which in turn can be rested when the animals 
return to the veld. The reasoning behind these strategies is to 
allow undisturbed growth so that plants are able to take 
advantage of the growth spurts following rains. The removal or 
reduction of browsing pressure during these times is advantageous 
because it allows new twigs to grow and become lignified thereby 
becoming less susceptible to browsing. 

It is not normally practicable to regularly give all camps on a 
property 'special rests' (e.g. seeding or vigour rests of three 
to four years). In any case, the succulent bushveld is almost 
certainly an event-driven system: i.e. only under exceptionally 
rare circumstances is the system able to improve in response to 
improved management. An artifact of misuse of this vegetation 
is a loss of individual plants and if there is a chance of 
replacing these then it should be grasped whenever it occurs. 
The recruitment of shrubs appears to occur only rarely: i. e. 
following exceptional rains. These occurrences should be 
identified so as to promote recruitment on the few occasions 
where the ecosystem is prone to such change. 

Camps with the most shrub recruitment following such events 
should be set aside until the juvenile shrubs are resistant to 
browsing. It is not certain how long this need be and will 
almost certainly vary depending on subsequent em,'ironmental 
conditions, but the land operator should be prepared to rest the 
camps for at least three to four years - possibly more. This is 
not as bad as it first appears, because in the browsing system 
recommended here, no camps are regularly allocated extra long 
rests as, for example, in grassveld (Danckwerts 1984) . 
Furthermore, as these events occur rarely (>8 years), it would 
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seldom be necessary to implement these special rests. In 
reality therefore, this strategy does not constitute removing 
large t~acts of land fro~ the productive system on a regular 
basis. Rather it recognlses the event-drlven nature of the 
system, the rarity of these events and the nec~ssity of 
attempting change when the system is on the few occaSlons prone 
to change. However, it does involve implementing a major resting 
programme on special occasions and farmers should be aware and 
make provision for this. However, it is unlikely that land 
owners with small properties will be able to implement this 
strategy as they will not be able to live off the remaining 
portions of their property. 

The occasional wet periods also provide an opportunity for the 
re-establishment of plants such as P. afra which can be readily 
grown from cuttings. This is a very expensive process and the 
plants require extensive rests before they can be browsed 
(Hobson, Stuart-Hill & Swart in prep.). 

During unusually I wet I seasons, a high biomass of herbaceous 
material may accumulate. While this accumulation is always 
temporary, it represents a valuable bonus to a grazier. As 
farmers in t his vegetation mostly use browsers, it may be 
necessary for them to buy in grazers (cattle or sheep) on an ad. 
hoc basis. Because this forage source is unreliable, these 
animals should never be kept as a permanent enterprise except 
possibly where a small breeding herd/flock can be maintained on 
irrigated pastures or at very low densities. It is also possible 
to utilize this herbaceous material with goats, but this should 
be done before it dries out. Another option is to leave this 
material for soil protection and the enhancement of infiltration 
(Table 13.5.1). I f the herbaceous layer is to be utilized, it 
is recommended that the grass be allowed to seed before it is 
grazed as this builds up the seed bank and rather surprisingly, 
cattle perform as well on the dry grass as they do on the green 
grass (M. Swart, pers, comm.). 
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?~e r o le of standing h8rb ~ceous in r8~ucing run
off and soil erosion in the succulent bushveld. 
These were determined with a rainfall simulator 
on a wet and a dry Swartland soil with a slope of 
between 7 and 8%. 'Rainfall' intensities were 84 
and 67 rnrn hr- ~ for the dry- and wet-runs 
respectively (Scheltema unpublished data). 

Dry-run Wet-run 
Treatment minutes after 60 min minutes after 60 min 

uncut 
cut 

before 
run-
off 

>83 
12 

run-
off 

% 

o 
12 

soil 
loss 
t ha-~ 

o 
1.7 

before 
run-
off 

12 
3 

run-
off 

% 

21 
54 

soil 
loss 
t ha-~ 

0.57 
1. 53 
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~' c..L _ (; :;'3 . S . 2 CU.llt i..H::ci prGchcteci car:.cying capociL.Y (l.. S U l GCiOha-
1) of grazers and browsers in succulent bush~eld 
for different ecological statuses and for varlOUS 
rainfall seasons. Predictions were derived from 
interpolation uSlng linear Kriging (Stuart-Hill 
& Aucamp 1993). 

-----------------------------------------------------------------
Rain Ecological status ( % ) 
(rom) -10 0 10 20 30 40 50 60 70 80 90 100 
-----------------------------------------------------------------
240 1 4 9 15 23 31 41 52 63 73 78 79 
250 2 6 11 17 25 33 43 54 66 77 81 81 
260 8 11 16 22 29 38 47 57 67 76 81 83 
270 15 18 22 28 35 43 51 60 68 75 81 84 
280 21 25 29 35 41 48 55 63 70 76 81 85 
290 28 31 36 41 47 53 60 66 72 78 83 86 
300 35 38 42 47 52 58 64 70 75 80 84 87 
310 41 44 48 53 58 63 69 74 78 83 87 89 
320 42 46 54 59 64 69 73 78 82 86 87 90 
33 0 45 51 56 59 64 74 78 74 83 87 90 93 
34 0 51 55 61 61 65 72 75 81 84 9 0 89 92 
35 0 56 60 65 71 74 87 89 81 91 9 2 94 96 
36 0 61 67 8 1 85 89 91 92 93 94 9 6 97 99 
37 0 73 78 85 90 93 95 96 96 96 9 7 100 104 
380 73 80 89 96 99 1 01 101 101 100 99 102 108 
390 74 83 93 103 107 108 109 108 106 103 106 113 
400 76 87 98 109 1 16 119 120 118 116 113 114 117 
410 78 90 104 117 127 1 32 133 130 126 122 121 122 
420 76 91 110 127 139 146 147 142 134 129 127 128 
430 72 92 116 139 150 160 161 151 141 132 131 134 
440 77 96 119 140 153 162 163 155 146 138 135 137 
450 88 102 120 136 148 156 157 154 148 143 140 139 
---------------------------~-------------------------------------
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FIGURE CAPTIONS 

Figure 13.5.1 The hypothetical effect no browsing (a), elephant 
browsing (b) and goat browsing (c) has on the 
growth habit and ability to vegetatively 
propagate of P. afra (Stuart-Hill 1992). 

Figure 13.5.2. Relationship between ecological status of 
succulent bushveld, and average grazing, browsing 
and grazing plus browsing capacity measured over 
the experimental period. 

Figure 13.5.3 Carrying capacity (browsing capacity plus grazing 
capacity) of succulent bushveld as predicted from 
Kriging where the independent variables are 
rainfall and vegetation condition (ecological 
status). The predicted relationships are shown 
in three-dimensions (a) and as a contour plot (b) 
(Stuart-Hill & Aucamp 1993). 
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TOOL 2 

A TECHNIQUE FOR VEGETATION INVENTORY 

[P 2.1] 

[P 2.2] 

[P 2.3] 

[P 2.4] 

Towards a method of assessing the veld condition of 
the valley bushveld in the eastern Cape 

Monitoring vegetation change and assessing veld 
condition: assessing the condition/ecological status 
of valley bushveld 

An alternative approach to veld condition assessment 
in the non-grassveld regions of South Africa 

Towards visual assessment of succulent valley bushveld 



[TOOL 2] 

A TECHNIQUE FOR VEGETATION INVENTORY 

ORIGINAL BRIEF 

The technique should be a rapid survey techni~ue which is 
descriptive and has a resolution adequate for plannlng purposes. 
I refer to this as veld or vegetation assessment. 

RESULT 

The first product was the published" paper: Towards a method of 
assessing the veld condition of the valley bushveld in the 
eastern Cape [P 2.1] (the co- authors assisted in selecting the 
sampling approach and in addition, C.J.G Ie Roux advised on 
statistical analysis). At the time the approach was innovative 
in that it broke from the tradition of using species response 
categories (decreasers and increasers) and calculating score as 
some percentage deviation from the 'ideal'. It was nevertheless 
naive and later modified (see the section of a book, entitled: 
Monitoring vegetation change and assessing veld condition: 
Assessing the condition (ecological status) of valley bushveld 
[P 2.2]) where the vegetation score came to represent an index 
(now called ecological status), devoid of value judgement and 
describing the position which the site o6cupies along a gradient 
of floristic similarity. The philosophy developed further, and 
was crystallised in an invited published paper: An alternative 
approach to veld condition assessment in the non-grassveld 
regions of South Africa [P 2.3] (the co-author of this paper 
contributed the review of vegetation assessment in the karoo). 
The sections of relevance to this dissertation are the 
Introduction, the review of thicket assessment methods, and all 
sections thereafter. 

While the philosophy and theoretical procedure for scoring veld 
was being developed, a means of actually assessing vegetation in 
the field was devised. The approach was a formalized visual 
method with multiple operators. It was tested and found to be 
acceptable and Tool 2 was thereby provided (see the published 
paper: Towards visual assessment of succulent valley bushveld 
[P 2.4]). Not included in the paper was a discussion of the 
difference between 'subjective' and 'visual' methods. My 
impression is that many people confuse the two, some even 
believing that they are the same. A useful analogy is that of 
determining a length of string. A SUbjective approach would 
return measurements of "long or short" (obviously not repeatable 
between operators), whereas a visual method would return 
estimates of length in millimetres, centimetres, or metres (or 
other measurable units). This could be done in the conventional 
sen~e by placing a ruler next to the piece of string or by 
estlmatlng the length by simply looking at it whilst referring 
to a repeatable index 'embedded' in the mind. Visual methods are 
not subjective methods! 



[P 2.1] 

ERRATA , CLARIFICATION NOTES 

Specific errors (excluding punctuation and those as a result of 
changing information or philosophy) are as follows. 

Pg. 21 

Pg. 21 

Pg. 21 

Col. 1 

Col. 1 

Col. 2 

Fig. 1 

Ln. 5 

Ln. 10 

In the species key, the second 
reference to the species codes 
"EUPH" and "CROV" should read 
"BRIL" and "AZTE" respectively. 
"may only ' be obvious" should read 
"may be indicative of deeper" 
The absence of Rhus lucida in 
Figure 1 is because it was so 
uncommon that it could not be 
displayed on the Figure. 
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TOW ARDS A METHOD OF ASSESSING THE VELD CONDITION OF THE V ALLEY BUSH VELD IN THE EASTERN CAPE 
BENADERING VAN 'N METODE OM VELDTOESTAND IN THE VALLEIBOSVELD VAN DIE OOS-KAAP TE BEPAAL 

G C STUART-HILL, A J AUCAMP, C J G LE RaUX and W R TEAGUE 
Department of Agriculture and Water Supply (Eastern Cape Region), Private Bag XIS, Stutterheim, 4930. 

ABSTRACT 

Currently, no technique is available for assessing the condition of Valley Bushveld in the Eastern Cape . The objective of this 
investigation was to develop a method of scoring bush veld according to its productive condition . It was established, through prir.cipal 
component analysis that, while bushveld condition is negatively related to the percentage of Lycium austrinum , it is positively related to 
tree density, foliage volume below 1,5 m, the percentage of Portuldearia afro, Euphorbia spp. and SehOTia afro. Furthermore, It was 
established that species such as Broehylaena ilieifolia, Rhigo::.um obo\'atum, Zygophyllum morgsana and A::.ima teTraeantha 'are 
indicative of imponant differences within the Valley Bushveld. From these variables a tentative technique was developed to score the 
condition of Valley Bushvl!ld. . 

UITTREKSEL 

Daar is tans geen Tegniek beskikbaar am die TOestand van Vallei-bosveld ill die Oos-Kaap te bepaalnie. Die doel I'on hierdie olldersoek 
was om '11 metode daar te sTel om bOSl'eld I'olgens sy produktiewe toestand Te bepaal. Deur hoof komponente analise is ~'asgestel dat 
bosveld toestand negarief gekorrelleer is aan die persellTasie digTheid vall Lycium austrinum en positief aall boolll digTheid , blaarvolume 
ollder / ,5 m , en die digTheid persemasies vall Portulacaria afra, Euphorbia spp. ell Schotia afra. Daar is ook gel'ind dar \'crskeie SOOrfe 
soos Brachylaena ilicifolia, Rhigosum obovarum, Zygophyllum morgsana ell Azima tetracantha belongrike Iwskille billlle die 
Valleibosveld aalldui . 'n Tegniek is TemaTief I'Onaf hierdie veranderlikes ollMi/.:/.:el om die veldTOeSTalld vall Valleibosl'eld Te bepoal. 

Additional index words: Principal component analysis, cluster 
analysis, browse. tree density , species 
composition . 

rNTRODUCTION 

The Valley Bushveld (Veld Type 23: Acocks . 1975) is the 
single largest veld. type in the Eastern Cape region. The major 
portion of this approximately two million ha is considered by 
pasture scientists to be in poor condition. There exists . however. 
a vast difference of opinion within the farming community, and 
between some farmers and scientists as to what constitutes Val
ley bushveld in good or poor condition. It follows that if aware
ness programmes by scientists are to have any success, then it 
must be clearly stated what characteristics ideal Valley Bushveld 
should possess. Furthermore, an objective technique must be 
-made available so that the condition of any bushveld site can be 
quantified according to its carrying capacity _ The overall objec
tive, therefore, is to develop a repeatable technique that would 
objectively score the condition of Valley Bushveld in terms of its 
carrying capacity . 

At present the constraint in achieving this objective is the lack 
of plant productivity data . However. it has been determined. 
from experience, that bushveld with high tree densities. with no 
well-developed browse line (below 1.5 m for goats) and an 
abundance of Porwlacaria aJi'cI can suppon mo-re stock on a 
sustained basis than bush veld with low tree densities having 
well-developed browse lines and little or no P. {lira (Aucamp~ 
1979). It was assumed. therefore. that variables which are posi
tively correlated to tree density. amount of forage below 1.5 m 
and P. alra are indicative of V~lIey Bushveld in good condition . 
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PROCEDURE 

The study was conducted on three sites in the Valley Bush
veld . Sites I and 3 were on the J C Steyn Prison Farm (approxi
mately eight km apart) in the Kirkwood district and Site:' on the 
farm Blaaukrantz in the Uitenhage district. At Sites I and 2, five 
camps were subjectively selected to cover a range of conditions 
varying from that perceived to be very good to very poor veld. At 
Site 3. the bush veld had never been utilized by domestic stock 
and it was considered to be in a " pristine" condition . Only a 
single sample was surveyed at this site. 

The quadrat method survey, devised by Cottam & Curtis 
( 1956), was used ( 120 points/camp) to determine the number of 
plants of each tree species per ha (N). tree density per ha and 
species composition . In the same survey additional measure
ments per plant encountered were: height of lowest leaves (H); 
mean canopy radius (R); and the optical density (00) of twigs 
and leaves below the browse line . The latter was estimated at 
intervals of 10. 30. 50. 70 and 90'« of the potential leaf and twig 
density for that species . (Andrew. Nob~e & Lange.. 1979; Lens
ing & Ie Roux. !982). For each camp. browseable volume per 
species per ha (BV) was calculated fr('m : 

BV = (2:n (1.5 - H) x TI r x OD/loo) X N 

n 

where n = number of plants encountered per species; 
and total browseable volume of all species per ha (TBV) was 
calculated from: 

TBV = 2: s BV 

where s = number of species encountered . 



Factors accounting for the variability between camps and sites 
were identified by performing a principal component analysis 
(peA) with the BMDP programme - P4M (Frane , 1983) . Two 
ordinations were performed, each with a different set of vari
ables . The first analysis used percentage species composition of 
the 14 most abundant species, TBY and tree density while the 
second used BY of the same 14 species and tree density . 

Where it was necessary to compare sites, a cluster analysis 
was performed using the BMDP programme - P2M (Engelman, 
1983) . The variables used in the comparison were percentage 
species composition (of the 14 most abundant species), TBY and 

. tree density . 

RES ULTS AND DISCCSS[O" 

In the first peA. where the 16 variables comprised percentage 
species composition , TBY and tree density , three factors (princi
pal components) were identified and to.gether they accounted for 
76 , I % of the total variation. The second peA, based on BY and 
tree density, identified the same three factors which together 
explained 76 C!c of the total variability . The resulting factors and 
eigen values in this case were very similat to those of the analysis 
based primarily on percentage species composition . As the two 
ord inations essentially produced the same result. only the peA 
incorporating percentage species composition. TBV and tree 
density was used . 

Regarding this ordination , it was found that the first factor 
accounted for 399c of the total variation and was characterised by 
high posit ive eigen vectors for density (0,966). P.afra (0,926), 
TBY (0 ,900), Euphorbia spp. (0 ,742) and Schotia afra (0 ,700)' 
but a highly negative coefficient for Lycium auStrillUI1l (-0,809) 
(Table I) . 

Table I Eigell \'ecto r \'ulues ami/actorsfrom p rillc i{Jc1/ component ana/His in Val/e\' 
Busl,,·eld. . . 

Variable; Factor 

POr/ullicaria af,.a 0,916 0 .0~9 0.Q75 

Eudea um/u/lIw 0 ,661 OA49 0 .457 

Mar/('IIus hn erophyllu 0,506 -0.317 0.09.1 
A:imaletracanrha -0,354 -0,865 O. UI 

Schmia af ra 0,700 -0 .190 -0 ,114 

Puppea eapensis 0 ,317 0.339 -0.658 
Rhigv:.um OOO\'Qfllln .{J,S07 0 ,760 .{J.31 I 

Rhus /ueida -0,143 -0.137 0 ,8 18 

Brachy/uena ilieifo/ia 0 ,349 0 .804 .{J .O~O 

Lyciurn auslrinum -0,809' -0 .488 -0. 108 
C rassula O \ 'Ola 0,501 0.536 0 ,185 
Zygophyllum morgsana -{),597 0.678 0 .056 
Euphorbia spp . 0 ,741 -0,481 -0 .1 47 
Grewia robUSla -0,089 0.504 0 ,448 
Tree densi ty 0,966 -0.004 0 . U4 
TBV 0,900 -0.139 -0.116 

Sum of eigen vector values 6,235 4,067 1.885 
V ariance accounted for 

by Factor ('it- ) 39,0 15 ,4 I 1.8 
Cumulative variance 

accounted for ('it-) 39,0 64,4 76 ,1 

As we assume that the condition of bushvcld is positively 
related to its density, browseable volume and amount of P . afra , 
then presumably Factor I describes " bush condition". Within 
this factor , species with negative eigen vectors indicate bush veld 
in poor condition, whilst species with positive eigen vectors are 
indicators of bushveld in good condition. The variables identi
fied above are termed " condition indicators". 

The second factor was responsible for 24,49c of-the total 
variation (Table I) . It has positive eigen vectors for Brachylaello 
ilicijo/ia (0,804), Rhigozum obovatum (0,760) and Zygophyllul1l 
morgsana (0,678) , while the eigen vector for Azima tetracantha 
(-0,865) was highly negative . In the field it had been subjectively 
notec;1 that there existed a quantity of B . ilicijolia in every camp at 
Sites 2 and 3 , but in none of the camps at Site!. This observation 
was tested against the raw species composition data (Figure I, 
:p 21 ) . 

Furthermore , the other two species with high positive eigen 
vectors (R.obovatum and Z .morgsana) both occurred in abun
dance at Site 2. and the former at Site 3, but were relatively rare 
at Site I . This inferred that Factor 2 could describe compositional 
differences between sites . From this it follows that , if species 
with positive coefficients are indicative of the bush veld type at 
Snes 2 and 3 . then species with highly negative eigen vectors (A 
tetracanrha) are indicative of the bush veld type at Site I. This 
was not refuted by the raw data in Figure!. The species listed 
above are termed " indicator species" as they are indicative of 
site differences . The validity of the interpretation of Factor 2 
(" site differences") was tested by conducting a cluster analysis 
to see if the s ites were different. 

It is evident from the resulting dendrogram (Figure 2) that, on 
the basis o f the data analysed, the bush veld at the three sites 
differed . 

Amalgamation 
distance 

2.021 

3.042 

3 .081 

3.555 

3.804 

3 .961 

4.290 

4 .311 

4.653 

4 .1140 

Sample sites 

3A 1A 1E 1B 10 1C 2E 2C 20 2B 2A 

~igure ~ :11(' relario"s~;p beTween II campl UI three siles 011 the basis of spt!cies 
(OmpOSlflon . Tree denslfY and 100al broU"St!ub.'e l'olwne bf,>/mt.' / .5 m per h" (TBVj. 

These differences were so marked that, despite the vast differ
ences In tree denSIty and TBY, the camps at Site 2 were more 
closely related to each other than to an.y of the camps at Sites I or 
3. To. test the interpr~tation of Factor 2 still further , it was argued 
that , I~the four "IndIcator species" were removed from a cluster 
analysts of samples , then there should remain linle or no differ
ences between sites . This was done and the resulting dendrogram 
( Flg~re 3) Illustrates that the large difference between sites 
preVIOusly obtained (Figure 2) no longer existed . 
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Where: 
Tree density (tree./ha) 

LYAU • Lycium austrinwn EUUN - Euclea undulata 
POAF - Portulacaria afra GRRO - Grtwia robusrQ 
MAHE - MyteIWS heterophylla EUPH . Euphorbia spp 
ZYMO - Zygophyllum morgsana EUPH - Brachylaena iliciJolia 

Figure I Changes in the proportional composition oj species K'ith tree density at 
Sires I . 2 and 3, 

Amalgamatlol'l 
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Figure 3 The relationship berK'een II camps ar three sires. after "sire identifier" 
species were remol'edfrom the cluster analysis "'hich yielded Figu" 2, 

It could be a solution simply to ignore these species , especially 
in view of their relatively small contribution to total species 
composition (Figure I), and treat the data from all sites as from a 
single population, However, this may be unwise because the 
presence or absence of these species may only be obvious differ
ences between sites. For example, a species such as P. afra , 
although occurring equally at both sites, may be very different 
below 1,5 m or have a different productive potential at Site 2 than 
at Site I, This argument is corroborated by Figure 4 which 
illustrates that, if Factor 2 was ignored and the veld condition 
assessed according to Factor I alone, then the best camps at Site 
2 could score approximately the same as the worst camps at Site 
1. 

CROV 
CROV 
RHOB 

• Crassula ovalo 

• A:ima It!lracantha 
- Rhigo7Jlm obol'alum 

PACA 
JACA 

- Pappea capensis 
- Jatropha capensis 
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2 2A 
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2C 18 

1C 
3A 1A 

20 

10 

2E 
1E 

2 

3~--~----~---p ____ .-__ -p __ ~ 
320 2 3 

Factor I 

Figure 4 Posilions oj camps (A 10 E)"I rhree sires (1.2 and 3) on Ih,jirsr(FaclOr I I 
and second (F aClor 2) principol components , 

In reality this conclusion would enjoy linle support from both 
local fanners and scientists alike . It is absolutely essential , 
therefore, that both Factors I and 2 are considered in the assess
ment of the condition of Valley Bushveld. 

The third factor accounted for I 1,8% of the total variation 
(Table I) . It had a high positive eigen vector (0,818) for Rhus 
lucida and a negative eigen vector for Pappea capensis (-0,658). 
This would indicate that these two species are at the opposite 
ends of the gradient described by Factor 3. It is apparent that both 
R .Iucida and P.capellsis make up a relatively small proportion of 
the total species composition (Figure I). From raw data it was 
calculated that P .capensis on average, has a browseable volume 
of approximately 0,013 m2 per plant whilst R . Lucida plants were 
somewhat larger contributing 0,720 m2 'per plant. This is cor
roborated by field observation where R lucida plants are larger 
below 1,5 m than P.capensis plants. The laner are character
istically umbrella-shaped with linle or no foliage below 1,5 m. 
On the basis of the preceding argument, it would appear that 
Factor 3 may describe plant size below 1,5 m. However, it is the 
opinion of the authors that Factor 3 cannot be described with any 
degree of certainty and the above interpretation is merely pre
sented as an hypothesis for testing. 
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The results of the peA were used to score bushveld according 
to its condition. It involved two stages. Firstly . the bush veld type 
was identified according to the composition of . . indicator 
species", and secondly, bush condition was scored according to 
the relative magnitude of the "condition indicators" 

Bushveld type was identified from sample site scores obtained 
by summing the scores for each '"indicator species'" . The latter 
were derived by multiplying the percentage composition of each 
"indicator species" with the eigen vector associated with that 
species in Factor 2 (Table 2). 

The negative sample site scores are indicative of the bushveld 
type 'at Site I (Kirkwood bushveld type). whereas the positive 
scores indicate the bushveld type at Site 2 (Uitenhage bushveld 
type) . It will be no,ed that Site 3 has a positive score and. 
consequently, for assessing condition . is considered to be of the 
same bushveld type as Site 2. 

Bushveld condition was characterised by summing the scores 
obtained by the "condition indicators" at each sample site . 
These scores were obtained by multiplying the measured vari
able (percentage species composition of each '" condition 
identifier" species, TBY and tree density) with its relevant eigen 
vector as pertaining to Factor I (Table 3) . 

The total condition score for each sample site was expressed as 
a percentage of the highest total score obtained in the relevant 
bushveld type . The sample sites with the highest scores in each 
bushveld type were thus regarded as benchmarks (Table 3). It is 
evident that TBY and tree density are essentially the only vari 
ables determining bush condition score. With the method used. 
percentage species composition had little influence on scoring 
and can therefore be eliminated from the scoring process . This 
step can be defended in that species composition was found to be 
strongly co~elated with both TBY and bush density (r = 0,835 
and r = 0,9082 respectively). Furthermore, it was evident, by 
ignoring the differences between bushveld types and scoring all 
the sample sites in relation to a single benchmark, that the camps 
were ranked according to bush veld condition in approximately 
the same order as they would have been, had they been subjec
tively allocated a ranking according to the conceptual model as 
described at the start of this paper. It is further of note that this 
ranking was dissimilar and vastly superior to the ranking order 
given by Factor I alone in Figure 4 . However, ignoring the 
differences between bushveld types is in direct conflict with the 
argument presented previously for the inclusion of Factor 2 into 
the scoring process. It appears, therefore, that somehow the 
impact of "site differences" was accounted for in the scoring of 
bushveld condition. This probably was when the TBV variable 
was scored because it is apparent that TBY also had a slightly 
negative (-0 ,239) .eigen vector for Factor 2 ie it is a weak 
indicator of bushveld type . However, in the scoring process it 
would have a significant contribution because of its absolute 
magnitude . Presumably, therefore, Factor 2 can be left out of the 
scoring process, provided TBY is measured and presented for 
scoring . 

Table ~ Scoring sample sites according 10 Valley Bushl-eld rype . Camps A ro Ear each Jire ,,'ere subjeCli"eh' selecled IV represenl deaeasing bush"eld condilioll . Negaliw' scorn 
are illdicari"e of Kir~wood bus/II'eld (Sile J) while posiri"e scores indicate Uitenha.ce bush "eJd (Siles ~ alld 3) . 

" Indicator spec ies " 
(x) 

A. lerraCClllfh<l (q.) 

R ObaQIIHm (<j( ) 

B , iJicijiJ/i<l ('7() 

TOTAL SCORE 

Eigen vector 
value from 

Factor 2 
(y) 

·0.865 

0,760 

0,804 

0 .678 

A 

·5. 2 

0.8 

0 

0 

-4 .4 

Table .~ Scori"g Stmlp!t! siles acc(}rding 10 bll.'ili l'(,/d t'Ollli ilioll , 
decreasing bus/n'dd cOllditio" tlf Sifes / (I"d 2, 

Eigell 
\"(! clOr 

" Condition indicators " 
\'o/ue 
from 

(X) Facf()r I 

1.\') IA 

L. CllIsfriuu11J -0.81 -2 

p , afra 0 .93 26 

5 , (lfra 0 ,70 ~ 

t:uphurbia spp 0 .74 

Tree density (Plants!ha) 0 .97 7~88 

TB \' (m'tha) 0 .90 5093 

Total score 126/6 

Condition scores within bushveld type (ek ) 100 

Overall condition score ('i!-) 95 

Score (xy) 

Site I Site 2 Site 3 
B C D E A B C D E A 

· 13.0 ·~.7 -14 ,7 .1.1,7 -4,3 -0,9 -2.6 -5,2 -6 .1 U 

0 ·O.~ 0 5,3 2.3 4,6 9,1 7.6 6.8 5.3 

0 0 0 0 2.4 3.2 3 .2 2,4 0 5.6 

0 0.7 0, 7 2.7 0,7 8, 1 18 ,6 12 ,2 10.2 0 

· 13 .0 ·7 ,2 -14.0 -5.0 1.1 15 ,0 25,3 17 ,0 10.9 10,9 

u'here a/l Ihe "UnI(/i1ion indicllfors" " 'fire measured. Camps A to £ \" t!r e subjecl;\'~I.\' selec/~d /(J represt' llI 

Score (XY) 

Kirkwood bush Iype U itenhage bush type 

16 Ie ID IE 2A 2B 2C 2D 2E .1A 

·12 " · ~4 ... 2 -6 -5 -6 -15 -30 0 

24 I~ 0 J I 2 1 7 5 0 ~O 

0 0 0 

5 0 0 0 0 

7075 5on3 ~876 2-UJ I 8195 6+42 4422 3007 696 87 18 

4539 227.1 1026 ~ -'~ 2533 1680 846 7.14 36 +l90 

11 6.\~ 82~ .1 58~5 ~ti5~ 10757 ~139 5269 J73 2 702 1.,2.16 

92 65 ~7 ~ .1 81 6 1 40 28 100 

88 62 44 81 6 1 40 2H IOU 
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To improve the efficiency of assessing bush\'c: IJ condition it 
would be desirable to eliminate TBY as measuring this parameter 
is extremely time-consuming . However. as has been pointed out. 
it is absolutely c>sential in determining bush veld condition and. 
consequently. cannot simply be ignored in the scoring process . A 
regression analvsis was performed on the data from Site I where 
th~ dependent ~ariable was TB Y and the independent variable 
was tree density . Similarly . a regression analysis was performed 
on the combined data of Sites :2 and 3. These groupings were 
made according to the site scores which established that Sites :2 
and 3 were of the same bushveld type but of a different type from 
Site I (Table 1). The most significant relationship is presented 
for each bushveld type (Figure 5). 

4000 
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2000 

100 

----.:::::=~----

KH<wood buohveld type 

U"enhege buohveld type 

1000 2000 3000 4000 5000 6000 7000 8000 9000 

Tree density (plants/ha) 

Figure 5 The rdali . 'I!sil ip hen,,:een IOral brOh'seable \'olume be"M /.5 m rTB V) and 

(ree dellsirrfor Iile I" ";w{l,/d (Sile II "lid li ilenilage ,Siles: alld.' I bus/lI·tld ~pes . 

There was a strong relationship between tree density and TBY 
(r = 0.996 and r = 0,900 for Site I and for Sites 2 and 3 
respectively). This enables TBV to be calculated instead of being 
measured . It is noteworthy that the large differen-:es in browse
able volume between similar tree densit ies at Site I and at Sites 2 
and 3. corroborate the argument posed preyiously that it is 
important to distinguish between bushveld types . Calculated 
browseable \'olume (CTBY) was determined with the equations 
pertaining to each bushveld type and this was used to replace 
TBY in the bush veld scoring process . Thus " site differences " 
(Factor 2) is incorporated into the assessment of \ . alley Bushveld 
condition because it identifies the equation to be used in the 
determination of CTBY . The assessment of bush veld condition 
by using CTBY instead ofTBY is presented in Table 4. 

This method was successful in that similar scores were ob
tained as when TBV was used (Table 3). the major difference 
being that the benchmark changed from Site 3 in the original 
asse;sment to Camp A at Site I. This was considered unim
portant as the differences between these camps in terms of .the 
scores were negligible . Over the enllre spectrum of sample sites 
the scores deri~ed using CTBY instead ofTBY were acceptable 
in view of the time that would be saved in the field by not having 
to measure the latter parameter. 

CONCLUSION 

Of the three variables considered to determine the productive 
condition of Yalley Bushveld. tree density and TBY wer~ shown 
to be extremely important. The direct influence of species com
position on the scoring of bushveld condition was unimponant. 
inferring that it can be dropped altogether from this type of 
bush\'eld assessment. This presumably was because species 
composition is related to both bush density and TBY and is being 
accounted fo r by these two variables in the scoring process . 
Howe\·er. species composition is important in determining 
CTBV. the latter replacing TBY in the proposed scoring tech
nique . Brietly. the procedure for this technique is: (i) measure 
tree densi ty: lii) measure species composition: (iii) identify bush
veld type by scori ng from" indicator species" : (iv) select the ap
propriate equation and estimate CTBY from tree density: (v) 
score ve ld a.:cording to tree density and CTBY : and (vi) express 
condition as:.t percentage of the benchmark. If this technique is to 
be applicable to all situations in this veld type, it needs to be 
ascertained . over a wide range of conditions (eg sites with 
different ag~ structures) . whether CTBY is a reliable predictor of 
TB Y. Furthermore. it is necessary to test in these situations. 
whether species composition always influences the estimation of 
CTB\'. 

In additi oll to the above, it is recommended that additional 
variables (eg plant palatability. plant digestibility. plant produc
tjon potenti:.tl. soil type. altitude and rainfall ) should be investi
gated to establish the intluence they i:'1ve on bushve ld condition , 
Most importantly. a reliable index of browsing capacity must be 
developed so that the conceptual model of ideal Yalley Bushveld 
can be objecti\'e ly tested. 
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Tab~e 4. Scoring sample sites according 10 bush\'eld condition, u'here species composition and bush\'eld (,'Pt' art' ignored and TB\' is replaced b\' CTBV, Camps A 10 £ we're 
SUbj fcll\'ely selt'c(ed 10 represent decr('asing buslu'eld condition at siles I and 2, . 

Eigen 
vector 

Score (XY) 

"Condition indicJtors" value 
Site I from Sile 2 Site 3 

(XI Factor I 
(y) A B C 0 E A B C 0 E A 

Tree density (Planls:hal 0 .97 7488 7075 5973 4876 2461 8195 b-l42 4422 3007 696 8718 
CTBV (m'tha l 0,90 5~37 4325 2346 1030 4~8 3278 (890 800 36 1 219 3772 

rotal Score 1~7~S 11400 8319 5906 2889 11473 8332 5222 3368 915 12490 
Condition score(",) 100 90 65 46 ~3 90 65 41 26 7 98 
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ERRATA & CLARIFICATION NOTES 

This publication appeared in a semi-popular book published in 
1989 by the Government Printer, Pretoria. The numbering 
convention for sections, figures and tables refers to the book, 
not the thesis. In addition, the genus of some species may not 
be included on first reference because this would have been done 
earlier in the book . 

Specific errors (excluding punctuation and those as a result of 
changing information or philosophy) are as follows. 

Pg. 105 Col. 2 

Pg. 106 Col. 1 

Pg. 107 Col. 1 

Ln. 15 

Table 

Ln. 49 

"within the 10m interval" should 
read "at each 10m interval" 
I emphasize that these values 
were for explanation only. 
Despite the qualifier in the 
caption, I would avoid doing this 
in future. 
This analogy is perhaps 
appropriate in a semi-popular 
article but I would not place it 
i n a scientific document. 
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8.5 ASSESSING THE CONDITION/ 
ECOLOGICAL STATUS OF VALLEY BUSHVELD 

G.c. Stuart-Hill 

8.5.2 Procedure for assessing Succulent 
VaHey BushYeld 

T here are two very distinct phases of assessing the 
vegetation a t a site. 
(i) The bas ic data which describe the relevant 

as pects of the vegetation have to be collected 
(and sto red in a readily retrievable manne r) -
the survey phase. 

(ii) The data collected during the survey phase are 
processed and condensed into as few descriptive 
terms as necessary (e.g. a single value 
describ ing veld condition, browse availability or 
veld type). This we will call the compurarional 
phase. 
It follows that, in the computational phase, 

there may be a number of different techniques 
depending on the operator's objective. For example, 
an extension officer wishing to quantify, in genera l 
terms (for farm planning), the condition of the 
vegetation may use a different technique to a 
scientist who wants to monitor short-term change as 
a result of a particular grazing or resting treatment. 
It is extremely desirable that the data collected 
during the survey phase be as complete as possible. 
This would allow for a number of objectives to be 
met from one particular set of data, allow an 
assessor to relate his results to those of others 
working at more or less detailed levels and, most 
importantly, to prevent the data from becoming 
obsolete if subsequent research shows that extra 
parameters are required for intelligible interpretation 
(e.g. see Section 8.2). 

Naturally one must be reasonable about 
collecting "extra survey data" as vegetation surveying 
is a costly and time-consuming effort. A rule of 
thumb may be to collect data at one level more 
intensively than ,you require provided it does not 
overly strain your survey resources. 

We now discuss in detail the survey phase and 
this will be followed by a discussion of the 
computational phase of vegetation assessment in the 
Succulent Valley Bushveld . 
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8.5.2.1 The sun'ey phase 

It is important to appreciate that surveying the 
vegetation and determining the ecological index are 
two separate procedures. Vegetation assessment is 
the survey where the raw data are collected in the 
field. Determining the ecological index (or veld 
condition) is a mathematical exercise using some or 
all of the raw data collected during the surveys. It is 
highly likely that as we learn more about the 
vegetation, our method of arriving at an ecological 
index may change. Therefore, it is desirable 
(especially at this stage where techniques are 
tentative) that the survey data be collected in such a 
manner that they are of sufficient quality and cover 
a range of variables so that ,if (when) different 
procedures for determining , veld condition are 
developed then it is possible to re-estimate the scores 
using the new technique, without having to resurvey 
the vegetation. This is vital as veld continually 
changes and a new survey, if conducted a fter some 
time, will yield different results . 

To arrive at an index of the ecological status 
(condition) of the veld we require basic data which 
describe the vegetation. The survey method currently 
used is a derivative of the point-cent red-quarter 
method (Cotta:11 & Curtis, (956) , although it is currently 
being evaluated against the transect meth od (Section 
8.4). The inteJ~ : i on in this phase is to collect data which 
describe the :: gro-ecologically important at tributes of 
the vegetatio r.. It has subjectively been d ~ci ded that, 
species compc1sition , density (of both the bush and 
the ' grass), vol ume of bush per ha , \'olu me of bush 
below 1,5 m/ na, average height of the community , 
the average height of lowest browseable material in 
the community as well as some detai led in fo rmation 
regarding each plant species (heights, importance 
values, etc.), adequately describe the Succulent 
Valley Bushveld . 

The specific steps taken in assessing Valley 
Bushveld are listed and described below. 

Step (1) Select site to be assessed 

If one of the objectives in surveying the veld is to 
monitor change, then: 
(i) avoid sites where the vegetation is ve ry va ria ble 

or patchy. If this cannot be done, then increase 
the number of sample points; and 

(ii) do not include into a single survey more than 
one camp. 
If the objective of surveying the veld is merely 

for inventory or predictive purposes, then it is not 
necessary to follow the above rules. It is advisable , 
however, to follow these rules as the data are then 
available for monitoring purposes should the 
objective change. 

Step (2) Describe site 

It is essential for cl~ar interpretation of the survey 
data, that the abIOtIC and biotic factors that may 
have an effect on the vegetation also be recorded . 
These include climatic and edaphic characterist ics, 

105 

aspect, slope and past management (where this is 
known) . 

Step (3) Layout transects 

Transect layout with the objective of surveying 
Valley Bushveld for monitoring vegetation change 
should be consistent between sample dates (i.e. 
permanently marking transects or even sample 
points) . 

Step (4) Record basic data parameters 

Walk along the transect in a straight line (this may 
be very difficult in thick bush) and, at lO-m 
intervals, mark a right-angled cross in the ground or 
make a placement of a pre-made iron cross. The latter 
may be spun and dropped so that the precise position 
and orientation of the cross is random, within the lO-m 
interval. In each of the quarters, record on an 
appropriate data sheet the following parameters: 
(i) the nearest bush species (common name -

species code filled in later); 
(ii) the distance to the centre of the nearest bush; 
(iii) the height of the top of the canopy; 
(iv) the height of the lowest part of the canopy; 
(v) the radius of the canopy; 
(vi) a subjective estimate of the density of living 

twigs in the volume described by (iii) , (iv) and 
(v) ; 

(vii) t-he Fle are:;.1- gt'~~peeies-tif-prese11lw i tnin 5 m); 
and 

(viii) the dista nce to the nearest grass plan t. (Note: if 
the distance to the nearest grass plant is greater 
than 5 m , then write down 5,00 in the 
appropriate column and write "BARE" (for 
bare ground) into the species code column. 

Step (5) Analyse grass dala 

The data pertaining to the grass layer can easily be 
managed by hand in the following manner: 
(i) Determine grass species composition QY adding 

up the number of times each species was 
encountered and expressing this as a % of the 
total number of observations. Include a dummy 
species "BARE" to represent bare ground. 

(ii) Determine grass density by calculating the 
average distance (-d), squaring this and dividing 
the answer into 10 000: 

Le. grass plants/ha = 10 000 
. ' d2 

(after Phillips, 1959) 

It should be pointed out that the formula used 
by Lamacraft er al. (1983) differs from the 
above, but no explanation could be found as to 
why this is so . This reqUIres further 
investigation but in the meantime the original 
formula will be used . 

Step (6) Prepare bush dala for capture 
and ana(l'sis by computer 

Codes for each species are made up from the first 
two letters of the generic and first two letters of the 
specific name (e .g. Schoria afra = SCAF). These are 



to be entered in the appropriate places on the data 
sheets . A list of all the species encountered plus their 
codes must accompany the data sheets . It is absolutely 
essential that no blanks be left in the data sheets. Species 
that cannot be identified should be entered as zzzz, 
although this should be used as a last resort . 

Step (7) Analysis of bush data 

This step involves determining the primary variables 
describing the Valley Bushveld from the raw basic 
data. It is possible, by using the procedure described 
in step 5: to estimate species composition and density 
of the bush by hand. It is, however, an immense task 
to determine the other variables (i.e. total bush 
volume, volume of bush ' belo\'( 1,5 m, etc.) by hand, 
and these are best calculated with a computer. This 
process involves two FORTRAN programs. The first 
checks the data for errors (e.g. unspecified species 
codes or upper height smaller than lower height) and 
the second estimates, for six camps at a time, total 
bush density, average height of the canopy, average 
height of the lowest part of the canopy, total volume 
of all bush, total volume of all bush below 15m and 
total volume of all bush below 1,5 m - corr~cted for 
the density of living twigs . The second computer 
program further estimates plant density, average 
height . average height of the lowest part of the 
canopy. volume below 1,5 m (co rrected and 
uncorrected), total volume, relat ive density (i.e . 
species composition), relative frequency, relative 
dominance (based on: total volume. volume below 
1.5 m - corrected; and volume below 15m -
uncorrected) and importance va lue (based o~: total 
volume. volume below 1,5 m - corrected , and volume 
below 1,5 m - uncorrected) for each bush species 
encountered . 

These are the data which describe va rious 
aspects of the vegetation on the survey site. 

Number of samples 

At present we are fairly confident that the 
parameters which we measure are describing most of 
the Important aspects of the vegetation. At this 
stage,. however, it is not certain if the present 
technIque is sensitive enough to usefully monitor 
ch.ange and further research is still required before 
thiS can be accepted with certainty. This research 

TABLE 8.5.1 . The n~?"ber of point-centered-quarters required to 
obtam 100/0 repeatablltty when surveying various parameters in 
different camp sizes in the Valley Bushveld of the Eastern Cape 
(an example!) 

Parameter Camp size (ha 
20 20-200 200 

Bush densit y 150 300 350 
Grass density 50 100 150 
Sp . Compo-bush 120 200 250 
Sp . Compo-grass 100 120 180 
Total bush Vol. 250 420 550 
Availab. bush Vol. 260 430 560 
Vol. of sp. I 300 600 700 
Vol. of sp. 2 280 520 620 
Vol. of sp , 3 310 6 10 7 15 
etc. J( J( x 
Ves (technique I) 150 300 800 

hinges mainly around the number of samples which 
are required to obtain repeatable results for each 
parameter. Eventually we will end up with a table 
such as the example given in Table 8.5. I . NOTE: 
This table is an example only and the number of 
points are at this stage wild guesses for illustrative 
purposes only and. consequently. should NOT be 
used at all. 

8.5.2.2 The computational phase 

The procedure laid out below is a tentative one and 
is presented to illustrate the scoring principle and 
serve as a basis on which to build and modify. It is 
by no means claimed that it is faultless and final. It 
is almost certain that modification will be made as 
more information becomes available. The following 
procedure has been developed and has had limited 
(and inadequate) testing in the Sundays River Valley 
of the Xeric Succulent Valley Bushveld. 

8.5.2.2. I Theoretical background 

The technique for quantifying the ecological status 
(veld condition) of a sample of Succulent Valley 
Bushveld is at present under investigation and 
consequently the details of the assessment procedure 
should be regarded as tentative. However, the 
principles will probably not change and these are 
described belovv'. 

, . Very few pasture research programmes (i.e . 
utilisatIOn studies) have been undertaken in this 
vegetation and . consequently, management principles 
are largely based on guesswork. Indeed, there is even 
a difference of opinion within the farming 
communIty, and between some farmers and scientists 
as to what constitutes poor and good Succulent 
Valley Bushveld . Pasture scientists, extension officers 
and most of the farming community believe that 
high bush densities with no well~eveloped browse 
lme and an abundance of P. afra are indicative of 
Succulent Valley Bushveld in "good condition". This 
assumption is made because vegetation in this status: 
(i) is supposed to be what the vegetation was like 

prior to commercial pastoralism, 
(ii) is reputed to carry more stock than open (less 

dense) Succulent Valley Bushveld, and 
(iii) ~f damaged through over-browsing, undergoes 

IrreverSible change by firstly developing a 
well-defined browse line (i.e. the trees taller 
than 1,5 m be~ome umbrella-shaped), secondly 
the P. afra dies out along with most of the 
other bush species and this leads to a dramatic 
(and permanent) reduction in bush density 
Certain farmers favour more open Suc~ulent 

Valley Bushveld because they claim (probably 
correctly) that: 
(i) animal management is easier in open than in 

dense bushveld, and 
(ii) . I rf anIma pe ormance (per individual) is higher in 

thiS type of veld . 
Their perception of bushveld condit' . 

d d bl b
'" Ion IS 

un erstan a y 0 Jectlve onentated and 
"b k .. V II B h ' open or ro en a ey us veld IS for them veld . d ' ,m goo 
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condition. This difference in perception may also 
result because of the confusion between Succulent 
Valley Bushveld and non-Succulent Bushveld. In the 
latter, where grass increases with bush clearing, it 
may well be beneficial in tenns of forage production 
to "open up" the bush. 

The technique for assessing the ecological 
status of veld in the Succulent Valley Bushveld 
(which is still in the process of being refined) 
attempts to avoid this dispute by assessing the 
position of a sample site along an environmental 
gradient. The gradient which appears to be dominant 
within this vegetation, is "history of 
grazing/ browsing intensity", although naturally there 
are other gradients which affect the Valley Bushveld 
(Stuart-Hill et al., 1986). The techl)ique attempts to 
score sites which have been hardly used by 
herbivores on one end of the ' gradient while sites 
which have been heavily over-utilised are scored on 
the other end . Sites with a history of moderate 
herbivore usage are situated in between these two 
extremes. 

For convenience, we could express the position 
of any sample site along this gradient as a percentage 
of one of the ends. [t had been decided, because it is 
possible to move (i.e. change) from dense to open 
bush but not vice versa, to express distance along the 
gradient in relation to those sites with a history of a 
low-level grazing or browsing (i .e. dense Valley 
Bushveld ). It follows then that dense Valley Bushveld 
will have high ecological status sco:es (i .e. 70-100%) 
while open Valley Bushveld will ha \ e low ecological 
status scores (i .e. < 20%). 

It must be pointed out immediately that no 
assumpti on has at any time been made regarding the 
usefulness of th is bush. Rather the technique merely 
positions the sample site along a gradient. It is then 
up to the indiyidual land operator to decide what 
score is "optimum" for his particular set of 
objectives. For example, a game ranger in the Addo 
Elephant Park may want very dense bush as his 
"optimum" because such bush has a high carrying 
capacity and density is not a problem for the 
movement of elephants: i.e. he may aim for a score 
of 100%. A farmer who has very valuable stud goats 
which must each produce to their optimum (i .e. 
optimise production / animal at the expense of 
production/ ha) may select a score of, say, 70% as his 
"best veld". This would contrast with a film-maker 
who wants desert scenes for his cowboy films and he 
may select, for example, a score of 5%~ 

What must be appreciated in selecting and 

working towards a particular veld condition score as 
the optimum for a certain purpose, is: (i) the 
irreversible nature of change in this vegetation type: 
i.e. if the operator (or his descendants) should for 
some reason or other decide to change the objectives 
(e.g. farming enterprise) and therefore require a 
different score as optimum, he/ they may be unable 
to achieve it; and (ii) the ecological hazard (e.g. 
potential for soil erosion) of the selected score. 

The two important principles which emerge 
from the above are that: 
(i) the technique scores the sample sites along an 

ecological gradient, i.e. "history of 
grazing/ browsing intensity"; and 

(ii) the technique does not assume, in the scoring 
process, that a certain veld condition is 
optimum. 
It is for these reasons that in the Valley 

Bushveld we prefer to refer to the score as the 
ecological status of the veld rather than the veld 
condition. 

8.5.2.2.2 Scoring Bushveld subtype 

It is possible, once a site has been surveyed, to 
objectively decide whether a sample site belongs to 
one or other of the Succulent Bushveld SUbtypes. 
This can serve as a test for the pre-survey predicted 
bushveld type classification made by the expert 
system (Section 8.S . I) . It is done by scoring each 
sample site according to the abundance of the "site 
indicators" (i .e. those specjes which are diagnostic of 
the yarious bushveld types). Sample site scores are 
obtained by summing the scores determined for each 
"site ind icator". These are derived by mUltiplying the 
percentage composition of each of the "site 
indicators" with its eigen vector value associated with 
the gradient describing differences between sites. 

As an example we take data from two grazing 
gradient surveys done in the Succulent Valley 
Bushveld, one on the J.e. Steyn prison fann and one 
on the fann Blaaukrantz. From ordination analyses 
of these data, it was established that an abundance 
of R. obovatum (granaat), B. ilicifolia (bitterblaar) 
and Z. morgsana (slaaibos) appeared to be 
diagnostic of bushveld in the Uitenhage District of 
the Sundays River Valley whereas an abundance of 
A. tetracantha (byangel) is indicative of the bushveld 
at Kirkwood (Stuart-Hill et al., 1986). The essential 
difference (apart from the species composition 
differences) between these two SUbtypes of the Xeric 
Succulent Bushveld appears to be that at the same 

TAB~E 8.5.2 - ~c,oring sam~le sites accor.din.g t~ Valley. Bushveld sub-type. Sites have been selected to represent a range of bushvtld 
condItions. NegatlH sample site scores are IOdlcatlH of KIrkwood bush veld while posith'e scores indicate Uitenhage bush veld 

"Site indicators" 
(X) 

Eigen ,'ector 
value for 

sites 
(Y) 

Kirkwood 

234 

A . ll!lracantha (%) -0.865 I -5.2 -13 .0 -8.7 -14.7 
R. obo"alUm (0/0) 0.760 0.8 0 -0.8 0 
B. ilicifolia (0/0) 0.804 0 0 0 0 
Z. morgsana (%) 0.678 0 0 0.7 0.7 

S_a_m_p_le_s_it_e_SC_o_re_s ________ 
L

-4-.:.,.4 _ _ -....:.::.IJ.o -7.2 -1 4.0 
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Score (XY) 

5 

-13 .7 
5.3 
o 
2.7 

-5.0 

r 
6 

, -4.3 
: 2.3 

i~ 2.4 
0.7 

I 1.1 

7 

-0.9 
4.6 
3.2 
8.1 

15.0 

Uitenhage 

8 9 

-2.6 -5.2 
9.1 7.6 
3.2 2.4 

18.6 12.2 

25.3 '17.0 

10 

-6.1 
6,8 
o 

10.2 

10.9 

11 

o 
5,3 
5.6 
o 

10.9 
---------------------



TABLE 8.5.3 - Scoring sample sites according to bush"eld condition. Negative scores indicate bush veld in such a degraded state that 
browse can no longer be considered as the main forage source 

'" 

"Conditioner indicators" Eigen vector Score (XY) 

(X) value for 
condition Kirkwood bush type Uitenhage bush type 

(Y) 
1 2 

--f----- ----
Species composition 
L aU51rinum -0,81 -2 -12 
P. afra 0.93 26 24 
S. afra 0.70 4 I 
Euphorbia spp. 0.74 7 7 
BD/137,74 0,97 54 51 
TBV/56,59 0,90 90 80 

Total score 179 151 
Condition scores within bushveld type (%) 100 
Condition scores overall bushveld types (%) 100 

plant density, the subtype at Kirkwood has a greater 
volume of bush below 1,5 m than the Uitenhage 
SUbtype. Negative sample site scores, obtained in this 
manner, are indicative of the bushveld type at 
Kirkwood whereas the positive scores indicate the 
bushveld type at Uitenhage. This procedure is 
illustrated in Teble 8.5.2. 

8.5.2 .2.3 Scoring ecological staTUs 

Scoring sample sites according to their ecological 
positions along a grazing/ browsing gradient is 
ach ieved by summing the scores obtained for each 
"condition ind icator". The "condition indicators" 
were identified in the Xeric Succulent Valley 
Bushveld (Stuart-Hill et ai. , 1986) and are the 
relative abundance of P. a/ra (spekboom), s. a/ra 
(boerboon) and Euphorbia species (noors), tree 
density (BD) and volume of bush below 1,5 m -
corrected (TBV) as indicators of under-utilised 
bushveld and the percentage of L. austrinum 
(kareedoring) as the indicator of over-utilised 
bushveld. The score for each condition indicator is 
obtained in the same manner as described for 
identifying bushveld SUbtypes. This procedure is 
illustrated, for the same sample sites as previously, in 
Table 8.5.3. 

8.5.3 Conclusion 

Assessing the ecological status of Valley Bushveld 
with this technique (or any other objective technique) 
is a tedious and time-consuming process (it wiH take 
two operators one day to assess one site of Succulent 
VaHey Bushveld). 

It is recommended that, for farm planning and 
est~mation of stocking rates, structured subjective 
estimates of the ecological status of this vegetation 
should be used . The role of objective techniques in 
thiS vegetation is to monitor change in the vegetation 
over time. This is best achieved by intensively 
surveying a few camps, to ensu re that change can be 
measured, rather than inadequately surveying all the 
camps on the property. These camps, called "control 
camps", should be used to represent veld condition 
change over the whole property. 

84 
84 
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3 4 5 6 7 8 9 10 11 

-22 -24 -42 -6 -5 -6 -15 -30 0 
14 1 0 31 21 7 5 0 20 
I I I 1 I 0 0 0 I 
4 5 0 3 0 0 1 0 7 

44 35 17 59 47 32 22 5 63 
41 18 8 45 30 15 13 I 79 

82 36 -16 133 94 48 16 -24 170 
46 20 -9 78 55 28 15 -14 100 
46 20 -9 74 53 27 15 -13 95 
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Traditional veld condition assessment methods score veld either in terms of its 'state of health' or its value for a speci
fic land-use objective. This is problematic and we propose that 'veld condition' should simply be a descriptive index, 
devoid of value judgement. The index should convey multivariate information about the current state of the vegetation 
at a site in the same way that a cow's breed, sex or age (all descriptive indices) convey multivariate information about 
that cow, to which different people can 'attach a value. We propose that the position which a sample site occupies in 
multivariate space (from ordination analysis) should be its descriptive index (or condition). Different land-users can 
then al1 use the same descriptive index, but may interpret it differently, depending on their objectives. It should be 
noted that simply using multivariate statistics to analyse floristic data does not mean that the vegetation is being 
assessed according to the approach outlined in this paper. 

Die kondisie van veld word tradisioneel bepaal in terme van 'gesondheidtoestand ' daarvan of die waarde daarvan vir 
'n spesifiek bepaalde benuttingsdoelwit. Dit lei tot komplikasies en ons stel voor dat veldkondisie 'n beskrywings
indeks, vry van waarde toekenning, moet wees . Die indeks moet inligting omtrent die huidige toestand van veld in 'n 
gebied oordra in die selfde wyse waarop 'n koei se teel1yn, geslag of ouderdom (almal beskrywende indekse) omvat
tende inligting daaromtrent oordra. waarvan mense verskil1ende waardetoekennings kan heg. Ons stel VOOT dat die 
posisie van die perscel binne 'n multivarierende omgewing (van uit ordinasie analise) die kondisie indeks is. Verskil 
lende landverbruikers kan dan van dieselfde beskrywingsindeks gebruik maak maar nagelang van hulle doelwitte 
verskil1end interprcteer. Daar moet bcsef word dat deur eenvoudig multivariasie statistiek te gebruik om floristiese 
data te analiseer, nie bcteken d:n die plantegroei volgens die multivariasie benadering in die studie omskryf, beoordeel 
word nie. 

Additional index words: Condition. ecological status , karoo , savanna, thicket , vegetation assessment 
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Introduction 

When in this paper we refer to veld condition assessment we 
are specifically considering once-off assessment with the 
express objective of providing information for management 
and planning (e,g. setting sustainable stocking rates , evalu
ating erosion hazard, siting fences to separate \'eld with 
different management requirements , assessing the potential 
for various enterprises). Veld condition assessment is , 
therefore, a form of vegetation inventory and 'condition' is 
an index of the current state of the veld (in terms of species 
composition and structure) - usually related to some a 
priori land-use value. 

The non-grass veld regions tend to occur in the drier parts 
of South Africa and can be broadly classed into savanna 
(trees and grass), karoo (arid shrublands) and thicket (dense 
woody and succulent bushveld with little grass). In these 
regions the vegetation consists of (one or all of) a herb layer 
(usually dominated by grasses), a shrub layer and a tree 
component. As with grass veld, the composition and struc
ture of each of these components varies. In addition, the 
ratio between these components varies and this adds an 
ex tra and complicating dimension to veld assessment. A 
further complication is that the vegetation is frequently used 
)y land owners with different animal types (e.g. browsers 
md grazers) and who have different management objectives 
:game farms, cattle farms, goat farms and nature reserves). 

Veld condition cannot, therefore, simply be indexed accor
ding to its usefulness for a single a priori land-use. 

This paper begins by briefly reviewing techniques of 
assessing veld in each of three non-grassveld regions of 
South Africa. We then evaluate the concept of veld condi
tion as presently used and end by discussing the theory of an 
alternative approach. 

Review of current methods 
Savanna 

Savanna is grassveld which has a woody component that 
can vary in density. Traditionally these regions were utilized 
with domes tic grazers (either cattle or sheep) but it was soon 
recognized that if the woody component became too dense, 
then grass productivity would be lowered, accessibility 
reduced and as a consequence, animal productivity would 
suffer. Assessment techniques, therefore, are concerned with 
measuring the herbaceous layer (using a grassveld techni
que) and in addition, determining the density of woody 
plants (from counts in transects). 

In a semi-arid savanna of the eastern Cape a model to 

predict grazing capacity from the grassveld condition score 
was developed, and tree density was incorporated as a factor 
which reduced the grazing capaci ty in accordance with the 
competitive influence trees have on sward productivity 
(Danckwerts 1981: Aucamp el al. 1983). Teague el al . 
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(1981) introduced a refinement where the height of the tree 
was measured and converted into an index of tree competi
tiveness called a 'tree equivalent'. At the same time, the 
principle of using trees as fodder for browsers (goats) was 
formalized (Aucamp & Barnard 1980) and each tree was 
then also considered in terms of 'browse units ', the number 
depending on the height of the tree, the height of its canopy 
and its palatability. Grazer carrying capacity was determined 
as previously, but tree equivalents instead of tree density 
was used to correct grazer stocking rates to account for the 
competitive effect of trees. Browser carrying capacity was 
determined from the number of browse units and this varied 
according to catenal position and average annual rainfall 
(feague 1987). Stuart-Hill (1985) then introduced a modifi
cation which reduced the predicted' carrying capacity to 
account for the dietary overlap of cattle and goats. 

More recently, attempts have been made to improve the 
accuracy of measuring woody phytomass (aerial) and resear
chers turned to using canopy volume (deri ved from various 
formulas) as this was found to be more closely correlated 
with phytomass than tree height, tree equivalents or browse 
units (Teague 1987; Smit 1989; Stuart-Hill in prep. b). 
Hobson & De Ridder (1991) found, however, that these 
attributes had poor repeatability between operators and 
advised that tree height (or stem basal dimensions) should 
rather be used, provided that a curvilinear relationship 
between height and competitiveness be adopted. 'Browse' 
on the other hand was best measured using a volumetric 
measure called 'partial spherical volume '. It is important to 
note that these results were from single-stemmed trees and 
the same may not apply with multi-stemmed trees . This 
needs to be tested . 

Smit (1989) added a third descriptive index (of the woody 
component) to the existing 'competitive' 3nd 'browse' indi
ces which he called a 'canopy sub-habiL1t index '. Th is was 
based on the percentage area covered by tree canopies and 
was intended to quantify the potential in fluence that trees 
may have in changing grass composition beneath their 
canopies. 

Apart from Smit (1989), most of this work was done in 
the eastern Cape where Acacia karroo is the dominant 
woody plant. Du Toit (1968) showed that sward species 
composition was not influenced by A. karroo density and 
this appears to differ markedly from other savanna types 
where trees do influence the composition of the sward. It is 
'argued, however, that the 'eastern Cape ' approach would 
account for this through the independent measurement of the 
grass sward. Veld assessment in eJ.stern Cape savanna 
essentially determines the 'condition ' of the grass layer, and 
separately quantifies the composition and amount (either 
density, canopy volume, tree!browse units or cover) of the 
woody layer. Two scores for each savanna si te are, there
fore, developed: one describing the sward and the other, the 
woody layer. 

A major limitation for using the eastern Cape approach in 
other savanna types is that while A. karroo at low densities 
seems to promote grass production (Stu:lTt-Hill & Tain ton 
1989), and this results in a gradual de.::li ne in grass pro
duc tivity with increasing tree biomass (Aucamp el af. 1983), 
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grass productivity in some other savannas of South Africa 
decreases immediately with increasing tree density (Donald
son & Kelk 1970). 

Karoo 
Karoo vegetation refers to a complex mixture of dwarf 
shrubs, grasses, shrubs and ephemera Is with trees occurring 
along water courses and on some hills and mountains. The 
predominance of dwarf shrubs (karoo bushes) characterizes 
the karoo. 

RepeJ.ted subjective reports of veld degradation and de-
cline in animal productivity prompted Tidmarsh & Havenga 
(1955) to develop the first technique to quantify karoo veld. 
Plant cover was used to quantify relative dominance as this 
measure was presumed to be better than frequency or densi
ty. Since basal cover is less subject to variation (e.g. by 
grazing) than canopy cover, basal cover was chosen as the 
basis for measuring karoo vegetation. To overcome possible 
bias from clustered distribution of species and individual 
plants, Tidmarsh & Havenga (1955) developed the wheel
point survey method. Based on binomial theory, basal cover 
at a species level could be determined from systematic 
points covering the area to be sampled. The precision of 
measurement is dependent on the cover and the number of 
points sampled. To obtain measures of acceptable precision 
c. 1 000-2000 points are required, taking c. 1.5-2.5 h. In 
tall scrub, woodland or in rocky terrain the wheel apparatus 
was unwieldy and Roux (pers. comm. to Tidmarsh & 
Havenga 1955) achieved point sampling by using a marked 
chain that could be systematically moved to provide the 
number of sa mpling points needed. 

Despite the logical justification of using basal cover as a 
parameter to accurately quantify karoo vegetation, the wide 
canopy to base ratio of constituent species means that basal 
cover values do not accurately reflect dominance between 
species. To overcome this, Roux (1963) developed the 
descending-point method of vegetation survey that, in 
addition to recording basal cover, measures canopy spread, 
canopy cover, canopy layering and height of plants. Plant 
dens ity can also be obtained at a species level by dividing 
the cover of a species by the mean canopy spread of indivi
duals of that species. The descending-point method develop
ed out of the wheel-point method and involves the same 
sampling and statistical procedures but is not impeded by 
rocky terrain. The detailed measurements taken with the 
descending-point make the data versatile (e.g. calculation of 
phytographs and canopy density) but the technique is more 
ted ious than the wheel-point. 

Apart from subjective association of grazing value and 
usefulness of the species, both the wheel-point and descen
ding-point methods of the 1950s and 1960s do not formall y 
rate veld condition or usefulness. The first attempt to 
evaluate karroid veld in terms of usefulness involved 
classifying species into functional groups (e.g. climax 
grasses, palatable karoo bushes, unpalatable karoo bushes 
and shrubs, pioneer grasses, poisonous plants, etc.) and 
indexing these according to their forage importance (Van 
den Berg & Roux 1974). Together with the contribution of 
each group to the composi tion of the vegetation, the indices 
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were used to compute a single score for a site and based on 
certain norms, a site could then be placed in a condition 
class (e.g. very poor, poor, fair, good, excellent) (Van den 
Berg & Roux 1974). 

Vorster (1980) showed that canopy cover was a better 
comparative estimator of dominance in karoo veld than 
either basal cover or frequency, and using this parameter 
developed the Ecological Index Method (ElM). Species 
canopy cover is measured using a point survey and the 
species are allocated into 'ecological groups ' based on 
successional status (decreasers, increaser IIa, b & c and 
invaders): the ElM inherently assumes that the response of 
karoo species to grazing intensity is a direct reversal of plant 
succession. The percentage cover for each group is then 
multiplied by an 'ecological index' and the products are 
then summed to obtain a veld condItion index (Vorster 
1982). This is then compared with the score obtained for a 
benchmark (the assumed 'ideal veld') and based on the 
percentage deviation from the benchmark, a site is placed in 
a condition class (excellent, fair, poor or very poor). The 
carrying capacity of a sample site is then assumed to be the 
carrying capacity of the benchmark, less the percentage 
deviation in scores. 

It is noteworthy that the ElM (based on actual plant 
cover) combines cover with botanical composition to pro
vide a single indica tor of veld condition that is quick and 
easy to measure. The technique does, however, have theore
tical limitations . Species are placed subicctively into 
ecological groups and species within a group arc multiplied 
by the same 'u sefu lness' index, i. e. it assuilles that all 
species within an ecological group have the S:lllle response 
to grazing and ha ve the same forage valuc. The ElM 
assumes that the response of karoo species to grazing 
intensity is a direct reversal of plant succession and that the 
'climax' veld is 'optimal' for animal production. 

Thicket 

True thicket vegetation is confined to the eastern seaboard 
of southern Africa and is commonly known as Valley Bush
veld (Acocks 1975). This vegetation should not be confused 
with savanna where bush encroachment has resu lted in the 
woody component becoming extremely dense. In a pristine 
state, thickets are dominated by woody plants and the grass 
layer is insignificant. In succulent varieties of thicket 
(Cowling 1984; Everard 1987) the difference is greater as 
the shrub component (unlike savanna) will not regenerate 
following severe disturbances and it is not possible to 
establish and maintain a stable and highly productive grass 
sward in Succulent Bushveld, even with bush clearing. 

Up until the mid-1980s, the vegetation was asses;ed des
tructively in terms of above-ground phytomass (Penzhorn et 

al . 1974; Aucamp 1979). This is an extremely tedious 
method and was only used by researchers. Botanists later 
used the Braun-Blanquet technique to survey the vegetation 
for classification purposes (Palmer 1981 ; Cowling 1984; 
E:erard 1987). Early attempts by agriculturalists to survey 
thIS extremely dense and tangled vegetation non-des tructive
ly, concentrated on using the ' transect method ' developed 
for the thornveld savannas of the eastern Cape. Aucamp 
(Dohne Research Centre, Stullerheim, pers. comm. 1985) 
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soon abandoned this approach because of the difficulty with 
transect layout in the dense bush and adopted the point
centred-quarter method (Cottam & Curtis 1956). 

Stuart-Hill et al. (1986) ordinated data obtained from the 
point-centred-quarter method and developed a tentative 
technique which scored veld according to bushveld sub-type 
and 'condition', the latter related to an assumed degradation 
gradient. This approach changed somewhat in that it was 
necessary to separate 'condition' from 'usefulness' , The 
score came to represent an index (called ecological status) 
which describes the position of the community along a 
gradient of floristic similarity derived from an ordination (of 
species composition, plant density and canopy volume) that, 
coincidently, appears to be related to past 'grazing' intensity 
(Stuart-Hill 1989a), The technique scores sites which have 
been hardly used by herbivores on one end of the gradient 
while sites which have been heavily utilized are scored on 
the other end. Sites with a history of moderate herbivore 
usage are situated in between these two extremes. Stuart
Hill (1989a) points out that no assumption is made regard
ing the usefulness of any ecological status. Rather it is up to 
the individual land-user to decide what score is 'optimum' 
for his particular set of objectives. This was quantified 
experimentally for goats and cattle in the Succulent Bush
veld for different rainfall seasons (Stuart-Hill 1989b). 

It should be noted that Stuart-Hill (1 989a) ignored the 
grasses on the basis that the herb layer (in this vegetation) is 
insignificant in relation to the woody layer. Grass density is 
c. 1-2% of the density of true grasslands. 

Stoltz & Hoffman (1989) tested the Karoo's Ecological 
Index method (Vorster 1982) and concluded that while it 
adequately surveyed the vegetation the technique was of 
limited use as species had to be subjectively allocated into 
'ecological groups ' . They recommended that the technique 
developed by Stuan-Hill el al. (1986) would be more 
appropria te. 

Stuart-Hill (in prep. a) recommends two complimentary 
methods for once-off assessments (inventory) of Succulent 
Bushveld. The first is an objective means of deriving ecolo
gical status (Stuart-Hill 1989a) and is primarily required for 
assessing reference sites which are necessary for training 
teams of assessors to recognize different ecological statuses. 
The second is a rapid visual technique (Stuart-Hill 1991) 
recommended for quantification of ecological status at an 
operational level. Teams of qualified assessors (those who 
have been shown to have little bias and adequate accuracy) 
first inspect sites where the ecological status has been 
objectively determined. Here they standardize the field 
appearance of these sites against a series of reference 
photographs thereby developing the scale of ecological 
status in their minds . The teams then visit the site/s to be 
assessed and each operator privately estimates the ecological 
status. Once all the operators have made their estimates, the 
average is calculated and is used as the score for that site. 
The greater the team size, the greater the precision of the 
estimate. As an example, twelve 'qualified' operators would 
be required in an assessment team to distinguish 10% 
(P';;;0.05) differences in ecolog ical status . Limitations of this 
visual method arc that: (a) the reference sites have to be 
exhaustively surveyed and this has to be repeated on a regu
lar basis as they change with time; (b) it is absolutely vital 
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that the assessors should, from time to time, rccorrelate their 
conceptual scale of ecological status with sites where ecolo
gical status has recently bccn objcctively measured; (c) 
transporting and accommodating large teams of surveyors is 
relatively expensive; and (d) it is only really useful for 
estimating spccific attributes of the vegetation (e.g. ecolo
gical status, cover or density) . 

Critique of veld condition 
Veld condition has been defined in a number of different 
ways but usually it is concerned with the 'state of the 
health' of the vegetation: what the vegetation should be like 
under normal climate and optimum management (Bailey 
1945; Parker 1954; Short & Woolfolk 1956; Tueller & 
Blackburn 1974; Tainton 1981). Ess~ntially veld condition 
is evaluated in terms of expressions such as 'excellent, 
good, fair or poor'. 

Aside from the obvious difficulty of de fi ning 'normal 
climate', 'optimum management' and 'healthy veld', we 
believe that there IS a philosophical shortcoming with 'veld 
condition' which scientists (especiall y locally ) have neglec
ted in their allempts to refine methods of ve geta tion assess
ment. The different states that the vegeta ti on can assume are 
not all equal, and for a specific set of ojjectives some 
conditions are more desirable than others. T:ike for example 
an extreme situation where the land-use cbjecti ve is to 
provide desert scenes for filming cowboy fil ms. Here, the 
most desirabk (good) veld in the eyes of the opc rator (film 
maker) would be severely denuded and erocL:- j . Commercial 
farmers, on thc other hand, would say that g(lod vc ld is that 
which consistentl y produces high amounts of palatable and 
nutritious forage, despite Walker's (1980) \ >. aming that its 
res ilience (ability to recover following Slr;:?ss) cou ld be 
lowered. In contrast to production-orientat;:? j pastoralism, 
ideal veld for communal grazing lands wouid ha \'c a high 
res ilience evcn if this is at the expense of short-term foragc 
production (Danckwerts 1989). 

These cxamples are extremc, but evcn with in commercial 
pastoralism, veld in 'good condition' incorporates a va lue 
judgement. A goat farmer would requi re high numbers of 
trees and shrubs and this conflicts with a cattle farmer who 
requires few or no trees with lots of tall grass. The laller, in 
turn, is different to the shon, ephemeral-dominated wood
land which is ideal for impala on game farm s. It is also 
evident that even for a specific enterprise, the ' ideal' veld 
can be different in a wet season to th at in a dry season 
(Stuart-HiIl1989b). 

It follows from the foregoing that there is no one ideal 
sta te for veld. In an allempt to alleviate th is problem the 
approach has been to use different techniqu es for different 
objectives, and a host of techniques have e\'oh'cd whic h 
Hurt (1989) broadly classified into two philosophies, viz. an 
ecological approach (based on successional theory) and a 
forage production approach. None of these techniques have 
been globally accepted, with scientists either firml y accep
ting or rejecting the various techniques based on their own 
objectives of assessment. 

Successional theory is just that, theory. Ve ld condition is 
a value judgement and as thi s cannot be tes ted, it is rea ll y 
beyond the realms of sciencc! It may be argued, however, 
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that veld condition is valuable for communication. Scientists 
all 'know', for example, that Natal grasslands in 'good 
condition' are dominated by Themeda triandra. Without a 
simple descriptive index of the current state of the vege
tation, communication between land operators would be al
most impossible. We propose then, that veld condition 
should simply be a descriptive index which conveys multi 
variate information about the current state of the vegetation 
at a site. This is the same principle as using a cows's breed, 
sex or age (all descriptive indices) to convey multivariate 
information about that animal to which different people can 
attach a value judgement. It follows that each land-user 
should use the same descriptive index but they may interpret 
it differently depending on their viewpoints/objectives. 

Multivariate approach to assessing veld 
If veld condition is simply an index for description (to aid 
communication) then it should not be necessary to invoke 
value judgement or successional theory. We believe that this 
can be achieved by using multivariate statistical procedures . 
These objectively ordinate sites (samplcs) in multidimen
sional space according to their similarity in species compo
sition (or by whichever variables the veld is being quanti
fied). The reader may argue that the interpretation of the 
causal factors resulting in the distribution of sites along the 
various ordination axes is subjective. It may well be, but 
unlike the numerous researchers who ha ve used multivariate 
techniques in veld condition assessment., we submit that this 
interpretative step can be eliminated if the purpose is merely 
to assess (indcx) a sample site in relation to all other sites. 

Our suggestion, then, is that a samplc site should be as
sessed in terms of its similarity (floristically or structurally) 
to all other sites, and its position in multivariate space 
should be the indcx (or 'condition') which inherently des
cribes the sta te of the vegetation . It is without value 
judgement. 

Terminology is difficult. 'Veld condition' should not be 
used because, as mentioned earlier, how is condition de
fined? The term also has historical connections which could 
lead to confusion between traditional scores and those 
scores indicating position in multivariate spacc. We hesitant
ly suggest the term 'ecological status', but nevertheless 
invite thc reader to develop a more suitable tcrm. The term 
should refer specifically to the position that a sample site 
occupies in multivariate space and which can be located by 
using one or more scores, each describing thc position of the 
site on the respective axes within this space. It should not 
inherently contain value judgement. The term 'ecological 
statu s' could be criticized as being ncbulous and it is 
unashamedly so. The reader should not allempt to find a 
meaning from the words used. 

The first step in developing a multivariate technique for 
assessing ecological status is to provide a multidimensional 
cloud of possible states which the vegetation may express 
itself as. This can be achieved by ordinating a number of 
sites which represent the greatest floristic variation expected 
in the area in which the assessment technique will eventu
ally be used. To do this, increasing numbers of sites arc 
intentionally chosen to represent the extremes of possible 
vegetation sta tes . These are added to an exis ting data set and 
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subjec ted to ordination analysis . This is repeated until the 
'cloud' no longer changes with the addition of new samples. 
At this point, any site encountered in the study area will lie 
within the bounds of the multidimensional cloud. It is true 
that some sites may be in atypically favoured locations and 
the vegetation of the rest of the sites may never be able to 
reach a certain part of the multidimensional cloud. This is 
unimportanl. The sites are different and that is all that is 
required of a technique which simply sets out to assess the 
current state of the vegetation. 

The ecological status of a sample site could be determin
ed by adding it to the existing data matrix and ordinating it 
along with all the other sites. This is not an ideal approach 
as it may result in a change to the cloud of points as the 
ordination rearranges all sites to accpunt for the 'new 
arrival'. Some multivariate techniques (e.g. discriminant 
function analysis) maintain the original ordination and 
merely position the new site within the existing cloud. The 
latter is preferable but the former could be used if only a 
few new sample sites are added, the original data matrix is 
large and the sample site will lie within the multidimen
sional cloud. 

Traditionally, veld has been scored along a single 'axis' 
and this is logical if one is scoring its usefulness from the 
viewpoint of a specific operator requirement (e.g. a 
commercial catLle farmer). By contrast, the multivariate 
approach deals with multidimensional space, where more 
than one axis of similarity is produced and it becomes 
possible to determine. for each sample site, a number of 
scores along each one of the man y axes. Note that the score 
on C'3ch axis wo uld describe the site with regard to the 
attributes (species or structure) correlated with that axis. 
Humans struggle to \'is ualize more than three dimensions 
and as the axes beyond the first three normally account for 
little va riation, these cJn probably be ignored. A given si te 
can, therefore, be easi ly placed within conceptual three
dimens ional multivari al~ space by using the positions on the 
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first three axes as coordinates for that site (Figure 1). 
Conceptually, using three dimensions to index veld is 

elementary, but in practice, there are problems associated 
with having three scores to describe the vegetation: it is 
difficult to simultaneously grasp the significance of all three 
scores at once, and it becomes unwieldy when wanting to 
illustrate relationships between ecological status and (as 
examples) carrying capacity or erosion hazard. Mathemati
cally this should present little trouble as carrying capacity 
(for example) could be predicted from ecological status, 
using three scores as independent variables in a multiple 
regression relationship. 

The simplest approach would be to have a single score 
(position on the axis accounting for most of the variation). 
This can be related to, for example, an estimate of carrying 
capacity (or soil loss, habitat suitability, etc.) either mathe
matically with regression or descriptively using simple 
graphs (Figure 2). This approach would be acceptable to 
field workers as they are accustomed to considering veld 
condition along a single dimension. If however, the first axis 
does not account for a considerable proportion of the total 
variation, then a single score would be of little value. 

Using two scores to index vegetation at a sample site is 
probably a reasonable compromise as it is not too difficult 
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Figure 2 One-dimensional plot of ecological status showing 

conceptual relationships with: soil loss (a); carrying capacity (b); 

and habitat sui tability (c) for different an imal types. 



IH4 

N 

W 
0:: 

SCORE 

(0) 

(b) 

01-_--_ . 

g c. 0505~ 
A",? 

Low ) 

SC ORE 1 

Figure 3 Conceptu al 2-dimensional plo t oi ~" J I Of i cal status 

showing predicted carrying capacity as a sur face ;:-: J t 1,3) and as a 

contour plot (b) . 

to visualize the vegetation in two dimens tons and the 
relationship with (for example) carrying cap:1-: ity could be 
easily developed mathematically or illustrateD :is a response 
surface (Figure 3). 

The final choice as to the number of dimensions to use 
rests on the resolution required during veld assessment and 
importantly, on the precision of the techniqu es employed to 
collect the primary cbta. 

Conclusions 

Carrying capacity, soil loss, habitat suitab tl ity, etc. are 
alleged to be influenced by, amongst other \' ariables. the 
composition (in terms of species and stru ' LUre) of the 
vegetation. Veld assessment is , therefore, necessary for 
planning farms, catchments or nature consen'ation areas. 
Existing assessment techniques ClaSSify the condition of 
vegetation in terms of its 's tate of health · or its va lue in 
terms of a specific land-usc objective. The non-grassvcld 
regions are invariably used for a number of diffcrent land
use options (e.g. goal, cattle, sheep, ostrich and g3 me 
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farming; and conservation) each of which requires a differ
ent state of the vegetation as 'optimum'. Because each 
sample of veld is unique in its species composition and 
structure, it is multivariate, and this causes problems as 
land-users require some method of condensing these com
plex data into easily conceivable univariate, bivariate or 
trivariate indices which broadly describe the vegetation at a 
resolution useful to him. 

We propose a multivariate approach of reducing the 
dimensionality of complex vegetation data so that the index 
derived inherently describes the main attributes of the veld 
at a sample site. However, simply using multivariate statisti
cal techniques to analyse floristic data does not mean that 
the vegetation is being assessed according to the multivari
ate approach outlined in this paper. We are suggesting that 
the position which the site occupies in multivariate space 
should be the score which that site is allocated, period. It is 
not at all essential to try to understi~d what factors have 
caused the site to be in that position, provided the objective 
is merely to assess the current ' state of the vegetation. 
Central to our approach is that different land-users will all 
use the same descriptive index, but interpret it differently 
depending on their objectives. We are proposing, therefore, 
that veld condition (ecological status) is simply a descriptive 
index which conveys multivariate information about the 
current state of the vegetation at a site. This is similar to the 
way a cow's breed, sex or age (all descriptive indices) 
conveys multivariate information about il, which different 
people can attach a value judgement to: like, dislike. useful , 
useless, etc. 

At present the assessment technique for thicket vegetation 
is being developed along these lines and it would be very 
casy for the karoo regions to be assessed in this manner. The 
savanna regions may be somewhat more problematic as two 
very different vegetation components have to be integrated 
into a single ordination analysis. Theoretically there should 
be no problem with doing this . Indeed, the current approach 
is a primitive version of the multivariate approach as it 
assesses a sa\'anna site in term s of two axes: one for the 
composition of the grass layer and one for the quantity of 
the woody layer. 

The scores deri ved using the proposed approach should 
be related to various indices of usefulness. If no relation
ships can be established, then this means that vegetation 
condition ;s not important and there is no real need for 
assessing vegetation nor, indeed, for monitoring it. 
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Visual vegetation assessment was tested for repeatability and accuracy and compared with an objective survey techni
que for time and cost efficiency. Eighteen operators first inspected a range of sites where ecological status was known. 
Using these for reference, they then visually inspected and independently estimated the ecological status of 15 other 
sites. Single operators could not reliably visually assess ecological status. Repeatability was, however, obtained by 
using the mean from a group of operators' independently-derived estimates. In the worst case, fifteen randomly. chosen 
operators would be necessary in an assessment team to distinguish 10% differences in ecological status (P~0 .05). On 
average, however, only eight operators would be necessary for this degree of precision. A number of operators were 
found to be biased and they should be removed from assessment teams. Conservative relationships between precision 
and operator team size are provided for users of this technique who may require a precision other than 10%, or who 
arc limited by the number and type of operators at their disposal. For farm planning and possibly even monitoring 
change on a farm or regional scale, the visual method is a viable and efficient replacement for current objective 
techniques. 

Visuele bepaling van plantegroci toestand was vir herhaalbaarheid en akkuraatheid geLOets, en Illet 'n objektiewe 
opname tegniek vergelyk vir tyd en koste doc1treffendheid. Agtien operateurs het eers 'n reeks pcrsele besigtig waar 
die toestand bekend was. Met hierdie as verwysing, het hulle IS ander persele besigtig en die ecologiese toestand 
onafhanklik beraam. 'n Operateur kon nie op sy eie 'n betroubare beraming van toestand maak nic. Herhaalbaarheid 
was, nietemin, behaal deur die gemiddclde waarde van 'n span se onafhanklikc beramings te bereken. In die mees 
ongunstige geval word 15 operateurs benodig om 'n 10% verskil in toestand te bepaal (P~0.05). In die algemeen, 
w..lrd net agt operateurs benodig vir hierdie vlak van herhaalbaarheid. 'n Getal operateurs was bevooroordec1d en dit is 
bclangrik dat hulle van opname spanne vcrv,yder moet word. Konserwatiewe verwanL~kappe tussen herhaalbaarheid en 
span groolte is vir gebruikers van hierdie tegniek, wie miskien 'n herhaalbaarheid ander as 10% vereis, of in getalle en 
tipe operatcurs bcperk is, verskaf. Vir plaas beplanning en miskien ook die monitering van veldtllcs tanC op plaas of 
meek vlak. is hierdic visuele Illetode 'n lewensvatbare en docltrcffcnde vcrvanging van die huidigc objcktiewe 
:~~nicke. 

Additional index words: Aecuracy. effiCiency, range monitoring , repeatability, vegetation assessment. veld condition 
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Introduction 

Assessing th~ ecological Sl3tus of the succulent valley 

bushveld (S tuan-Hill & DanckwerLS 1985) with any of the 

current objective techniques (Stuart-Hill CI al. 1986a; Stuart

Hill 1989: Stoltz &: Hoffman 1989) is :J tedi ous and timc

consuming process (e.g. one site of 2 h:J l3kes two operators 

approximately one day). It was proposed that., for farm 

planning and resource evaluation at lc3st. structured visual 

es timates of ccolog ical sta tus could be used instead of 

tedious objective methods (S tuart-Hill CI al. 1%6b). 

3 history of modcr:Jte herbi vorl' usage arc situated in be

tween these two extremes . Dense succu lent v:llley bushveld 

has high ecologic:J1 sW tus scores (i.e. 70-100~o) while open 
bushvcld h3s low ecological status scores (i .e. <20%). 

The objc{:ti\'e of this study was to determinc whether 

visual assessment of ecological SL1tus was a viable alter
native techniquc for rapid veld cvaluation. 

Definition of ecological status 

The technique for cvalu:Jting the ecological Sl3tus of veld in 

the succulent valley bushveld (which is still in the process 

of being refined) :Jllempts to position a sample site along an 

environmenl31 gradient (S tuart-Hill 1989). The gradient 

which appe~lrS to be domin3nt within thi s \'el!etation is 

'history of grazing/browsing intensity ' , :Jlthough as one 

would expect., therc arc other gradients which affect thc 

succulent \all cy bushveJd (Stuart-Hill C[ al. 1986a), The 

technique scorcs sites which have h3rdly be<::n used by 

hcrbivores on one end of the gradient while sites which havc 

been he.a \·ily utili zed arc scored on the other end. Sites with 

It must be pointed out th:Jt the technique merely positions 

the sample site ;JIang 3 gr:Jdient and no :Jssumption is madc 

regarding the usefulness of thi s bush. It is up to the indivi
dual13nd oper:Jtor to decide wh3t score is 'op timum' for his 
particular set of objectives. For eX:Jmple, a g3me ranger in 
the Addo Elcph3nt P:Jrk may w3nt very dens~ bush as his 
'optimum ' bcc:lUse such bush has :J high carrying capacity, 
and density is not a problem for the movement of elephants, 
i .e. he may aim for a score of 1007c. A f3rmer who has vcrv 
valuable stud goaLS which must e.Jch produce to their opti

mum (i.c. optimize production ani marl at the expense of 

production ha-
I 

m3Y select a score of s:JY 70% as his 'best 

veld'. This would be in con tr3st with a callie fanner who 

wants fewer trees and he may select. for example, a scorc of 
35%. 

Field procedure 

The study W:JS underwken in the succulent variety of 

Acocks's (1953) v:Jlley bushveld in the Kirkwood di stri ct of 

the eastern Cape. Five reference siles wcre surveyed using 

the point-centrcd-qu:mer method :Jnd their ecological status 
was determined (Stu:J rt-Hill 19R9). These sites were chosen 

to represent a gradient from high to low sta tus and had 
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scores of 90, 45, 20, ° and -10%. A further five sites were 
surveyed and the ecological statuses determined. The former 
sites were for training the operators and the latter, together 
with ten other (unsurveyed) sites, were for testing the 
surveyor's ability to visually assess ecological status (i.e. 
lesl siles). The field procedure comprised two phases. 

1. Training phase 

Eighteen operators with various biological trainIng back~ 
grounds were taken to the five reference sites. The operators 
were given the scores of each site and were then allowed 
approximately 10 minutes per site, during which time they 
walked through the vegetation while I explained to them 
why the site had a particular score. Emphasis was placed on 
the abundance of Portulacaria a/ra, , bush density and 
volume as indicators of high ecological status and Lycium 
oxycarpum as the indicator of low ecological status. It was 
explained that the grass layer was to be ignored during the 
exercise and emphasized that ecological status was not 
necessarily positively correlated with agricultural usefulness 
and is thus independent of a manager's objectives (Stuart
Hill 1989). 

A series of photographs of each reference site was avail
able and the operators were encouraged to relate each 
photograph with the field appearance of the vegetation. 
These photographs were meant as an aid only and emphasis 
was placed on the field appearance of each site. All sites had 
recently experienced above-average rains and the shrubs 
were very lush . This was pointed out to the operators and 
they were warned nOl to be misled by the vegetation 's 
current leafiness. 

2. Evaluation phase 

After inspecting all the reference sites and developing the 
scale of ecological status in their minds, the operators were 
driven through the fifteen 5-ha test sites on the b.1cK of two 
trucks. These camps were intentionally selected to represent 
the entire ecological status range and were divided into four 
categories to test various types of surveying procedure 
(Table I) . 

Each operator was required to independenth' allocate and 
record scores for each camp using the relcva~t assessment 
procedure (Table 1). The operators were nOl allowed to 
discuss their score during the exercise. While the whole 
exercise was based on anonymity the operators were, how
ever, asked to indicate their level of tertiary trainin a in the 
botanical sciences and their current occupation. This was 

Table 1 Four procedures of visually assessing 
the vegetatIon and the number of sites surveyed 
with each method 

Assessment procedure 

Walk through the vegetation and assess 

Drive past and assess 

Observe vegetation Crom a long distance (c. 600 m ) 

Observe vegetation Crom a short distance (c . 100 ~) 

\umber 

oC sites 

3 

5 

3 
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necessary to determine whether training and or occupation 
influenced the operators' ability to visually evaluate ecologi
cal status. 

Once all the camps had been assessed a brief discussion 
(c. 5 minutes) was allowed before reassessing each site. 
During the latter 'run', the route was reversed, starting at the 
last and ending at the first site. 

Data analysis 
The terms 'repeatability' and 'precision' may be used 
interchangeably throughout this article and refer to the 
'disagreement' between operators. They are quantified as 
either standard errors (SE) or least significant differences 
(LSD), the latter being used to identify real difference 
between ecological status scores (i.e. the difference in 
ecological status not due to variation between operators). 
'Accuracy' is used to refer to the difference between the 
scores derived visually and those derived from objective 
vegetation surveys. 

Ecological status can also be derived from the mean of 
the individual estimates made by a team of operators. In this 
case the size of the team will have a critical influence on the 
repeatability of the scores. In this study, the relationship 
between team size and repeatability was determined in three 
ways: 
1. The site that had the poorest repeatability between 
operators was chosen to represent the wors~ situation, and 
the LSD (P = 0.05) was determined for increasing numbers 
of r.1ntlomly-chosen operators; 
2. average precision was quantified by detennining the 
above relationship from the site whose precision was the 
closest to the mean of all sites (to illustrate the 'normal' 
situ.1tion); and 
3. to be conservative, yet nOl unrealistic , the site whose 
precision was closest to the mean of the worst three sites 
was used to generate relationships between LSD and team 
size for four different probability levels. 

The precision of the various assessment procedures 
(Table I) was evaluated by analysis of variance (AOY) 
(unequal replications where each method represented a 
treatment). The overall improvement of precision in the 
repeat assessment was evaluated in the same AOY. 

To examine the assessment ability of operators for all 
sites, all the data were subjected to principal components 
analYSIS (PCA) and cluster analysis, where operators were 
samples. Groups of operators were identified from the clus
ter analysis and their accuracy was evaluated. This led to a 
basis for operator rejection as a number appeared to be 
biased (i.e. their scores consistently differed from the scores 
obtained from the objective surveys of the test sites). The 
data were then re-analysed for the remaining operators in an 
attempt to provide improved relationships between team size 
and error. The latter could be used when qualified operators 
(In contrast to randomly-selected operators) visually esti
mated ecological status. 

Results and Discussion 

1. Differences in preciSion of the assessment 
procedures 

There were no significant differences (P~0.05 ) in the 
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precision of the four assessment procedures described in 
Table l. For precision then. it probably does not matter 
whether the operators walk through the site, drive past it, or 
study it from a distance when estimating ecological status 
scores. 

2. Improvement in precision during the evaluation 
phase 

There was no consistent improvement in precision when the 
same sites were assessed for the second time. Precision did, 
however, change in a remarkable pattern (Figure 1). 

All the sites assessed at the beginning and the end of the 
exercise showed relatively large improvements in precision 
(13-40%). The AOV did not identify a significant difference 
because this improvement was negatyd by the worsening 
precision in the middle range of camps. I can not give a 
reason for this phenomenon. Perhaps it was because of an 
increase in 'agreement' between inexperienced and experi
enced operators after the former had seen the entire ecologi
cal status range (the first and last sites generally also 
represented either ends of the ecological status gradient). 

Although no improvement in precision between the first 
and repeat assessment was detected with the AOV, it is evi
dent that precision initially decreased and then 'stabilized' 
as the assessment exercise progressed (Figure 2). It may be 
wise then to give the operators some practice before being 
put into an assessment team and it appears that at least three 
'test' sites should be assessed before operators are used in 
the field (Figure 2). 

3. Relationship between ecological status and preciSion 

The relationship between precision and ecological status 
was evaluated during the second assessment to avoid con
founding with the change in precision over time (i.e. once 
precision had stabilized). 

A scatter plot between precision and ecolo£ical status re
vealed no relationship at all. It is apparent the;efore, that the 
t~chnique will be equally sensitive for all ecological statuses 
(l.e. as a group, the operators were able to assess veld with a 
high or low ecological status with equal pre{ision) . 
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Figure 2 The change in repeatability (error) obtained at each 

site in relation to the order in which they were assessed. The 

broken line represents the ' upper-error' boundary over the assess

ment period. 

4 . . Relationship between precision and team size 

In the worst case the number of randomly-selected operators 
required to obtain a specified LSD (with 9S 9c confidence) is 
illustrated in Figure 3. This figure can also be used to 
determine the difference in ecological status which can be 
proved to be significant (P,;;O.OS) given a fixed number of 
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with avcrage repeatability (b). . 
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randomly-selected operators . For example, 15 operators 
would be required, in an assessment tcam, to distIngUIsh 
10% differences in ecological Sl3tus (P:s.;O.05 ), or, given 10 
operators in a team, 13% differences can be distinguished 
(P:s.;O.05). . . 

As this was derived from the site with the worst prcclSlon, 
and no operators have been excluded on the basis of their 
assessment ability, the situation described in Figure 3 is 
extremely conservative. If it can be accepted that the prcci
sion on the 15 sites represents that which would occur in the 
veld type generally, the relationship between team size and 
precision, derived from the site with its precision closest to 
the mean of all sites, can be used (Figure 3). Notice how 
now only nine operators are required to distinguish 10% 
(P:s.;O.05) differences in ecological statu~ (Figure 3). 

Even though it has been demonstrated that repeatability is 
possible with visual veld assessment, it would be dangerous 
to leave the analysis at this point as the operators may be 
yielding a biased result. A marksman who h:ls good group
ing but misses the bull is repeal3ble but inacc urate, he is 
biased. Uncorrected, the marksman is worthless. Similarly a 
repeatable but biased estimation of ecological sta tus is worth 
little. 

5 . Bias/accuracy 

The cluster analysis identified a main group of operators 
while the rest of the assessments were un~:,'ToupeJ (i.e. c. 
equally dissimi13r at the chosen level of aggr('g3tion). All 
the assessments made by pJsture scientists wer.:- in this mJin 
group. The first two axes produced by the PC\ did not 
revea l intelligible variations in the d3ta. Th(' third peA axis, 
however, appeared to represent a separation with resJ)Cct to 
the bias with which operators assess veld with high ccologi
cal sta tus (Figure 4). 

r<l 

Operator Groupings 
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a Intermed iate operators 
3 • 'Low' operators 
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Figure 4 Scatter of operators along PCA axes l'ne 3:lJ th ree. 
Arrows indicate change in position from the [liS: 2.ss~ssm~nl to the 
second assessmenl. The opera tors circled arc pas,ure scic:ltis LS :md 
symbols without arrows represent operators veil.) diJ nnt partiei
pat.: in the repeat surv ey. 
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Table 2 The average score per site for each 
of the operator groups (n is the number of 
estimates) 

All (,Random') Pasture 'High' 'Low' 'Qualiried' 
Site operators scientists opcratorsopcrators operators 
number n=34 n=5 n=8 n=7 n=36 

57 62 65 53 57 
:! 66 80 82 50 70 
3 75 82 84 64 79 
4 47 57 54 41 49 
5 62 75 67 56 63 
6 73 85 82 68 75 
7 42 47 41 43 41 
8 32 42 33 31 33 
9 51 57 55 49 52 

10 31 37 34 31 32 
II 24 27 23 25 :!3 
I:! 36 32 35 39 35 
13 16 20 18 16 15 
14 14 12 13 16 13 
IS - 14 -13 -14 -18 -13 

To test this interpretation, the operators whose 3ssess
ments were at the extreme ends of axis 3 (Figure -+) were 
remoyed from the main data matrix, and the mean ecologi
cal sta tus for c3ch site was recalculated for CJcil or these 
' high' and ' low ' opeT3lor groups (Table 2). 

For most of the test sites, there was no true Il1 l'·JSUre of 
ecologica l Sl3 tus with which to evaluate bi3s (accurJcy) and 
the me.1n estimates of the p3sture scientists (n = 5) wert' 
used as an estimate of the ' true ' ecologic31 status (Table 2). 

This was assumed on the basis that the pasture scientists 
understood both the concept of ecological sta tus (Stu3n-Hill 
1989) and how it is derived (bias could arise where the 
assessor evaluates veld in terms of his preconceived idea of 
usefulness - remember that ecological status is indepen
dent of operator objectives). To test this assumption, the 
mean ecologicJI Sta1uS derived from the pasture sc ienti sts 
3nd the rest of the operators was compared with the ' true' 
v:.li ues determ ined from the five test sites which were 
surveyed (Stuart-Hill 1989). As the pasture scientists were 
less biased than the rest of the operators (T3ble 3), it is 
probably reasonable to usc the mean of their estimates 3S the 
' true ' ecologic31 status. The reader should bear in mind that 
all further discussions relating to accuracy rest on the 
ass umption that the pasture scientists were not biased. 

The estim3les of ecologica l Sl3tus by the group 3t the 
pos itive end of axis 3 (' high' operators) differed vel)' little 
from these ' true' ecolog ic:.li statuses: the IJrges t difference 
being 9% (Figure 53). 

Consequently, the ' high ' operators had litLie bi3s. The 
es timates from the operators at the negative end of 3xis 3, 
however, devi:Jted gre3L1y from the 'true ' values (Fig
ure Sb). These ' Iow' operators underscored veld which had 
an ecological Status of greater than c, 40%, to the extent th:ll 
the highest me.1n score that they obtained was a mere 68 %. 
By contrast, the' p3sture scientists and other groups obtained 
highest mC~Jn scores of 85% and 84 %, respectively. The 
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Table 3 Testing the accuracy of pas
ture scientists (n=3) against all other 
operators (n=13) in their ability to visually 
assess ecoiogical status (ES) 

'Mean visual estimates of ES 

Objectively Pasture Other 

Site derived scientists operators 

number ES (n=3) (n=14) 

2 79 80 ( I) 68 (-11) 

5 79 75 (-4) 60 (-19) 

7 54 47 (-7) 41 (-13) 

12 20 32 (12) 39 (19) 

15 0 -13 (-13) -13 (-13) 

'Values in brackets indicate bias 

influence of these 'low' operators was significant in that 
when they were included with all operators they reduced the 
highest (mean) score to 75%. This has serious implications 
as their inclusion in assessment teams implies that visual 
veld evaluation \,'ill b~ inaccurate at high ecological status. 

A comparison of the operators' qualifications and occupa
tions between the 'high' and 'low' groups re\'ealed some 
interesting (and pe'rhaps meaningful) trends . The 'low' 
group consisted of [ \\'0 animal scientists, one n3lUre conser
vation officer, one ,'\ tension officer and an oper:' lOr who illd 
not specify either ;·.is formal botanical training or occupa
tion. The 'high' grl ':J p consisteD of all the pasLUr.:: scientists, 
one eXlension offier and two op~ralors who did not record 
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either occupation or training. During illscussions with some 
of the operators from the 'low' group (after the exercise), it 
became apparent that a number of individuals were still 
attempting to score 'usefulness' instead of ecological status, 
despite the pains taken during the training phase to point out 
the distinction . It is interesting to note the improvement in 
accuracy of a number of the operators during the second 
assessment (Figure 4). Possibly these operators, once having 
seen the range in ecological status, were happy to give sites 
with higher stalUS larger scores. 

With the foregoing in mind, all the 'low' operators were 
rejected from the data set and the remaining operators were 
considered to have 'qualified' as visual bushveld operators. 
The relationship between team size (of qualified operators) 
and precision (LSD) for four probabilities was developed 
from the mean of the three sites with the worst precision 
(Figure 6). 

These relationships (Figure 6) are conservative yet realis
tic and are useful for determining either: 
a. the precision (LSD) obtainable at four significance levels, 

given a number of operators; or , 
b. the number of operators required to visually assess vege

tation given 3. level of precision and significance. 
These results show that meaningful visual assessment of 

bushveld is certainly possible. Although a single operator 
cannOl be used to visually assess bushveld to within a rea
sonable degree' of precision (Figures 4, 5 & 8), surprisingly 
small LSDs \:. ~ th good probabilities can be achieved by 
using the me~ :, es timate from even relatively small assessor 
teams, 

6. Efficiercy 

A simple n1e..15Ure of effici ency of a technique is the time it 
takes to a.:-hieve a specifieD level of repeat.ability and 
accuracy. It is esti mated that it will t.ake c, 36 man-minutes 
to visually assess each site (LSD = 10%; P~0.05). The 
objective sur .. ey tcchnique, measured to the same confi
dence of precision, will take c. two man-days. The visual 
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Table 4 The approximate costs of surveying 
and analysing one site with an objective tech
nique so that LSD in ecological status of 10% 
can be proved significant (P=0.05) 

R 

!. Technician salaryl (2 man-days @R90 day-I) 180 

2. Data typ!st l (Yl day @R56 day-I) 28 

3. Computer analysis 5 

4. Professional salary I (Y6 day @ R150 day-I) 25 

Total 238 

lObtained from Department of Agriculture where salaries were 

extracted from the middle of the appropriate scales. The rates 

per working day were calculated by divid ing the annual salary 

by 231 - the number of working days an average employee 

would work in a year 

technique is, therefore, considerably more time-efficient 
than the objective survey technique. . 

Efficiency may, however, also be measured in tenns of 
cost and this could include operator salaries, transport, 
accommodation, analysis charges and equipment costs. The 
approximate costs of analysing one site using the survey 
approach are presented in Table 4. 

To achieve the same level of precision (LSD = 10%; 
P:::;;0.05) using the visual technique, 12 operators would be 
required. They would, however, have to be trained at sites 
already surveyed and a portion of the cost of training, and 
surveying these reference sites, must be written off as a cost 
to each site assessed. Naturally, the amount cos ted to each 
site will depend on how many sites the trained operator will 
eventually assess before re-surveying becomes necessary. 
The assumptions used to determine the cost of sun'eying the 
reference sites are presented in Table 5. 

It has been estimated that a 10% change in ecological 
status represents c. 9% change in long-term grazing capacity 
(Stuart-Hill 1989). A nomogram is presented which links 
team size with the average differences in long-term grazing 
capacity which can be distinguished (Figure 7). 

A particular land manager can select how many operators 
are required to show changes in ecological status which are 
meaningful for hi s set of objectives. Added to this nomo
gram are estimates of costs for two groups of operators who 

Table 5 Assumptions of the costs of survey
ing and analysing four reference sites and pre
paring the assessment aids (e.g. photographs 
of sites) 

!. Technician salary (8 days @R90 day- I) 

2. S&T (8 days @R42 day-I) 

3. Transpon (100 kID @44c km- I) 

4. Photographs. albums etc. 

5. Data typist salary (2 days @R56 day-I) 

6. Computer analysis 

7. Professional salary (!-7 day @R 150 day-I) 

R 

720 

336 

308 

34 

112 

15 
75 

Total 1 600 
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Figure 7 A nomogram to determine the inter-relationships 

between cost of surveying and the differences in productivity 

potential (' grazing capaci ty' ) which can be identified using struc

tured visual veld assessment. For qualified operators who (a) earn 

c. Rl00 day-I; and (b) carn c. R50 day-I. 

receive different pay packages. The relationships between 
costs and number of operators were derived from the 
assumptions outlined in Table 6. The nomogr:lm allows the 
basic cost per site (excl uding transport to and from the 
survey areJ and accommodation) to be linked to the differ
ences in productivity which can on average be shown to be 
significant at various levels of probability. 

The most comprehensive comparison of efficiency be
tween the objective and visual techniques is summarized in 
Figure 8. 

Table 6 The assumptions used in determin ing the 
cost of visually assessing a site with various num
bers of operators as presented in the nomograph 
(Figure 7) 

Cost per sile = Ta l .,. Tr + Sal 

where : Ta = ponion of COS1S of Assessing the reference sites and 

Training the operators; 

Tr = ponion of costs of TraflSporl between reference and 

assessed sites 

(l00 kID @44c km- I (car: 4 passengers) or 

@54c kID - I (truck: 8 passengers); and 

Sa = ponion of Salary of operators 

IDetermined for nrious numbers of sites surveyed before retra ining and 

reassessmen! of the reference si les 

2Determined for various pay categories of operalOrs bo sed on salary 

scales provided by the Department of Agriculture 
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Conclusion 
Visual veld ' assessment was found to be accurate and 
repeatable, and considerably more time and cost efficient 
than objective methods. The decision of whether to select 
the objective or visual technique rests on the number of si tes 
to be surveyed and the distance which has to bc: travelled to 

get to the survey area. The objective technique has the 
advantage of using little transport (i.e. four operators per 
car). The visual method requires much transrort (e.g. three 
cars per assessment team of 12) but has lh,:: advantage of 
being able to assess many sites in a day and th is saves on 
accom modation cos ts. 

Limitations of this visual method are that: I. the reference 
sites have to be exhausti vely surveyed and this has to be 
repeated on a regular basis as they change with time; 2. it is 
absolutely vital that the assessors should, from time to time. 
recorrelate their conceptual scale of ecological sta tus with a 
range of sites where ecological sta tus has recently been 
Objectively measured; 3. transporting and accommodating 
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large teams of surveyors is relatively expensive; and 4. it is 
only really useful for estimating univariate attributes of the 
vegetation (e.g. ecological status, cover or density) . 

The main benefits of an objective technique, which are 
not readily quantifiable in terms of efficiency, are: 1. it 
yields multivariate data (e.g. species composition, browse
able volume, plant density); 2. it will not be adversely 
influenced by biased operators; and 3. it is le~s likely to be 
influenced by events such as very high rainfall which may 
cause operators to overestimate ecological status. 

The final decision of which technique to use naturally 
depends on the objectives of assessment but it is evident 
that, for farm planning and possibly even monitoring change 
on a farm or regional scale, the visual method is a viable 
replacement for current objective techniques . 
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[P 3.6] Vegetation monitoring in South Africa: is a paradigm 
shift required? 



[TOOL 3] 

A TECHNIQUE FOR MONITORING VEGETATION CHANGE 

ORIGINAL BRIEF 

The technique should have high repeatability and efficiency, and 
be acceptable to land managers. I refer to this as veld or 
vegetation monitoring. 

RESULT 

Providing this tool was problematical and hinged on ~valuating 
the repeatability and efficiency of the survey technlque. The 
first attempt was informal (unpublished report: Repeatability 
of bushveld assessment: informal analysis [P 3.1]) and showed 
that the survey method initially used (the point-centred-quarter 
method) was not suff iciently sensitive for farm scale monitoring. 

This result led to the initiation of a series of experiments to 
test the repeatability and efficiency of a number of traditional 
botanical survey methods. The approach was neutral and 
conventional; i.e. establishing relationships between 
repeatability (error) and sampling effort. See the following 
unpublished papers: 

i) Evaluation of the point-centred-quarter method of 
sampling kaffrarian succulent thicket [P 3.2]; 

ii) Evaluation of a belt transect method of sampling 
kaffrarian succulent thicket [P 3.3]; 

iii) Repeatability of the Domin-Krajina cover-abundance 
scale in kaffrarian succulent thicket [P 3.4]; and 

iv) The 'Bubble' technique for sampling kaffrarian 
succulent thicket [P 3.5] (parts 1, 2 & 3). 

Essentially, the philosophy was to provide the above 
relationships so that, by defining apriori a level of precision 
suitable for their requirements, users could then determine what 
sampling effort they would need. In this paradigm, the same 
sampling technique is used by all users but at different sampling 
intensities depending on the required precision. This approach 
had its roots in grassveld monitoring and led to a host of 
technique studies (Mentis 1984; Walker 1987; Hardy 1986). An 
implicit assumption with this philosophy, is that land managers 
require (for adaptive management) a less sensitive vegetation 
monitoring technique than researchers (Hardy & Walker 1991). 
This I challenged in a paper entitled: Vegetation monitoring for 
adaptive management: is a paradigm shift required? [P 3.6], 
where I argued that the converse is true. This is because land 
~anagers need to be pro-active and adapt their management before 
lrreparable damage occurs. Researchers, on the other hand 
merely want to quantify the response to some applied treatment: 
~eople have assumed that because managers seek an 'easy' method, 
lt follows that they are happy with a less sensitive technique. 



All of the conventional botanical methods tested in this study 
were found to be too tedious and/or insensitive for pro-active 
farm scale monitoring. Of the methods tested, the 'bubble 
method' (using frequency measures) was the most useful and could 
be used for research based monitoring. The reason for the 
failure of all these classical methods is probably that their 
very nature depends on the death (or severe reduction in size) 
of individual plants. To a land user, this is not sufficiently 
sensitive as he needs to take appropriate action before losing 
valuable plants. 

The failure of this research effort to produce Tool 3 prompted 
a paradigm shift and the emphasis has turned to monitoring 
attributes of individual plants which give early warning of their 
imminent demise!. To do this, however, requires a detailed 
understanding of the growth and reaction to defoliation of key 
plant species. Future research should concentrate on the 
demography of this vegetation type and, in particular, on 
understanding how individual plants are killed by defoliation so 
that critical attributes of the plants can be identified for 
monitoring. 

It is important to note that if this 'new paradigm' is also 
unable to produce Tool 3 (a monitoring technique for proactive 
adapti ve management), then the implication is that adaptive 
management may not be tenable. If this fails, what scientific 
approach to vegetation management is possible? The consequence 
could be that the vegetation cannot be managed scientifically or 
at least, cannot be managed in a pro-active manner. 

1 An e~ample is perhaps the 'skirting' phenomenon of P. afra 
(reported ln the published ,paper entitled: "Effects of elephants 
and goats on the Kaffrarlan succulent thicket of the eastern 
Cape, South Africa") and is paralleled by the aerial tillering 
phenomenon observed in Themeda triandra (Tainton 1981). 



[P 3.1] 

INTERNAL REPORT 

REPEATABILITY OF BUSHVELD ASSESSMENT: INFORMAL ANALYSIS 

G.C. STUART-HILL 
Dohne Research Station 

Private Bag X15 
STUTTERHEIM 

(March 1987) 

The repeatability of the current technique ?f assessing var~ous 
parameters in Valley Bushveld appears to be 1n doubt . . , Four Sl tes 
previously surveyed were re-surveyed. Tree dens1ty, total 
volume, uncorrected browseable volume and corrected browseable 
volume were estimated for each of the surveys and the results are 
presented in Table 1. 

INSERT TABLE 1. 

It is evident that the repeatability of measuring these 
parameters is extremely poor . 

The imprecision of the data obtained by the current survey is 
also reflected in the bushveld condition scores (table 2). 

INSERT TABLE 2. 

It must be stressed, that these poor results do not cast doubt 
on the procedure for determining condition score (Stuart-Hill et 
al. 1986). Rather, the poor repeatability of the scores is as 
a result of the poor input (survey) data. 

RECOMMENDATIONS 

1) The repeatability of each survey parameter needs to be 
tested. It is probably best to determine relationships 
between repeatability and the number of sample points in 
order to evaluate how much extra sampling effort will be 
needed to obtain an acceptable degree of repeatability. 
Note, that it is most likely that different numbers of 
samples may be required for each parameter. 

2) Stop all further surveys especially where the objective is 
to moni tor c hange, until we have determined how many 
points are required. It may not be necessary to stop those 
surveys where the objective is merely to determine what the 
condition of the vegetation is because the technique was 
able, ~o distinguish between the different vegetation 
cond7t1ons (see Tables 1 & 2 and note the relatively 
cons1stent trends between camps). 
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SUGGESTED RESEARCH PROCEDURE 

Take one 'fairly typical' camp and conduct very intensive surveys 
in this camp (eg > 1 000 points). This will take approx. 20 man 
days. Run computer program "NUMOBS" on the various parameters 
and this will yield relationships between sampling effort (number 
of points) and repeatability (see the approach suggested by 
Mentis 1984). Information such ' as that shown below (an example 
for illustrative purposes only!) can then be extracted from these 
curves. 

If you want 10% precision then you: 
require 150 points for bush density; 
require 250 points for species composition; 
require 300 points for bush volume; and 
require 350 points for monitor change in volume of P. 
afra. 
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Table 1. The repeatability of various parameters surveyed with 
120 points at four sites in the Valley Bushveld 

Sites 1st 2nd Increase 
survey survey ( % ) 

Bush density 1 8449 11541 36 
(plants/ha) 2 6641 7231 9 

3 4559 6007 32 
4 3100 3308 7 

Total volume 1 8150 17792 118 
(m3/ha) 2 7339 11305 54 

3 4677 6484 39 
4 3148 1841 -42 

Browse volume 1 6870 12626 84 
(m3/ha) 2 5086 8486 67 

3 3320 4961 49 
4 2430 1275 -47 

Corrected 1 2814 3632 29 
Browse volume 2 1868 2555 37 
(m3/ha) 3 940 1547 39 

4 816 388 -52 
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Table 2. The repeatability of Valley Bushveld scores of four 
sites in the Uitenhage district from survey data where 
120 points were taken per camp. 

Sites 1st 2nd Increase 
survey survey ( % ) 

1 81 110 35 
2 61 71 16 
3 40 55 38 
4 28 27 4 
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EVALUATION OF THE POINT-CENTRED-QUARTER METHOD 
OF SAMPLING KAFFRARIAN SUCCULENT THICKET 

G.C. STUART-HILL' 
Department Grassland Science 

University of Natal 
POBox 375 

PI ETERMARIT ZBURG 
3200 

SOUTH AFRICA 

ABSTRACT 

The objective was to evaluate the efficiency and repeatability 
of the point-centred-quarter method. 

The parameter which was most efficiently sampled was species 
composition (relative density), with 90% replicate similarity 
being achieved with 100 point-centred-quarters. However, this 
technique cannot be recommended, even for research purposes, 
because: (i) the technique is extremely time consuming (i.e. it 
takes c. 14.2 man hours to record 100 samples); (ii) it is 
difficult to identify individual plants because of the multi
stemmed nature of the vegetation; and (iii) there are 
mathematical constraints to determining density from distance 
based methods. 

INTRODUCTION 

After having rather blindly used a derivative of a point-centred
quarter (PCQ) method (Cottam & curtis 1965) in an investigation 
to develop a method of assessing the vegetation (Stuart-Hill et 
at 1986), I turned my attention to evaluating the survey 
technique itself. The first step was a crude informal approach 
whereby some of the sites originally surveyed were simply 
resurveyed (Stuart-Hill 1987). The results showed that while the 
technique was able to distinguish differenc~s between the sample 
si tes, the values for each of the survey parameters varied 
greatly. 

The objective of this study was to briefly evaluate the use of 
the PCQ method in Kaffrarian Succulent Thicket (Cowling 1984) 
otherwise known as Valley Bushveld, southern variation (Acocks 
1975). The focus of the study was to establish relationships 
between repeatability (error) and increasing sampling intensity 
for various parameters of the vegetation. Most of these 
parameters were univariate (eg number of species encountered . ' average canopy helght, total shrub volume, etc) while one, 
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species composition (i.e. relative density), was multivaria~e. 
It was possible to obtain more than one m7asu::e. of sJ;>ecles 
composition (e.g. relative volume), but for slm~ll~lty t~lS ~as 
not pursued in this study. It follows that t~ls lnvestl~atl0n 
is not comprehensive and it may suffer from thlS shortcomlng. 

PROCEDURE 

The approach was to select a site and saturate it with sampling 
points, far in excess of that which would normally be 
practicable. These data then served as a data bank from which 
various sized samples were drawn and analysed. 

site 

A 2ha site was located in the Andries Vosloo Kudu Reserve 
approximately 2km from the Fish River. The site was selected 
with the following prerequisites in mind. It had to: 
i) be representative of Kaffrarian Succulent Thicket; 
ii) be in moderate condition (moderately dense) so that results 

could be extrapolated to other sites where the condition 
was 'better' or 'worse' - it was decided not to repeat the 
test at various veld conditions because of a lack of 
manpower; 

iii) have adequate species diversity; 
iv) be typically heterogeneous with regard to 'bush-clumping'; 

and 
v) be on a moderate slope so that the operators would be under 

'normal' stress. 

The site was 100 x 200m and situated with its longest edge 
adjacent to a road (for easy orientation while surveying) and 
permanentlY, marked. 

Pre-survey training 

The operators were a mixture of experienced and inexperienced 
personnel, but all had a relatively high level of academic 
training (minimum of a diploma). All operators had moderate 
species identification abilities but it was necessary to group 
together certain species as these were difficult to distinguish 
in the field. 

The pre-survey training was brief (15 minutes) as the intention 
was ~o rigorously test the technique. The philosophy was to 
provlde test res~lts that would be applicable to persons wanting 
to use the technlque but who would have no more information than 
that obtained from reading the technique description or having 
a telephone conversation. 

The 
i) 

following points were emphasised during training. 
How to distinguishing a single multi-stemmed plant 
group of closely growing single stemmed plants. 

from a 



ii) 

iii) 

iv) 

v) 

vi) 

vii) 
viii 

ix) 

v) 

vi) 
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The distance from the centre of the cross was measured to 
the centre of nearest the plant, not the nearest rooted 
portion. . 
The measurements describing the canopy were the average 
measurements and isolated twigs were treated as outliers. 
The twig density estimate was independent of the leaf~ness 
of the shrub (a shrub with no leaves could potentlally 
score 10 for twig density) . . 
The leaf density estimate was independent of the Slze of 
the plant or the twig density of its canopy. Thus a plant 
could potentially score 10 for leaf density even if it was 
very small or had a very sparse twig density. 
It was, stressed that the entire exercise was a test of the 
technique and not a test of individuals. Consequently the 
test was conducted anonymously and operators were 
encouraged to proceed with the speed and care with which 
they would survey a site in practice. 
Herbaceous plants were to be excluded. 
Operators were told to walk in a straight line even if this 
meant forcing their way through shrub clumps. 
The points were to be placed 10m apart regardless of 
whether this was under or on top of a shrub. 
Unknown species were to be recorded as such, given a unique 
code and a sample taken for subsequent identification. 
Woody seedlings less than 10cm in height were excluded. 

survey procedure 

The assessors were divided into 5 operator pairs each having one 
experienced and one inexperienced assessor. In total 560 sample 
points (four readings at each point) were takeri in a stratified 
random manner. It took a total of eight hours to finish the 
survey and this included a number of short breaks. The 
individuals in each operator pair took turns measuring and 
recording, and these changes were made on an informal basis. 

In each of the four quarters at every point, the following data 
parameters were recorded: 
i) the nearest shrub species greater than 10cm tall; 
ii) the distance to the centre of the nearest bush; 
iii) the height of the top of the canopy; 
iv) the height of the lowest part of the canopy; 
v) the radius of the canopy; 
vi) a subjective estimate of the density of living twigs in the 

canopy below 1,5m; and 
vii) a sUbjective estimate of the leafiness of a representative 

twig taken from the canopy below 1,5m. 

STATISTICAL ANALYSIS 

A technique for mon i toring vegetation change should be robust 
enough to withstand error due to operator differences. Indeed it 
is regarded as irrelevant for long-term monitoring techniques as 
operators will inevi tably be replaced over the years. 
Consequently, repea~ability within operators was not quantified 
but rather lncluded lnto the error variance. I suggest that this 
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should not be seen as a limitation to the testing of this 
technique, as it results in a stricter test because error due to 
operators' is incorporated into the results. 

Number of species 

The species codes in the raw data file were randomly sorted, 
following which, a second computer program determined the 
relationship between the number of observations and number of 
species encountered. This was repeated 15 times for each sample 
size and the mean plotted to illustrate the effectiveness of 
increased sampling in determining species richness. 

Parameters describing canopy structure 

These measures of the shrub community included: average canopy 
height; average lower canopy height; average shrub radius; 
total canopy volume; and browseable canopy volume (see 
definitions in stuart-Hill et al. 1986). 

The relationship between sampling repeatability and sampling 
effort (number of points) was determined by pooling all the data 
and calculating the mean and population SE(x). From the latter, 
the SE(mean) was determined for each sample size and plotted 
against increasing sampling effort. This procedure was repeated 
for each parameter. 

Index of plant density 

The average distance (d) from the point to the centre of the 
nearest plant was converted to density (Den) using the formula 
(Cottam & curtis 1965): 

Den = 10000jd2 [plantsjha] 
where d is in m. 

It follows that distance is an index of plant density and its 
repeatability was determined in the same manner as that for the 
parameters describing canopy structure. 

Species composition (relative density) 

All the data were pooled and from this 'artificial' parent 
popula~ion (of 560 point centred quarters), 15 random samples of 
a partlcular sample size were drawn. Species composition for 
each sample was determined and a similarity matrix between 
samples constructed. The mean similarity was then determined 
from t~e off-diagonal,terms in the matrix along with the SE(mean) 
and thls plotted agalnst the particular sample size. This was 
repeated for samples ,of different sizes (see Hardy & Walker 
1991) ., ,A relatl0ns~lp reflecting the similarity in species 
composl~10n from repllcate samples of increasing sampling effort 
was ultlmately constructed. 
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It will be noted that the relationship was not constructed beyond 
400 PCQ's as the risk of duplicate sampling became excessive, 
especially if the 'parent' population did not accurately 
represent the variation in the true population. 

RESULTS 

Number of species 

The first 100 placements of the PCQ apparatus yielded 80% (24 
species) of the 30 species encountered during the study (Figure 
1). In the next 200 points, another four species were found 
(i.e. 93%) and thereafter extra species were encountered at an 
extremely slow rate. 

INSERT FIGURE 1 

This method of determining species richness is highly inefficient 
and cannot be recommended. It does, however, illustrate that the 
improvement in measuring number of species beyond 100 points is 
not worthy of the extra effort. 

Parameters describing canopy structure 

A very rapid decline in error was obtained after only 50 PCQ's 
but significant improvements in error were still being achieved 
with sampling in excess of 200 to 250 PCQ's (Figure 2). 

INSERT FIGURE 2 

The sampling effort required for even ioo points, however, is 
extremely high (c. 28,4 operator hours). 

Distance : the index of plant density 

As with the other univariate parameters mean distance was most 
efficiently sampled at approximately 225 point centred quarters 
(Figure 3). 

INSERT FIGURE 3 

Species composition (relative density) 

Relatively good replicate similarity (85%) was obtained after 
only 50 poin~ centred quarters but this improved even more up to 
a~out 2~0 pOlnts, whereafter further sampling resulted in a slow 
llnear lmprovement in repeatability (Figure 4). 

INSERT FIGURE 4 
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DISCUSSION AND CONCLUSION 

The PCQ method, while being capable of producing relat~ vely 
repeatable results, is highly inefficient. It's best attr1bute 
is determining species composition and it's worst is determining 
species richness. 

Determining shrub density may appear to be relatively repeatable 
but other workers warn one off distanced based measures of 
density (Lamacraft, Friedel & Chewings 1983) because they tend 
to be biased, especially in vegetation which is not randomly 
distributed. From this study, two additional problems with the 
distance based measure were identified. These were the 
difficulty of identifying individual plants because of their 
multi-stemmed growth habitat; and that, because of the shape of 
the relationship between distance and density, the distance based 
method of detecting plant density is less sensitive at high plant 
densities than at low plant densities. 

The PCQ method appears to have little practicable value in 
adaptive veld management and even for research purposes, its 
inefficiency is such that it cannot be recommended for sampling 
Kaffrarian Succulent Thicket. 
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FIGURE CAPTIONS 

The relationship between sampling effort (number of 
points) and the number of species encountered with the 
point-centred-quarter method. 
The relationship between sampling effort (number of 
points) and repeatability of measures of: average 
canopy radius (a); average canopy height (b); average 
lower canopy height (c); total canopy volume (d); and 
browseable canopy volume (e). 
The relationship between sampling effort (number of 
points) and repeatability of determining average 
distance to the centre of the nearest shrub (a 
parameter reflecting density) . 
Replicate similarity (percentage similarity) of 
determining species composition (relative density) 
wi th increasing numbers of point centred quarters. 
Variation was determined from 15 randomized samples 
taken at each sample size, from a parent population of 
560 point centred quarters. 
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ABSTRACT 

The objective was to evaluate the efficiency and repeatability 
of the belt transect survey method, measuring eight parameters, 
in this dense and tangled vegetation. 

Finding 85% of the species eventually determined with an 
exhaustive transect survey, took c. 7.5 man hours (ME). 
Determining shrub density, average canopy height, average lower 
canopy height and average canopy radius would require c. 7.5 ME 
before the 'law of diminishing returns' would discourage further 
sampling. Lower canopy height was the most efficiently surveyed 
parameter and would require c. 2 MH to get error to within 10% 
of the final estimate. Measuring the various canopy volumes 
would require c. 10 ME (and even here the coefficient of 
variation would still be greater than 10%). This is probably due 
to mUltiplicative errors in calculating these parameters. To 
determine a reasonable replicate similarity for species 
composition (i.e. 85%) would require c. 10 man hours. 

This technique cannot be recommended for Kaffrarian Succulent 
Thicket as it is too inefficient, even for researchers. 

INTRODUCTION 

The objective of this study was to evaluate the use of the belt 
transect method in Kaffrarian Succulent Thicket (Cowling 1984) 
otherwise known as Valley Bushveld, southern variation (Acocks 
1975). After having used (Stuart-Hill et at 1986) and discarded 
(Stuart-Hill in prep.) the point centred quarter (PCQ) method 
(devised by Cottam & Curtis 1965), I turned my attention to 
evaluating a conventional belt transect (2m wide) survey method 
as used in the neighbouring False Thornveld of the eastern Cape 
(Teague 1989). 

The approach was to establish relationships between repeatability 
(error) and increasing sampling intensity for various parameters 
measured by the technique (e.g. number of species encountered, 
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shrub density, average canopy height, average lower canopy 
height, average canopy radius total canopy volume, and 
browseable canopy volume, shrub de~si ty and species composition) . 

PROCEDURE 

The site 

The 2ha site (the same one used to evaluate the PCQ method) was 
located in the Andries Vosloo Kudu Reserve approximately 2km from 
the Fish River. It was selected with a number of prerequisites 
in mind (as described in stuart-Hill in prep.) designed tO,make 
the site as representative of the vegetation type as poss~ble. 
It was 100 X 200m, permanently marked and situated with its 
longest edge adjacent to a road for easy orientation while 
surveying. 

survey procedure 

The site was 'saturated' with transects (2m wide) well in excess 
of that which could normally be applied in practise. The idea 
was to use this sampling effort to estimate the variance of the 
true population and these data could then serve as a data bank 
from which various sized samples could be drawn and analyzed. 

Twenty five random numbers between 10 and 190 were drawn and 
these represented the transect starting points along the road
side edge of the plot. The transect starting point from the road 
was determined by walking into the plot (at right angles to the 
road) for ten meters, and then walking an extra number of paces 
as determined by the same random .number but now divided by 10 
(i.e. between one and 19). The transects were each 20 m long but 
recorded as two 10m contiguous transects which ran at right 
angles to the road. In total 30 transects with a total length 
of 600m were surveyed. 

There were five operator pairs who each surveyed six transects. 
On average it took two operators 30 (± 8.8) minutes per 2 Om 
transect which translates to 3 man minutes per meter of transect, 
excluding breaks. The individuals in each operator pair took 
turns measuring and recording, and these changes were made on an 
informal basis. 

The following parameters were recorded on each shrub (greater 
than 10cm tall) encountered in the transect: 
i) the height of the top of the canopy; 
ii) the height of the lowest part of the canopy; 
iii) the radius of the canopy; 
vi) a subjective estimate of the density of living twigs in the 

canopy below 1,Sm; and . 
vii) a subjective estimate of the leafiness of a representative 

twig taken from the canopy below 1,Sm. 
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pre-survey training 

The operators had all completed tertiary level ed~catio~. The 
pre-survey training was brief (10 minutes) as the lntentl0n was 
to rigorously test the technique. The philosophy was to provide 
test results that would be applicable to persons wanting to use 
the technique but who would have no more information than that 
obtained from reading the technique description or having a 
telephone conversation. 

The following points were emphasised during training. 
i) If any portion of a plant was rooted in the transect then . 

it was counted. This tends to bias the measures of canopy 
volume and plant density upwards, but I felt that it was 
preferable to sacrifice accuracy in favour of 
repeatability. 

ii) The measurements describing the canopy were the average 
measurements and isolated twigs were treated as outliers. 

iii) The twig density estimate was independent of the leafiness 
of the shrub (a shrub with no leaves could potentially 
score 10 for twig density). 

iv) The leaf density estimate was independent of the size of 
the plant or the twig density of its canopy. Thus (a plant 
could potentially score 10 for leaf density even if it was 
very small or had a very sparse twig density). 

v) It was, stressed that the entire exercise was to be 
conducted anonymously as it was a test of the technique not 
individuals and the operators were encouraged to proceed 
with the speed and care with which they would survey a site 
in practice. 

vi) Herbaceous plants were excluded. 
vii) Unknown species were to be recorded as such, given a unique 

code and a sample taken for subsequent identification. 
While all operators had moderate species identification 
abilities, it was necessary to group those species which 
were difficult to distinguish in the field. 

STATISTICAL ANALYSIS 

The error as a result of operator differences was not quantified 
as it was assumed that, in practice, operators will inevitably 
be,replaced in any long term survey programme. I suggest that 
thls should be seen as a strength because it results in a 
stricter test. 

The analytical approach was similar to that taken in evaluating 
the PCQ method (stuart-Hill in prep.), except that randomization 
was done on the transects themselves; i.e. each 20m transect was 
treated as a sampling unit. To increase sampling effort involved 
randomly selectlng a number of transects and merging them to give 
the r~quired transect length (i.e. transect length represents 
sampllng effort) . 
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Number of species 

Fifteen transects were randomly selected, and merged to give the 
appropriate length (this started at 20m, and ,ended at 400m,in 
multiples of 20). The number of specles ln each composlte 
transect was counted, following which the mean and SE{x) for the 
15 transects (at each transect length) was determined. 
Ultimately a relationship between length of transect (sampling 
effort) and number of species encountered was constructed to 
illustrate the effectiveness of increased sampling in determining 
species richness. 

univariate parameters 

These measures of the shrub community included: shrub density, 
average canopy height; average lower canopy height; average 
shrub radius; total canopy volume; and browseable canopy volume 
(see definitions in stuart-Hill et al. 1986). 

As before, fifteen transects were randomly selected, and merged 
to give an appropriate transect length. The mean for each 
parameter was determined for each of these 15 transects. The 
mean of these means and, importantly, the SE (mean) was then 
determined. This was repeated for each transect length (starting 
at 20m and ending at 400m in multiples of 20) so that eventually 
a relationship between SE (mean) and transect length could be 
constructed for each parameter. 

Species composition (relative density) 

As above, fifteen transects were randomly selected, and merged 
to give an appropriate transect length. The species composition 
for each composite transect was determined for each of these 15 
transects and a similarity matrix between samples constructed. 
The mean similarity was then determined from the off-diagonal 
terms in the matrix along with the SE{mean) and this plotted 
against the particular sample size. This was repeated for each 
transect length (starting at 20m and ending at 400m in multiples 
o~ ,20) ,so that eventually a relationship between replicate 
slmllarlty and transect length could be constructed (similar to 
the approach used by Hardy & Walker 1991). 

RESULTS 

Number of species 

The first 24 species ,were found after 150m of transect (taking 
7:5 ~a~ hours) and thlS represented 85% of the 28 species found. 
Slgnlflcantly, the total was two less than found by the PCQ 
method (stuart-Hill in prep.). It took an extra 50m before the 
next species was encountered (Figure 1). 

INSERT FIGURE 1 
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As with the PCQ method, this method of determining species 
richness is highly inefficient and cannot be recommended. 

Univariate parameters 

Except for the canopy volume parameters, all the univariate 
parameters experienced a rapid decline in error with the first 
50m of transect (Figure 2). 

INSERT FIGURE 2 

The size of the errors, relative to the actual measurement (i.e. 
the coefficient of variation), shows that lower canopy height was 
the most efficiently sampled parameter, requiring c. 60m of 
transect to get error to within 10% of the measured value (Figure 
3) • 

INSERT FIGURE 3 

The volumetric measures were considerably less repeatable, 
probably because of the increase in variation as a result of 
multiplicative errors. Measuring these would require c. 10 man 
hours and even here, the coefficient of variation would still be 
greater than 10% (Figures 2 & 3). 

Sampling beyond c. 150 to 200m would not dramatically improve 
repeatability and the required sampling effort is such (c. 
between 7.5 and 10 man hours respectively) that the belt transect 
method cannot be recommended for these parameters. 

Species composition (relative density) 

Reasonable replicate similarity (85%) was obtained after c. 200m 
of transect but this would take c. 10 man hours (Figure 4). 

INSERT FIGURE 4 

CONCLUSION 

The ~el t transect method, while being capable of producing 
relat1vely repeatable results, is even less efficient than the 
PCQ method (Stuart-Hill in prep.). Consequently I cannot 
recommend it's use even for research purposes. 
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FIGURE CAPTIONS 

Figure 1. The relationship between sampiing effort (length of 2m 
wide transect) and the number of species encountered. 

Figure 2. The relationship between sampling effort (length of 2m 
wide transect) and repeatability of measures of: shrub 
density (a); average canopy radius (b); average canopy 
height (c); average lower canopy height (d); total 
canopy volume (e); and browseable canopy volume (f). 

Figure 3. The relationship between sampling effort (length of 2m 
wide transect) and the coefficient of variation of 
measures of various univariate parameters describing 
the community. 

Figure 4. Replicate similarity (percentage similarity) of 
determining species composition (relative density) 
with increasing length of a 2m wide transect. 
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ABSTRACT 

The objective was to evaluate this survey technique in an attempt 
to find a method for monitoring change in this dense and tangled 
vegetation. 

A single operator was not able to reliably survey the vegetation 
but this was largely overcome by using multiple operators where 
'the mean, derived from a number of operators' independent 
estimates, is used as the variate value for a site. 

The modified technique (with multiple operators) is more 
efficient than either the point-centred-quarter or belt transect 
methods. It has the disadvantage, however, of relying on a 
degree of operator subjectivity, the value of which depends on 
training and experience. While the modified technique (with 
multiple operators) can probably be used to rapidly survey sites 
for inventory and research purposes, it is unlikely to be 
sensitive enough to support pro-active adaptive management. 

INTRODUCTION 

The Kaffrarian Succulent Thicket (Cowling 1984) or Valley 
Bushveld of the eastern Cape (Veld type 23 b,c & d; Acocks 1975) 
is, in its 'pristine' state, so dense that it is difficult to 
move through it. Shrubs grow in tangled multistoried canopies 
and obj ecti ve survey methods have proved to be extremely tedious, 
even for research purposes (stuart-Hill a & b in prep). 
Phytosociological methods such as Braun-Blanquet (Mueller-Dombois 
& Ellenberg 1974) had been advocated for these vegetation types 
(Vorster 1982) and their effectiveness needed to be tested. Le 
Roux (1986 pers comm) suggested, however, that the Domin-krajina 
(D-K) scale should rather be used as it has more appropriate 
scale intervals for this vegetation type than the Braun Blanquet 
scale. The D-K cover-abundance scale is a popular method of 
estimating overall cover and species cover of shrub communities 
(Westfall & Panagos 1984; Anon 1988). 

Address dur ing study: Dohne Research Centre, P Bag 
X15, Stutterheim, 4930 . 
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The objective of this investigation was to rapidly eva~uate the 
method for repeatability. The test ~as made on, t~e estlmate~ of 
total shrub cover as well as on specles ' composltlon (determlned 
from the species cover abundance). 

PROCEDURE. 

The approach was to tackle the test in two phases. Firstly, the 
repeatabili ty of individual operators ,was eval~at~d t? see 
whether they were precise enough to conslstently dlstlngulsh at 
least those differences observable in the field. If single 
operators were not able to consistently distinguish obvious 
difference in sites then the second phase was implemented. Here, 
the estimates from two or more operators were averaged and these 
means were then tested for repeatability. This approach allowed 
repeatability to be quantified for cases when total shrub cover 
and species composition were determined from the mean of various 
numbers of assessors independently derived estimates (see the 
approach taken by stuart-Hill 1991). 

Total shrub canopy cover 

After initial training, eight observers · independently estimated 
the overall percentage shrub cover of five sites representing 
various positions along the ecological status gradient (see 
stuart-Hill 1989). 

The mean canopy cover and standard errors of a single estimate 
(SE(x» were determined for each site. From these SE(x) 's, 
relationships between increasing numbers of operators 
(contributing to the mean estimate cover) and the standard error 
of the mean estimates (SE(mean» were developed. The SE(mean)'s 
were converted to least significant differences (LSD) so that the 
relationships developed are practically applicable. 

Species composition (cover-abundance) 

The species composition (derived on the basis of cover-abundance 
data) were determined for the data of each operator. These were 
compared with all other operators' estimates by calculating the 
percentage similarity (PS) for each comparison. The mean PS of 
all the comparisons was then determined for the off-diagonal 
terms in a 8 x 8 similarity matrix (similar to the approach used 
by Hardy & Walker 1991). This was then plotted against n=l to 
r~present the repeatability of determining species composition 
wlth a single operator. 

Where species composition is to be determined using two 
operators, a similar approach to that described above was 
followed except that firstly, the mean composition from two 
operat~r~ was det~rmined. These were compared with the 
composltlons determlned from other pairs of operators and the 
mean, PS determiz:ed from the similarity matrix as explained 
prevlously. ThlS mean PS was then plotted against n=2 to 
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represent the repeatability of determining species composition 
obtained by averaging two operators estimates. 

The above procedure was repeated for n=3 and n=4. A relationship 
between number of operators (n) and repeatability (mea~ ~S) was 
thereby developed and this describes the repeatab1l1ty of 
determining species composition with multiple operators. 

RESULTS 

Total shrub canopy cover 

The SE(x)'s, along with the average canopy cover estimates for 
each sit~ are illustrated in Table 1. The relationships between 
LSD (P~O, 05) of estimating canopy cover and the number of 
observers for each of the five sites is illustrated in Figure 1. 

INSERT TABLE 1 

INSERT FIGURE 1 

It should be emphasised that these data were obtained with 
operators who (apart from one) had never before used the 
technique. This, I believe, makes the relationships illustrated 
in Figure 1 conservative. To be even more conservative, I 
assumed that the 'average' precision (i.e. the repeatability one 
would normally expect) is represented by the cur've with the third 
highest LSD (Figure 1) . 

The reliability of using the mean from four or fewer observers 
will be inadequate for most surveyor objectives. On 'average', 
the mean from at least five observers will be required to 
distinguish (P~O,05) 20% differences in canopy cover and 
approximately double that will be necessary to distinguish 10% 
differences. 

species composition (cover-abundance) 

The replicate similarity was relatively low when a single 
operator estimated species composition (Figure 2). This rapidly 
improved, however, when species composition was determined from 
the mean cover-abundance values derived from two or more 
operators. It is h i ghly recommended, therefore, that at least 
two operators should be used because in addition to the 
improvement in replicate similarity, field workers usually work 
in pairs and if both were to independently estimate cover
abundance, little extra time would be taken at each site. To 
obtain a reasonable level of repeatability (i.e. 85%), however, 
at least four operators would be required taking a total of c. 
50 man minutes. This is a vast improvement over the point 
centred quarter and belt transect methods (Stuart-Hill a & b in 
prep. ) . 

INSERT FIGURE 2 
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CONCLUSION 

It is apparent that a single operator cannot be relied upon to 
estimate either total shrub cover or species composition. 
However, using the mean of more than one operator rapidly 
improves repeatability. Given that four people can be 
transported in the average sedan and time spent at each site is 
relatively short (approximately 10 to 15 minutes), no fewer than 
four operators should ever be used. Even this does not, however, 
yield a really useful result for total shrub cover, where it 
would be safer to double this number of operators. The problem 
with this technique is that all the operators need to be well 
trained and using large numbers of such operators is expensive 
despite the time saving. In addition the technique is also prone 
to criticism in that it relies on a degree of subjectivity. 

Despite this method being a considerable improvement over the 
Point ·centred quarter and Belt transect methods tested earlier 
(stuart-Hill a & b in prep.), I believe that it is still not 
suff iciently sensi ti ve to support pro-active adaptive management. 
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The error in determining total shrub cover with the D
K cover abundance scale at five sites in Kaffrarian 
Succulent Thicket. These sites represent the range in 
ecological status and their average cover (determined 
from eight operators) is also shown. 

Ecological SE(x) Average Canopy 
status (%) Cover(%) 

1 100 10 60 
2 90 9 71 
3 45 15 43 
4 20 14 30 
5 -10 7 26 



7 

FIGURE CAPTIONS 

Figure 1 The repeatability of estimating total shrub cover with 
the Domin-Krajina cover-abundance scale by using the 
mean value derived from an increasing number of 
operators' independently estimated cover values. 
Broken lines indicate actual error curves measured for 
the five experimental sites. The solid line 
represents the mean error over all five sites. 

Figure 2 Replicate similarity of determining species 
composition (cover-abundance) with the Domin-Krajina 
cover-abundance scale, when using the mean composition 
derived from multiple operators. The vertical bars 
represent t he range in similarity as measured at each 
of the five experimental sites 
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ABSTRACT 

Surveying this vegetation is frustrated by the lack of an 
efficient technique. Research has ,discarded conventional 
botanical methods based on plant density and canopy volume but 
it was still necessary to test frequency and cover based methods. 
For various reasons, convention quadrats were not practicable in 
this vegetation and it was necessary to develop and test a new 
survey method. 

This paper, the first of a three part series, reports on the 
development of a three dimensional quadrat method known, because 
of its shape, as a 'Bubble'. It uses a simple apparatus which 
consists of two staffs, hinged together. One is held vertically, 
while the second is rotated in all directions without moving the 
first staff. Any species which can be touched by the rotating 
stick is .recorded. Ultimately, two types of species composition 
(relative frequency and relative cover) as well as various 
univariate descriptive parameters can be obtained with this 
method. 

INTRODUCTION 

The Kaffrarian Succulent Thicket (Cowling 1984) or Valley 
Bushveld of the eastern Cape (Veld type 23 b, c & d; Acocks 1975) 
is, in its 'pristine' state, so dense that the multistemmed 
shrubs grow in tangled mul tistoried canopies. The failure of the 
conventional botanical survey methods, such as the belt transect 
and point centred quarter methods (Stuart-Hill a & b in prep.), 
is probably a result of them being based on plant density - a 
poorly repeatable parameter when it is difficult to distinguish 
between individual plants. Even if density could be repeatedly 
measured, any technique based on this parameter would be 
insensitive (and not suitable for pro-active adaptive management) 
~ec~u~e it would depend on the death and replacement of 
~ndlv~du~l p~an~s~ As a resu~t of this, and the difficulty of 
ldentlfYlng lndlvlduals, denslty and density based techniques 
were discarded. 

Address during study: Dohne Research Centre, P Bag 
X15, Stutterheim, 4930. 
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In this early work there had, however, been an unarticulated but 
intuitive understanding of this problem. As a consequence, 
various volumetric measures were tested; the idea being that 
plants will diminish in size (due to 'over-browsing') before they 
die. These methods were however, also discarded because their 
repeatability is extremely poor (as a result of multiplicative 
errors which accumulate when these parameters are calculated). 

Cover does not appear to have the problems of density or 
volumetric measures and the visual Domin-kraj ina (OK) cover
abundance scale (Westfall & Panagos 1984; Anon 1988), based on 
the Braun Blanquet technique (Meuller-Dombois & Ellenberg 1974) 
was tested (stuart-Hill c, in prep.). This method seems to hold 
some promise, but only if multiple operators are used. The 
requirement of a large number of skilled persons (c. eight) is 
a (surmountable) limitation, but the technique is also criticiied 
in that it is prone to operator bias because of the subjective 
decisions which must be made. Also it appears to be inadequate, 
even with multiple operators, for pro-active vegetation 
management. Because of this I again turned to objective survey 
methods, but this time concentrated on cover and frequency. To 
sample these, however , necessitated the development of a new 
technique. This f i rst paper of the series, reports on its 
development. 

NECESSITY FOR A NEW SAMPLING TECHNIQUE 

Physically moving through this vegetation is a limitation and as 
a consequence, point based techniques to measure frequency were 
discarded because of the large numbers of points necessary with 
such techniques. 

Frequency can often be measured with quadrats wherein presence 
or absence of a species is recorded. Establishing conventional 
two dimensional quadrats (squares, rectangles or circles) of 
appropriate size in this vegetation is problematical because 
these require either: 

i) rigid or rigidly collapsible quadrats; 
ii) ropes to demarcate square or rectangular quadrat 

boundaries; or 
iii) a staff to act as a radius for a circular quadrat. 

The,first was a non-starter because the quadrat apparatus was too 
unwleldy to move around and place in the dense vegetation. 
The second is poorly repeatable because operators require: a high 
degree of land-survey skill to site the quadrats in the dense 
veg~tation; they have to lay the rope around the quadrat 
perlmeter and this is susceptible to bias; and most importantly, 
such quadrats are extremely time consuming to establish. 

A circular quadrat (using a single staff as the radius) solves 
many of the above problems. However, it suffers in that with 
r~ndo~ place~ent, th~ centre of the circular quadrat will often 
lle ,ln an lnaccess~ble ,place. In addition, with the many 
multlstemmed shrubs ln thlS vegetation, rotating such a staff at 
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ground level is impossible. It was felt that if the rota~ion 
problem could be solved t~en this techr:ique could have potent1al. 
The obvious way was to 11ft the rotat1ng staff above the shrubs 
but this was not entirely satisfactory as deciding whether a 
plant was in or out was particularly prone to errors of parallax. 

Eventually a three-dimensional quadrat, called a 'Bubble' was 
devised which avoided the problems discussed above and enabled 
a frequency based technique to be applied to this vegetation. 

DESCRIPTION OF THE BUBBLE TECHNIQUE 

The 'Bubble' quad~at technique is a derivative of a conventional 
frequency based quadrat method; the difference being that the 
Bubble quadrat is three dimensional and presence is recorded when 
any aerial portion of the plant is within this volume. 

The volume of this three-dimensional quadrat is demarcated with 
a simple apparatus which consists of two staffs, hinged together 
(Figure 1). One of the staff's (1.5m) is placed on the ground 
at the sampling point and held vertically. The second, 2.3m long 
and hinged on top of this 'upright leg', is rotated in all 
directions without moving the first staff. The second staff acts 
as the radius of a three-dimensional quadrat and any species 
which is within this volume or can be touched by the rotating 
stick is recorded as being present. This three-dimensional 
quadrat is called a 'Bubble' because of its shape which arises 
as a result of the rotating stick being longer than the upright
leg (Figure 1). Because the 'hinge' is elevated well above 
ground level (and above the multiple shrub stems) the rotating 
leg has much greater freedom of movement than if it were at 
ground level (as with the two dimensional circular quadrat). 

INSERT FIGURE 1 

The origin of the dimensions of the two legs of the apparatus 
were those that described the same sized 'Bubble' that I would 
demarcate when standing in a single upright position and tried 
to touch all species (in all directions) with a standard staff 
of 1.5m held in my hand. This approach was informally developed 
whilst trying to conduct a rapid survey to compare vegetation 
across a fence-line . As this 'human' method is not repeatable 
between operators (people differ in height and arm length) and 
operators are unable to stand at every position determined by 
random point placement, it was necessary to develop the 'Bubble' 
apparatus. The dimensions of the two legs are therefore, simply 
due to an,his~or~cal accident. As with all quadrat teChniques, 
quad:at slze, 1S 1mportant and should strictly be varied for each 
spec1es. Th1S was not evaluated although I acknowledge that this 
may need to be done. Notwithstanding this, the Bubble size 
appears to be adequate for most species. 
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PARAMETERS WHICH CAN BE RECORDED 

At each bubble the total cover of all woody plants can be , . 
visually estimated as a percentage of the circle descr1bed by t~e 
maximum radius of the 'bubble' (radius = 2.3 m). Cover 1S 
defined as the vertical projection of the shrubs' canopies onto 
the soil surface. 

After estimating overall cover, the three species which 
contributed most to cover wi thin the quadrat are ranked in 
descending order (i. e. the species which contributes most to 
cover is ranked 1, and so on). This ranking need not always be 
performed2 , but it enables cover at a species level to be 
determined using the principles of the dry-weight-ranked method 
(t' Mannetje & Haydock 1963). 

After ranking the three most important species (in terms of 
cover), the presence of all other species is recorded. Presence 
is recorded when the rotating leg of the 'bubble' apparatus can 
touch any part of the plant. The plant need not be rooted within 
the 'bubble' to be recorded. The repeatability of recording 
species presence is greatly enhanced if the operator starts at 
the top of a finite list and checks off each species in turn 
rather than recording each species as it is encountered3 • 

From these field measurements the following vegetation parameters 
can be determined: 
i) total woody plant cover; 

ii) frequency per species; 
iii) species composition calculated on the basis of frequency 

(relative frequency); 
iv) cover per species; and 
v) species composition calculated on the basis of cover 

(relative cover). 

It is important to note that the measurement for each species is 
essentially independent of the measure of all others. 
Consequently, it is possible to use this technique for a single 
species alone. 

2 

3 

~t does slow down measurement considerably, especially 
1f the operators agonize over the decision which at 
times can be very difficult. 

This is because it is very easy for operators to 
forget to callout a species strike when scanning the 
bubble for all plants. 
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MODIFIED CLIPBOARD AND DATA SHEET 

To ensure that the data are transcribed accurately in the field, 
either an electronic data logger or a modified clipboard is 
required. The latter consists of a slide which moves from ~eft 
to right across a compatible data sheet. The data sheet 1S a 
matrix where rows are for species and columns are for sample 
points (Figure 2). 

INSERT FIGURE 2 

The slide exposes only the column of the sampling point being 
measured and the common problem of recording data into the wrong 
columns is thus avoided. To facilitate rapid location of the 
appropriate species row, species codes are embossed on the slide 
itself (Figure 3). 

/INSERT FIGURE 3/ 

CONVERSION FACTORS FOR ESTIMATING SPECIES COVER 

Procedure 

Thirty five bubble quadrats were taken to represent a range in 
total cover and species compositions. At each bubble, total 
cover was estimated and the three most dominant species ranked 
in order of decreasing contribution to cover (as would normally 
be done when using the technique). In addition, separate 
estimates of cover were then made for each of these three 
species. Relationships between total cover and cover for each 
ranking were developed irrespective of species; e. g. all plants, 
regardless species, were used to develop the relationship between 
total cover and cover per species ranked 1, 2 and so on. Total 
cover was the independent variable and the intercept was forced 
through zero as it is logical to expect that when total cover is 
zero, cover per species would also be zero. Linear relationships 
were fitted and the slopes of the curves (one for each ranking) 
estimated. The latter become the multipliers to estimate, from 
total cover, cover per ranked species. 

Results 

There were relatively good relationships between total cover and 
cover per ranked species (Table 1). 

INSERT TABLE 1 

The slope of each relationship represents a conversion factor 
where, for example, a species ranked 1 would have a cover value 
of c. 59% of the total cover estimate. Approximate conversion 
factors could be 60%, 30% and 15% of total cover for species 
ranked 1, 2 and 3 respectively. It will be noted that an 
apparent abnormality is that the sum of the cover values from the 
three ranked species exceeds total cover by c. 5%. This is to 
be ~xpected ~owever, as in most circumstances the canopies of the 
var10US spec1es overlap. 
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DISCUSSION , CONCLUSION 

The Bubble method differs from conventional quadrat methods 
because the sampling units are three dimensional in shape and 
plants are recorded even if only aerial portions fall within the 
'bubble' . 

It appears to be an extremely rapid technique which theoretically 
can be applied to either fixed-point or random point monitoring. 
It has proved to be immensely popular with those operators who 
have used it. However, its repeatability and efficiency need to 
be evaluated before the technique can be recommended. This is 
addressed in the following two papers of this series. 
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Linear regression relationships between estimates of 
total cover (TC) and cover per species (C1, C2, C3) 
ranked according to decreasing contribution to total 
cover. 

Ranking 
1 
2 
3 

* P~0.05 
** P~0.01 

Equation 
C1 = TC * 
C2 = TC * 
C3 = TC * 

r2 
0.59 0.80·· 
0.31 0.68· 
0.15 0.56· 
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FIGURE CAPTIONS 

Figure 1. The bubble apparatus and the resulting three
dimensional sampling area. 

Figure 2. An example of a data sheet for use with the bubble 
apparatus. 

Figure 3. A modified clipboard for use with the bubble 
apparatus. The slide with species codes embossed, 
moves across the data sheet with each 'bubble' and is 
specifically designed to reduce the chance of data 
being entered into the incorrect column. 
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ABSTRACT 

This paper, second of a three part series, is aimed at evaluating 
the repeatability of the Bubble method's frequency derived 
measures of the vegetation. The method was evaluated with 
'bubbles' placed at fixed (permanently marked) and random points. 

At 72% of the fixed bubble points, all six operator pairs agreed 
on the presence or absence of a species. For fixed point 
monitoring, more than one operator should determine the presence 
of a species. 

Species composition had high repeatability, especially if 
measured at fixed points. The improvement in repeatability with 
increasing sample size was initially extremely rapid and sampling 
more than five and 10 bubbles (for fixed and random bubble 
placements respectively) may not be worthy of the improved 
result. Using fixed sampling points is not generally recommended 
because of the problem of correlated variance, and the extra time 
and costs associated with marking and later finding the points. 
I suggest that for rapidly quantifying vegetation composition 
(relative frequency) for most vegetation community research 
efforts, 15 randomly placed bubble quadrats would probably be 
sufficient. This would provide a replicate similarity of c. 85% 
and take c. 75 man minutes. For pro-active adaptive management, 
however, this method is likely to be too tedious. For example, 
it will take well in excess of 4 hours to obtain a replicate 
similarity of 95%, even with fixed monitoring points. 

INTRODUCTION 

After devising a technique to survey this dense and tangled 
vegetation (see Part 1 of this series), it was necessary to test 
the repeatability of this new method. The objective was to 
evaluate the Bubble quadrat method and in particular, this paper 
aimed to test the repeatability of those parameters which are 
derived from frequency measures; i.e. the error about determining 
the frequency of occurrence of a species, or for example 
determining species composition from relative frequency a~ 

Address dur ing study: Dohne Research Centre, P Bag 
X15, Stutterheim, 4930. 
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opposed to relative density or cover. The analysis was conducted 
from two viewpoints: 
i. the repeatability of various vegetation parameters measured 

at fixed Bubble quadrats (a technique for vegetation 
monitoring); and 

ii. the repeatability of various vegetation parameters measured 
at randomly placed Bubble quadrats within a 2ha sample site 
(a technique for vegetation inventory and monitoring) . 

FIELD PROCEDURE 

Fixed points repeatability 

Ninety six fixed points in three different paddocks were randomly 
identified and marked with steel fencing standards driven into 
the ground. At each of these points, six operator pairs 
measured the vegetation parameters described in Part 1 of this 
series. The base of the iron standard was used as the fixed 
point and the basal leg of the ' bubble' apparatus was held 
vertically above this point (i.e. operators were told not to lie 
the 'upright-leg' of the apparatus against the pole) . 

This analysis was intended to shed light on the repeatability of 
using fixed monitoring points. The reason for this approach was 
that managers were anxious to monitor vegetation change and 
assumed that the most sensitive manner would be to have fixed 
points which are periodically returned to. 

Random point repeatability 

A 2 ha site was selected to represent vegetation in the central 
range of ecological status (see stuart-Hill & Hobson 1991 for a 
definition of ecological status). Each operator 'placed' 50 
randomly selected Bubble quadrats throughout the 2 ha area in a 
systematic random fashion. 

The operators were encouraged to position each sampling point in 
an objective fashion , not to keep to paths. If the point was in 
the middle of a bush, then the base of the 'bubble' apparatus was 
lowered into the bush and the operator then walked around the 
bush, bringing the rotating leg along with him and recording all 
'strikes'. 

ANALYTICAL PROCEDURE AND RESULTS 

REPEATABILITY OF RECORDING A SPECIES IN ONE FIXED BUBBLE 

Analysis 

Fourteen of the most common species were selected for this 
analysis (see Table 1). At each of the 96 fixed points, the 
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degree of agreement between operators' estimates of pres~nce or 
absence of a species was evaluated. Three categorles of 
agreement were used: 100% agreement where all six operator teams 
had the same answer; 83% agreement where "five of the six operator 
teams had the same answer; and ~ 67% where four or fewer operator 
teams agreed. In this last category, only in very few cases ~ere 
there less than four operators in agreement and for practlcal 
purposes this category can be assumed to represent 67 % agreement. 

Results 

The degree of agreement between the six operators, per species, 
is presented in Table 1. 

INSERT TABLE 1 

Averaged over all species: there was 100% agreement at 69 of the 
96 points (i.e. 72%); one operator was contrary to the rest at 
18 of the 96 points (i.e. 19%); and 2 or more, at 9% of the 
sites. 

REPEATABILITY OF SPECIES COMPOSITION (RELATIVE FREQUENCY) 

Fixed bubble points 

Analysis 

The species lists obtained by each of the six operator teams at 
each of 24 randomly selected fixed points were compared by 
determining percentage similarity (PS) for each comparison (i.e. 
15 operator comparisons by 24 points). The mean PS of the 15 
operator comparisons was determined for the off-diagonal terms 
in a 6 x 6 similarity matrix for each of the 24 randomly selected 
fixed points (similar to the approach used by Hardy & Walker 
1991) . These were plotted against N = 1 to represent the 
repeatability of determining the species list at a single fixed 
point. 

Where species composition (relative frequency) is to be obtained 
from more than one fixed point, a similar procedure to that 
described above was followed, except that the percentage 
composition from 6, 12, 24 and 48 fixed points (N) was determined 
for each of the six operator teams. Sixteen, eight, four and two 
randomly selected (without replacement) samples of 6, 12, 24 and 
48 fixed points respectively, were drawn and the mean PS of the 
15 operator comparisons was determined for the off-diagonal terms 
in a 6 x 6 similarity matrix for each sample. It follows that 
there were unequal numbers of samples to determine mean PS for 
e~ch N but this was unavoidable as the random samples were drawn 
wlthout replacement (which is a more rigorous routine than that 
used by Hardy and Walker 1991). 

T~e mean PS's were plotted against increasing N, and a curve was 
fltted to reflect the average repeatability that could be 
expected. 
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Results 

The relationships between repeatability, of me,asuri,ng species 
composition from increasing numbers of f1Xe? p01nts 11lust~ated 
that even at a single point, the repeatab111ty was relat1vely 
good' with a PS of 85.5% (± 6.6) and this improved t,o 92.5~ (± 
0.7) when species composition was determined from 48 f1xed p01~ts 
(Figure 1). A replicate similarity of 90% was achieved w1th 
only c. 13 fixed points. 

INSERT FIGURE 1 

The poorest repeatability (replicate similarity) was 67% and the 
best 100%. The extremes were obtained when species composition 
was determined from a single fixed point. It is noteworthy, 
however, that repeatability of less than 70% occurred at only 
6.7% of the replicate comparisons, and at c. 18% of these 
comparisons, repeatability of determining species composition was 
100%. 

Random bubble points 

Analysis 

Five sub-samples were drawn randomly from the 50 bubble quadrats 
that each team measured. These five (5, 10, 20, 30 and 40 bubble 
quadrats) together with all the bubble quadrats measured by the 
operator team (N = 50) represent increasing numbers of randomly 
placed bubble quadrats. 

For each of these six samples, species composition (relative 
frequency) was determined so that six estimates of species 
composition were obtained per operator team, each reflecting an 
increasing number of bubble quadrats. The repeatability (PS) 
between the operators for each sample size was calculated, 
yielding a similarity matrix from which mean PS was determined. 
These were plotted against increasing sample size (numbers of 
bubble quadrats) to represent the repeatability of determining 
species composition f rom increasing numbers of bubble quadrats. 

Results 

There was a rapid initial improvement in replicate similarity so 
that after c. 10 bubble quadrats little improvement was obtained 
(Figure 2). It seems therefore, that at least 10 bubble quadrats 
should be placed for maximum efficiency but 15 would probably be 
safer. There was only a 5% improvement in replicate similarity 
with an increase from 15 to 50 bubble quadrats. The results are 
similar to those for fixed points (Figure 1) except that: 
i) replicate similarity was c. 6% higher with fixed bubble 

quadrats (once the curves had 'stabilized')' and 
ii) replic~te similarity with fixed bubble quadrats was high 

even w1th very low numbers. 



5 

The Jatter is to be expected given that the oper~tors resurv7y 
the same bubble quadrats. However, the small lmprovement ln 
replicate similarity with fixed bubble quadrats was rather 
surprising. 

INSERT FIGURE 2 

DISCUSSION AND CONCLUSIONS 

The effectiveness of recording the presence of a species in a 
fixed bubble quadrat was rather disappointing, but should be 
tempered with the realisation that a disagreement by one of the 
six operators represents a 17% chance of being incorrect. 
Further, the operators were inexperienced, had a fairly extensive 
list of species and were allowed to record them in the order in 
which they saw them . I believe that these results reflect the 
worst case. with experienced operators, working with a limited 
species list in a fixed sequence, the repeatability should be 
greatly enhanced. However, for baseline surveys (the first 
survey in a monitoring programme) it would be safest to use more 
than one operator (recommend at least 3) and use consensus to 
determine the presence or absence of a species at a fixed point. 
Whether this effort is justifiable with respect to monitoring for 
proactive adaptive management~ remains in question. 

Determining species composition (i.e. relative frequency) was 
efficient with respect to simply quantifying change (i.e. for 
research purposes). While fixed bubble sampling points are 
necessary if very few sample points are taken, ultimately there 
was little difference between fixed or randomly placed bubble 
quadrats (c. 6% improvement in PS with fixed points). 
Establishing and later finding the fixed points may not be worth 
this improvement and rather than use fixed sampling points, it 
may be preferable (to avoid correlated variance and for reasons 
of efficiency) to simply increase the sampling frequency of 
random bubble points. However, having said that, it must be 
pointed out that 50 random bubbles (c. 250 man minutes) will 
yield a similar repeatability (i.e. PS=89%) as nine fixed bubbles 
(c. 45 man minutes plus initial establishment and searching 
time). It follows that users will ultimately have to decide, for 
themselves, which option is appropriate. 

with efficiency in mind, 15 random bubble quadrats is probably 
adequate for most survey applications where the objective is to 
quantify the impact of some perturbation on the vegetation. This 
would provide a replicate similarity of c. 85% and take c. 75 man 
minutes. For pro-active adaptive management, however this 
method is likely to be too tedious. For example it will take 
well in excess of 4 hours to obtain a PS of 95% even with fixed " . , monltorlng pOlnts. 
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Table 1 The number of fixed points (out of 96) where all six 
operators agreed (100%); where five of the six 
operators agreed (83%); and where four or fewer of the 
six operators agreed (~ 67%) on the presence or 
absence of a species. 

Species 

Portulacaria afra 
Euclea undulata 
May tenus spp. 
Azima tetracantha 
Schotia afra 
Pa~H2ea ca12ensis 
Ca1212aris se12iaria 
Rhus undulata 
Lycium oxycar12um 
Crassula ovata 
EU12horbia bothea 
Grewia robusta 
Eheritia rigidia 
Protos12aragus spp. 

Mean 
SE(X) 

100% 

84 
74 
56 
77 
67 
70 
54 
57 
81 
74 
61 
56 
89 
60 

69 
11. 6 

83% 

12 
8 

24 
14 
11 
20 
31 
27 
10 
14 
26 
23 

7 
26 

18 
8.1 

~67% 

o 
14 
16 

5 
18 

6 
10 
13 

5 
7 
9 

17 
o 

10 

9 
5.8 
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FIGURE CAPTIONS 

Figure 1 Replicate similarity (percentage similarity) for 
determination of species composition (relative 
frequency) with increasing numbers of fixed bubble 
quadrats. Error was determined from repeated 
estimates made by six operator teams. 

Figure 2 Replicate similarity (percentage similarity) for 
determining species composition (relative frequency) 
wi th increasing numbers of randomly placed bubble 
quadrats. Error was determined from repeated 
measurements made by six operator teams. 
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THE 'BUBBLE' TECHNIQUE FOR SAMPLING KAFFRARIAN SUCCULENT 
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ABSTRACT 

Thi~ paper, last of a three part series, aimed to evaluate the 
repeatability of the Bubble method's cover based measures of the 
vegetation. The method was evaluated with 'bubbles' placed at 
fixed and random points. 

While it took on average c. seven man minutes per bubble sampled, 
the extra effort of obtaining the cover data (over and above the 
standard frequency data - Paper 2) took c. two of these minutes 
(i.e. translating into roughly a 40% increase in sampling 
effort) . 

Monitoring species cover at a single permanent bubble point was 
ineffective unless the mean estimate from multiple operators was 
used. Estimating cover of a species at"a site generally, while 
moderately more repeatable, was not even sufficient to detect 
changes of c. 50% 

Species composition (relative cover) had poor repeatability for 
random point placement but relat i vely good repeatability for 
fixed point repeatability. 

Overall canopy cover could be estimated with equal precision with 
either fixed or random points and differences of c. 10% could be 
detected (P=0.05) from c. 25 bubble quadrats (an extra 50 man 
minutes) . 

While total canopy cover may be a useful attribute for monitoring 
depending on sampling resources, the cover derived measures for 
species were poorly repeatable and as a consequence, unsuitable 
for proactive adaptive management - or for that matter even . . ' monltorlng for research purposes. It follows that the extra 
sampling effort to rank species according to cover contribution 
is probably not worth the extra information yield. 

Address during study: Dohne Research Centre, P Bag 
X1S, Stutterheim, 4930 . 
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INTRODUCTION 

After devising the bubble technique (see Part 1 of t~is ser~es) 
and testing the frequency derived measures (Part 2), lt r~malned 
to evaluate the repeatability of those parameters WhlCh. ~re 
derived from cover measures; e.g. the error about determlnlng 
overall shrub cover the cover of a single species or determining 
species compositio~ from relative cover as opposed to relative 
density or frequency. 

As with Part 2, the analysis was conducted from two viewpoints: 
i. the repeatability at fixed bubble quadrats (for vegetation 

monitoring); and 
ii. the repeatability at randomly placed bubble quadrats (for 

vegetation inventory and monitoring) . 

FIELD PROCEDURE 

The cover measurements (described in Part 1 of this series) were 
obtained from the same fixed and randomly selected bubble 
quadrats as described in Part 2 of the series. 

The procedure is explained fully in Part 1 but essentially the 
species cover data are obtained in a manner similar to the 
approach of the dry weight rank method of (t'Mannetjie & Haydock 
1963). The overall cover per bubble was estimated and the three 
most dominant species are ranked in terms of their contribution 
to cover. The conversion factors for the rankings respectively 
were 60% , 30% and 15% of total cover. All other species were 
assumed to be at 1% of total cover. 

ANALYTICAL PROCEDURE AND RESULTS 

REPEATABILITY OF ESTIMATING COVER OF A SPECIES AT ONE FIXED 
BUBBLE QUADRAT 

Introduction 

It may on occasion be necessary to monitor change in cover of a 
particular species at a single permanent sampling point. The 
intention of this section was, therefore, to determine the 
repeatability of estimating such a parameter. This evaluation 
was only performed on fixed bubble quadrats because random bubble 
sampling is not appropriate to in this instance. 

Analysis 

The cover per species, at each fixed bubble was determined from 
the rankings and correction factors developed previously (see 
Part 1). 
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The mean cover and SE(X) of each species, at each fixed point was 
determined from the six operator estimates. These were plotted 
against each other in a scatter plot to see if, error of 
estimation changed with the actual cover of the specles. If no 
change occurred with plants of different size (cover) then the 
mean SE(x) was to be determined (i.e. th~ ?ata could be p~oled) 
and the relationship between the repeatabl1l ty of cover estl~ates 
per species and increasing numbers of quadrats was determlned. 
If error of measurement changed with plant size (cover) then 
different relationships between repeatability and number of 
operators would have to be determined· for each size (cover) 
category of plant. 

Results 

Apart from those plants which were un-ranked but present (i.e. 
contributing an assumed 1% of total cover) there was no 
consistent change in error of measurement with increasing plant 
size (measured by cover) (Figure 1). 

INSERT FIGURE 1 

This allowed for the data to be pooled and a single relationship 
to be determined describing repeatability of estimating cover of 
a species as a function of increasing numbers of operators 
(Figure 2). 

INSERT FIGURE 2 

The error in determining cover of a single ranked species in a 
fixed bubble quadrat with one operator is c. ± 4.5%. This is not 
very large for these plants which have large values for cover, 
but when looking at real cover values of approximately 5 to 20%, 
this error is excessively high in relative terms. Given that 
error decreases rapidly when using the mean from a number of 
operators' estimates (Figure 2) and that operators usually work 
in pairs, it is recommended that the mean estimate of at least 
two but preferably three or four operators be used when 
monitoring cover of a species at a single fixed bubble quadrat. 

REPEATABILITY OF COVER OF A SINGLE SPECIES FROM MANY BUBBLES 

Fixed Bubble Quadrats 

Analysis 

The mean cover (and SE(x)) of every species was determined for 
each operator over all 96 fixed bubble quadrats. For each 
species the highest of the six SE(x)'s was selected as 
representing the operator with the worst precision. These values 
were related to mean cover per species to see whether error in 
determining cover changed depending on actual cover. If a 
r~lationship e~iste~, then it would be necessary to develop 
dlfferent relatlonshlps reflecting repeatability with increasing 
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number of bubble quadrats, dependent on actual cover. If not, 
then a single relationship should be developed to represent 
repeatability for all species and plant sizes. 

Results 

There was a strong linear relationship between the error. in 
measuring a species's cover and the actual c~ver ~f that sP7c7es 
(Figure 3). Consequently, different relat10nsh1ps descr1b1ng 
repeatability with increasing plant canopy size were developed 
(Figure 4). After c. 10 fixed bubble quadrats, the further 
decrease in error (of measuring cover per species) was so small 
as to not warrant the extra sampling effort. Although the error 
in measurement at this point was small . (6 to 2% for real cover 
values of 25 and 5% r espectively), these were large relative to 
actual cover (e.g. from approximately 24 to 40% respectively). 

INSERT FIGURE 3 

INSERT FIGURE 4 

Random bubble quadrats 

Analysis 

Similarly as for fixed bubble quadrats. 

Results 

As with the fixed bubble quadrats there was a strong linear 
relationship between estimation error and the actual cover of 
that species (Figure 5 ~ . Similarly, different relationships 
describing repeatability with increasing plant size were 
developed (Figure 6). 

INSERT FIGURE 5 

INSERT FIGURE 6 

In contrast to the fixed bubble quadrats where little improvement 
in error was obtained with more that 10 bubbles, error was still 
decr7asin~ noticeably at 25 randomly placed bubbles, except for 
spec1~s w1th low cover (c. 5%) where improvement in error beyond 
15 p01nts was probably not worth the extra survey effort. Again 
the errors were rather small in absolute terms (at n = 25) 
ranging between 2 and 9% for real cover value of 5 and 25% 
respecti vely but represented relative errors of 40 and 36% 
respectively; i.e. cover would have to change well in excess of 
50% for the technique to detect significant change. 
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REPEATABILITY OF DETERMINING SPECIES COMPOSITION (RELATIVE COVER) 

Analysis: Fixed bubble quadrats 

The repeatability of estimating species composition (relative 
cover) was evaluated by drawing random samples of increas~ng 
sizes, determining composition (relative cover) and calculatlng 
the average replicate similarity between operators. 

Analysis: Random bubble quadrats 

The repeatability of estimating species composition (relative 
cover) was determined by drawing random samples of size 50, 25 
and 12 bubbles and after determining species composition 
(relative cover), the average replicate similarity for these 
three sample sizes was calculated and plotted against sampling 
intensity. 

Results 

The similarity of species composition (relative cover) using 
fixed quadrats was as expected, significantly better than that 
derived from randomly placed bubble quadrats (Figure 7). 
Sampling more than 12 fixed bubble quadrats is not worth the 
resulting increase in replicate similarity and even with 50 
randomly placed bubbles, replicate similarity only just reached 
80%. 

It follows that if species composition (by relative cover) is to 
be monitored then fixed points would be preferable to using 
random points despite the statistical shortcomings of monitoring 
at fixed sampling locations. 

INSERT FIGURE 7 

REPEATABILITY OF DETERMINING TOTAL SHRUB COVER 

Using fixed bubble quadrats 

Analysis 

The mean and SE (x) of the six operator estimates of total cover 
for each of the 96 fixed points was determined. These were 
plotted against each other to see whether there was a 
relationship ,between total cover and the error of measuring the 
parameter; l.e. was the repeatability of operators influenced 
by the, amount of cover? If not, then it is legitimate to 
~etermlne an estimate of error from all of the data combined
lf there is a relationship, then separate estimates of error need 
to be made for each cover category _ 
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The greatest, smallest and average s~'s were selected from the 
96 possibilities to represent respect1vely, the wors~, best. and 
average repeatability of estimating total cover at a s1ngle f1xed 
point. From these values, three curves were developed. to ref~ect 
SE(mean) with increasing numbers of operators at a s1ngle f1x7d 
point; to represent the worst, best and average error 1n 
estimating cover if the mean estimates from more than one 
operator were to be used. 

In addition a relationship between error and increasing numbers 
of points was developed for determining the repeatability of 
estimating total cover with fixed points (using a single 
operator) . 

Results 

There was no relationship between cover and the error in 
estimating total cover; i.e. operator precision did not change 
with cover (Figure 8 ) . As such there was no reason to determine 
repeatability for various cover values and the data were pooled 
to determine the error of a single observation (± 18.09%). This 
was used to develop a relationship between increasing sampling 
intensity and sampling error (Figure 9). 

Even in the worst instance (the fixed points where the difference 
in the operators estimates was greatest) repeatability of 
estimating total cover at a single point with a single operator 
was below 10% (Figure 10). On average, it was below 6% and in 
the best case below 2%. Using the mean from multiple operators 
did not greatly increase precision other than in the worst site 
where using two operators would reduce error by c. 30%. 

It would seem that estimating total cover at fixed points is 
highly repeatable and that a single operator on approximately 25 
fixed bubble points (Figure 9) would be adequate for monitoring 
a 10% change in cover (P=0.05). 

INSERT FIGURE 8 

INSERT FIGURE 9 

INSERT FIGURE 10 

The mean total cover estimate for each of the three camps as 
determined by each operator team are presented in Table 1. 

INSERT TABLE 1 

The SE (x) of determining % cover in each of the three camps was 
exceedingl~ small and on average an error of only 3.3% may be 
expected g1ven the number of points sampled. This verifies 
Figure 9 which pred icts c. 3.6% and 2.6% for n=24 and 48 
respectively. 
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using random bubble quadrats 

Analysis 

The total cover estimates at all 300 bubble quadrats (six 
operators x 50 bubble quadrats each were pooled and the me~n and 
SE (x) determined. The SE (x) wa~ t~en used to derl.ve, a 
relationship between error of estl.matl.ng me,an cover Wl. ~h 
increasing numbers of bubble quadrats (placed l.n a systematl.c 
random manner) . 

Results 

As with the fixed bubble quadrats, there is little point in 
determining total cover from more than 25 bubbles (Figure 11) and 
at that sampling intensity, random placement of bubbles increases 
SE (mean) by less than 0.5% (compare Figure 9 and 11). It 
follows that there is little point in going to the expense and 
trouble of using f i xed positions for monitoring total shrub 
cover. 

A means of checking the above is to compare the estimates of 
cover made by the six operators. This was done by randomly 
selecting 25 (half of the) bubble quadrats from each operator's 
data and determining total shrub covf?r. These results are 
presented in Table 2. 

INSERT TABLE 2 

The SE (x) of determining total shrub cover with the different 
operators was 4.5 and this compares favourably with the 
predictions of Figure 11. 

INSERT FIGURE 11 

DISCUSSION AND CONCLUSIONS 

While it took on average c. seven man minutes to sample each 
bubble - fully, only c . two of these minutes were due to the extra 
effort of obtaining the cover data. This translates into roughly 
a 40% increase in sampling effort to obtain the cover data. 

The error, in monitoring species ·cover at a single permanent 
bubble pOl.n~ was c. ± 4.5% and this is judged to be excessively 
large relatl.ve to the actual cover values. It is recommended 
that, if this attribute is required (e.g. monitoring species 
cover at permanent points), then multiple operators should be 
used and their mean estimate used. 

Estimating cover of a species generally with either fixed or 
random bubble points, was moderately more repeatable than 
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measuring a species at a single monitoring point (error relative 
to actual cover ranged between 24 and 40%). However, even this 
improvement was not sufficient to detect changes of less than c. 
50%, regardless of sampling intensity. 

Species composition (relative cover) had poor repeatability for 
random point placement but relatively good repeatability for 
fixed point repeatability. Approximately 12 fixed bubble points 
(i.e. 84 man minutes) could be used to monitor species 
composition change with a replicate similarity of c. 85%. This 
would take a total (excluding initial marking of the sampling 
point), of c. 84 man minutes but if the frequency data were also 
required then this translates to an extra 24 man minutes of 
sampling effort. 

Overall canopy cover could be estimated with equal precision with 
either fixed or random points. Differences of c. 10% could be 
detected (P=0.05) from 25 bubble quadrats meaning that relative 
changes in total shrub cover of less than 20% can be detected 
with this degree of sampling. This would require c. 175 man 
minutes but as mentioned previously it would add an extra 50 man 
minutes to any frequency based sampling at this intensity level. 

It appears that the extra sampling effort required to obtain 
cover data with the bubble method is probably not worth the extra 
information it will yield. This effort would be better spent in 
increasing sampling for the basic frequency derived measures of 
the vegetation (Part 2). 
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Table 1 Mean % canopy cover at fixed points in three camps as 
estimated by six operator teams (n is number of 
points). 

Camp name n 

Brakkefontein 24 
Piekniekplek 24 
Koedoekamp 48 

Team number 
1 2 3 

66 
63 
60 

67 
66 
57 

74 
64 
64 

4 

69 
66 
67 

5 

68 
66 
66 

6 

61 
63 
57 

Mean 

68 
65 
62 

SE(x) 

4.0 
1.6 
4.4 

Mean 3.3 



Table 2 

Mean cover 
SE (mean) 

Mean % canopy cover from 25 random bubble 
quadrats as determined by six operator teams. 

Team number 

10 

1 2 3 4 5 6 Mean SE(x) 

50 
11 

49 
15 

56 
21 

52 
21 

57 
21 

43 
18 

51 4.5 
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FIGURE CAPTIONS 

A scattergraph illustrating no relationship 
between the error in determining cover of a single 
species and 'actual' cover (plant size) of that 
species using a single fixed bubble quadrat. 
'Actual' cover was estimated as the average of the 
six operator estimates. . 
The repeatability of determining cover of a slngle 
ranked species at one fixed bubble position with 
different numbers of operators. 
The relationship between 'actual' cover and the 
error in measuring cover of a single species using 
fixed bubble quadrats. 'Actual' cover was 
estimated as the average of the six operator 
estimates. 
The repeatability of determining cover of a single 
species from increasing numbers of fixed bubble 
quadrats. The four curves represent the 
repeatability for plants with actual cover values 
of 25, 20, 15 and 5%. 
The relationship between actual cover and the 
error in measuring cover of a single species using 
random bubble quadrats. 
The repeatability of determining cover of a single 
species from increasing numbers of randomly placed 
bubble quadrats. The four curves represent the 
repeatability for plants with actual cover values 
of 25, 20, 15 and 5%. 
Replicate similarity (percentage similarity) for 
determining species composition ( cover derived) 
with increasing numbers of randomly placed (-
-) and fixed( -) bubble quadrats. Error was 
determined form repeated estimates made by six 
operator teams. 
The lack of a relationship between average total 
shrub cover and the error in estimating cover from 
six operator teams at each of 96 fixed bubble 
points. 
The repeatability of determining total shrub cover 
from increasing numbers of fixed bubble quadrats, 
where a single operator estimates cover at each 
sampling point. 
The error in determining total shrub cover at a 
single fixed point by using the mean value derived 
from increasing numbers of operators. The three 
curves were selected from a total of 96 to reflect 
the best, average and worst case scenarios. 
The repeatability of determining total shrub cover 
from increasing numbers of randomly placed bubble 
quadrats, where a single operator estimates cover 
at each sampling point. 
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VEGETATION MONITORING IN SOUTH AFRICA: 
IS A PARADIGM SHIFT REQUIRED ? 

G.C. STUART-HILL 
Bophuthatswana National Parks Board 

P.O. Box 4124 
RUSTENBURG 

0300 
SOUTH AFRICA 

ABSTRACT 

Vegetation monitoring in South Africa has a poor success record. 
There lS no State monitoring programme despite decades of 
expenditure (of public funds) on research, extension, subsidies 
and legislation. Current monitoring techniques for land managers 
are inappropriate because they are either too complicated, 
tedious or insensitive for pro-active adaptive management. Only 
researchers have useful monitoring techniques, but even here, 
serious scientific 'sins' are regularly committed. 

I suggest that this state of affairs is due to incompetent 
management of envi ronmental agencies, inadequate funding for 
monitoring programmes, and importantly, because scientists are 
operating from a s i ngle, often inappropriate paradigm. This is 
one of using objective botanical survey methods, but varying 
sampling intensity for different users to achieve the appropriate 
repeatability. 

I argue that we need a paradigm shift, for example by employing 
visual methods for large scale monitoring and using the state of 
individual plants for farm scale monitoring. Essentially we need 
to break from the pre~occupation with objective species 
composition measurement s in small research plots. 

INTRODUCTION 

I have approached this paper by summarising my own perceptions 
of the state of monitoring in South Africa, especially in 
relation to user involvement. I emphasis that this is my 
interpretation and I acknowledge that the critique is done with 
the benefit of hindsight; an advantage which the various 
researchers did not have. 

Vegetation monitoring and assessment in South Africa have had 
confused histories and consequently it is not possible to review 
local , mon~toring efforts without first understanding the 
relatlonshlp between these two closely related but independent 
efforts. 
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vegetation assessment 

Stuart-Hill and Hobson (1991) defined assessment as a once-off 
evaluation of the vegetation with the expre:ss objective. of 
providing information for management and pla~n1ng (e.g. se~t~ng 
sustainable stocking rates, evaluating erOS10n hazard, s1t1ng 
fences to separate vegetation with different management 
requirements, assessing the potential for various enterprise~). 
Range condition assessment is, therefore, a form of vegetat10n 
inventory where 'condition' is an index of the current state of 
the range (in terms of species composition and structure). 

Much debate has centred around the concept of range condition 
which was considered to index the "state of health" of the 
vegetation; i.e. what the vegetation should be like under normal 
climate and optimum management (Bailey 1945; Parker 1954; Short 
& Woolfolk 1956; Tueller & Blackburn 1974; Tainton 1981). 
Managers were encouraged to strive for this state because this 
allegedly corresponded to minimal soil loss and maximum carrying 
capacity (Tainton 1981). Aside from the obvious difficulty of 
defining 'normal climate', 'optimum management' and 'heal thy 
range' , there is a philosophical shortcoming with 
'rangecondition' which scientist (especially locally) have 
neglected. The different states that the vegetation can assume, 
are not all equal, and land users with different interests have 
different concepts of 'ideal' vegetation; , range condition' 
incorporates a value judgement. It follows that there is no one 
ideal state for rangeland. 

Attempting to alleviate this problem, Stuart-Hill and Hobson 
(1991) proposed that condition should simply be a descriptive 
index which conveys multivariate information about the current 
state of the vegetation at a site; the same principle as using 
a cows's breed, sex or age (all descriptive indices) to convey 
multivariate information about that animal to which different 
people can attach a value judgement. It follows that each land 
user should use the same descriptive index but interpret it 
differently depending on their viewpoints/objectives. They 
proposed that a sample site should be assessed in terms of its 
similarity (floristically or structurally) to all other sites 
and its position in multivariate space should be the index (O~ 
'condition') which inherently describes the state of the 
vegetation. It is without value judgement. 

Vegetation monitoring 

Mentis (1984) formally defined monitoring as "the maintenance of 
r~gular surveillance to test the null hypothesis of no change". 
S1mply, t~is.means repeated measurements of relevant ecosystem 
character1st1cs to detect change and record events. Monitoring 
~n its own will not provide reasons for change, but merely record 
1t. 
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The 'confusion' between monitoring and assessment 

The first survey efforts were implicitly aimed at monitoring the 
vegetation as can be seen by the preponderance o~ permanently 
marked sites in early monitoring efforts (unpubllshed data by 
Roux in the Karoo). However, in attempting to develop a system 
to index the current state of the vegetation (which I suppose 
would ultimately have been used to communicate multivariate 
change in a univariate sense), researchers got involved with 
concepts such as range condition. A host of techniques evolved 
which Hurt (1989) broadly classified into two philosophies: viz 
an ecological approach . (based on successional theory) and a 
forage production approach. As discussed previously, condition 
is fraught with pitfalls, but for monitoring, the biggest problem 
was that the researchers concentrated on the concept and 
development of the index itself, and neglected the repeatability 
of the survey technique. This was particularly serious where the 
intended users were not researchers. Agronomic indices, 
ecological indices and hundreds of species response curves have 
been developed under the research banner of vegetation 
monitoring, but even collectively, these have contributed little 
to monitoring in South Africa. 

A Vegetation Monitoring Workteam was formulated in . the early 
1980's by the CSIR and after considerable academic gymnastics, 
concentrating on the philosophy and theory of monitoring, an 
advisory system was produced whereby monitoring procedures 
tailored to local objectives and conditions could be developed 
(Mentis 1984). This extremely useful product was encapsulated 
in an expert system (Mentis et al. 1989) but it concentrated on 
the monitoring requirements of professionals (i.e. researchers) 
(Mentis 1989). Despi te the 'bigger picture' covered by the 
expert system, research efforts guided by this workteam 
essentially operated within the paradigm of objective species 
composition measurement in small plots «lha) (see the papers by 
Bosch, Holton and Walker in Mentis 1989). Furthermore, the 
philosophy was to develop relationships between sampling effort 
and sampling error (or replicate similarity) so that, by defining 
apriori a level of precision suitable for their requirements, 
users could then determine what sampling effort would be 
required. Researchers seem to have 'locked-onto' this and 
implicit in recommendations corning from this paradigm is th~t the 
same botanical sampling techniques should be used by all users 
but ~t . different sampling intensities depending on the required 
preC1Slon. 

While many important lessons have been learned from this 
workteam,. national and farm scale monitoring has not progressed. 
The U?Wrltte~ (and somewhat malicious) allegation of some, is 
that ln deb~tlng the theory of monitoring, we have lost a decade 
of opportunlty. 
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MONITORING IN SOUTH AFRICA 

Of great importance with monitoring is the obj~ctives of the 
users of the data. Hardy and Stuart-Hill (in prep.) sugg~sted 
various monitoring requirements for South Afrlca from whlch I 
have identified the following users. 
i. National and Regional governments 
ii. Land Mangers 
iii. Researchers 
Each of these users has different objectives and these impact on 
the temporal and spacial scales of the required monitoring 
programme. 

National and Regional governments 

Briefly, governments are concerned with the change in ve~etation 
communities at a sub-continental and regional scale. ThlS needs 
to be considered at a decade-type time scale, except where large 
episodic events (droughts/floods) massively and suddenly impact 
on the vegetation. Government responsibility is to the people 
of the country. They need to monitor to evaluate the · success of 
their costly environmental policies, inform the public of adverse 
vegetation trends and respond to the changes by policy decisions 
involving perhaps legislation or incentives. Despite the 
expenditure of billions of public rands (over the past 70 years) 
on research, extension, education and subsidies, South Africa 
still has no scientifically sound national monitoring facility 
for its rangelands . This is inexcusable especially when seen 
against the persistent and often dogmatic claims that the 
vegetation in the country is being degraded through pastoral use. 

Recently, the first serious attempts are being made to establish 
a national vegetation monitoring programme but funding for this 
is not in proportion to the size of the task, or the expenditure 
on research and expenditure. I believe further, that a maj or 
constraint to this endeavour is that the approach proposed by 
local scientists is not appropriate to the scale of the 
monitoring task. All proposals appear to be operating from the 
botanical research paradigm which revolves around obj ecti ve 
survey of species composition within small plots «lha). 

Environmental agencies (e. g. Dept. Agriculture, Water Affairs and 
Conservation bodies) are responsible for the land under their 
control and consequently are directly responsible for the 
monitoring programmes. Of these, only certain conservation 
agencies in a few National Parks have any monitoring programme. 
As yet" none of these h,ave been directly responsible for any 
change In management pollcy. The Department of Agriculture has 
fun?ed ,many research projects concentrating on vegetation 
monltorlng but, save for a few individual researchers, there has 
never been any si9nificant and honest attempt (until recently) 
tO,address the natlon~l and regional monitoring requirement. The 
fal~ ure of sub-contlnental and regional monitoring in South 
Afrlca could perhaps be blamed on the succession of Departmental 
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heads who have not had the necessary insight to realise the 
significance of monitoring the effectiveness of their 
Department's efforts. 

Land Managers 

Land Managers (farmers and wardens of National Parks and dam 
catchments) need to know how successful their management has been 
in terms of achieving their objectives. The more advanced 
officially subscribe to adaptive management (Walters & ~ilborn, 
1978) where vegetation monitoring is a means of measurlng goal 
attainment (Mentis 1980). Much research in South Africa has 
concentrated on providing monitoring techniques for managers, 
but these were never used. Two reasons have been given for the 
lack of manager adoption: 
i. the survey methods were too tedious for busy managers; and 
ii a relatively high degree of computational and species 

identification skill was required. 
Various authors tackled these problems (Mentis 1983; Heard et al. 
1986; Wills & Trollope 1987; Hurt & Hardy 1989), resulting in the 
development of various key species methods (i.e. where only a 
limited number of highly sensitive species are monitored with 
reduced numbers of sample points). 

Despite these modifications, my observation is that few land 
managers are using any of these techniques, and none are acting 
on the information received from such programmes. I submit that 
this is because the implicit assumption has been that managers 
require a less sensitive monitoring technique than researchers 
(Hardy & Walker 1991). The proponents of reduced sampling and 
the key species approaches have been happy to settle for a less 
sensitive technique in their efforts to address the problems of 
efficiency and skill limitations. 

I argue, however, that land managers need the most sensitive 
monitoring techniques of all (even researchers). This is because 
managers need to be pro-active and adapt their management before 
irreparable damage occurs. People have assumed that because 
managers seek an 'quick and easy' method, they will be happy with 
a less sensitive techn i que. 

In a number of studies testing various survey methods, Stuart
Hill (in prep: a,b,c,d) concluded that all of these methods were 
~oo tedious or unreliable for pro-active farm scale monitoring 
ln Succulent bushveld (Stuart-Hill in prep: e). The reason for 
this is that their very nature depends on the death (or severe 
reduction in size) of individual plants. To a land user this 
is not sufficiently sensitive as he needs to take action before 
losing valuable plants. I suggest that all of the 'conventional 
botanical' methods used in South Africa will on critical 
analysis, suffer the same defect. ' 
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Researchers 

Researchers contrary to popular belief, do not generally require 
the most se~sitive monitoring technique. This is because t~ey 
usually merely seek to quantify the ,response o~ som,e applled 
treatment; i.e. they are not normally lnterested ln belng warned 
of impending change. What researchers ,usu~lly require, h~wev~r, 
is a ful~ d~scription of change and lnevltably the monltorlng 
technique must produce multivariate data. 

Research monitoring techniques in South Africa are, in my 
opinion, usually satisfactory. No doubt due to the individual 
researchers ensuring that the techniques they use will give them 
the information they require. However, there are shortcomings 
and these usually are concerned with researchers who claim change 
without knowing the technique's inherent repeatability, and 
importantly, using proportional species composition in areas 
where vegetation change is density dependent and proportional 
composition is meaningless, at best (Stuart-Hill 1989). 

CONCLUSIONS 

I suggest that the lack of successful monitoring programmes in 
South Africa, especially at the Regional and farm scale, is as 
a result of incompetent management of environmental agencies and 
inadequate funding for monitoring programmes. In addition I 
believe that scientists are operating from an inappropriate 
research orientated paradigm; that of using objective botanical 
survey methods, but varying sampling intensity to meet the 
requirements of the different users. 

We need to think laterally and break from the pre-occupation with 
objective species composition measurements in small research 
plots, especially for regional and farm scale monitoring. A 
p~radigm shift is required. For example, by perhaps employing 
vlsual methods for large scale monitor~ng, and monitoring 
attributes of individual plants which give early warning of their 
imminent demise. Examples of the latter could possibly be 
monitoring the degree of 'skirting' exhibited by Portulacaria 
afra (Stuart-Hill 1992) or the aerial tillering phenomenon 
observed in Themeda triandra (Tainton 1981). 
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[P 4.1] Evaluation of a non-destructive technique to monitor 
utilization and recovery of. two shrub species in 
succulent bushveld 



[TOOL 4] 

TECHNIQUE FOR MONITORING FORAGE USE AND RECOVERY 

ORIGINAL BRIEF 

This is required for management feedback in the short-term and 
the technique must monitor degree of utilization and forage 
accumulation so that farmers can decide when an area of veld 
should be burnt, is ready to be grazed or when animals should be 
removed from a paddock. I refer to this as forage assessment. 

RESULT 

This 
i) 
ii) 

iii) 

i) 

tool was not seriously addressed in this study because: 
of logistical limitations; 
it is only necessary for the implementation of rotational 
grazing which, in succulent bushveld, is untested; 
if the stocking rates are 'correct' then monitoring forage 
utilization and regrowth is not really necessary; and 
there is already an informal visual method which monitors 
the development of a 'browse line' (for utilization) and 
length of current shoot growth on ~ afra (for recovery). 

Nevertheless, a method of monitoring twig utilization on ~ afra 
and ~ robusta was briefly evaluated and found to be 
inappropriate, even for research efforts (see the unpublished 
paper: Evaluation of a non-destructive technique to monitor 
utilization and recovery of two shrub species in succulent 
bushveld [P 4.1]). 
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EVALUATION OF A NON-DESTRUCTIVE TECHNIQUE 
TO MONITOR UTILIZATION 

AND RECOVERY OF TWO SHRUB .SPECIES IN 
SUCCULENT BUSHVELD 

G.C. STUART-HILL! 

Department Grassland Science 
University of Natal 
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PIETERMARITZBURG 

3200 
SOUTH AFRICA 

ABSTRACT 

A technique, based on repeated leaf counts and twig length 
measurements, was evaluated for monitoring browse utilization and 
recovery. The evaluation was not exhaustive, but indicates that 
while it has the advantage of producing objective data, it cannot 
be recommended for management or for research purposes as the 
effort required does not warrant the information quality. 

INTRODUCTION 

An experiment (reported by Stuart-Hill & Aucamp 1993) was 
required to determine the relationship between carrying capacity 
and vegetation state in Succulent Valley Bushveld. Central to 
this experiment was a requirement for a technique to objectively 
determine intensity of utilization (by browsing) and degree of 
recovery (following browsing). After informal screening of 
various techniques, it was decided to opt for the technique used 
by Teague (1987) on Acacia karoo. 

The technique involves repeated measurement of leaf number and 
twig length on marked twigs. These are related to the previous 
measurements and if they are less, then utilization is assumed 
(provided the losses were not obviously drought related) and if 
greater, growth/recovery has occurred. In the carrying capacity 
experiment (Stuart-Hill & Aucamp 1993), the measurements were 
related to the first measurement where the intention was to have 
final twig measurements equal the original, indicating that the 
plants had been neither over- nor under-utilized: i.e. 
utilization equalled recovery, thereby implying sustainable use. 

The investigation reported here was originally aimed at 
determining the reliability (error) of measurement, of the 
numbers of twigs which had been marked in the carrying capacity 

Address dur ing study: Dohne Research Centre, P Bag 
X15, stutterheim, 4930. 
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experiment. with some additional measurements it was possible 
to evaluate the technique itself. 

The objective of this preliminary investigation was therefore, 
to analyze the precision of this 'leaf .num~er and t~ig le~gth' 
method and, using 'effort' and other pract1cal cons1derat10ns, 
evaluate the usefulness of the technique. 

PROCEDURE 

Two 2ha sites were selected; one representing dense and the 
other open Succulent Valley Bushveld. These two sites had 
ecological status (ES) scores of 100 and 2 a respectively (Stuart
Hill 1989). 

In each camp, 18 shrubs each of two species (Portulacaria afra 
and Grewia robusta) were randomly selected and marked. These 
species were selected because both are palatable and important 
forage producers (Aucamp 1979), and ~ afra (in particular) is 
one of the first plants to be eliminated with heavy browsing 
(stuart-Hill 1992). On each plant, six twigs were marked, three 
in the upper canopy and three in the lower (Figure 1). This 
stratification was made because Teague (pers. comm.) suggested 
that branches in the upper canopy grow faster than branches in 
the lower canopy. All twigs were within reach of goats (i.e. < 
1. 5m) • 

INSERT FIGURE 1 

The 'twig' was defined as all that material distal to the tag and 
at each sampling event, all leaves were counted and the length 
of each sub-twig measured. The latter measurements were then 
summed to give the parameter called 'twig length'. 

The twigs were repeatably sampled: before browsing the camp with 
goats (day=O); during a period where goats were browsing, and 
during a recovery period where no goats were in the camp. It was 
not logistically possible to measure twigs of both species in all 
camps on a single day so measurements are not synchronised (Table 
1) • 

Two operators worked together, one recording and searching for 
twigs while the other counted leaves and measured twigs. If a 
tag could not be relocated then all subsequent measurements were 
treated as missing values. 

The differences in twig length and leaf number at each sampling 
occasion with respect to the initial values (at day 0) were 
calculated and expressed as a percentage. From these data the 
mean differe:nce and standard error of a single difference (SE (x) ) 
were determ1ned from all 100 twigs per species per camp. Using 
the estimates of popUlation variance (SE (x)), relationships 
between SE (mean difference) and number of twigs were established. 
A,further step, to aid interpretation, was to convert the SE(mean 
d1fference) curves into relationships illustrating the least 
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significant difference (LSD, where P=0.05) obt~inable ~y using 
the mean derived from various numbers of tWl.gs. Dl.fferent 
'error' curves were developed for each sampling occasion, so that 
for each species (and camp) there is more than one error 
relationship. 

In addition to the foregoing statistical evaluation, operational 
time and observational notes with respect to the use of the 
technique (Stuart-Hill & Aucamp 1993) were recorded and drawn 
upon during the evaluation of the technique. 

RESULTS & DISCUSSION 

The relationship between LSD (P=O. 05) an"d sampling 
represented by the number of twigs, is illustrated for: 
i) camp 1, ~ afra (Figure 2); 
ii) camp 1, ~ robusta (Figure 3); 
iii) camp 2, ~ afra (Figure 4); and 
iv) camp 2, ~ robusta (Figure 5). 

INSERT FIGURES 2, 3, 4 & 5 
INSERT TABLE 2 

effort, 

Aside from the obvious reduction in error with increased sampling 
effort, the first general conclusion from these results is that 
repeatability gets progressively worse with time from initial 
sampling (Figures 2 to 5 & Table 2). This is despite the average 
leaf number and twig length at the final sampling occasion being 
more similar to the initial sampling values than at the 
intermediate sampling occasions. On the other hand, within the 
relatively short period of browsing (where little if any growth 
occurred), it appeared that error also increased in relation to 
the deviation from the initial values. It seems likely 
therefore, that both time since initial measurement and degree 
of deviation from i nitial measurement play a role. This 
relationship is summarised in Figure 6. 

INSERT FIGURE 6 

The consequences of this result is that, to achieve a specified 
level of precision, more twigs will have to be sampled as the 
inter-sampling period lengthens and as the values deviate from 
the initial measurements. This has serious implications for 
long-term monitoring of twig utilization and recovery. 

I suggest also, that all similar monitoring techniques will 
probably also suffer from the same problem. The reason for this 
is that, with time, each individual (twig in this case) will 
become increasingly different as a result of the various and 
unpredictable array of impacts - the combination and extent of 
which will be unique to each individual (Figure 7). 

INSERT FIGURE 7 
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The second general conclusion is that ~ robusta was monitored 
with greater precision than ~ afra (Figures 2. to S). ~he 
repeatability with ~ afra was so poor that, even w1th exhaust1ve 
sampling, LSD's (P=O.OS) were still too large to be of much use 
(Figures 2 to 4). The reason for this result could be that when 
P. afra twigs are browsed, most of the twig is removed. This 
leads to a situation where some twigs have zero utilization while 
others are extremely severely utilized. During regrowth the 
differentiation between twigs becomes even greater. Because twig 
material and consequently hormone producing meristems are removed 
with goat browsing, regrowth from a browsed twig may be zero or 
very small if most of the meristems had been removed (i.e. a 
limitation to regrowth is the lack of ' growth sites). On the 
other hand, an undefoliated twig with apical dominance could 
experience extremely rapid growth (a twig length increment of 14 
times the initial value within one year was measured on several 
occasions). To compound this inherent problem, a phenomenon was 
observed where some P. afra plants were extremely heavily 
utilized while others were not utilized at all; i.e. the 'sweet' 
and 'sour' plants of local dogma. It would seem then, that this 
technique is not really suitable for monitoring small changes 
«2S%) in the utilization of succulent plants with edible stems. 
without defoliation, however, it may be possible to use this 
technique to monitor growth of these types of plants. 

It took approximately 24 minutes to find a marked tree, find each 
twig and make all the measurements. It follows that even with 
the relatively good results obtained with ~ robusta it would 
take a recording team (two people) approximately four hours to 
measure the 60 twigs (beyond which further sampling will not be 
cost effective). Only a user can determine whether this effort 
is worth the informat ion received. 

CONCLUSIONS 

This analysis of the 'leaf number and twig length' technique was 
not exhaustive. However, some relationships between differences 
that can be distinguished (P=O. OS) and intensity of sampling were 
produced and may be useful to researchers considering such an 
approach. Essentially, it is possible to use this technique but 
I cannot recommend it unreservedly as my value judgement is that 
the degree of effort does not warrant the quality of information 
recei ved. It is nevertheless up to each user to make the 
ultimate decision. 

This te~hnique does have the advantage of providing quantitative 
data WhlCh meets the current expectations of scientific rigour 
but the search for a more efficient method should not be 
terminated. 

T~O issues of w~der concern also emerged in this investigation. 
Flrstly, and thls may be a general principle for any monitoring 
procedure, the number of samples required to achieve a certain 
le~el of prec~sion. will increase with the length of time over 
Whl~h mon1tor1ng w111 occur. This needs to be pursued further 
as lt has far reaching implications. 
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The second is that this technique does not appear to be suitable 
for monitoring utilization of plants with soft edible sterns. 
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Table 1. Experimental day numbers on which various 'twig 
measurements' were made for each camp and species. ES 
refers to vegetation condition index called 
'ecological status' (stuart-Hill 1989). 

Initial 
ES Species measure-

ment 

Camp 1 100 POAF 0 
GRRO 0 

Camp 2 20 POAF 0 
GRRO 0 

GRRO - Grewia robusta 
POAF - Portulacaria afra 

1 

3 
3 
2 
2 

Sampling occasion 

Period of Period of 
browsing recovery 

2 3 4 1 2 3 4 

6 9 27 104 200 299 372 
6 9 27 104 202 299 372 
6 28 104 202 
6 28 104 202 
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Table 2. The SE(x) for each parameter measured on each 
sampling occasion on the two shrub species 

Camp 1 

Camp 2 

in the two camps representing high and low 
Ecological status. 

Sampling occasion 

Period of Period 
Species & Part browsing recovery 

1 2 3 4 1 2 3 

POAF leaf 0 10 10 6 6 6 
twig 0 1 2 2 3 7 

GRRO leaf 8 13 14 15 16 18 21 
twig 2 4 5 6 6 6 8 

POAF leaf 6 7 7 8 9 
twig 2 2 2 2 2 

GRRO leaf 6 9 10 13 15 
twig 3 5 7 8 7 

Average 3.4 6 . 4 7.1 7.8 8.8 
SE(x) 3.0 4.1 4.2 4.7 5.2 
n 8 8 8 8 8 

AVERAGE 6.00 8.25 
SE(X) 3.96 4.85 
N 24 10 

GRRO - Grewia robusta 
POAF - Portulacaria afra 

4 

21 
6 



Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 
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FIGURE CAPTIONS 

A diagrammatical representation of the twig sampling 
strategy on each plant. Insert is the detail of the 
twig marking procedure. All leaves on the marked twig 
were count ed and the lengths of all the subsidiary 
twigs were measured and added to give total twig 
length. 
The relationship between sampling intensity (twig 
number) a nd sampling error for monitoring utilization 
and recovery of Portulacaria Afra leaves (a) and twigs 
(b) in re l atively pristine succulent bushveld. Each 
curve represents different degrees of utilization (%) 
and regrowth through a period of browsing and 
subsequent recovery. 
The relationship between sampling intensity (twig 
number) and sampling error for monitoring utilization 
and . recovery of Grewia robusta leaves (a) and twigs 
(b) in relatively pristine succulent bushveld. Each 
curve represents different degrees of utilization (%) 
and regrowth through a period of browsing and 
subsequent recovery. 
The relationship between sampling intensity (twig 
number) and sampling error for monitoring utilization 
and recovery of Portulacaria Afra leaves (a) and twigs 
(b) in degraded succulent bushveld. Each curve 
represents different degrees of utilization (%) and 
regrowth through a period of 'browsing and subsequent 
recovery. 
The relationship between sampling intensity (twig 
number) and sampling error for monitoring utilization 
and recovery of Grewia robusta leaves (a) and twigs 
(b) in degraded succulent bushveld. Each curve 
represents different degrees of utilization (%) and 
regrowth t h rough a period of browsing and subsequent 
recovery. 
The suggested influence of time and absolute deviation 
in measurement from initial sampling, on the 
repeatabil i ty of monitoring permanently marked twigs. 
Numbers represent sequential sampling events and the 
solid line represents utilization while the broken 
line represents subsequent recovery. 
A suggested representation of the increasing deviation 
from the initial measurement with time, as a result of 
random events not related to treatment. 
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[TOOL 5] 

A LIST OF KEY FORAGE SPECIES 

ORIGINAL BRIEF 

In multi-species communities it is inevitable that utilization 
levels will differ between species. consequently the manager 
should know those plants that are important to his objectives and 
understand why they are important. I call these plants key 
species. 

RESULT 

Tool 5, a list of key forage species, was also not a priority as 
this had previously been researched by Aucamp (1979). However, 
while evaluating productivity, Aucamp did not formally consider 
palatability or acceptability. To address this limitation, a 
I first approximation' type investigation was undertaken resulting 
in the unpublished paper: The goat preference rating of shrubs 
in the succulent bushveld of the eastern Cape [P 5.1]. It is 
important to note that while there exists a differentiation in 
the palatability of the shrub species in this vegetation type, 
almost all species will be utilized to extinction if animals are 
forced to. It follows that when viewed globally, there may be 
a relatively small variation in absolute palatability between 
shrubs of the succulent bushveld. 

The results of this investigation were then used in a pilot study 
which aimed to initiate research into understanding goat 
selectivity. The unpublished research note (Relationships 
between some commonly assayed plant chemicals and shrub 
acceptability (to goats) in the succulent bushveld of the eastern 
Cape [P 5.2]) details the results. 



[P 5.1] 

PRELIMINARY GOAT PREFERENCE RATING OF SHRUBS IN THE SUCCULENT 
VALLEY BUSHVELD OF THE EASTERN CAPE 

G.C. STUART-HILL l 

Department Grassland Science 
University of Natal 

POBox 375 
PIETERMARITZBURG 

3200 
SOUTH AFRICA 

ABSTRACT 

This study attempted to rank the common species according to goat 
preference. This was done during March of two successive years, 
only and the study must therefore, be seen as a preliminary 
investigation. 

Indices reflecting the acceptability and dietary importance were 
determined for a range of species and plant parts (eg. berries). 
Essentially, "these remained unchanged between the wet (1987) and 
dry (1988) experimental periods. 

Portulacaria afra was the most acceptable, and the most important 
forage species. This, together with it's natural abundance and 
it's sensitivity to utilization, makes it the obvious choice as 
the key species for management and monitoring. other supporting 
species are Grewia robusta and Capparis sepiaria. 

While there exists a differentiation in plant palatability, from 
a global perspective, almost all species in this vegetation type 
will be utilized to extinction if animals are forced to. 

INTRODUCTION 

The succulent valley bushveld is a dense, semi-succulent, thorny 
vegetation occurring on the eastern seaboard of South Africa in 
hot, dry (rainfall 225 to 500mm), frost-free areas at low 
altitudes between the Kei and Gouritz river valleys (data from 
Acocks, 1975; Cowling, 1984; Everard, 1987). Browse is the 
production base and this is derived from a number of succulent 
and evergreen stunted trees and shrubs. 

Providing a list of key forage plants is important because in 
mUlti-species systems such as this, it is not feasible to 
consciously manage for all species. Rather, management systems 
are designed around a few key species with the philosophy that 
~y ma~aging fo~ these, all ~pecies will survive. Naturally this 
lS ,nalve. But lf these,s~ecles are carefully selected by knowing 
WhlCh are the most sensltlve, preferred and most important forage 
producers, then chances of achieving this are greatly enhanced. 

Address during study: Dohne Research Centre, P Bag 
X15, Stutterheim, 4930. 
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Aucamp (1979), while evaluating the productivi,ty of the shrub 
species in the succulent valley, ~ushveld, d1~ nO,t formally 
consider palatability or acceptab111ty., The~e 1S 11t~le known 
about the relative preferences of shrubs 1n th1s vegetat10n type. 
Naturally there is speculation (eg. Portulacaria afra is more 
palatable than the May tenus group of spec~es), but no Obj;c~ive 
evaluation has ever been made. Th1S study, a f1rst 
approximation', attempted to address this limitation and its aim 
was to rank the common species of the succulent valley bushveld 
according to goat preference. Goats were selected because they 
are currently the dominant foraging animal in these parts. 

PROCEDURE 

The investigation was undertaken in a 2ha camp of succulent 
valley bushveld described by stuart-Hill (1989) as being in the 
mid-range of vegetation condition ("ecological status = 46"). 
It was carried out during 'free-time' whilst goats were browsing 
the camp for the determination of browsing capacity (see Stuart
Hill & Aucamp 1993) . During this experiment, the animals were 
never under nutritional stress, and while these results should 
reflect the selective behaviour of goats during sustained 
vegetation utilization, they will be inadequate for goats under 
severe nutritional pressure. 

The goats were monitored during March 1987 and March 1988 only. 
These periods represented periods where the plants were (1987) 
and were not (1988) actively growing (because of dry conditions) . 
Ideally, it would have been preferable to sample throughout the 
year but the design of the carrying capacity experiment (Stuart
Hill & Aucamp 1993) precluded this. The implication of this is 
that the experiment was severely flawed. Because sampling was 
not extended over all seasons of the year, the results are valid 
for summer only and the study must be regarded as a preliminary 
investigation. Despite this limitation, the results are of some 
use because there is no severe browse bottle-neck in winter, in 
contrast to other browse systems as the vegetation is largely 
evergreen and driven more by water availability than season. 

One goat was followed for approximately two hours on ten 
different sampling occasions (morning or afternoon on subsequent 
days) during March 1987 and again during March 1988 (i.e. a total 
of at least 40 hours of sampling was undertaken and this was 
approximately equally divided between morning and afternoon 
observations - depending on available time). Where more than one 
operator was available, a second (or more) goat was followed and 
these additional data added to the formal data set. 

An acceptability index (AI), similar to that of Owen-Smith & 
Cooper (1987) was determined for each species. This operated 
according to t~eir ,"site-based acceptability" technique, except 
that the sampl1ng d1stance for the goats was 1.5m, instead of the 
10m for kudu. This modification was made because of the density 
of shrubs and the short visible distance in this vegetation. At 
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each feeding event (i.e. each time the animal stopped to eat) the 
plant eaten was recorded, as well as all other plants available 
to the goat. Plants were considered available if they were 
within 105m of the goat's head ! . The acceptability inde:x was 
obtained by determining the ratio between the number of tlmes a 
species was eaten and the number of times it was available. 

Apart from the AI, an index of the relative importance of each 
species to the goat's diet (01) was calculated as the number of 
times a species was eaten, relative to the total number of 
feeding events observed (as a percentage). Naturally, this does 
not claim to accurately represent contribution to diet, rather 
it should be seen in the context of this paper where first 
approximations with least experimental cost was the underlying 
philosophy. 

The t9tal number of times a species was recorded (irrespective 
of whether it was eaten or not) gives a relative measure of 
reliabili ty for the acceptability and dietary impor~ance indices. 

The ten sampling occasions for each summer were initially meant 
to serve as replications to enable statistical confidence to be 
attached to the acceptability and dietary importance indices for 
each season. However, using the mean across these sampling 
occasions distorts these indices . For example, a rare but highly 
acceptable plant would have a lower mean AI than it should, 
simply because it was not encountered in many of the sampling 
occasions. These replications would consequently return zero 
AI's to the equation determining the mean, whereas in reality, 
the true AI was a missing plot. The consequence (in this 
example) is that an AI determined for a rare and palatable plant 
would be lower than is truly representative. Statistical 
comparison between the indices for the two summers was, 
therefore, abandoned. 

Naturally, as sampling intensity is increased, so is confidence 
in the ultimate result. Some of the 1987 data were used to 
evaluate this. A palatable and an unpalatable species was 
selected and their AI's repeatedly determined with ever 
increasing numbers of observations. Here, an observations is 
def ined as when a species is encountered wi thin the 'feeding 
area' - the area described by a circle (1,5m radius) around a 
feeding goat. Ultimately a relationship was established 
illustrating variation in AI as a consequence of sampling effort. 

RESULTS AND DlSCUSSION 

Repeatability of technique 

The most important po~nt to establish is that sampling intensity 
can be meas~red as elther the number of feeding events or the 
number of tlmes the target species is encountered within the 
'feeding area'. Repeatability is dependent on the latter, not 
the total number of feeding events. This is especially true with 
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rare species which are seldom encountered and even ~ith 
exhaustive sampling, there may simply be too ~ew observat1ons 
where the plant is present for a reasonable est1mate of AI to be 
obtained. It follows that, each species will require a different 
number of feeding events for the same level of precision, and 
this can practically be determined only once the data have been 
obtained. However, once obtained, the degree of reliability can 
be qualitatively evaluated by simply referring to the number of 
times the target species was encountered. 

The results of the repeatability study are illustrated in Figure 
1 and the most important conclusion is that there is little point 
in sampling beyond 100 observations for each species. However, 
because each species requires a different number of feeding 
events to attain these many observations, there is not much one 
can do to reduce sampling effort. What these results show, 
however, is that AI's and DI's determined with more than 100 
observations are reliable to within at least 8%, greater than 25 
observations may reveal useful trends and <25 observations, 
whilst differentiating between species with very high of very low 
AI's, should be treated with healthy suspicion. 

INSERT FIGURE 1. 

Acceptability 

Over both summers P. afra, Grewia robusta and Capparis sepiaria 
were highly acceptable. During the wet 1987 season, the Panicum 
group of species joined this category (Figure 2). 

INSERT FIGURE 2. 

Lycium oxycarpum, Zygophyllum morgsana, Euclea undulata, 
Sansveria leaves, Azima tetracantha, Rhus undulata, and the 
May tenus and Protosparagus groups of species, were consistently 
unacceptable with Schotia afra and 'Other grasses' leaving the 
moderately acceptable category and becoming unacceptable during 
the dry (1988) and wet (1987) summers respectively. 

The rest of the species fell into the moderately acceptable 
category. 

It is no~eworthy that the species which changed category, were 
t~os7 v:h1Ch were not particularly well sampled and perhaps little 
s19n1f1cance should be attached to these changes (Figure 2). If 
th1S last statement can be accepted, then it may be concluded 
that, for practical purposes, acceptability did not change 
between the two summers. 

Whilst, Figure 2 contains only some of the plants surveyed (the 
ones w1th a reasonable degree of sampling), the information with 
res~ect to the other species (in Table 1) should not be ignored 
7nt1rely as they may reveal some trends . 
1. Maerua caffra and the berries of Sansveria ("mother in 

law's tongue") were extremely acceptable and it was obvious 
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in the field that the goats went to great efforts to 
consume these. . 
Crassula ovata was obviously not highly acceptable desplte 
its lack of woodyness and absence of spines. ... . 
Pappea capensis, Eherita rigida and Brachyl~ena lllClfolla 
are probably moderately acceptable but thls needs to be 
confirmed with increased sampling. , 

INSERT TABLE 1. 

Dietary importance 

Over both summers P. afra was found to be, by far, the dominant 
component of the diet (Figure 3). Grewia robusta and 'Other 
grasses', whilst not nearly as important as P. afra, also 
contributed significantly overall, but the grasses dropped out 
of this second category during the 1988 dry period. This was 
probably a result of there being little leaf left on these 
predominantly stoloniferous grasses. 

A relatively large number of plants made up the 'relevant forage' 
category over both seasons (C. sepiaria, Euphorbia bothea, the 
Panicum group, Lycium oxycarpum, Azima tetracantha, Schotia afra 
and the May tenus and Protosparagus groups of species) but there 
was a high degree of change into and out-of the I nibbled or 
avoided' category between seasons (Figure 3). 

INSERT FIGURE 3.' 

Table 1 shows that t he goats ate more species during the dry 
(March 1988) than the wet (March 1987) period, despite a 
limitation in sampl i ng intensity -it being only 72% of that 
during the wet period (March 1987). This result is intuitive as 
animals are likely to feed on more plants during times of stress. 
In addition, P. afra assumed even greater dietary significance 
(01 increased by 8%) during the dry period which is again 
intuitive given the succulent nature of this shrub (Table 1). 

Matching acceptability with dietary importance 

While goats used a relatively wide variety of plants, they 
concentrated on the highly acceptable P. afra for the bulk of 
their dietary requirements. This was despite other species (~ 
robusta, C. sepiaria and during wet periods, Panicum species) 
being almost as acceptable to goats as P. afra (Table 1). This 
may hav~ been a result of either the inherent efficiency of 
harvestlng browse from a succulent plant, and/or the relative 
abundance of this plant. The latter should not however be . , , 
over-emphaslsed because the experimental camp had less than half 
the amount of P. afra as the potential for this vegetation type 
(see Stuart-Hill 1989). 



6 

The main point which emerged is that there was n~ relationship 
between acceptability and dietary importance (Flgure 4), even 
though P. afra was both the most acceptable and most important 
dietary component in succulent valley bushveld. 

INSERT FIGURE 4. 

CONCLUSIONS 

While this study has shown that there exists a differentiation 
in the palatability of shrub species in succulent valley 
bushveld, it must be remembered that almost all species will be 
utilized to extinct i on if animals are forced to so so (Stuart
Hill et al. 1986; Stuart-Hill 1992). The animals were never 
under nutritional stress during this experiment (see Stuart-Hill 
& Aucamp 1993) and it follows, that, when viewed globally, there 
may actually be a relatively small variation in absolute 
palatabilities between shrubs of the succulent valley bushveld. 

Portulacaria afra is undoubtably the most acceptable and 
important forage species to goats in the succulent valley 
bushveld. This, together with its abundance (Stuart-Hill 1989), 
its sensitivity to heavy utilization (Stuart-Hill et al. 1986; 
Stuart-Hill 1992) and its capacity to produce forage (Aucamp 
1979), makes P. afra the obvious choice as the key species for 
management and monitoring. other supporting candidates are ~ 
robusta and C. sepiaria (particularly the former), whilst grasses 
should not be discarded. 
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TABLE CAPTION 

Table 1. The acceptability indices (AI), importance to diet 
(01) and number of individuals (N) for plant species 
(and attributes) encountered by goats during the late 
summers of 1987 and 1988. In addition, the overall 
indices for both summers are provided. A relative 
measure of confidence for each value is given by N, 
where greater than approx. 100 represents exhaustive 
sampling and less than approx. 50 inadequate sampling. 

March 1987 March 1988 i Overall 
N =520 Feeding events N =372 Feeding events i N =892 Feeding events 

I 

Code Species AL D.L Sampled AI. D.1. Sampled i AI. D.L Sampled 
(%) (%) (N) (%) (%) (N) ! (%) (%) (N) 

Portulacaria afra 55 31 285 63 37 
! 

POM 211 58 34 496 
GRRO Grewia robusta 46 14 154 47 17 129 47 15 283 
CASE Ca p paris se piaria 41 7 80 52 4 29 44 6 109 
LYOX L ycium oxycarpum 11 4 196 6 3 175 9 4 371 
EUPH Euphorbia hotMa 20 7 168 23 7 108 21 7 276 
MAsp Maytenus spp. 1 0 134 19 5 100 9 '1 234 "-
PlUp Protasparagus spp. 2 1 183 12 3 102 : 6 2 285 
AZTE Azima tetracantha 8 3 206 16 7 165 ! 12 5 371 , 
EUUN Euclea undu!ata 1 0 145 3 1 60 ; 2 0 205 I 

SAb. Sansveria (berries) 91 2 11 - 0 - 91 1 11 1 
S.">1. Sansveria (leaves) 5 2 236 0 0 116 3 1 352 : 
FORB Small herbs 0 0 13 50 0 2 " 7 0 15 j 
RHOS Rhigozum obovatum 13 0 8 - 0 - 13 0 8 ; 
SCAF Schotia afra 31 3 45 17 1 30 25 '1 75 ! "-
CROV Crassula ovata 0 0 7 13 0 8 , 7 0 15 1 
PACA. Pappea capensz·s 14 0 7 46 2 13 35 1 20 
M.'\.c.'\. Maerua caffra 100 0 2 - 0 - " 100 0 2 
RHOY Rhoicissus s P p. 35 2 23 25 1 16 31 1 39 
ZYMO Z ygo phyllum morgsalUl 17 1 18 3 0 39 I 7 0 57 
RHUN Rlws undulata 6 0 35 19 2 32 12 1 67 
EUM.A. Euphorbia mauritanica 100 0 1 0 0 '1 33 0 3 L. 

VYGl AI esem. s p P- 10 0 10 0 0 10 5 0 20 
TAsp Ta pinanthus s p p. 0 0 1 100 0 1 50 0 2 
ALOE Aloespp. 0 0 3 - 0 - , 0 0 3 
CA.HE Carissa haematocar pa 0 0 2 - 0 

; / 
0 0 2 

EHRl Eherita rigida 40 0 5 0 0 33 0 6 
SRlL Brach ylaena ilici folia 29 0 7 - 0 -I 29 0 7 
PANI Panicum spp. 40 4 45 27 1 15 / 37 3 60 
GRAS Other gra sc;(.~ i 17 11 508 31 8 95 i 19 13 603 
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FIGURE CAPTIONS 

Figure 1. The relationship between increasing sampling effort 
(number of occurrences of a target species within a 
feeding area - radius 1,5m) and the range of possible 
estimates of acceptability (AI) for a highly preferred 
and unpreferred species. Notice how the range in AI's 
decreases as sampling effort is increased. 

Figure 2. Frequency distribution of acceptability AI) of various 
plants in the succulent valley bushveld during: a wet 
period (March 1987), a dry period (March 1988), and 
combined for both seasons. See Table 1 for species 
codes. 

Figure 3. Frequency distribution of dietary importance (01) of 
various plants in the succulent valley bushveld 
during: a wet period (March 1987), a dry period (March 
1988), and combined for both seasons. See Table 1 for 
species codes. 

Figure 4. The relationship between the acceptability of a number 
of edible species and their contribution to the diet 
of goats in succulent valley pushveld. 
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RESEARCH NOTE 

RELATIONSHIP BETWEEN SOME COMMONLY ASSAYED PLANT CHEMICALS AND 
SHRUB ACCEPTABILITY (TO GOATS) IN THE SUCCULENT BUSHVELD OF 

THE EASTERN CAPE 

G.C. STUART-HILL! 

Department Grassland Science 
University of Natal 

POBox 375 
PIETERMARITZBURG 

3200 
SOUTH AFRICA 

ABSTRACT 

The chemical properties of thirteen common succulent bushveld 
shrubs (as assayed ln standard Department of Agriculture 
analyses) were subjected to principal component analysis and 
discriminant function analysis in an attempt to explain shrub 
preference. 

No relationship between the chemical composition and 
acceptabili ty could be found. It appears that the chemicals 
commonly assayed for plant chemical composition are poor 
predictors of these plant's acceptability. 

INTRODUCTION 

The succulent bushveld is a dense thicket vegetation occurring 
on the eastern seaboard of South Africa in hot, dry, frost-free 
areas at low altitudes between the Kei and Gouritz river valleys 
(Stuart-Hill a in prep.). Browse is the production base and this 
is derived from a number of succulent trees and shrubs. 

The objective of this study was to initiate discussion and 
research on shrub selection by goats in the succulent bushveld 
of the eastern Cape. The intention was not to challenge global 
hypothesis on feeding ecology, but rather take the first step 
towards this by screening various commonly assayed plant 
chemicals for their usefulness as predictors of acceptability. 

Address during study: Dohne Research Centre, P Bag 
XiS, Stutterheim, 4930. 
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PROCEDURE 

This study was concerned with the following hypothesis for 13 
common shrubs of the succulent bushveld: 

the chemical composition of a shrub (as determined by 
standard Department of Agriculture analysis - Steenkamp & 
Hayward 1979) determines its acceptability to goats. 

The plant chemical composition for each shrub was obtained from 
existing Tables comp i led by Steenkamp and Hayward (1979). These 
contained values for a dry and a wet (growing) period. Separate 
Principal component Analysis (PCA) were performed at each of the 
two periods, based on the following chemical variables: crude 
protein (CP), crude f ibre (CF), ether extract (EE), ash, N-free 
extract (NFE) , Na, K, Ca, P, Mg, Fe, Cu, Mo, Mn, Co, CalP and 
Ca/Mo. 

In a separate study the shrubs were classified into three 
palatability classes according to a modified version of 
Owen-smith and Cooper's (1987) "site-based acceptability" 
technique (Stuart-Hi l l b in prep. ). This assessment was repeated 
on two different occa sions (one during a dry phase and the other 
during a wet or growing period). Three broad acceptability 
categories emerged (i. e. highly acceptable, moderately acceptable 
and unacceptable), none of which changed between surveys. 
During the dry period in question, all species had leaf material 
and so this is compatible with the chemical analysis data because 
Steenkamp & Hayward (1979) analyzed only leaf material. 

The approach in interpreting results, was to examine the scatter 
of species in ordination (chemical composition) space and these 
compared with the shrubs' acceptability categories. The idea 
being that, if species were separated out by any of the chemical 
composition axes, -and these coincided with the acceptability 
groupings, then it wou ld be possible to identitify which, if any, 
of the plant chemicals under consideration are correlated with 
goat preference. These chemicals could then be subjected to 
critical analysis for prediction of acceptability. In addition 
to this, Discriminant Function Analysis (DFA) was also performed 
on these data to specifically test the hypothesis above. 

RESULTS AND DISCUSSION 

The scatter of species along the first three axes in ordination 
space for the wet and dry periods are presented in Figure 1. 

INSERT FIGURE 1 

It was evident that the acceptable and unacceptable species were 
not separated o~t by either ordination (Figure 1). Indeed, 
there are some hlghly acceptable plants which are chemically more 
similar to some unacceptable plants than the rest of the 
p~la~a~le specie~. ,The DFA also failed to produce any 
slnglflc~n~ relatlonsh lps and it appears, therefore, that shrub 
acceptabl1lty to goats is not determined by the chemicals assayed 
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by Steenkamp and Hayward (1979). The hypothesis is thus refuted 
for the plant chemicals under consideration. 

This result is not unexpected given that the plant chemicals 
tested did not include any allelochemicals (except possibly for 
EE) which generally override the effects of nutrients in 
determining selection of woody plants by browsers (Bryant & 
Kuropat 1980). Cooper, Owen-smith and Bryant (1988) have 
confirmed this in South African savannas and found that palatable 
and unpalatable browse species were separated out on the basis 
of the difference between protein and condensed tannin. In 
addition to these secondary metabolites, acceptability may also 
be a function of the physical attributes of the plant (Stuart
Hill & Mentis 1982). Consequently, it is recommended that a 
similar analysis be conducted, this time using other plant-based 
attributes (e.g. tann in content, physical variables such as leaf 
density, colour, spininess, etc.). 
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FIGURE CAPTION 

Figure 1. positions of species on the first, second and third 
principal components, based on their chemical 
composition (determined in standard Department of 
Agriculture analyses) for a growing (wet) period (a) 
and for a dry period (b). 
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A MODEL TO SET INITIAL STOCKING RATES 

ORIGINAL BRIEF 

This model should integrate, at the very least, rainfall and 
vegetation condition . Importantly, it should,clearly state that 
it's predictions are not absolute but rather lntended to be used 
as initial values which can be adapted with experience. 

RESULT 

A model to set initial stocking rates was provided in the 
published paper: carrying capacity of the succulent valley 
bushveld of the eastern Cape [P 6.1] (the co-author initiated the 
field work). This model should be viewed as a first 
approximation which should be tested and upgraded where 
necessary. A formal test of the model has been started and is 
currently the responsibility of F. o. Hobson2

• The essential 
preliminary result a f ter three years of treatment, is that while 
the vegetation at the high stocking rates (i.e. two and three 
times greater than recommended by the model) is showing visible 
signs of damage, the goats' productivity (measured with mass 
gain) continues at control levels (pers comm. F. o. Hobson). 
Despite this new experimental effort , further on-farm testing is 
required. 

A lesson from the published study was that the research effort 
was not worth the information obtained, especially in view of the 
rather nebulous concept of carrying capacity and the temporal and 
spatial limitations of the predictions. I suggest that future 
work of this nature should be more holistic, the experimental 
effort going into increasing the range of sites and variables 
under test, rather than on the backbreaking and inefficient 
efforts to objectively monitor plant utilization and recovery. 

By way of generalizing the results, and in an attempt to discover 
a unifying relationship to predict carrying capacity in the woody 
vegetation communities of the eastern Cape, the model developed 
for the false thornveld of the eastern Cape (Acocks 1975, veld 
type number 21) was used to predict the carrying capacity as 
measured in the above experiment . The result was surprisingly 
good, given the major differences between the two vegetation 
types (see the unpubl ished paper: Can a · common model be used to 
determine carrying capacity in false thornveld and succulent 
valley bushveld: a preliminary investigation? [P 6.2]). 

2 Dohne Research Centre, P Bag XIS, stutterheim, 4930. 
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ERRATA & CLARIFICATION NOTES 

Specific errors (excluding punctuation and those as a result of 
changing information or philosophy) are as follows. 

Pg. 4 Col. 2 Table 4 The browsing contributed by game 
were included; i. e. the word 
"not" in the caption should be 
deleted! 

Pg. 7 Col. 1 Ln. 5 "at high or low ecological .. " 
should read "at low and 
particularly at high 
ecological .. " 

Pg. 8 Col. 2 Fig. 9 The . caption should reflect the 
units LSU. ha-I 
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Abstract 

This experiment evaluated the relationship betv.:een car
rying capacity and veld condition . Goat browsmg days 
were used as a measure of shrub prdductivity and cattle 
grazing days as a measure of the swa~d . T.v.:igs .on two 
shrub species were monitored to quantify utilizatIOn and 
recovery of the woody layer and a pasture disc meter was 
used to monitor grazing of the grass layer . Dense bushveld 
(high ecological status) had higher over all carrying cap~c
ity than open bush veld (low ecological status) . Carrymg 
capacity changed considerably depending on annual ram
fall and this was complicated because the more degraded 
t he veld the greater the variation . Maximum long-term 
grass production occurred at intermediate tree densities . 
This was, however, extremely unreliable bet ween years and 
a permanent grazer enterprise cannot be recommended . 
For total forage production and constant fodder supp ly, 
dense bush veld is optimum. Optimum, however , changes 
from season to season and with operator objectives. In 
wet seasons it will pay to have veld in the lower range of 
ecological status (i.e . open bush veld) whereas in other sea
sons veld with high ecological status (dense bushveld) will 
be more productive. Farmers with only catt le may aim 
to have veld in the mid-range of ecological status but th is 
conflicts with farmers who have browsers (e.g. goats and 
kudu) and with the conservation ideal , because bushveld , 
once thinned , does not regenerate , thereby limiting future 
management alternatives. 

Introduction 

The succulent valley bushveld, also known as Kaffrarian ' 
Succulent Thicket (Cowling 1984), occurs on the eastern 
seaboard of South Africa in hot , dry (rainfall 225 to 500 
mm a-I) , frost-free areas at low altitudes (usually below 
500 m but never above 1000 m) (Acocks 1975 ; Cowling 
1984 ; Everard 1987; Agmet. records , Dehne Research 
Station , Private Bag X15 , Stutterheim, 4930 Republic of 
South Africa). It is a dense, semi-succulent , thorny thicket 
approximately 2 to 3 m high where succulents contribute in 

1 Department of Grassland Science, University of Natal , Pieter-
maritzburg. Study carried out at Dolme Research Station , 
Stutterheim 

2Roodeplaat Grassland Institute, Agricul tural Research Council , 
P retoria 

excess of 20 to 30% relative cover (Cowling 1984) . Grasses 
are present, but sparse (10000-30000 plants.h~-l) and 
mostly non-perennial (Acocks 1975) . In a Prist me state 
this vegetation is dominated by the tree-succulent Por
tulacaria afra (nomenclature follows Gibbs Russell et al. 
1987), representing over half of the total phytomas~ (data 
from Aucamp 1979) . It is considered to be the most Impor
tant plant from a goat forage production viewpoint (Au
camp 1979). 

This vegetation is currently farmed with goats and 
supports a large proportion of the mohair indu.stry of 
South Africa. It is sensitive to utilization and is rapidly be
ing eliminated under current pastoral systems (Hoffman & 
Everard 1987; Hoffman 1989; Hoffman & Cowling 1990) . 
This is serious as it represents an irreversible loss of a 
unique vegetation type, and the community which replaces 
it is unstable, prone to soil erosion , and alleged to support 
fewer stock . There has been considerable controversy over 
the years regarding the carrying capacity of succulent val
ley bushveld , with some farmers claiming that the vegeta
tion can carry large numbers of animals without becoming 
degraded. The objective of this study was to evaluate the 
carrying capacity of succulent valley bush veld in various 
conditions (states) . 

Numerous authors have attempted to define carry
ing capacity (Booysen 1967; Caughley 1979 ; Collinson & 
Goodman 1982; Danckwerts 1982; Turner 1988 ; Trollop e 
& Trollope 1990) but these definitions are not consistent . 
Carrying capacity is a rather nebulous notion of sustain
able productivity and , as a consequence, is an aspect fre
quently avoided by purist scientists . Despite the academic 
demerits of determining carrying capacity it is possibly the 
information most frequently requested by land managers , 
and applied scientists are, therefore, obliged to provide' 
such guidelines. Invariably, carrying capacity attempts to 
describe the productivity of the vegetation in terms of the 
number of animals that can be maintained in a productive 
state on an area ofland without deterioration of vegetation 
or soil (Danckwerts 1989) . 

In this study, carrying capacity was determined by 
using an experimental approach similar to that devised 
by Danckwerts (1982) for sweet grassveld. The carrying 
capacity estimates determined in this study are intended 
to be used as initial guidelines which land managers can 
immediately implement , and later adapt . 
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Procedure 

The experimental approach was to use animals to har
vest seasonal production with a sirr/ulated rotational graz
ing/browsing system, similar to that devised by Danckw
erts (1982). Forage is produced by a host of herbaceous, 
succulent and woody species, the relative contributions 
changing from site to site. We viewed this productivity 
as two sources of forage: herbage for grazers and browse 
for browsers. The idea was to use goat browsing days to 
measure shrub productivity and cattle grazing days for 
the grass. The number of grazing/browsing days obtained 
per unit area was considered to be an index of the forage 
productivity and, therefore, carrying capacity. 

Five 2-ha camps were visually selected in the Kirk
wood district so that (1) they repiesented a range in 
possible vegetation conditions or states; (2) the vegeta
tion within a single camp was relatively homogeneous; 
and (3) they were in close proximity to each other «1 
km) to reduce the influence of differential rainfall events 
between sites. The sites were surveyed using a modi
fied point-centred-quarter method and the principal com
ponents analysis (described in Stuart-Hill et a/. 1986). 
Vegetation scores were obtained for each camp and these 
were later modified by Stuart-Hill (1989) to be indepen
dent of value judgement (see also Stuart-Hill & Hobson 
1991). Each site received a score which ranged between 
100 and -10 (Table 1), although in practice the range 
in scores is open ended. High scores represent very dense 
thicket vegetation dominated by P. afra (pristine succulent 
valley bush veld) and low scores represent an ephemeral 
herbaceous community with a woody layer consisting of 
a few scattered umbrella-shaped Pap pea capensis trees in
terspersed with unpalatable shrubs such as Lycium oxy
carpum and Zygophy//um morgsana. 

All wild ungulates (kudu, bushbuck , duiker, and grys
bok) were excluded from the experimental camps with a 
4 m high game fence and the camps were rested for 10 
months before the first grazing in February 1986. Sea
sons were assumed to start in May and end in April. The 
experiment continued until the end of April 1988. 

Determination of browsing capacity 

Portu/acaria afra and Grewia robusta were selected as the 
browse indicator plants because both are important forage 
producers (Aucamp 1979), and P. afm in particular is one 
of the first plants to be eliminated with heavy browsing. 

Portu/acaria afra and G. robusta plants were selected 
in a stratified random manner and marked. The num
ber of plants per camp varied according to the density of 
shrubs in.each .camp (see Table 1 for numbers of plants per 
camp) . SIX tWI~S were permanently marked (Figure 1) on 
each plant. TWig length and leaf number were monitored 
before, during, and after each browsing period to ensure 
that browse utilization was the same between camps. 

Goats were placed in each camp and allowed to browse 
until 50% ofJeaves of either P. afm or G. robusta had been 
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Figure 1 Detail of twig showing marking procedure. All leaves 
on the marked twig were counted and the lengths of all the 
subsidiary twigs were measured and added to give total twig 
length. 

removed, or 25% of twig length of either species had been 
removed, or the animals were losing weight. The weights 
of 15 goats camp-l were monitored before, during, and at 
the end of each browsing period . The rest of the animals in 
each camp (filler animals) were not weighed individually. 

During the non-browsing (recovery) periods, the 
marked twigs were measured at approximately monthly 
intervals. When twig length and leaf number had recov
ered to pre-defoliation levels, plants were assumed to have 
recovered and the next grazing period was started. 

Over a period of three years, the total number of kg 
livemass browsing days for each camp was determined, the 
idea being that this represented sustainable browse (goat) 
productivity for that camp. These values were converted 
to LSU per hectare and hectares per LSU. Throughout the 
experimental period, it was attempted ·to keep game out 
of the camps, but when this was not possible the number 
and type of animals and the period which they occupied 
the camps was recorded at weekly intervals. These were all 
browsers (Smithers 1983) and kilogram livemass browsing 
days for these animals were added to the browser totals. 

Table 1 Number of plants monnored in each of the five 
experimental camps 

Camp Vegetation PorI Wacaria Gr~wia robusla 
number score afra plants plants 

1 100 10 10 
2 84 8 8 
3 46 6 6 
4 20 6 6 
5 -9 6 

There were insufficient P. afra plants in camp 5 
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Determination of grazing capacity 

Nhen sufficient grass was present (only following excep
,ional rainfall events) dry dairy cattle were introduced into 
!ach camp. Sward height was monitored with 100 place
nents of a pasture disc meter (Bransby & Tainton 1977) 
md the cattle were removed once average disc height was 
.vithin 5 mm of 30 mm, the height at which animals would 
)e on restricted intake (using the logic argued by Danck
.verts 1982). Cattle were weighed before, during, and at 
;he end of each period of occupation, and if they started 
;0 consistently lose weight, the experimental rule was to 
;erminate the period of occupation. In addition to moni
;oring sward height, 50 square quadrats (1 m x 1 m) were 
:ut just prior to and immediately following the period of 
)ccupation. Owing to the clumped nature of the woody 
ayer, the sward was discontinuous over the area. Sward 
,ampling was confined to those areas where the sward was 
:iominant and a consequence is that the measurements for 
;he sward do not reflect herbage availability in each camp. 
Rather, these data were merely used to monitor herbage 
:iisappearance to ensure even utilization between camps. 

Over a period of three years, the total number of kilo
'"ram livemass grazing days for each camp was determined, 
~he idea being that this represented sustainable grazing 
~ cattle) productivity for that camp. These values were 
:onverted to LSU per hectare and hectares per LSU . Nat
urally there was some dietary overlap bet ween the goats 
3.nd cattle, but as the latter are not a permanent compo
nent of farming systems in this vegetation, this problem 
was overcome by letting the goats be the primary enter
prise with the cattle following. It follows that browsing 
capacity might be sligh tly inflated at the expense of graz
ing capacity. This , however , is likely to be insignificant as 
the goats were never subjected to nu tritional stress and 
were, therefore , primarily browsers (Aucamp 1979) . 

Productivity of animals 

\s described, animal mass was monitored during each pe
'iod of occupation, but as these were inevitably short (Jess 
;han one month), these data could not be used to reliably 
luantify animal productivity. They were nevertheless used 
;0 ensure that the animals did not lose weight as one of 
;he experimental rules was that the animals were to be 
:emoved from the camp as soon as they started to consis
;ently lose weight . 

Data analysis 

The mean change in twig length and leaf number against 
,hat originally present was determined at each sampling 
:late for both shrub species in all five camps. These were 
relativized (expressed as a percentage change) and plotted 
l.gainst time to give a graphical display of the relative uti
lization or recovery of the twigs or leaf number (Figures 
2 and 3). Confidence limits for each mean are not dis
played as they confuse the trends and are not necessary as 
~he repeatability of this technique is being reported in a 
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Figure 2 Change over the experimental period of twig length 
(a) and leaf number (b) of permanently marked Portulacaria 
afra twigs in four 2-ha camps representing differing states of 
Succulent Valley Bushveld. Camps were rested for 10 months 
before the first grazing; six twigs were marked on each plant 
(see Table 1 for number of plants marked per camp); statistics 
are contained in Table 2. 

separate study (Stuart-Hill unpubl.) . However, least sig
nificant differences (P =0 .05) for each parameter on both 
species in each camp are summarized in Table 2. It will 
be noted that the technique was more repeatable for G. 
robusta than for P. afra. 

Browsing capacity 

Twig monitoring 

Results 

The change in twig length and leaf number of P. afra and 
G. robusta over the experimental period is shown in Fig
ures 2 and 3, respectively. There was a severe dry spell 
(1986/87) after the first period of occupation and the 
plan ts were slow to recover. In some cases defoliation con
tinued through desiccation (Figures 2b and 3b). During 
the latter part of the 1987/88 season, growing conditions 
were more favourable and recovery was rapid. 
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Figure 3 Change over the experimental period of twig length 
(a) and leaf number (b) of permanently ~ark~d ~rewia robusta 
twigs in five 2-ha camps representing diffenng states of 
Succulent Valley Bushveld. Camps were rested for 10 months 
before the first grazing; six twigs were marked on each pl~nt 
(see Table 1 for number of plants marked per camp); statistics 
are contained in Table 2. 

Table 2 Number of samples (N) and least 
significant differences (P .. 0.05) for each 
parameter measured in this study 

Porluiacaria afra Grewia robusla 

Change in Change in 

Twig Leaf Twig Leaf 
Camp length number length number 
number N (%) (%) N (%) (%) 

1 60 20 25 60 12 6 

2 48 22 28 48 15 7 

3 36 25 35 36 18 8 

4 36 25 35 36 18 8 

5 01 36 18 8 

I'There were insufficient P. afra plants in this camp 

Prior to the second period of occupation, G. ro
'usta twig length in all camps had not recovered to pre
lefoliation levels , but it was nevertheless decided to browse 
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Table 3 Mean masses (kg) of goats monitored 
on each treatment during the various periods of 
occupation. Standard errors ranged between 
6.51 and 7.92 kg 

Date Camp 1 Camp 2 Camp 3 Camp 4 Camp 5 

Feb. 1986 

20.2 38 38 40 38 38 

25 .2 39 39 39 41 39 

27 .2 42 40 39 39 39 

30.2 42 41 40 41 40 

2.3 42' 42 41 41 39 

5.3 42 41 41 41 40 

Feb. 1987 

24 .2 42 40 42 40 

27 .2 42 39 44 39 

3.3 42 40 43 39 

5.3 41 39 42 40 

9.3 41 41 43 39 

11.3 42 40 43 40 

13.3 43 41 43 41 

Dec. 1987 

4.12 50 54 

7.12 48 52 

9. 12 48 53 

11.12 50 52 

13.li 50 51 

16. 12 51 54 

20.12 52 55 

Feb . 1988 

9.2 50 47 51 

10.2 50 50 53 

12.2 52 51 53 

15.2 53 51 53 

17.2 53 51 53 

19.2 52 52 54 

Table 4 Kilogram livemass browsing days obtained from each 
of five 2-ha camps representing a range in ecological statuses. 
Browsing contributed by game (kudu, duiker, bushbuck, and 
grysbok) which had found their way into the camps has not 
been included 

Camp 

Season 2 3 4 5 

1985/86 36833 32629 13 839 14205 8840 

1986/87 26143 26565 12200 5004 0 

1987/88 43063 40420 16631 6961 1 575 

Mean 35346 33204 14223 8723 3472 

camps 1 to 4 as P. afra had regrown to well beyond its pre
defoliation levels and G. robusta leaves in these four camps 
had recovered . Camp 5 was not utilized during the sec
ond period of occupation (1986/87) as neither the twigs 
nor leaves of G. robusta had recovered to pre-defoliation 
levels. 
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.. 1985/86 (384mml 
x 1986/87 (238mml 

o 1987/88 (433 mml 

o 20 

Ecological status 

Figure 4 Relation between ecological status of Succulent 
Valley Bushveld and browsing capacity measu~ed for the three 
experimental seasons with differing annual rainfall. 

Only camps 4 and 5 were browsed during the first pe
riod of occupation in 1987/88. In retrospect , camps 1 to 3 
were probably also ready to be browsed at this time and 
camps 4 and 5 should actually have been browsed approx
imately one to two months earlier . This was partly due 
to an operational delay of about a mon th between deter
mining that the plants had recovered and the start of the 
period of occupation. We believe that this will not greatly 

influence the results given that the rest of the camps were 
browsed only two months later and within the same ex
perimental season (1987/88) . 

The twig length and leaf number of both species had 
recovered to at least their pre-defoliation levels when the 
experiment was terminated. Indeed , some twigs had recov
ered slightly beyond (non-significan t) the pre-defoliation 
levels but this (if meaningful) would emphasize the con
clusions drawn in this investigation . 

Goat mass 

Average goat mass did not consistently decline during any 
of the periods of occupation (Table 3) and it follows that , 
from an animal performance viewpoint, none of the camps 
was over-utilized. 

Browsing capacity 

The number of browsing days obtained during each season 
from each camp are displayed in Table 4. Included in these 
values are the contribution made by game (kudu , duiker , 
bushbuck, and grysbok) which had found their way into 
the camp!;. Their kilogram grazing days were determined 
as the estimated number of days they occupied the camp 
multiplied by 0.75 of mean female mass (Smithers 1983) . 

In all three seasons high ecological status had a higher 
browsing capacity than low ecological status . Increasing 
rainfall generally increased browsing capacity but did not 
markedly affect the shape of the relation (Figure 4) . It will 
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Figure 5 Change in sward height, measured with 100 
placements of a pasture disc meter (Bransby & Tainton 1977), 
during the April 1986 (a), November 1987 (b), and April 1988 
(c) periods of occupation. Cattle numbers and average 
weights are described in Table 6. 

be noted , however, that the browsing capacity estimations 
for the lower two ecological statuses during the 1985/86 
season were inconsistent with the rest of the results (higher 
than expected) and this was possibly due to camps 4 and 
5 being more heavily utilized during the first period of 
occupation . This is evident for camp 4 in the P. afm data 
(Figure 2) and for camp 5 in the G. robusta twig length 
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Table 5 Sward dry matter measurements (kg 
ha-') determined by cutting 50 m-2 quadrats 
before and after each period of occupation for 
each of five 2-ha experimental camps 

Dale Camp 1 Camp 2 Camp 3 Camp 4 Camp 5 

April 1986 

Before 1630 1 505 1 118 

Afler 554 521 588 

1"ov. 1987 

Before 897 983 1 169 964 

Afler 529 503 572 527 

April 1988 

Before 1 670 1 580 2450 2160 2130 

Afler 544 554 498 550 560 

Although the unilS are kg ha-I
, this is not a true reflection 

of herbage on offer as grass occurred only in patches in 
the camps. Sampling was concentrated in these areas as 

the intention was to monilor herbage disappearance, not 

to determine herbage on offer. 

Table 6 Number of days each camp was 
occupied, number of cattle and average cattle 
weight (kg) before and after each period of 
occupation. The before and after masses were 
compared with paired t tests and were not 
different (P:5 0.05) 

Dale Camp 1 Camp 2 Camp 3 Camp 4 Camp 5 

April 1986 

No. days 

No. callIe 

Wl. before 

Wl. afler 

Nov. 1987 

No. days 

No. callie 

Wt. before 

Wt. afler 

April 1988 

No. days 

No. callie 

Wl. before 

Wl. afler 

1 

2 

310 

295 

4 

2 

288 

285 

2 

2 

305 

300 

5 

2 

328 

321 

11 

5 

378 

369 

5 

4 

336 

338 

7 

12 

379 

388 

9 
5 

415 

424 

5 

4 

391 

398 

7 

12 

381 

384 

7 

5 

434 

439 

6 

8 

451 

444 

Table 7 Kilogram livemass grazing days 
obtained from each of five 2-ha camps 
representing a range in ecological statuses 

Camp 

Season 2 3 4 5 

1985/86 0 0 20543 18878 15278 

1986/87 0 0 0 0 0 

1987/88 2 897 4 455 38954 40020 21 480 

Mean 966 I 485 19 832 19633 12252 
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data (Figure 3a), but there was .no evidence of excessive 
utilization of G. robusta in camp 4 compared to the other 
camps (Figure 3) . Furthermore , as P. afra was absent in 
camp 5, and therefore not monitored, we cannot be sure 
of this interpretation. 

Grazing capacity 

Sward monitoring 

The decline in sward height in each camp during the three 
periods of occupation is illustrated in Figure 5. Measure
ments of sward mass before and after each period of oc
cupation are contained in Table 5. There was insufficient 
grass in camps 1 and 2 and in camp 5 during the April 1986 
and November 1987 periods of occupation, respectively, to 
warrant grazing (Table 5, Figure 5) . 

Cattle mass 

Cattle mass did not decline during any of the periods of 
occupation (Table 6) and it can be assumed, therefore , 
that the animals were not under nutritional stress. 

Grazing capacity 

The number of graz ing days obtained during each season 
from each camp are displayed in Table 7. During the 
1986/87 season rainfall was low (238 mm) and no graz
ing days were obtained from any of the camps and grazing 
capacity, therefore, was zero (Figure 6) . In reality, some 
grass was produced but this was almost entirely utilized 
by the goats during t heir period of occupation . Grazing 

Table 8 The differences between measured carrying capacity 
(grazing plus browsing capacity) and predicted carrying 
capacity derived from a response surface mathematical model 
using 12 monthly rainfall figures and vegetation condition 
(ecological status) as input variables 

Veld Rain Measured Predicted Difference 
Season sco re (mm) (LSU ha- I) (LSU ha- I) (LSU ha- I) 

1985/86 100 384 0.112 0.106 0.006 

84 384 0.099 0.108 0.009 

46 384 0.105 0.105 0 

20 384 0.101 0.095 0.006 

-9 384 0.073 0.076 0.003 

1986/87 100 238 0.080 0.086 0.006 

84 238 0.081 0.071 0.010 

46 238 0.037 0.039 0.002 

20 238 0.015 0.019 0.004 

-9 238 0 -{).002 0.002 

1987/88 100 433 0.136 0.124 0.012 

84 433 0.130 0.149 0.019 

46 433 0.169 0.164 0.005 

20 433 0.143 0.138 0.005 

-9 433 0.070 0.074 0.004 

Mean difference 0.006 
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Figure 6 Relation between ecological status of Succulent 
Valley Bushveld and grazing capacity measured for the three 
experimental seasons with differing annual rainfall. 

capacity in the other two seasons was highest at interme
diate ecological status and decreased considerably at high 
ecological status. Increasing rainfall had the effect of in
creasing grazing capacity at intermediate ecological status 
but had little effect at high or low ecological statuses (Fig
ure 6) . 

Carrying capacity 

Carrying capacity was assumed to be the sum of graz
ing capacity and browsing capacity. Dense bush veld had a 
higher overall carrying capacity than open bush veld with a 
requirementof9 haofdense bush LSU-l (i.e. 0.1111 LSU 
ha- l ) down to 21 ha of severely degraded bush LSU-l 
(i.e. 0.0476 LSU ha- l) (Figure 7). Averaged over all sea
sons, there was little increase in carrying capacity with 
ecological status above c. 50% (Figure 7). Possibly this 
represents a measure of the system's potential , which at 
higher ecological status remains constant, even with rather 
marked changes in vegetation composition and structure; 
i.e. the resources (rain, nutrients, etc.) are merely par
titioned differently but overall productivity remains the 
same. However , at lower ecological status, it seems that 
system breakdown has occurred (e.g. soil erosion) and 
potential productivity has declined. However, it is evi
dent that between seasons, carrying capacity would vary 
markedly with ecological statuses of less than c. 80% (Fig
ure 8) . 

Carrying capacity changed considerably depending on 
rainfall (Figure 8). This was complicated because the more 
degra?ed th~ veld the greater was the variation . Carrying 
capacIty vaned by approximately 26% above and below av
erage carrying capacity for pristine bushveld, whereas for 
degraded bush veld carrying capacity varied by 52% above 
or 100% below the average. . 

Discussion 

In the long run and with a combination of grazers and 
browsers it will pay to have dense bushveld (Figure 7). 
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Figure 7 Relation between ecological status of Succulent 
Valley Bushveld, and average grazing, browsing, and grazing 
plus browsing capacity measured overthe experimental period . 

However, it is important to note that optimum veld condi
tion changes from season to season and with management 
objectives . 

In wet seasons, total forage production is highest at 
intermediate ecological status (i.e. more open bushveld), 
whereas in other seasons veld with high ecological status 
(dense bushveld) was more productive (Figure 8). This 
was due to the sward which, at intermediate tree densities 
(Figure 6), is extremely productive during wet seasons. 
Two points, however , must be made regarding this forage 
source. Firstly, it is ext remely unreliable between years 
(Figure 6) and secondly, in the long term, food from the 
shrubs at high ecological status will exceed forage from 
the grass at lower ecological status (Figure 7). For a con
stant fodder flow, therefore, dense bushveld is preferable 
to open bush veld (Figure 8). Nevertheless, the consid
erable amounts of forage produced by degraded bushveld 
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Figure 8 Relation between ecological status of Succulent 
Valley Bushveld and average grazing plus browsing capacity 
measured for three seasons with differing annual rainfall. 
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during exceptional rainfall years is extremely valuable, es
pecially as it remains relatively sweet even when it dries 
off. Grazers could be bought in on a speculation basis to 
use this forage but these should never form a permanent 
enterprise as droughts with zero sward production (Fig
ure 6) are common. Another use of this forage in browser 
systems is to utilize it during the wet seasons thereby re
lieving pressure on the areas with dense bush so they get 
a chance to recover. 

Optimum veld condition will also change with opera
tor objectives. For overall productivity, farmers with only 
cattle (grazers) would aim to have veld in the mid-range 
of ecological status (Figure 7) but this would conflict with 
farmers (and conservationists ?) who have browsers (e .g. 
goats and kudu) . Their optimum would be vegetation with 
high ecological status (Figure 7). 

The results appear to comply with the theory of sta
bility and resilience as advocated by Walker (1980). Pris
tine bushveld (high ecological status) is stable from a for
age production point of view (Figure 8) but lacks resilience 
as once degraded it will not recover (within a human lifes
pan at least) . Veld with lower ecological status is unstable 
from a forage production viewpoint (Figure 8) but is re
silient in that it rapidly reverts to its desert-like character 
following disturbance. 

It is perhaps noteworthy that the carrying capacity re
sult for the wet year (Figure 8) is similar to that found for 
the more mesic neighbouring False Thornveld of the east
ern Cape (Aucamp et al. 1983; Stuart-Hill 1987) where 
total forage productivity was found to be highest at inter
mediate tree densities . This leads us to question whether 
there is not a continuum between False Thornveld and 
succulent valley bushveld. 

The results of this investigation enabled a model to be 
developed , where carrying capacity (C) can be predicted 
from rainfall and vegetation condition (ecological status) . 
This was done mathematically by developing the following 
equation which uses 12-mon thly rainfall (R) and ecological 
status (V) as input variables . 

C = Al + A2V + A3V2 + A4R+ AsR2 + A6V R+ 
A 7 V2 R + As V R2 + A9 V2 R2 

where : C in LSU ha -I; R in mm; 
Al = -2.35955432 
A2 = 1.73322191 
A3 = -1.32997188 
A4 = 1.29914587 
As = -1.22172784 
A6 = -1.13147013 
A7 = 9.38097966 
As = 1.81879951 
A9 = -1.57320123 

!able 8 shows the difference between the observed and 
predIcted carrying capacities. Other less complex but less 
accurate equations are available from the senior author. 
A second model was also developed by emploving Kriging 
(Clark 1982) to interpolate between the me~ured carry-
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ing capacItIes. This is represented as a three dimensional 
plot (Figure 9a) for descriptive purposes, and as both a 
contour plot (Figure 9b) and a read-up table (Table 9) for 
non-mathematical prediction. The latter , we propose , will 
be useful for field predictions of carrying capacity. The 
difference between observed and carrying capacities pre
dicted from the read-up table are presented in Table 10 
and it would appear that the table method is more accu
rate than the mathematical method. 

It is important to stress that although the predictions 
are presented as numeric values, these should be treated 
with caution , especially when extrapolating beyond the 
limits of the input variables or, especially, to other areas . 
In addition , users of these models should be aware that 
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Figur~ 9 Carrying capacity (browsing capacity plus grazing 
ca~aclty) of Succulent Valley Bushveld as predicted from 
Kriging where the independent variables are rainfall and 
vegetation condition (ecological status). The predicted relation 
IS shown In three-dimensions (a) and as a contour plot (b). 
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Table 9 Combined predicted carrying capacity (LSU 1000 ha-' ) 
of grazers and browsers in succulent valley bushveld for 
different ecological statuses and for various rainfall seasons. 
Predictions were derived from interpolation using linear Kriging 
(see Clark 1982) 

Rain 
Ecolog ica l statu s (%) 

(mIn ) - 10 0 10 20 30 40 50 60 70 SO 90 100 

240 4 9 15 23 31 41 52 63 73 78 79 

250 2 6 I I 17 25 33 43 54 66 77 81 81 

260 8 11 16 22 29 38 47 57 67 76 81 83 

270 15 18 22 28 35 43 51 60 68 75 81 84 

280 21 25 29 35 4 1 48 55 63 70 76 81 85 

290 28 3 1 36 4 1 47 53 60 66 72 78 83 86 

300 35 38 42 47 52 58 64 70 75 80 84 87 

310 41 44 45 53 58 63 69 74 78 83 87 89 

320 42 46 54 59 64 69 73 78 82 86 87 90 

330 45 5 1 56 59 64 74 78 74 83 87 90 93 

340 51 55 61 6 1 65 72 75 81 84 90 89 92 

350 56 60 65 71 74 87 89 S I 91 92 94 96 

360 61 67 81 85 89 91 92 93 94 96 97 99 

370 73 78 55 90 93 95 96 96 96 97 100 104 

380 73 80 89 96 99 101 101 101 100 99 102 108 

390 

400 

4 ]() 

42() 

44 (1 

4'iO 

74 83 93 103 107 108 109 IDS 106 103 106 11 3 

76 87 98 109 116 119 120 118 116 113 114 117 

78 90 I ()'! 117 127 132 133 130 126 122 121 122 

76 91 11 0 127 139 146 14 7 142 134 129 127 12S 

72 92 11 6 139 150 160 16 1 151 141 132 13 1 134 

77 96 119 140 153 162 163 155 146 138 135 137 

88 102 120 136 148 156 157 154 14 8 i4 3 14 0 139 

Table 10 The differences between measured carrying capacity 
(grazing plus browsing capacity) and predicted carrying 
capacity derived from Table 9 which uses 12 month ly rainfall 
figu res and vegetat ion cond ition (ecological status) as input 
variables 

Season 

1985/86 

1986/87 

Veld 
score 

100 

84 

46 

20 

-9 
100 

84 

46 

20 

-9 
1987/88 100 

84 

46 

20 

-9 
'vIcan diffe rence 

Rain 
(mm ) 

384 

384 

384 

384 

384 

238 

238 

238 

238 

238 

433 

433 

433 

433 

433 

Meas ured Predicted Difference 
(l.SU ha- ' ) (LS C ha- I ) (LSC ha- I ) 

0. 112 

0.099 

0.105 

0.101 

0.073 

0.080 

0.08 1 

0.037 

0.0 15 

o 
0.136 

0 130 

0.1 69 

0.143 

0.070 

0.11 0 

0. 101 

0.104 

0.100 

0.073 

0.080 

0.079 

0.Q38 

0.012 

0.002 

0.134 

0. 133 

0. 162 

0 139 

0.074 

0.002 

0.002 

0.001 

0.001 

o 
o 

0.002 

0.00 1 

0.003 

0.002 

0.002 

0.003 

0.007 

0.004 

0.004 

0.002 
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there a re genera lly high de nsities of kud u (c. 58 per 1000 
ha) and bush buck (c . 13 per 1 000 ha) in t hi s vege t.at ion 
and t hese m ust be taken into account when dete rm in ing 
st.ocking rat.es . Neglect ing to do t his could resu lt in over
stocki ng by between 2.') a nd 45 %. 

It shoul d also be stated that this experimen t was de
signed a rou nd ensuring t hat P. afra and G. robusta were 
utili zed in a sus t a in ab le manner . While these spec ies a re 
the most preferred common species there are ra rer spec ies 
which (from observation) are more heavily ut ili zed . It fol
lows that these spec ies may eventually be lost even while 
P. afra and G. robu sta are maintained. There m ay be 
other issues of sustainability which this study was not able 
t.o add ress. If so, t hen t he long-term sustainable ca rr ying 
capacit·y could be even lower than these data suggest . 

C onclusion 

Optimum \·egetation condition changes from season to sea
son and with m anagem ent obj ec tives . However , desp ite 
the possi bil ity that for some ente rp rises veld with inte r
medi atE" eco logical statuses m ay be preferab le to de nse 
busll\·e1d . our recommendation is t hat existi ng relllilan ts 
of pristi ne bushveld should never be harmed. Th is is be
cause: 

1. It cannot regenera te once destroyed a nd t hi ~ limits 
futu re managemer,t a lte rn atives ; 

2. it J", ro \· ides a relat ively consistent fodder fbI\" be
t ll·",,,,n s-? asons (in df?e d , fa rmers in t he succu lent \·alley 
bIl S!l\·e!d shou ld never have (.0 rely on drought subs i
d i ",~ ': 

:3. it i~ llE're produ ctive t han open bush ; and 

-1 . most far ms al ready have cons ide rab le areas of \·eld 
II· ith \c'1\" ecologi cal status. 
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ABSTRACT 

The objective was to evaluate commonality in the existing models 
that predict grazing and browsing capacity for these two 
contrasting veld types. 

In general, there appears to be some potential for a common 
model. The ("inappropriate") false thornveld model was able to 
relatively accurately predict the grazing, browsing and total 
carrying capacity of the succulent valley bushveld for at least 
two of the three seasons tested. The model failed to predict 
browsing capacity only during the extremely dry season (rain < 
238) but this should not be a conce1;'n as the deficiency was 
entirely explainable, making it possible for a future common 
model to account for such events. . 

This investigation also demonstrated the extremely important 
influence that rainfall has on carrying capacity. While 
vegetation condition also plays a role, this is trivialized if 
multiple foraging herbivores are utilized: i.e. both browse and 
grass are utilized with appropriate animal species. 

INTRODUCTION 

contrasting false thornveld and succulent valley bushveld. 

On the eastern seaboard of the Cape province exists a variety of 
vegetation communities within which woody plants are a 
characteristic and i mportant component (see Acocks 1975). Two 
of these, the succulent valley bushveld (Stuart-Hill in prep.) 
and the false thornveld (Acocks 1975) possibly represent the 
extremes from a land users viewpoint. 

Address during study: Dohne Research Centre, P Bag 
X15, Stutterheim, 4930 . 
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The false thornveld (FT) is a typical savanna and is well 
represented in the eastern Cape. Essentially, it is a perennial 
grassland with a scattering of trees, mainly Acacia karoo. The 
grass layer forms the forage production base while the woody 
plants are treated as weeds and often great effort is expended 
in attempting to rid the veld of these plants. In more recent 
times, and in contrast to other parts of southern Africa, these 
woody communities now form an important forage source for browser 
based farming enterprises. Broadly, the utilization philosophy 
in these eastern Cape savannas' concentrates on conserving 
(utilizing wisely) the herbaceous layer whilst damaging 
(controlling) the woody layer because the latter has strong 
recuperative powers. . 

In contrast, the vegetation community known locally as succulent 
valley bushveld (SVB) , is functionally dlfferent to the savannas 
because the herbaceous layer is dominated by ephemeral plants and 
the successional drift towards increased bush is so slow that for 
all practicable (land use) purposes, it does not exist. It is 
a dense, semi-succulent, thorny vegetation occurring in hot, dry, 
frost-free areas between the Kei and Gouritz river valleys (data 
from Acocks; 1975; Cowling, 1984; Everard, 1987). Browse is the 
production base and the management philosophy in this vegetation 
is one of maintaining the shrub component because it is 
potentially the most productive and if lost, does not regenerate 
within a human lifespan at least. 

Objective 

Carrying capacity is a rather nebulous notion of sustainable 
productivity but despite this, it is possibly the information 
most frequently required by land managers and applied scientists 
(stuart-Hill & Aucamp 1993). Empirical experimental efforts to 
predict this parameter usually produce parochial results with the 
predictions being limited in space and time. There was a desire 
to see whether some underlying model, common to all vegetation 
types, could be constructed to provide carrying capacity 
guidelines. 

More specifically, the objective of this study was to determine 
whether there was an underlying commonality in the models which 
predict grazing and browsing capacity in both the FT and SVB of 
the eastern Cape. 

These veld types were selected because there were existing 
(independent) carrying capacity models for each, and they 
represented the extremes in the continuum of the primary forage 
source: i.e. browse for the SVB and grass for the FT. 
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PROCEDURE 

In principle, the procedure was straight forward, consisting of 
three phases. , 
i. The actual carrying capacity of the SVB as mea~ured dur1ng 

three experimental seasons was used (stuart-H1ll & Aucamp 
1993) as reference points for comparison. , 

ii. A basic spreadsheet model was constructed to pred1ct 
carrying capacity for the FT. This model combined the 
results by Danckwerts (grazing capacity) with that ,of 
Teague (browsing capacity) as suggested by Stuart-H1ll 
1987. 

iii. By taking the input variables of relevance to the SVB, for 
the three experimental years (stuart-Hill & Aucamp 1993), 
and placing them into the FT model, it was possible to 
predict carrying capacity of the SVB. These predictions 
were then compared with the measured carrying capacity and 
the potential for commonality of models thereby addressed. 

Both models are essentially driven by 12 monthly rainfall and 
woody vegetation status. However, the FT model also required 
some additional input not actually measured in the SVB (e. g. 
long-term mean annual rainfall, catenal position & grassveld 
condition score) to run sub-modules within the main model. 

Briefly the FT model operates as follows. The grazing capacity 
is determined from an empirically derived model which used 12 
month rainfall and grassveld condition score. It then reduces 
this to compensate for the competitive effect of the woody layer, 
following which it further reduces the grazer carrying capacity 
to account for the amount of grass that the browsers will 
consume. At the same time, the number of browsers which can be 
carried by the woody layer is estimated (i.e. dependent on the 
catenal position of the site and the average annual rainfall) 
from a two dimensional response surface (or look-up table). 

While the operational details of the comprehensive FT model are 
described in detail by stuart-Hill (1987), there were some basic 
assumptions/manipulations which were necessary to make the FT 
model compatible with the SVB. 

Manipulation 1: a common index for evaluating veld condition 

The models in the two veld types differed in terms of the manner 
of establishing the status (or 'condition') of the woody 
comJ?onent of the v~getation. The FT model required, as a 
var1able, tree egu1valents whilst the SVB model required 
ecological status (see Teague et al 1981 and stuart-Hill 1989 for 
definitions respectively). 

To obtain a common means of comparing vegetation status in the 
two veld type~, it was ?ecessary to convert the tree equivalents 
of th~ FT 1nto an 1ndex ~f ecological status (called FT 
ecolog1cal status). To do th1s the following procedure was 
adopted. 
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Tree equivalents (of the FT) and tree bio-volume (of the 
SVB) were converted to twig m~ss (ie dry mass of leaf 
bearing twigs) with the follow1ng formulae (Hobson & De 
Ridder 1991): 

Twig mass = 162.38 TE 2~ 
where TE = tree equivalents 

Twig mass = 145.76 Vol 0.98 

where Vol = volume of canopy in m2
• 

ii. These two formulae combined, enabled TE to be converted to 
bio-volume or vice versa: 

TE = Volj3.7835 
Vol = 3.7835 x TE (m3

). 

iii. Using the above, the bio-volumes measured in each of the 
SVB experimental camps (stuart-Hill & Aucamp 1993) were 
then converted to TE. As the ecological status of each 
camp was known, the ratio of TE to ecological status was 
simply determined for each site anq the mean (30,6) used as 
a conversion factor: i.e. from TE to an index of 
ecological status (for FT) (Table 1). 

INSERT TABLE 1 

This was not strictly correct as ecological status (SVB) is 
determined from not only bio-volume, but also the 
percentage of Lycium oxycarpum, Portulacaria afra, Schotia 
afra and Euphorbia bothea, and tree .. densi ty (Stuart-Hill 
1989). It is argued, however, that an approximate index of 
ecological status (of SVB) can nevertheless be developed 
from bio-volume alone, because the species composition data 
contribute little to the ecological status score, and 
these, together with tree density, are closely correlated 
(r2 > 0,85) with bio-volume. 

Manipulation~: varying browse production with rain (FT-model) 

In the original FT model (Aucamp et al 1983, later refined by 
stuart-Hill 1987), browse productivity was not varied in 
accordance with seasonal rainfall. Obviously this is inadequate, 
and so an attempt was made to incorporate this into the FT model. 
This was achieved by using browse production data from Stuart
Hill & Tainton (1988), obtained from three experimental seasons, 
and plotting these against 12 monthly rainfall (Figure 1). 

INSERT FIGURE 1 

These initial results indicated a dramatic collapse in production 
when yearly rainfall is less than approximately 350mm. In 
retrospect, this is predictable because plants require a minimum 
amount of water in order to survive and furthermore A. karoo does 
not occur in veld types with less than this amount of rainfall 
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(unless it has access to supplies of sub-soil water). Where 
there are acceptable levels of rainfall for A. karoo growth (i.e. 
> 350mm), the decline in browse productivity, wi,th decreasil!g 
rainfall is described by the linear relationsh1p 1llustrated 1n 
Figure 1. 

The upshot of this manipulation is that with rainfall above 
350mm, the FT model will vary browse productivity according to 
the amount of rain which fell. Rain less than this amount will 
result in a prediction of no browse. 

Assumption 1: for comparable browse productivity (FT-model) 

The FT model required an estimate of the long-term mean annual 
rainfall and catena I position because a module in this model uses 
this information to allocate number of 'browse units' necessary 
to sustain one goat for a year (Teague et al 1981; stuart-Hill 
1987) . 

An average annual rainfall of 400mm was assumed, as this was 
similar to the relatively more arid conditions of the SVB and it 
was approximately the lowest level at which the 'browse unit per 
goat' module operated (Teague et al 1981). 

The productive bottomland catena I position in the 'browse unit 
per goat' module was assumed, because the shrubs of the SVB are 
mostly evergreen and also better adapted to arid conditions than 
& karoo. Consequently, one may expect that under the same 
conditions of aridity, fewer browse units are necessary to 
support one goat in SVB! than in the FT. 

Ultimately these assumptions produced a requirement of 14446 
'browse units' to sustain one 'large stock unit' of goats for a 
year. 

Assumption 2: for comparable grass productivity (FT-model) 

The, grazer stocking rate module in the FT model requires an 
est1mc;tte ?f the, grassveld condition score from which graz ing 
capac1ty 1S pred1cted (Danckwerts 1984). 

A grassveld condition score of 35% was assumed to reflect a 
comparable sward composition in SVB, as this would be dominated 
by ,cynodon ,species but interspersed with very few plants of 
Pan1cum max1mum, P. deustum, Sporobolus fimbriatus, Eragrostis 
o~tusa and ~ chloromel~s. This score may have been a little 
h1gh, as dur1ng dry per10ds, many plants may die and the sward 
becomes extremely sparse. . 
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RESULTS 

Predicting grazing capacity 

The measured and predicted grazing capacities for the three 
experimental years are displayed as a function of ecological 
status (Figure 2). 

INSERT FIGURE 2 

The FT model predicted grazing capacity with relative accuracy 
for all three seasons. It was, however, weak at low ecological 
status and this is to be expected given that the difference 
between the FT and SVB becomes most apparent at these vegetation 
states. This is because where there are few trees in FT, the 
herbaceous layer is a dense perennial grass sward, whereas in the 
SVB, it is a sparse ephemeral community. 

Predicting browsing capacity 

The measured and predicted browsing capacities for the three 
experimental years are displayed as a function of ecological 
status (Figure 3). 

INSERT FIGURE 3 

The FT model predicted browsing capacity with a reasonable degree 
of accuracy for the two wet seasons, but was hopelessly 
inadequate for the dry, 1986/87 season. Here, it predicted no 
browsing whereas a reasonable amount was "actually measured. This 
failure is expected, given that the FT model is based on k 
karroo, a deciduous species not able to survive with rainfall of 
less than 350mm per year. In addition, the SVB is dominated by 
evergreen and succulent trees and shrubs, and it follows that the 
woody layer is better able to cope with dry conditions than k 
karroo. 

At low ecological status, measured browsing capacity for the 
1985/86 and 1987/88 seasons was probably higher and lower 
respectively, than it should have been. This was possibly a 
resul t of the paddocks having been browsed beyond sustainabili ty, 
in the first season, this followed by a drought in the second, 
with the consequence that the vegetation was in a recovery period 
during the last season. In the broad sense, given the errors in 
measurement and the inherently unreliable nature of predicting 
carrying capacity, the predictions for the 1985/86 and 1987/88 
seasons are probably reasonable. 

predicting total carrying capacity 

The measured and predicted total carrying capacities (i.e. 
grazing plus browsing capacity) for each of the three 
experimental years are displayed as a function of ecological 
status (Figure 4). 

INSERT FIGURE 4 
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Total carrying capac i ty was reasonably accurately predicted for 
the two wet seasons but was hopelessly inadequate for the dry, 
1986/87 season. As'carrying capacity is the ,sum of gra~ing and 
browsing capacity, this failure is expected g1ven the fa1lure of 
the FT model to predict any browsing capacity during the 1986/87 
season. 

DISCUSSION AND CONCLUSIONS 

In general, there appears to be some ' potential for a common 
carrying capacity model to be constructed for both the FT and 
SVB. 

The predictions for grazing, browsing and total carrying capacity 
for the seasons with more than 350mm of rain (i.e. 1985/86 & 
1987/88) were reasonable when seen against the background of 
uncertainty inherent with a variable such as carrying capacity. 
In contrast, the FT model failed to predict browsing capacity for 
the dry 1986/87 season and this resulted, in turn, in the failure 
of the model to predict total carrying capacity for that year. 
It did, on the other hand, correctly predict grazing capacity for 
that year. 

Fortunately the failures (to accurately predict carrying 
capacity) were explainable. This, together with the encouraging 
predictions of the ( 'inappropriate') FT model, illustrate that 
we should strive to construct a robust common carrying capacity 
model for (at least) the woody communities of the eastern Cape. 

A spin-off conclus i on from this investigation is the clear 
demonstration of the extremely important influence that rainfall 
has on carrying capacity. In addition, while the vegetation 
state plays a secondary (and nevertheless important) role, this 
is trivialized if multiple foraging species are utilized: i.e. 
the overall productivity of the system remains relatively 
constant across vegetation states if both browse and grass are 
utilized with appropriate animals. That is not to say that 
vegetation condition is irrelevant. Indeed, the SVB during 
very dry seasons, still plays a significant role in supporting 
herbivores (see Figure 4). 
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Table 1. The relationship between derived tree equivalents 
(TE) and measured ecological status (ES) of five 
experimental camps in succulent valley bushveld. 
The TE's were estimated from measured bio-volume, 
with a formula which is fully described in the 
text. 

Camp Bio- TE ES Ratio 
Number Volume (derived) % TE ES 

1 
2 
3 
4 
5 

11 933 3154 100 31.5 1 
10 322 2728 90 30.3 1 

5 082 1343 46 29.2 1 
2 369 626 20 31.3 1 
1 213 320 -10 (-32.0 1)1 

mean 30.6 1 

This ratio was not included in the mean as it's sign 
is not comparable with those above. 
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FIGURE CAPTIONS 

The response of Acacia karroo browse production to 12 
monthly rainfall (data from stuart-Hill & Tainton 
1988) • 
The predicted (solid lines) and measured (broken 
lines) grazing capacity response to different 
vegetation states in succulent valley bushveld. The 
predicted values were obtained from the false 
thornveld carrying capacity model. The symbols 
represent the three different years, with rainfall. 
The predicted (solid lines) and measured (broken 
lines) browsing capacity response to different 
vegetation states in succulent valley bushveld. The 
predicted values were obtained from the false 
thornveld carrying capacity model. The symbols 
represent the three different years, with rainfall. 
The predicted (solid lines) and measured (broken 
lines) carrying capacity response to different 
vegetation states in succulent valley bushveld. The 
predicted values were obtained from the false 
thornveld carrying capacity ' model. The symbols 
represent the three different years, with rainfall. 
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TOOL 7 

A METHOD OF RECORDING ESSENTIAL 
INFORMATION 

[P 7.1] A vision for ecological monitoring in a national park 



[TOOL 7] 

A METHOD OF RECORDING ESSENTIAL INFORMATION 

ORIGINAL BRIEF 

Here the emphasis must be on balanced record keeping and only 
information which is useful should be collected. It must be 
clearly stated why each piece of information is being collected; 
e.g. why collect ra i nfall data? 

RESULT 

Tool 7, a model of recording essential environmental and 
management information, is not specifically provided in this 
dissertation. It is a complex study which would have received 
superficial treatment given the resources at my disposal. The 
complexity comes from the myriad of land-use possibilities, time 
scales and variables and ideally, each property should have a 
tailor-made monitoring system. By way of example, however, an 
elementary information monitoring system is suggested for a 
national park in the unpublished report: A vision for ecological 
monitoring in a National Park [P 7.1]. 



[P 7.1] 

A VISION FOR 
ECOLOGICAL 

MONITORING IN A 
NATIONAL PARK 

OCTOBER 1993 

G.C. STUART-HILL 

Bophuthatswana National Parks Board 
P.O. Box 4124 

RUSTENBURG 
0300 

SOUTH AFRICA 

PREAMBLE 

It is assumed at the outset, that resources for ecological 
monitoring are limited. As a consequence, the philosophy adopted 
in compiling this vision, is that only essential information 
should be collected. The unfortunate consequence is that such 
a system may, if the system should 'move' in an entirely 
unpredictable manner, be unable to provide all the information 
required to explain the change. While this is a weakness, it 
also confers a strength in that, if followed, it ensures that at 
least some information will be consistently collected. 

PROBLEMS WITH CURRENT INFORMATION SYSTEMS 

The consistent problems with monitoring in National Parks are as 
follows. 
1. Insensitive and sensitive monitoring programmes for some 

biological attributes of the systems while others are 
poorly or not monitored at all (ie. classic sub
optimization) . 

2. Too much information is collected in a 'shotgun' fashion 
(i.e. implicit in current philosophy is "lets record 
everything because we may need it"). A clear management 
orientated information analysis needs to be conducted; i.e. 
what information does the Park manager really need? 

5. Poor system of recording essential information. 
Information becomes lost as master ' copies are not formally 
filed and these move around or are lost with staff turn
over (ie. most monitoring programmes are attached to 
individuals not posts because they happen to correspond to 
the interests of the individual). Monthly/quarterly 
reports are a clumsy data collection media, especially when 
looking for trends over years. 

Monitoring in National Parks has usually been the responsibility 
of scientists who are heavily involved in wildlife research. As 
such they are under pressure to publish. The consequence of this 
is that they need to specialize (leading to sub-optimization) and 
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their planning horizons are usually short, leading to a neglect 
in the long-term aspects of monitoring. It is absolutely 
essential that a clear distinction should be made between 
research and the relatively mundane ' but vital monitoring 
programmes for adaptive management. 

i) 

ii) 

iii) 

iv) 

v) 

SUGGESTED SOLUTIONS 

The information system should be simple and focused on 
absolutely essential information. 
The monitoring programmes should be designed around 
specific requirements (ie. questions that are essential for 
adapti ve Park management). wi th no relevant formally 
stated question, no monitoring should be undertaken! 
The monitoring programme should be independent of staff 
turnover and to aid this, clear cut monitoring policies are 
required detailing responsibilities to posts, not persons. 
These responsibilities should form part of the induction 
package given to new occupants of the responsible positions 
and highlighted when structural adjustments are made in the 
organisation. 
Original master copies of all monitoring data are to be 
housed at each Park's Head Office in a facility or place 
which is sacrosanct and not prone to change on the whims of 
new managers. 
The monitoring system must specify clearly how and when 
data are to be collected, recorded and reported and who is 
responsible for the various aspects. 

INFORMATION REQUIREMENT ANALYSIS 

The type of information needed for adaptive Park management is 
best illustrated as questions that managers will ask. certain 
questions will be asked at short intervals (eg. dailyi whilst 
others may be asked only every decade or more. It follows, 
therefore, that it is absolutely essential to account for the 
time dimension in any monitoring programme. The other dimension 
is of course, the various attributes of the system itself (eg. 
soils, fauna and flora). 

An example of important questions which will be asked at 
di~fe~ent times and frequencies with respect to the fauna, flora, 
ablotlc factors and management actions of a typical National Park 
are illustrated below. Alongside each question is the type of 
information which needs to be collected, analysed and stored. 

Of great importance are the objectives oi management e.g. if one 
should decide on a 'hands-off' approach, then game harvesting and 
some other questions and monitoring programmes may not be 
necessary. It follows that each property should have its own 
monitoring system. This merely attempts to show, by example, how 
monitoring should be designed around specific questions. 



Annually 

1. What was this 

RAINFALL 

rainfall year like ? 
Report the pqst year's rainfall 
relation to the long-term average 
the equivalent period. 

3 

in 
for 

2 . Does rainfall explain faunal and forage distribution (large 
parks) ? 

Quarterly 

Map the rainfall distribution for 
comparison with faunal and forage 
distribution maps. 

1. What was the drought status last quarter? 
Report the past quarter's rainfall in 
relation to the long-term average for 
the equivalent period. 

2. What are prospects in the foreseeable future? 

Monthly 

Predict and compare current stocking 
rate with recommended stocking rate for 
the drought status of the past quarter. 

1. What is the monthly drought status? 
Record daily rainfall at each station 
in the park and report the month's 
total in relation to the long-term 
average for that month. 

2 . What are prospects in the foreseeable future ? 

Daily 

Compare current stocking rate 
recommended stocking rate for 
respective drought status. 

1. How much rain fell today? 

with 
the 

Record amount daily each time it rains. 
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BURNING 

Over years/decades 

1. What is the fire return frequency at any given location in 
the Park ? 

Monthly 

1. Have fires burnt? 

Daily 

Compile a burning map for each year and 
present them as overlays. 

Update map of size and extent of 
wildfires. 

1. Is a wildfire burning? 
Report Wildfire immediately. 

2. How much did it burn? 
Map burnt area as soon as possible? 
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FLORA 

Over years/decades 

1. 

2. 

3. 

How is the vegetation changing ? 
Determine vegetation trend by updating 
the vegetation community maps and re
visiting and re-photographing fixed 
monitoring sites. 

Is the vegetation 
objectives ? 

management programme achieving its 

Check that the trend in vegetation 
composition and structure is in keeping 
with the vegetation vision for the 
property 

What influence are animals having on the changes ? 
Relate stocking history and faunal 
population performance to vegetation 
trend, and decide whether stocking rate 
is driving vegetation trend. 

4. What impact has fire had on the changes? 

Annually 

Compare burning history with vegetation 
trend (use map overlays) . 

1. What areas should be burnt? 
Annually, during autumn, inspect the 
vegetation and draw up a burning plan. 

2. Is the Park able to carry the current animal population in 
the foreseeable future ? 

Annually, during autumn (immediately 
prior to nutritional bottle necks), 
inspect the vegetation and decide 
whether there will be sUfficient forage 
for the coming year. 

3. Is it because of drought that the veld looks like it does? 
Using the drought status reports and 
the rainfall distribution maps (large 
parks), decide whether this change is 
as a result of rainfall. 
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Quarterly 

1. Has veld been burnt, mown, fertilized, any bush control been 
undertaken ? 

Update the relevant files recording 
these activities as soon as they occur 
and report quarterly. 

2. .What are implicat i ons for the forseeable future? 
Gi ve an assessment of the status of 
remaining forage in relation to the 
current stocking rate. 
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COMMON FAUNA 

Over years/decades 

1. How is each population performing? 

2. Is vegetatio~ change 

construct measured population trends 
and compare these with those predicted 
from modelling (which accounts for sex
age structure, introductions, removals, 
mortalities, predation and expected 
growth rates) . 

affecting the animals ? 
Look for any relationship between 
vegetation change and faunal population 
performance ? 

3. Where does the population lie with respect to economic and 
ecological carrying capacity recommendations ? 

Compare intrinsic increment for each 
year with the theoretical maximum. 

4. How many animals could be removed on a mean sustainable 
yield basis ? 

Annually 

Check annual removals in relation to 
the trend in the population's growth. 

1. What is the populat ion estimate now? 
Conduct census and together with 
modelling and local knowledge estimate 
current numbers. 

2. How many animals could/should be removed this year? 

3 . 

Compare current stocking rate (all 
species) with carrying capacity of 
property, and consider sex-age 
structures and feeding categories 

Does rainfall explain faunal distribution? 
Map the rainfall distribution 
parks) and compare with 
distribution maps. 

(large 
faunal 

4. What are prospects in the foreseeable future? 
Predict and compare current stocking 
rate with recommended stocking rate for 
the drought status of the past 12 
months. 
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Quarterly 

1. What animals have been captured, hunted, 
introduced recently? 

culled or 

summarize the total numbers of animals 
captured, hunted, culled or introduced 
over the last quarter. 

2. Where have the animals been concentrated during this last 
quarter ? 

Monthly 

Record monthly and report quarterly on 
maps. 

1. Who and how much, should we pay and invoice for animals 
captured, hunted, culled or introduced this last month ? 

Summarise monthly removals and 
introductions. 

2. What are mortality levels? 
Record all mortalities encountered and 
determine cause of death. 
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VERY IMPORTANT FAUNAL SPECIES (VIS) 

Over years/decades 

1. Are the VIS performing according to population growth rate 
expectations? 

2. If not, why not? 

Model expected performance and compare 
with actual population growth from 
intensive census. 

consider predation, disease, nutrition, 
mineral def iciencies, sex/ age 
structure, calf survival and poaching. 

3. Can some VIS be sold/hunted without adversely impacting pop. 
growth? 

Quarterly 

Record and report detailed sex/age 
structure of the population and predict 
non-impacting removal quotas. 

1. Are the calving and mortality levels wi thin acceptable 
limits for this period ? 

Record all calving and mortalities of 
VIS and compare with previous years. 

2. If not, then why not? 

Monthly 

Consider predation, disease, nutrition 
and poaching. 

1. Are the mortality levels within acceptable limits for this 
period ? 

Record mortalities of VIS and identify 
reason for death. 
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ALIEN PLANTS 

Over years/decades 

1. Is the Park being invaded by Alien plants? 
Illustrate trend with a sequence of 
annual 'invaded areas' maps. 

2. Are the control efforts worth the cost? 

Annually 

Estimate the cost and success of the 
control efforts, evaluate the envisaged 
impact of the alien plants and 
determine nett benefit. 

1. Where are the invaded areas and how serious are they? 
Draw up an 'invaded areas' map, 
indicating severity of invasion and 
threat to new areas. 

2. How effective have the control efforts been? 
Determine the percentage ki 11 in 
treated areas. 

3. Is follow up action urgently required and what will it cost? 

Quarterly 

Predict, in all treated areas, what the 
likely alien plant response will be in 
the following year. 

1 . What control work has been undertaken, and how much did it 
cost ? 

Open or update file for each area 
treated, recording: location, site ID, 
type of control activity, cost 
estimate, man-days used; and make a 
photographic record of before and after 
treatment. 
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SOIL EROSION 

Over years/decades 

1. Is erosion status in the Park improving or worsening? 
with photographic records determine 
whether soil erosion trend is 
increasing. 

2. Are the control efforts worth the cost? 

Annually 

Estimate the cost and success of the 
control efforts, evaluate the 'cost' of 
the present anq probable soil loss and 
determine nett benefit. 

1. How effective have the erosion structures been and which 
require further work ? 

Quarterly 

Visit each structure and update its 
file, including new photographs. 

1. What control work has been undertaken, and how much did it 
cost ? 

Open or update file for each area 
treated, recording: catchment area, 
site ID, type of control work, cost 
estimate, man-days used; and make a 
photographic record. 
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ROADS AND TRACKS 

Annually 

1. What is the condition status of all roads and tracks? 

2. Which roads requ i re 

Visit each road and update its file 
detailing, km for km, the state of road 
surface, river · crossings and mitre 
drains. 

repairs now ? 
Prioritize those which roads requiring 
repairs now.lietermine which repairs can 
be budgeted for next year. 

3. Which water course crossings require work? 
From the road inspection, list all 
water crossings which require repairs. 

4. Which mitre drains need work? . 
From the road 
those mitre 
repairs. 

inspection, 
drains which 

list all 
require 

5. How much should be budgeted for next year? 

Quarterly 

Extract work required for next year 
from the above. 

1. What road maintenance has been undertaken and how much did 
it cost? 

Update file for each road worked on, 
recording: road, section, type of 
repair, cost estimate, man-days used, 
etc. 



13 

MISCELLANEOUS 

Notifiable disease 

1. Are any notifiable disease outbreaks imminent? 

. water availability 

Report carcasses with notifiable 
disease immediately 

1. Which areas of the property are water limited? 

Interesting observations 

Compile and then update quarterly, the 
surface water availability map. 

1. Have any new species been discovered? 
Report immediately. 

2. What happened that's unusual? 
Report immediately. 



TOOL 8 

A DATABASE OF ECOLOGICAL PRINCIPLES 

[P 8.1] 

[P 8.2] 

Effects of elephants and goats on the kaffrarian 
succulent thicket of the eastern Cape, South Africa 

Farmland elephant: a solution to degradation in the 
woody vegetation communities of southern Africa 



[TOOL 8] 

DATABASE OF ECOLOGICAL PRINCIPLES 

ORIGINAL BRIEF 

The ecological principles must be relevant to management. by 
contributing an understanding of the system. Full understandlng 
is unachievable and a library, database or expert systems of 
ecological principles (which can continually be updated) is 
probably the best that can be achieved. 

RESULT 

A database of ecologi cal principles is understandably not fully 
provided in this dissertation. Nevertheless, a paper was 
produced which reported on a preliminary community based 
investigation. The approach was to examine pattern in the 
community and develop hypotheses describing how the succulent 
bushveld responds to impact. The study consisted of a three way 
comparison between the treatments: 'elephant grazing', 'goat 
grazing' and 'no grazing' (reported in the published paper: 
Effects of elephants and goats on the Kaffrarian succulent 
thicket of the eastern cape, South Africa [P 8.1]). The results 
implied that the succulent bushveld was changing in sympathy with 
the change in utilization regime; from that dominated by 
elephant to that of small domestic stock (mostly goats). The 
results illustrated that the vegetation is adapted to tolerate 
elephant impact and not goat farming! This initiated an interest 
in a basic biological principle, seldom if ever articulated, upon 
which all of pasture/veld/range/grassland science rests and 
against which vegetation management efforts inevitably work. IF 
THE DEFOLIATION REGIME, UNDER WHICH A PARTICULAR VEGETATION TYPE 
EVOLVED SHOULD BE CHANGED, THEN THE VEGETATION WILL CHANGE IN 
SYMPATHY WITH THE 'NEW' REGIME. Veld 'degradation' (change away 
from some agro-ecological 'ideal') is inevitable with modern 
farming practices and is a symptom of the changing defoliation 
regime. This principle is simple, but more often than not it 
is ignored. Bush clearing efforts are a good example and this, 
together with the results of the above publication, led to the 
paper (in press): Farmland elephant: a solution to degradation 
in the woody vegetation communities of southern Africa [P 8.2]. 
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[P 8.1] 

Effects of elephants and goats on the Kaffrarian 
succulent thicket of the eastern Cape, South Africa 

G.C. STUART-HILL* 
Do/me Research Station , Departmellt of Agriculture, Stutterheim, South Africa 

Summary 

1. Kaffrarian succulent thicket is a dense, semi-succulent, thorny vegetation which 
is rapidly being eliminated under current pastoral systems. To understand why this 
occurs, the effect of defoliation by wild herbivores (mostly elephant) was compared 
with that of domestic ungulates (mostly goats) from surveys inside and outside the 
Addo Elephant National Park . 
2. Both elephants and goats reduced canopy cover and increased shrub density in 
relation to control areas. Goats reduced the number of dominant shrub species per 
quadrat. 
3. Replacing elephants with goats resulted in a fundamental change in the shrub 
community to one dominated by small , unpalatable shrubs with a few scattered 
umbrella-shaped trees. Removing elephants and not replacing them with goats 
resulted in the sites becoming more dissimilar, possibly because the vegetation 
reacted to the unique climatic and edaphic potential of each site . 
4. Goats reduced the percentage frequ ency of the dominant tree-succulent 
Portulaca ria afm by 40% and its density by 71 % causing a 91 % decline in the total 
area rooted by this plant. 
5. It is argued that Kaffrarian succulent thicket (in particular P. afra) is adapted to 
elephant utilization but not to utilization by small domestic ungulates stocked at 
equivalent biomass. Some implications for land managers are discussed. 

Key-words : browse , co-evolution , mega-herbivores , shrubs, species response . 

Journal of Applied Ecology (1992) 29, 699-710 

Introduction 

The Kaffrarian succulent thicket (Cowling 1984) 

occurs on the eastern seaboard of South Africa in 
hot , dry (rainfall 225-500mm) , frost-free areas at 
low altitudes, usually below 500m but never above 
lO00m (Acocks 1975; Cowling 1984; Everard 1987; 
Palmer 1990; Agmet. records 1991) . It is a dense, 
semi-succulent, thorny thicket c. 2 - 3 m high in which 
succulents contribute in excess of 20-30% rela
tive cover (Cowling 1984) . Grasses are present , but 
sparse (10000-30000 plants ha - 1

) and mostly non
perennial (Acocks 1975). In a 'pristine state' this 

vegetation is dominated by the tree-succulent 
Portulacaria afra t, representing over half of the 

total phytomass (data from Penzhorn et al. 1974; 
Aucamp 1979). It is considered to be the most 

* Present address: Chief Ecologist. BOP National Parks , 
PO Box 4124, Rustenburg. 0300. South Africa . 

t Nomenclature follows Gibbs Russel el al. (1 987) for 
plants, and Smithers (1983) for animals. 

important plant for production of goat forage 
(Aucamp 1979) . 

This vegetation is currently farmed with goats and 
supports a large proportion of the mohair industry 
of South Africa. It is sensitive to utilization and is 
rapidly being eliminated under current pastoral sys
tems (Hoffman & Everard 1987; Hoffman 1989; 
Hoffman & Cowling 1990). This is serious because it 

represents an irreversible loss of a unique vegetation 
type; and the community which replaces it is un
stable , allowing soil erosion and supporting fewer 
stock (Stuart-Hill & Danckwerts 1988). Clues to 

understanding the lack of persistence of this veget

ation could be found by examining recent (past 200 
years) developments, notably the replacement of 

indigenous herbivores (in particular elephants) by 
small domestic ungulates. 

Accounts from early travellers and hunters in the 
region reported large numbers of elephants (Barrow 
1801; Lichtenstein 1811; Pringle 1966; Skead 1989) . 

As the plants in this vegetation are largely evergreen 
and highly nutritious (Aucamp 1979) , and perennial 
rivers are always in close proximity, elephants would 



70(1 

Elephants I 'S, 

goats in slicculent 
thicket 

have been nei ther nutrient - nor water-limited and 
the early reports of large numbers were probably 
accurate, It follows that elephants would have had 
a major impact on the evol ution of this vegetation 
and especially the dominant plant p, afra which, 
in 1835, was noted as the' , , ' ,favourite food of the 
elephant, , , " (Pringle 1966). an observation since 
confirmed by research (Archibald 1955 : Penzhorn , 

Robbertse & Olivier 1974) , 
The objective of thi s investigation was to contrast 

the effect of elephants and goats on the shrub com
ponent , in order to understand why this vegetation 
was able to tolerate the impact of many elephants, 
but not the current utilization by goats. Comparisons 
were made at three leve ls. At the first two of these , 
hypotheses were generated from the responses of 
the communit), of indil'idual plants. The third was a 
test of the specific hypothesis that elephants and 
goats differenti all y affect the physiognomy of the 
dominant shrub , p, afra, 

Adaptation of p, afra to defoliation: a cvnceplUal 

model 

Sexual reproducti on of P. arm is of limited import
ance because sel:d~ are small and short-lived (8. 
Whiting, person.t1 communication): and because 

germination and SC't'd ling estab lishment are extremely 
rare (personal ob~C'J'\ 'ation 1. This plant is, howe\'l.'r. 
ab le to rep rod uce "egetJti , 'C'ly from side branches 
\\' hi ch. as they gr,)\\". bend downwards. eventually 
rooting at regions II'h,:r(' the nodes touch the ground 
(Fig. , la ), U ndi ~turl'cJ plants are characterized by 
having a 'sk irt ' or '~Ipro n ' of rooted side branche~. 
With time . the plan t ~ become multi-stemmed and 
spread hori zontall y. cI'entu ally forming new individ
uals as the connecting branches become detached. 

On farmland. p, ali'l/ is bei ng e liminated (S tuart
Hill c [ al. 1986: Hofiman 198':1). It is here suggested 
that this is heca use goats defoliate the lower portions 
of the canopy and effectivelv prevent the devel
opment of the 'skirt ' of rooted branches (shown in 
Fig. la and b). If goat browsing is severe, the shrubs 
rake on an umbrell a shape (Fig. Ic) , eve ntually 
collapsing as rhe " 'eight of rhe succulent canopy 
becomes too great fo r rh e relati" ely weak srem to 

support. The plant rhen dies, 
Elephants. by conrrast. browse from the 'top 

downwards' and conseq uentl y sel'erel y damage the 
upper portions of rhe cJnopy. The lower rooted 
branches. howel'er. escape defoliation: and vegetative 
reproduction is allo\\'ed 10 continue rega rdless of the 
damage to the upper canopy (Fig. Ib ). 

In summ ary rhen . rhe conceptual model proposes 
rhar P. afra is chiefly dependent on asexual repro
ducrion which continues under utilizati on by ele
phants , bur not unde r hean' browsing by small 
animals such as goal>, 

~ ) 

: ) 

- . - , 

Fig. I. Eflcel or (a) no browsing. (b) elephant browsing 
_, nd (c') ~,'at hr"\\', ing on .he growlh hahi t and \'cgetalil'c 

rror:l~ati,'n I,r {'urtIlIOCtlll, / arm" 

Study area 

Thc ~lUdl \\ <I, 11l1tkrtakcn in and around the Addo 
Ekphanr "Iational P<trk (33°31 'So 25°45 'E): th e 
:'ese rvc fl)r rhe la~t remaining elepha nts in the Cape 
prol'ince of Sourh :-\fricl (Fig. 2). Elephants were ar 
their IOllest de n ~itics (approxi mately 10 anim als 
k ft) jusr prior to 1431 Il hen the park was finally 
proclaimed and the eradication programme which 
~ ulmin ared in 120 elephanr s being shot in a 'fell 
mo nrhs·. Il'as halted (Penzhorn et ai, 1974). Before 
195~ rh e elephan ts wandered throughout the region: 
hur rhey have ~i nce heen confined. Initially th e' 
ie nced area was 2270 ha and the elephant populati on 
rapidl y increased ro 60. so thar by 1971. Penzhorn 
,'[ ai, ( 1 9-~) reponed thar rh ey had begun to over

urilize rhe vegeta ri on. Subse4uently, the fenced area 
\I'as progre'ssil'ely enlarged. while the population 
had grown 10 106 hy September 1990. The park is 
..:u rrentl y some ii600 ha in ex tent . but rhe elephants 
,'nly hal'e access to X200 ha. the resr being set aside 
as boranical reserves (Fig. 2), 

Topographicallv the park environs form a se ri es 
,)i low undulating hill s (a lt itude between 76 and 
:;~ Im ). The soi l is a light -red clay-loam (Archibald 

1955) deri\'ed from sandstone and mudstone of rh e 
Sundays River Stage. Uitenhague Series. Cretaceous 
Sysrem (Tnerie n 1 ':In). 
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G. C. Stuart-Hill 

Fig. 2. Addo Elephant National Park showing: Kaffrarian 
succulent thicket (0). other plant communities (:l) (after 
Archibald 1955) , botanical reserves «('\I). originnl c lephant
proof fcnce (_. -), and seven s\lmpling areas (nulllbcrcd). 

Mean annual rainfall (27 years) is 436 mOl and 

falls throughout the year with small peaks in late 
summer (February-March) and spring (October-

November). Mean daily temperature is 32·4°C in 

January and 13·5 °C in July, but temperatures greater 
than 40°C are frequently recorded in summer. 
Mean minimum temperature is 16·4°C in January 
and 5·0°C in July with frosts being extremely rare 

(Agmet records). 
Archibald (1955) described five plant communities, 

the most extensive being Kaffrarian succulent thicket 

(Fig. 2) which covered more than 90% of the park 

(Penzhorn et al. 1974). 

Methods 

TREATMENTS 

Three treatment areas were identified: (i) those in 

the park to which elephants have access ('elephants'); 

(ii) those outside the park where goats are the domi
nant browser ('goats'); and (iii) botanical reserves 

from which both elephants and goats have been 

excluded (control). In all three of these treatment 
areas, kudu , bushbuck, grysbok and duiker were 

present, although probably at different stocking 
rates . The park areas were stocked with various 

herbivores at a rate of approximately 50 kg Iivem ass 
ha - 1 (Table 1). Of this, elephants contributed 78% 

and it is realistic to attribute most of the defoliation 
effect in the park to them. It is important to note 
that, at two animals km -2, the elephants were 

heavily stocked in comparison to that recommended 

in other areas of Africa with similar rainfall (Glover 
1963; Van Wyk & Fairall 1969; Penzhorn el al. 

Table 1. Approximate stocking of herbivores on 8200 ha in the Addo Elephant National Park (Park records) 

Assumed Total Relative 
Feeding mean masst biomass contribution 

Species class' (kg) Numbers (kg) (%) 

Elephant 
(Loxodanta a/ricana) G/B 1931 166 320546 78-4 
Kudu 
(Tragelaphlls strepsiceros) B 128 > 180* 23040 5·6 
Bushbuck 
(Tragelaphus scriptus) B 26 > 150* 390D 1·0 
Grey duiker 
(Sylvicapra grimmia) B 18 > 250* 450D 1·1 
Black rhinoceros 
(Diceros bicornis) B 1350 21 28350 7·0 
Eland 
(Taurotragus oryx) GIB 30D 25 750D 1·8 
Grysbok 
(Raphicerus melanotis) G/B 10 > 50* 500 0·1 
Buffalo 
(Syncerus caffer) G 390 46 17940 4-4 
Hartebeest 
(Alcelaphus buselaphlls) GIB 90 21 1890 0·5 
Total 408166 100·0 

• Browser (B) or grazer (G) . 
1 0·75 of mean female mass (Smithers 1983). 
I Estimated from counts . 
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1 (F 4). The stocking rate of the farmland (goat) 

treat ments could not be assessed accurately because 

farmers tend to avoid divulging this information , 

fearing that it could be used to prosecute them 

for overstocking. Whereas some of the farms were 

stocked relatively conservatively , others appeared 

to exceed the recommended 36-50 kg livemass ha - \ 

(Stuart-Hill 1990) . 

SA~I PLI NG 

From 1: 10 000 aerial photographs, seven sampling 

areas were identified (Fig. 2) ensuring that, as far as 

possible : (i) they were spread along the perimeter of 

the park. but confined to Kaffarian succulent thicket; 

(ii) they included a portion of a botanical reserve or 

were in positions where the three treatments were in 

close proximity; (iii) they were not in areas which 

had been previously cultivated: (iv) they represented 

different farms and, in the park . various histories of 

elephant usage. 

Fie ld location of the three treatment sites within 

each of the sample areas was achieved by driving 

along the elephant fence until the fifth iron fence 

POSt was encountered within the designated sampling 

are,\. This post was then used as the reference point 

f[(';1] which the treatment sites were located . The 

fir -: point in the elephant treatment site was always 

po, ;tioned perpendicular to the fence and 10 m from 

th c' ,de rence point. The site on th e opposite side of 

th e' [e nce (e ithe r farmland or botanical reserve) was 

lacHed in a similar man ner except that it was 15 m 

fn)nl th e fence to accommodate th e service road. 

The third treatment site in a sampling area was , on 

occlsio n. some distance from the reference point. in 

whl c'h case sites were located on the sa me altitude 

and aspect as the other two sites. At two of the 

sampling areas there was no botanical reserve and 

the .::ontrol was unavoidably omitted, contravening 

conciiti on (ii) above. It follows that there was an 

unequal number of replications for each treatment 
(elephants = 7. goats = 7, control = 5). 

ME AS UREMENTS 

To determine the response of the \'egetation to 

elephant and goat defolia tion. the occurrence of 23 

of the common shrub species (see Appendix) was 

recorded in seven circular quadrats (radius = 2·3 m) 

at each treatment site. Presence was recorded even 

if only part of a plant's canopy fell within the 

quadrat since this proved to be more efficient and 

repeata ble than recording only rooted individuals . 

Perc~ntage frequency . per treatment site, was deter

min ed for each species from these data . The percent

age canopy cover in each quarter of the circular 

quadrat was estimated and the mean used as the 

CO\'er esti mate for the quadrat as a whole . 

To tcst the conceptual model (Fig. 1). the profile 

of each plant was visually assigned to one of t!1ree 

categoric!>: triangular with base on the ground, 

inverted triangle (umbrella-shaped), or box-shaped 

(or undecided) . The degree of development of the 

'skirt' of rooted branches was also recorded in one 

ofthree categories: well developed , absent, or poorly 

developed. To limit bias , these variables were 

recorded by operators who were unaware of the 

hypothesis being addressed . In addition, the follow

ing variables were measured on the first 10 P. afra 

plants encountered from the starting point: canopy 

height. maximum canopy radius. height of maximum 

canopy radius, radius of the rooted area. and height 

of the lowest leaf-bearing twigs. The last two measures 

were incorporated as an objective test of the visual 

classification made by the operators whe n assessing 

canopy shape and degree of 'skirt' development. 

To obtain an index of density of P. afra , the 

distance irom the centre of the plant being measured 

to the centre of the nearest neighbouring P. afra was 

recorded . An index of density of all trees and shrubs 

was obt,tined in a similar manner. except that the 

distance to the centre of the nearest neighbour , 

regardle,~ of species, was recorded. 

ANALYSi~ 

BecaUSe' the park had been opened up in stages. 

different r arts of the rese rve had different histories 

of elephant usage. Similarly, the surrounding farms , 

ha\'ing been farmed by different land owners . re

presented different inte nsities of goat utilization . 

Since thi , lIl\'estigation in\'olved comparing usage by 

goat with that by e lephant. the approach was to 

sample throughout the area . with the va riat ion due to 

different intensities of usage being allocated to error. 

This permitted more stringent testing of hypotheses 

because. if they held O\'er all these situations, the y 

could be ,:ccepted with greater confidence. 

The measurements (on each plant or in each 

quadrat) within each treatment site were considered 

to be subsamples and their mea ns were used as the 

\'ariate \'alues for that site. In consequence, degrees 

of freedom were drastically reduced (e.g. from 69 to 

6 for the elephant and goat treatments), but this was 

preferred si nce it avoided pseudo-replication and 
allowed rigorous tests of significance. 

Confidence limits (95 % ) were calculated (and are 

displayed in Figs 3. 4 . 6 & 9-11) for each mean. In 

addition. the significance of treatment differences 

was evaluated using Student's t-test. Significance 
was set at the 95% level (P < a ·(5). 

The flori stic data were initially subjected to prin

cipal component analysis (PCA). The responses of 

the indi\'idual species to the treatments were evalu

ated usi ng (-tes ts in the manner described above. In 

addition. the responses of the species common to 

both sides of each fence \Vere evaluated for consist

ency, usi ng the Fisher's exact probability test in an 
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approach similar to that adopt<.'d by Noy-Meir ('I III, 

(llJ!{l)) , In this study, a eon,iqent respoll se was 

assu med ifat least thrce of the knee line comparisons 
had significant (P < 0·05 ) fl" ponses in the same 
direction and had no signifi cant response aCfOSS the 

fe nce in the opposite directi on, 

Results 

GRO SS CO MMUNtTY C H ASGE 

Both elephants and goats hac! a marked effect on 

density and cover of trees and shrubs in the com
munity .. Each increased th e density of the sh rub 
community, i.e. the distance hetween wood\' plants 
lI as significantly (P < 0,0:'1) less under goats and 
elephants than in the control (Fig. 3a). On the other 
hand. each reduced (P < (J ·I I~) the canopy cOI'er of 

the woody community (Fig . .fa): but only goats 
reduced (P < 0: 05) the numbef oj woody species per 

quadrat (Fig. 4b). 
The first two axes of the PC .l. accounted for 00% 

oj the floristic variation. The first axis appeared 
to represent a goat degradati" n gradie nt similar to 
th at quantified by Stuart-H ili ('I al. ( l lJR6). and had 
POrliclila caria afro. Euc/<'.l III/tiulala. Cllppari.l' 

scpiaria and Scholia arm I, '.:ated on one end and 
L\ "ill III oxycarplllll and Z."( , '!'il."ll/(/lI 11l0rg,I'IIIIil on 
the o ther (Fig. 5a). The 'l'cond axis had .4~i/llll 

1(,I/'iICal/ llta and Pro{(/ '\'f)(//'(/ ,~ , I\ 'pp, on one end and 

,\I<1.\'/(,IIU,\' spp" Rhigll~/III/ "h"\'lIl lIlIl and Crell 'ill 

ro ,:'U.I'{(I on the other. and sepa rated sampling ar<.'a~ 6 

and 7 fro m the rest (Fig. ~;l.c.,I), (ir('lI'i(/ mhwil/ 

II'a, ab undant in areas 11 and - : hut thi s speciL's Ila~ 

al'~e nt or rare at the other ;:;lIllpling areas although 

~en e rally common in the I<.'getat ion as a whole , 

G il'en this, and results from a prel'inus gradient 

' ,2 r--~;-:-;--------;-;-:---- 6 
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Fig. J. Effect of nci thcr ckph anb nor ~oats (. ), c l c phant~ 

(:::') ;II\ J goa ts ( D) on the n.::Irt'st ncighbour distance 
bct\\.:~n (a) woody plallls of an' 'I'l'c·ic,. and (b) "onll 
!(/(,mo afro plants . The ",tiu e' :11 the base of C<lch coluilln 
;Ire "pproxilllale dcnsiti es frum a f,'rllluia in Uonhalll 
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Fig. 4. Effect of neithcr clcphants nor goalS (. ). clcphants 
(C'.: ) and goats (w) on (al thc canol'" COVCf of \\'oody 
planls, and (b) on thc number of wood I' species PCf quadra t 
(upper 95°0 confidcnce limits of the mean) , 

analysis (Stuan-Hill el al. IlJ86) whL'rc A, lelraCllIlt/w. 

R, uho l'Ql/lIl! and G. rob llsla were indicator of 

diffe-re nces between sites, the second axis appea red 

to fC' prese nt inherent site-depencknt differences. 

.. \11 th e e le phant and control s t~ es were si tuated 
to\\ ;iflls the right on ax is I whil e most of thc goa t 

sit ", were situated towards the left (hg, 5b). indicat

in g that p, af ro. c. scpiaria, E. Il l1ti lllala anc! S, aji'{/ 

wc're: associated with elephants and the control. and 
1.. ,'x.''Clirplllll and Z. lIlorgsollQ \\ it h goats (Fig. 5a . 
h) , ,.l. ltlwugh the botanical rese nes arc referred to 

as the control. one could also argue that thi , is ,l 

trL'atlllent (i.e. e liminati on of elephant as thc natural 

dUinlna nt l'r\)1\ ser without goat replace ment) and 
thl' ,i tes \\'ithi n the park are the ·co ntrol· . This 

1ll L';l n ~ th ;1t th e reults ca n he interpreted from differ

ent I'icwpoims. wh ich becomes espec iall y rl'lel'an t 

II'hen considering treatment trajectories (Fig, :'Ic.d) 

in nrdi natio n space. I present both interpretations 
and irom these it appears that elephant br\)llsing 
drell' th e community (Fig. 5c) into a relatively , mall 

domain si tu ated towards the right on axi s I and in 

the centre on axis 2 (Fig. 5b). Remol'al of elephants 
wit ho ut repl ace me nt by goats (i.e. the botan ical 
resefl 'es) ca used the vegetation to drift away from 
th e centre of this domain (Fig. 5d). th e sites becom
ing increasi ngly different. 

RE S PO<\; S E 0 FIN D II' t D U A L S P E C t E S 

The dfect of elephants and goats on frequen cy of 23 
trees and shrubs is presented in Fig . 6. From the 
lOll freque ncies. it is el' idcnt that the qU<ldrat was 

too sma ll for reasonab le assessmcnt of the less 
comillon species and these were elimi n<lted frolll 

further analysis, The followi ng spccies were re tain ed 

l1ecausc th el' were ei ther: adequa tely sampled 

(ProlaS[W/'IiSliS spp .. A , lel/'liCl/ lllilli. CII!)!)uris 

sepiarill. 1:' lIclea 1111 dll11Ilo , G, rolJII.l' {Q . M O\'leIl IlS 

spp,. I'. ali·u. S, alra and ElIplw rhili I1Il1l1ril(}lI iUl): 

not \\ e ll sampled l1ut nCI'erthel ess showing significa nt 
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Fig. 5. Principal compone nt analysi, c1f floristic data from sites in and around the Addo Elephant National Park show ing: 
(a) plot of diagnostic species : (b) dom 3ins of the control (0 ) . elephant ('7 ) and goat (*) sites: (c') the trea tment trajcctories 
where the control acts a' the anchor: ,d) trajectories where 'elephant ' acts as the anchor. Solid arrows indicate change hy 
goats: broke n arrows in dicate change by .:lcphants (c) or by rel\1o\'al of elephants wi thout re placement with g,1ats (eI) . 
Numbers in (c) and (d) indicate sites: 3bsc nce of trajcctories for sites.j and 5 is due to lack of (,)(ltrals for these sites . See . 
Appendix for species codes. 

(P < 0·05) responses (Z. 11lorgsalla and R. obo\'Q1!I11l) ~ 

or marginall y sampled and showin ~ c:onsistent trends 

(Carissa haemalOcarpa and L. oxycarpum) . For 

each of these species. absolute changes in frequency 

are presented in Figs 7 and 8 . and the changes 

relati\'e to the control are summarized in Table 2 . 

Effect of goats 

Relative to the control. goat bro\\ sing resulted in a 

decrease (P < 0·05) in the percent age frequency of 

C. robusta, P. afra and R. ObOI·OIllI1l . Goats also 

resulted in relatively large ( > 50°'~ ) decrease in 

C. sepiaria, C. haemalOcarpa, E. ul1dulata and S. afra 
(Table 2) and, although these were not significant 

given the efficiency of sampling. th ey were consistent 
across fences (Fig. 7a). 

Z. morgsana was the only spec ies whi ch increased 

significantly (P < 0·05) in response to goats but 

the large relative increase (88%) in freq uency of 

L. oXI'carpum (Table 2) is a trend worth noting, as is 

the response of E. mauritallica , because both these 

species consistently increased across fences (Fig .7a). 

Effecr of elephants 

Relative to th e control. elephant browsing result ed 

in a significant (P < 0·05) decrease of only a single 

species, the succulent climber , E. 1Il1luritallica 

Table 2. Increase (% ) in freque ncy of l.j common trees 
and shrubs in circular qu adrats (r = 2·3 m) due to goat and 
elephant utilization. re lati ye to the frequency measured in 
areas where goats and elephants had been excluded. Stat
istical analysis and symbols described in Fig. 7 

Species Goat Elephant 

Azil71a terracanrha II 4 
Capparis sepia ria -50 17 
Carissa hael71alOcarpa -55 33 
Euclea ulldu/alO -50 38 
Euphorbia maurilallica 25 -82' 
Grell'ia robuslO -70* - 21 
Lyciul1l oxcycarpwn 88 -41 
Mawellus spp. - :; I 
POr/u/acaria afro -39* - I 
Protasparagus spp. 7 5 
Rhigo~lIIn obo\'Qtum -90* -SO 
Rhus ulldu/ala <I 19 
Scholia afro -56 25 
Zygophyllul1I morgsalla 100* a 
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Fig. 6. Effect of elephants (el). goat" (D). and neither e leph ants nor goats (- ) on the frequency of 23 trees and ,;hrubs 
(upper 95% confidencc limit of the mean). See Appendix for specie~ cc)acs . 

(T3ble 2, Fig. 7b). R. obOl'allll1l was the only other 

species which showed a relati\'e decrease greater 

th an 50% (Table 2) in response to the influence 

of elephant, but this was neither significant nor 
consistent (Fig. 7b) . 

Elephants did not cause large . significant or con

sistent increases in any species (Table 2. Fig. 7b). 

Re/aril'e effect of elephallts alld goats 

Relative to elephant, goat browsing resulted in higher 

frequencies of Z. morgsalla and Euphorbia mauri
tallica (P < 0·05) and a large and nearly significant 

(P < 0·05) increase in frequency of L. oxycarpllm 
(Fig. 8) . 

Elephant browsing, on the other hand, resulted in 

more P. afra, Euclea IIlldu/ara . Capparis sepiaria 
and S. afra in comparison with goats (P < a·OS). 
Carissa haemafocarpa and C. robliSla were also 

higher under elephant than goat browsing and while 

not significant these trends were consistent across 

fences (Fig. 8). It should be realized that elephants 

did not ~lct ua ll y increase the frequency of these 

species: rather these species were able to main

tain themselves under elephant but not under goat 
browsing (see previous sections). 

PORTL'L4CARIA AFRA 

The distance between P. afro plants was greater 

(P < 0·05) on farmland tha n in the control or the 

elephant browsing areas (Fig. 3b), i.e . P. afra den

si ty was lowered by goat browsing. Because of the 

non-linear relationship between distance and density 

(Bonham 1989) it was not possible to evaluate signi
ficance on the basis of plant density. 

All P. afra plants growing without goat orelephant 

defoliation were either box-shaped or triangular in 

profile (Fig . 9). Elephants reduced the fraction of 

box-shaped plants. thereby increasing the fraction of 
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significant (P < 0·05: df = 6) differences between treatments. 
using (-tests where fence-lines were used as replications. 
'.;umerals indicate the number of individual fence-line 
(omp3risons (out of 7) where significant (P < 0·05) changes 
were recorded using Fisher"s exact probability tests . Tests 
were performed on actual frequencies recorded . See 
Appendix for species codes. 

plants with triangular and umbrella-shaped canopies. 

Goats eliminated almost all of the triangular canopies 

(P < 0·05) and drastically increased (P < 0·05) 

umbrella-shaped plants so that 70% of all P. afra 

plants had umbrella canopies . 

Most of the control plants had well developed 

·skirts· of rooted branches . only 8% having none 

(Fig. 10). Elephants increased the fraction of 'full

skirts· in relation to the control but this was not 

significant. Goats on the other hand, reversed the 

frequency distribution (P < 0·05) by eliminating 

almost all of the 'full -skirts' . 

P. afra plants growing under the influence of 

elephants were shorter than both the control plants 

and rhe plants growing on the farmland (P < 0·05) 

( Fig . 11a). Plants browsed by goats were the tallest 
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Fig. 8. Comparison of the effect of browsing by goats and 
elephants on the percentage frequency of 14 common trees 
and shrubs . Statistical analysis and symbols described in 
Fig. 7: see Appendix for species codes . 
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Fig. 10. Population frequency distributions characterizing 
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Fig. 11. Effect of elepl}ants (EI). goats (0). and neither elephants nor goats (-) on: (a) height, (b) maximum canopy radius. 
(c) height of maximum canopy radius. (d) radius of the rooted area. and (e) height of the lowest leaf-beanng tWigs of 
PorTlllacaria afra (upper 95% confidence limit of the mean): items with the same letters below the column do not differ 

significantly (P < 0·05). 

of all plants (P < 0·05). In addition to the lack of 

top-defoliation, this result reflects elimination of 

many smaller individuals by goats (Fig. 3b). 

The maximum canopy radius did not differ be

tween treatments (Fig. lIb) but P. afro plants grow

ing on farmland had their maxi mum canopy radius 

at a greater height (P < 0·05) th an undefoli ated 

plants or plants defoliated by elepha nts (Fig. Ilc). 

Goats reduced (P< 0·05) the radius of the rooted 

area of P. afro in comparison to th at of plants not 

browsed by goats (Fig. lId ). Although this reducti o n 

is only 48% . it represents a 730
0 reduction in rooted 

area per plant. 

The lowest leaf-bearing twigs of P. afro on farm 

land were higher (P < 0·05) than those of plants 

gro\\'ing under the influence of elephants (Fig. lIe). 

Discussion 

THE COMMUN ITY 

Elephants. in contrast to goats . did not red uce the 

number of shrub species (Fig. 4b) but limited the 

variation in floristic composition to a relatively small 

domain characterized by high amounts of P. afro . 
C. sepiaria , E. Ulzdlliata and S. afra (Fig. 5). The 

remova l of elephant without goat replace me nt (i.e. 

the control). increased floristic variation between 

sites causing the 'envelope' in ordination space to 

increase in size in all directions away from the centre 

of th e domain of the elephant sites (Fig. 5b. d). 

Perhaps this is because, once elephants are no longer 

present, the shrub community is able to respond 

to the unique combination of edaphic and micro

climatic conditions prevailing at each site. leading to 

increased spatial variation. This result impli es that 

elephants maintain succulent thicket in a relatively 

uniform state, and it is importan t to note that this 

state corresponds to that which has been found 

to have highest forage potential for goat farming 

(Aucamp 1979; Stuart-Hill & Danckwerts 1988: 

Stuart-Hill 1990). 
Goats. on the other hand , caused a significant 

decline in P. afra. C. sepia ria , E. IIIzell/lata and 

S. afro (Fig. 7a), reduced the number of species 

per unit area (Fig. 4b), increased L. oxycarpl/l11 , 
Z. l7lorgsalla and E. I71QUritallica (Figs 7a & 8). and 

moved the site s in ordination space towards a new 

domain (Fig . 5) corresponding to a state of low goat

forage prod uctivity (Aucamp 1979 : Stuart-Hill & 
Danck\\'erts 1988; Stuart-Hill 1990). Some of th e 

goat-si te s (s ites 4 and 5), however . we re within 

the domains of the elephant and th e control sites 

(Fig. 5b) a nd this may be because these sites experi

e nced relatively low goat utilization . By contrast. 

the sit es which moved furthest in the ordination 

space (goat-sites 1, 2 and 3) were situated close to 

homesteads , and had consequently been subjected 

to he avy goat usage (Fig. 5). It is possi ble therefo re. 

that goats do not inevitably cause a change in flor

istics but the community response depends on the 

intensity of goat browsing. Equally. however , it 

could be argued that the goat sites within the eleph

ant a nd control domains are in the ?rocess of moving 

towards the goat domain (Fig. 5c & d). and that 

consequently all farmland will eventually end up in 

the area towards the left on axis 1. 

The decrease in number of species per quadrat 

(Fig. 4b). the increase in apparent density (Fig. 3a) . 

and the increase in Z . morgsalla , E. mauriTallica and 

L. oxycarpllm (Fig. 7a), means that the farmland 

areas are becoming invaded by these unpalatable 

shrubs (Stuart-Hill & Danckwerts 1988) and this is 

corroborated by data from Stuart-Hill et al. (1986). 
On the other hand , the increase in the density with 

elepha nt defoliation (Fig. 3a) is due to an increase 

in the density of all species (see Figs 3a & 4b). 

This probably results from the elephants breaking 
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down trees (the declin <: in cover, Fig. 4a), thereby 

promoting coppicing. Ho wever, elephants may also 

promote seedling establishment because they churn 

the soil. which together \\'ith large amounts of rotting 

litte r (elephant dung . leaves, twigs , and broken 

branches). makes an excellent seedbed. A further 

possibility is that the flightless dung beetle (Circelhum 
bacchus). which depends on coarse dung and locally 

has become almost confined to the Addo Elephant 

Park (Grobler & Hall-\1artin 1982) , could also 

promote seedling establishment. These insects bury 

balls of elephant dung which could also contain 

yiable shrub seed. 

SPECIES RESPONSE 

.-\ 11 the species which were adequately sampled 

(Ta ble 2) were able to tolerate fairly heavy levels 

of elephant utilization. except for the succulent 

scrambler E. l11auritallica (Figs 6 & 7). Other workers 

have noted that there are o ther species which may 

also be harmed by elephants. Penzhorn et al. (1974) 
measured no Alne africlil/a in the park but record

ed it as relatively abundant outside. J . Midgley 

I personal communical i,)n) noted. in time-sequence 

photographs. that ;lIll)lher tree-succulent (either 

Euphorbia tetragollo <lr Euphorhia triallgularis) was 

one of the first planb 1(\ be e liminated by elephants. 

.-\ 50% reduction (noIHignificant) of Crassliia OI'ata 
was recorded here in r <?~ponse to browsing by ele

pha nls (Fig. 6). Il1lere~ting ly. all these plants are 

~ucculents and none appear to coppice if cut at 

ground leve l. Conyer~eil· . all the non-succulent 

species ha\'e the abili ty t" coppice either from stem 

bases or from tht:: roots. This attribute enables plants 

to recover from catastl'l1phic e\'e nts (e.g. fire or 

breakage by large herbi\'ores) where the aerial 

portions of a plant are killed. It could be argued, 

gi\'en that fires do not burn in this vegetation , that 

the woody plants in thi s community are adapted to 

to lerate defoliation by elephants. The succulents. 

:lpart from P. arm. ha\'e probably either 'adopted' 

an escape strategy (Feeny 1980), growing in inacces

si ble areas. or else are \'erv rare. 

Goats reduced a number of woody shrubs includ

ing the succulent P. IIfra (Table 2: Figs 6. 7 & 8). 

These. with the exception of E. IIl1dulata. all have 

leaves which are highly acce ptable to goats (Stuart

Hill. unpublished dat a). Zvgophylllll11l11orgsalla and 

L. oxycarplll11 increased with goat defoliation, a 

finding consistent with that of Stuart-Hill et 01. 
(1986). probably bec<luse these plants are avoided 

by goats (Stuart-Hill. unpublished data) . Euclea 

ul/dulata, however. remains an enigma because it is 

consistently found to disappear under heavy utiliz

ation by goats (this study 8: Stuart-Hill et 01. 1986) 
but does not it se lf seem to be utilized by goats 

(Stuart-Hill. unpublished data). 

PorllIlacaria afra 

The lower density of P. afl'll under goats (Fig. 3b) 

confirms that this species is harmed by goats but not 

elephants, even when the latter are at high densities 

(Table 1). None of the results (Figs 9-11) refute the 

conceptual model (Fig. I) . 74% of plants under 

elephant defoliation had well developed 'skirts' of 

rooted branches, whereas 82% of plants on farmland 

had no 'skirts' (Fig. 10). This is corroborated by the 

larger radius of rooted area and the lower height of 

the lowest leaf-bearing twigs (Fig. 11). The apparent 

persistence of some triangular plants under goat 

grazing (Fig. 9), was due to the collapse of a number 

of large, formerly umbrella-shaped P. afra plants. 

Multiplying the average rooted area per plant with 

the densities of P. afro (Fig. 3b) for the respective 

treatments. gives the rooted <lrea of this plant ha - I: 

i.e. 3694, 3316 and 294 me ha - I for the elephant. 

control and goat treatments. respectively. Goats , 

therefore , caused a 91 % decline in the area rooted 

by P. afra. 
It may be argued that h.:cause of its vegetative 

reproductive strategy. P. afm is adapted to utilization 

by elephant. However. this strategy also renders it 

vulnerable 10 utilization hy goats: a principle of 

importance because land managers need to ensure 

that all P. afra plants ha\'e a healthy 'skirt' of rooted 

branches. 

It W<lS noticed that a numher of P. IIfro plant s had 

bee n pulled out by elephants. but the lack of <Illy 

differences in density and rooted area between the 

elephant and control treatme nts indic<ltcs that thi s 

activity has minimal impact. 

LIMITATIONS OF THIS INVESTIGATION 

The impression could be created that goats per se 

are harmful to the \'egetation and in particular 

P. afra. Aucamp (1979) found. however. that 

P. afra was stimulated by light goat defoliation (25 % 

leaf remova l). if followeu by an extended period 

of rest (approximately 12 months). a phenomenon 

recorded in a number of other browse species 

(Garrison 1953; Lay 1965 ; Ferguson & Basile 1966: 

Teague 1987) . Stuart-Hill et al. (1986) reported that 

the composition of the shrub community was not 

adversely affected by goats provided these are lightly 

stocked. In this study. some of the goat sites were 

within the plant sociologic<ll domains of the control 

and the elephant sites (notwithstanding the possi

bility that these sites were moving away from these 

domains) (Fig. 5b) and. on the hasis of the foregoing 

and of sightings on some goat farm s of P. afro plants 

with well developed ·skirts·. it would appear that 

thi s vegetation is able to tol erate browsing by goats. 

provided this is lenient. It is prob<lbly true. however , 

that few commercial farms <Ire stocked at such low 
leve ls. 
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A further limitation of this work is that the influ 
ence of elephants is not separated from that of the 

other indigenous browsers such as black rhinoceros, 
kudu, eland, bushbuck, grysbok and duiker. Bearing 
always in mind that elephants are the dominant 
browser, it is nevertheless worth discussing ho\\' 
these other species may have influenced the results, 
despite their ~ow densities (Table 1). Kudu and 
eland are taller than goats and would be expected to 
forage at a higher level. It is suggested, however. 
that they would have a similar effect on P. afra 

because goats readily stand on their hind legs to 
browse. Bushbuck, grysbok and duiker browse lower 
than goats and less intensively and while not pre
venting the development of the 'skirt', give it a 
hedge-clipped appearance. Because black rhino feed 
at a low height and reportedly do not break or tear 

branches as do elephants (Goddard 1968), one 
expects them to have a similar effect on the veg
etation to goats. However. these animals push over 
shrubs and young trees to feed on the upper portions 
of canopies (Smithers 1983) . and this would ha\'c 
similar effects to elephant browsing. 

CONC LUSION 

It appears that a mixture of indigenous herbivore~. 

dominated by elephants and stocked at simi!;!r 
biomass to that of goats on farmland, is not a, 
detrimental to Kaffra ri an succulent thicket as goat s 
stocked at current levels. It is doubtful whether thi ~ 
vegetation can be econom ically farmed with goats at 
the low stocking rates which \\'ould ensure its persist
ence. As an alternative. the larger land o\\'ner~ 

(>2000ha) might consider reducing goats in fa\ 'our 
of game and in particular elephant: because tourism. 
hunting and the products of game can be extremely 
lucrative . 

With the current ban on elephant products (Anon 
1989), no production-orientated land-owner is going 
to bring elephants onto hi s property if he cannot 

eventually sell the products of these animals or use 
his surplus for trophy hunting. Given this, land
owners will probably continue to farm with goats . 
and elephants will have to stay confined to the 
limited National Parks . The consequence for farm
land will be continuing desertification : and elephants 
in excess of the carrying capacity of the Nationa l 
Parks will be culled with no financial benefit accru ing 
to those countries and age ncies which conserve 
these animals. This poses obvious problems for a 
continent populated by poor people , who perceive 
National Parks as unproductive land set aside as a 
playground for privileged tourists. 
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Appendix 

List of woody and succulent plant species recorded in this 
study with their codes. 

Species Code 

Aloe spp. ALOE 
Azima tetracalllha AZTE 
Boscia oleoides BOOL 
Brachylaena ilicifolia BRIL 
Capparis sepia ria CASE 
Carissa haematocarpa CAHE 
Crassula ovaw CROV 
Euclea undulaw EUUN 
Euphorbia mauritallica EUMA 
Grewia robusta GRRO 
Lycium oxycarpwlI LYOX 
Maerua caffra MACA 
May tenus spp . MAsp 
OpullIia ficus-illdica OPFI 
Pappea capensis PACA 
Plumbago aurieulara PLAU 
Porrulacaria afra POAF 
Protasparagus spp. PRsp 
Ptaeroxvloll oblilJulll PTOB 
RhigozlIlIl ObOl"lllll1ll RHOB 
RhllS ulldllimil RHUN 
Schotia afra SCAF 
ZygophY//I//II l1Iorgsalla ZYMO 
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ABSTRACT 

We highlight the main problems facing land owners in two 
different vegetation communities dominated by woody plants. In 
eastern Cape succulent thicket, the most productive vegetation 
component (the trees and shrubs) is being destroyed by domestic 
stock, mostly goats. In the savanna regions of southern Africa 
(c. 40% of the land surface) land owners are plagued with bush 
encroachment. In both of these vegetation types these problems 
resul t in lowered forage production and increased erosion hazard. 

We contend that the removal of elephant (Loxodonta africana) 
has been one of the main contributory causes for the undesirable 
vegetation changes in these systems. A serious dichotomy exists. 
While elephant in national parks are being culled to prevent the 
destruction of woody plants, private landowners in savanna are 
burning, spraying, chopping and bulldozing bush - at considerable 
cost. Why destroy rare and endangered animals when they can be 
the solution to bush encroachment? In succulent thicket 
vegetation the dominant plants are adapted to defoliation by 
elephant, not goats. Is it ethical to continue farming with 
goats when the practise is economically questionable (other than 
on very large farms) and inevitably results in desert? 

Elephant could and should be introduced onto farmland either 
as working domesticated animals (communal lands and small 
properties) or as 'wild' animals (on large game farms). We 
concentrate on the potential for domestication of the African 
elephant and argue that this will help solve vegetation 
management problems with the beneficial spin-off of ensuring the 
survival of elephant in a continent which can ill afford 
altruistic conservation. 

INTRODUCTION 

Vegetation degradation in southern Africa is a much discussed 
topic. Why is this so? In this paper we examine the current 
status of two differing southern African vegetation types 
(savanna and succulent thicket), consider why they are degrading 
and, towards ' stimulating lateral thinking pose one of many 
possible solutions. ' 
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Savanna represents in excess of 40% of southern Africa and is, 
as we all undoubtably know, essentially a perennial grassland 
wi th a scattering of trees. The grass layer forms ,the forage 
production base while the woody layer is of secondary l.mportance. 
with 'mismanagement', bush encroachment occurs and thl.S can be 
either an invasion of woody plants into an area where none were 
previously there, or a thickening up of the woody plants already 
occurring in the area. It is arguably the single biggest problem 
facing land managers in savanna regions because it: 
i) reduces the productivity of the grass layer (ie less food 

for grazers) ; 
ii) restricts the movement of animals and man; 
iii) is aesthetically unattractive (game reserves and game 

farms) ; 
iv) lowers the water table; 
v) promotes soil erosion; and 
vi) is exorbitantly expensive to reverse. 

Succulent bushveld, on the other hand, is a dense, 
semi-succulent, thorny vegetation occurring on the eastern 
seaboard of South Africa in hot, dry (rainfall 225 to 500mm), 
frost-free areas at low altitudes between the Rei and Gouritz 
river valleys (data from Acocks, 1975; Cowling, 1984; Everard, 
1987. In this vegetation, browse is the production base and this 
is rapidly being eliminated under current pastoral systems 
(mostly goats) (Hoffman & Everard 1987; Hoffman 1989, Hoffman & 
Cowling 1990). This is serious as it represents an irreversible 
loss of a unique vegetation type, and the · community which 
replaces it, is unstable, prone to soil erosion and is able to 
support fewer mammalian herbivores (Stuart-Hill & Danckwerts 
1988) . 

Why are these vegetation types degrading (changing)? Let IS 

examine the processes which have led to the current situation. 

VEGETATION CHANGE ON FARMLAND 

Bush encroachment in savanna regions 

Reasons 

, The co~peti~ive advantage , enjoyed by the woody components 
l.n recent tl.mes l.S probably a result of a number of interrelated 
processes. 

Before modern pastoralism, there was probably a dynamic 
I balance I betwee~ the woody and herbaceous layers; ie there 
would have been tl.mes where woody plants were increasing and this 
would have been comp~nsated for times when the grass layer had 
th7 upper hand. Thl.s would have operated along predator-prey 
prl.ncl.p~es ,where the herbivores are the predators and the 
vegetatl.on l.S the prey. 
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with modern pastoralism the mix of indigenous browsers and 
grazers was replaced by domestic grazers (cattle and sheep), 
browsing pressure decreased, and the woody component has been 
allowed to increase unchecked. The removal of elephant has 
probably had the greatest negative imp~ct as they ~re extr7mely 
destructive feeders and can be the prlmary force ln changlng a 
woodland or thicket (encroached savanna) into a functional 
grassland. They are known as "keystone herbivores" (Owen-Smith 
1987) and it is proposed that they are essential for the survival 
of a number of other animals (e.g. roan, sable antelope, 
tesessebe) in that they create habitats sui table for these 
species (Owen-Smith 1989). 

Once the mix of native herbivores had been eliminated, 
cattle and sheep were introduced and probably stocked at higher 
rates than that at which natural grazers had occurred. Further, 
these numbers remain constantly high because farmers supply water 
during droughts, inoculation against disease and protection from 
carnivores. This harms the herbaceous component which diminishes 
fuel loads, effectively excluding fire. As the bush encroaches, 
grass production declines with the result that, if the grazer 
stocking rate is not lowered to account for this, the herb layer 
becomes increasingly overstocked - exacerbating the situation. 

Elephants: the solution to bush encroachment 

It is iniquitous that, in the national parks of southern 
Africa, elephants are culled because they are destroying woody 
habitat, whereas outside the parks, farmers (and governments) are 
spending large amounts of money on bush eradication. Surely, 
part of the solution to the bush encroachment problem on farmland 
in Africa is there 'across the fence', in the game reserves. 
Given the expense of having to 'buy-back' the farm when 
implementing bush eradication programs, and the tenacity of 
woody plants under current farming systems, it seems that land 
owners should seriously consider' farming' elephants - especially 
since these animals are valuable (meat, skins, ivory, hunting 
trophies, tourism, etc) yet currently cost relatively little (R10 
000 per animal). 

vegetation degradation in succulent bushveld 

Reasons 

To understand why degredation occurs, stuart-Hill (1992) 
compared the effects of defoliation by wild herbivores (mostly 
elep~a~t) wi~h that of domestic ungulates (mostly goats) stocked 
at slmllar bl0mass. It was found that while both elephant and 
goats reduced canopy cover in relation to control areas, only 
goats reduced the number of shrub species per unit area. The 
replacement of elephant with goats as the dominant browser 
results in a fundamental change in the shrub community (Figure 
1) to one dominated by ephemeral herbaceous plants with a few 
small unpalatable shrubs sometimes with a scattering of umbrella~ 
shaped trees. 

INSERT FIGURE 1 · 
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Goats in contrast to elephants, reduced the percentage 
frequency ~f the dominant tree-succulent Portulacaria afra by 40 
%, its density by 71 % and caused a massive 91 % decline in the 
total area rooted by this plant. stuart-Hill (1992) proposes 
that this is because goats defoliate the lower portions of the 
canopy and effectively prevent the development of a 'skirt' of 
rooted branches (Figure 2) on which the plant depends for 
survival. with severe goat browsing, the shrub takes on a 
umbrella shape, eventually collapsing as the weight of the 
succulent canopy becomes too great for the relatively weak stem 
to support. Elephant, by contrast, browse from the ' top 
downwards' and while they severely damage the upper portions of 
the plant's canopy, the lower rooted branches escape defoliation 
and vegetative reproduction continues. 

INSERT FIGURE 2 

The non-succulent species on the other hand, all have the 
ability to coppice either from stem bases or from the roots. 
This attribute enables plants to recover from catastrophic events 
(e.g. fire or breakage by mega-herbivores) where the aerial 
portions of a plant are killed. It follows, given that fires do 
not occur in this vegetation, that the woody plants are adapted 
to tolerate defoliation by elephant. With these results, stuart
Hill (1992) argues that succulent bushveld is adapted to elephant 
utilization, and not to utilization by small domestic ungulates 
stocked at equivalent biomass. 

Elephants: the means of sustainably utilizing succulent bushveld 

Given the low stocking rates necessary for sustained goat 
production (stuart-Hill & Aucamp 1993) and the fact that 
expensive fencing and watering schemes are indispensable for goat 
farming, it is doubtful whether it is economical to farm this 
vegetation using goats. A case could be presented for all of 
this land to be turned over to conservation but such altruistic 
moves seldom meet with approval and are difficult to justify when 
th7 m~jority of the population are impoverished. Alternatively, 
eXlstlng land owners could be enticed to consider reducing goats 
in favour of game and i n particular elephant, because tourism 
hunting and the products thereof, can be extremely lucrative. ' 

ELEPHANTS AS FARM ANIMALS 

The potential for elephant farming 

Advantages 

far 
i) 

ii) 

Elephants have the following highly appealing attributes as 
as land managers are concerned. 

They are the ~nly ~rowser, apart from goats, which can be 
concentrated ln hlgh stocking densities and which can 
therefore, be used as effective bush control agents. ' 
They a~low flexibility in that they can be kept as wild, 
domestlcated or as highly trained working animals. 
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Elephant have intrinsic value in that their presen~e! even 
if they are not utilized, will raise the marketablllty of 
a property by making a hunting or tourist package appear to 
be more attractive. 
They can be seen as an investm~nt which, ag~inst ~he 
decline in world elephant populatl0ns and the lncreaslng 
realisation that elephant are the driving force in African 
savannas (i.e. the solution to bush encroachment), means 
that their projected value should be enormous. This alone 
should serve as an incentive to purchase elephant. Recall 
how a white rhino, a mere 10 years ago, could be bought for 
c. R 300 whereas today they cost in the region of R 20 000. 

Disadvantages 

Their main disadvantage is their inherently low intrinsic 
population growth rate (between 4 and 6%) which ensures that they 
are not good candidates for farming in the conventional sense 
(i.e. for their products); the returns on capital invested will 
approximate the growth rate. It is essential, therefore, that 

' if they are to have any economic value, then 'value must be 
added' . 

There are of course practical problems, but these have been 
repeatedly addressed by various authors (see Ebedes in Anon 1991 
and stuart-Hill 1991) and are not , therefore, repeated here. 

wild elephant on game farms 

Elephant as wild animals on game farms is by now not an 
unusual concept (Anon 1991) and we waste no more time discussing 
this other than to point out that inevitably this is only 
suitable on large properties where neighbours are not averse to 
wandering elephants. Although we deal with this briefly, the 
problems of wandering 'wild' elephants should not be 
underestimated. The long term implication is that there will be 
breakouts. This is serious, as recovering these animals will 
probably involve an expensive helicopter chase, failing which, 
the animal will be destroyed. 

For all practicable purposes, most rangeland in southern 
Africa is in the hands of small private land-owners or tribal 
communities where wild elephants are not a suitable option. If 
we are to leave the matter there, then we would neglect a 
fundamental driving force on the majority of the land surface of 
the sub-continent (as argued previously). By doing this we must 
also accept continued vegetation degradation and the associated 
non-sustainable efforts at vegetation reclamation (eg reversing 
bush encroachment or planting P. Afra). However, if domesticated 
elephan~s could be introduced onto these lands, many of the 
vegetatlon problems could be alleviated. 
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Domesticated elephant 

Rather more unusual is the concept of domestication, 
especially with African elephants. contrary to popular belief, 
historians have shown that African elephants have been 
domesticated and trained as early as the Asian elephant (Elephas 
maximus): in the fourth century BC Aristotle described the 
capture and training of African elephants; in 323BC the ptolemaic 
dynasty set up training camps for elephants on the banks of the 
Bakara river (now in Sudan and Ethiopia); in 255BC the 
Carthaginians used African war elephants to defeat the Romans at 
Tunis; and of course we recall Hannibal's famous march over the 
Pyrenees and Alps. The demise of this activity may raise doubts 
as to the effectiveness of domesticating African elephants and 
it could be written-off as a failed 'experiment'. However, we 
propose that it 'failed' because African elephants were used only 
as war animals, and when the Romans under Scipio Africanus 
developed techniques of defeating the war elephant, their 
usefulness disappeared and training stopped. Therefore, because 
African elephants occurred on a continent where timber was never 
an important industry, they, unlike their Asian cousins, had 
little commercial value. 

In modern times, African elephants have been successfully 
captured and trained in large numbers. In the late 1800's the 
Belgiums started such a project at Kiravunga in the Congo which, 
in 1930 moved to its present base at Gangla-na-Bodio. At the 
height of its success, this project housed and trained up to 120 
elephant at anyone time and these were used for "logging, 
ploughing, cart pulling rind farm clearance" (see King 1992). The 
project was terminated in the 1960's due to the civil war but 
four or five working elephants remain. At present there are 
numerous African elephants being trained by film makers, 
circuses, safari companies and zoos. 

If this activity could be successfully revived, elephant 
could become part of the African way of life, as have the 14000 
domesticated Asian elephants (Elephas maximus) in South East 
Asia. It is conceivable, for example, that an entrepreneur could 
cont:act to clear bush using trained elephants rather than heavy 
machlnery. He could buy a herd of elephant (c. 30 animals) for 
the price of one bulldozer, 'fuel' would be available free on 
site, and depreciation would be zero as elephants appreciate with 
age, especially if domesticated. This sort of enterprise would 
a~so stimulate e~ployment, and knock-'on enterprises such as 
flre~o~d , ~ollectlon and charcoal manufacturing. other 
posslbllltles for the use of elephants are: mounted eco~tours (as 
currently done in Botswana and Thailand), ploughing, work on 
su~ar, estates and in the rapidly expanding forestry industry. 
ThlS ldea may be even more appealing if seen against the lack of 
heavy ,machinery and maintenance support in many African 
countrles. 
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Domestication and Trai ning 

From the aforegoing, then, we need to distinguish three 
categories of 'farmland' elephant: 
i) wild free-ranging elephants on game farms; 
ii) tame elephants, which are amiable and disciplined in ~he 

manner of domest i c cattle (i.e. you can herd but not rlde 
them); and 

iii) trained elephants, in the sense that they can be ridden or 
used as working animals to perform tasks on command. 

The last two categories refer to domesticated elephant. 

Unlike Asia, with the demise of the African war elephant in 
the first century AD, the skills and expertise to capture and 
train African elephant have largely been lost. What skill there 
is, presently resides in zoos and circuses. Through the third 
author, the collective experiences of these experts has been 
drawn on in this section. A degree of mystique hqs grown up 
around the taming of the African elephant with the popular dogma 
being that this species cannot be trained. Whilst it is true 
that the difference in temperament between the Asian and African 
species requires different training techniques, many trainers 
find the African elephant to be more intelligent and therefore 
easier to train than the former. 

It must be clearly understood at the outset that there is 
no safe, middle ground between wild and domesticated . . wild means 
untouched and domesticated means that the animal is obedient and 
safe for humans to be around. To go half way is to court 
disaster! 

Domestication is split into 2 levels: 
i. basic husbandry and discipline; and 
ii. specific tasks and duties. 

Basic discipline is compul~ory and is necessary for the safety 
of both man and animal during day to day work and care. Included 
are: restraint, corning when called, stopping on command, lifting 
trunk and feet for inspection (for medical examination), lying 
down on command (both sternal recumbent and on its side), good 
manners, etc. 

The key to elephant training is continuity of discipline 
throughout the animals life. staff turnover is a problem. It 
is vital, therefore, that the owner becomes involved in 
management on a regular basis so that he can supervise the 
continuous level and standard of discipline. In addition, the 
American Association of Zoos, Parks & Aquaria (AAZPA), in 
conjunction with The Species Survival Coordinator and the 
Professional Elephant Managers Association, has produced a 
Pr~tocol for the m~nagement.and.care of elephants in captivity. 
ThlS document provldes a gUldellne for acceptable behaviour for 
both keepers/trainers and the animals. It could form the basis 
for ethical training in this country and if all trainers follow 
it, ~ill ensure that an i mals and handlers can be interchanged. 
It wlll not be possible to train without any discipline at all 
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but this should be guided by the Protocol. with this it ~s 
possible to train elephants (to the level of the Gangla-na-Bod1o 
animals) without resorting to the rigorous techniques applied in 
Asia. 

Restraint at night is an important part of maintaining 
discipline and should be strictly adhered to for at least the 
first three years of captivity, depending on the degree of 
initial training. During this period it will be necessary to 
feed during the night and this needs to be of high quality, 
especially if the animals are very young. 

To instil basic discipline (as described above) in wild 
caught elephants measuring between 120-150cm at the shoulder 
should not take more than 12 to 14 weeks per animal. One trainer 
should be able to oversee the preparation of batches of 10 
animals at a time provided that he has an experienced team of 
four assistants. Once good basic discipline has been established 
and the elephant is comfortable and secure with his handlers, 
then specific tasks may be incorporated into the training if 
desired. These may include riding, logging, pulling, pushing 
down trees, etc. 

The logistics of training will not be difficult as trainers 
could. be brought in (from Asia and western circuses and zoos) to 
handle more elephants than currently available. The biggest 
problem foreseen will be the training of handlers and owners. 

Domestication to aid elephant conservation 

Capturing and transporting surplus elephants presents a major 
constraint to elephant conservation. Currently, all adult 
animals in selected herds are culled and only the youngsters are 
captured. This is extremely inefficient because of the removals, 
only c. 6% (Whyte 1990) becomming available for restocking new 
reserves. If adults can also be captured and transported, more 
animals will become available, less care will be necessary 
(infants require special care), the complex social structure will 
be less adversely affected, and importantly it would not be 
necessary to wait years before they breed. 

The reason for taking only youngsters is that, with current 
methods, the strength and weight of adults excludes their 
capture. By contrast, the capture and taming of c. 100 000 adult 
Asian elephants has occurred over the past century in South East 
Asia (Sukumar 1991). One of the most efficient methods is to 
drive the herd into a stockade ("keddah") where the captives are 
then controlled and calmed with "monitor" (tamed adult) 
7lephants. T~e capti ve~ are then roped in a I chain gang I 
1ntersP7rsed.w1th the mon1tors, and walked to the training area. 
Each an1mal 1S then secured to a tree with ropes and tamed with 
fre9uent handling. wi th modern drugs, ingenious corrals and 
mon1tor elephants, the capture and taming of wild adult elephants 
has becom~ much more humane and efficient. Dogma had it that 
young Afr1can elephants were too aggressive to tame but this was 
disproved in modern times during the early 1900's and again in 
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the 1960's (Moore & Munnion 1989). Current dogma has it that 
adult African elephants can never be tamed. This dogma should 
at least be tested. If adults could be captured and tamed, whole 
herds could be moved rather than culled as they have the ability 
to cover large distances on foot. Even if this 'taming' is 
merely to aid translocation (via 'chain gangs') this would 
considerably speed up the restocking on new game reserves and 
avoid the adversely pUblicity that elephant culls could have on 
our potential for international eco-tourism. Central to the 
success of such a project is the availabilit~ of tamed adult 
elephants; an incentive to tame elephan~s now! 

Further incentives for domestication are: that it would make 
considerable tracts of land (of highly suitable habitat) 
available for the conservation of the species (eg. 40% of South 
Africa); and it will remove the fate of the elephant from the 
hands of governments who, in an overpopulated continent, will 
have to address the demands of the majority of (impoverished) 
people. 

CONCLUSION 

'Farmland elephant', and especially if domesticated, can 
have the potential to sol ye important vegetation management 
problems plus contribute to local entrepreneurship. If 
successful, the spin-off can be to ensure the elephants' future 
in a continent that cannot afford altruistic conservation. 
Probably one of the biggest stumbling block's, however, is the 
conservative attitude of conservationists who, whilst informed 
about wild elephants, are ignorant of those domesticated. 
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FIGURE CAPTIONS 

Figure 1 Principal component analysis of floristic data from 
sites in and around the Addo Elephant National Park 
showing: the domains of the control (. ), elephant 
(~) and goat ( * ) sites (after Stuart-Hill 1992). 

Figure 2 The effect that no browsing (a), elephant browsing (b) 
and goat browsing (c) has on the growth habit and 
vegetative propagation of Portulacaria afra (Stuart
Hill 1992). 
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FURTHER WORK 

A framework for the development of a management 
orientated vegetation model 



FURTHER WORK 

It is obvious that this study has failed to produce all the tools 
required for formalized adaptive veld management in succulent 
bushveld. It is sti l l necessary to develop and test: 

i. a vegetation monitoring system for proactive adaptive 
management (Tool 3); and 

ii. a system of recording essential environmental and 
management information (Tool 7). 

Assuming that these are provided, it will then be necessary to 
formally implement an adaptive management system on various 
properties and monitor the performance of such systems. 

I believe that future work with respect to Tool 8 (ecological 
principles) should concentrate on the demography of this 
vegetation type and, in particular, developing an understanding 
of how individual plants are killed by defoliation. My 
suggestion .for integrating future vegetation work in a manner 
that is useful to managers is described in the last paper of the 
thesis: Framework for the development of a management orientated 
vegetation model [P 0.2]. 



[P 0.2] 

A FRAMEWORK FOR THE DEVELOPMENT OF A 
MANAGEMENT ORIENTATED VEGETATION MODEL 

G.C. STUART-HILL 

Bophuthatswana National Parks Board 
P.O. Box 4124 

RUSTENBURG 
0300 

SOUTH AFRICA 

ABSTRACT 

It is alleged that current vegetation research efforts d~ n~t 
meet the information requirements of land managers. Th1S 1S 
because the research work is often esoteric, and if potentially 
useful, then seldom presented in an integrated and practicable 
applicable manner. 

This paper presents a philosophical framework which attempts to 
address these shortcomings. It centres around the development 
of a 'vegetation moqel'. This model, essentially a state and 
transition model, also incorporates a system of evaluating the 
vegetation in terms of various land-use options and translating 
these onto maps. Without this addition, one cannot talk about 
desirable or undesirable change. If we cannot talk in these 
'value loaded' terms then we cannot communicate the consequences 
of vegetation change to the public or inform the pastoralist of 
the adverse (or positive) consequences of his actions. 

An iterative approach is suggested where a prototype is first 
developed, evaluated and then upgraded if necessary. 

INTRODUCTION 

If we are absolutely honest with ourselves, we would acknowledge 
that most managers are unimpressed with the results of vegetation 
research and in particular, vegetation monitoring. This attitude 
is criticised by researchers who implicitly allege that managers 
are ignorant. I submit, however, that managers are not generally 
ignorant of the importance of the vegetation and that their 
attitude towards vegetation research is largely justified. The 
faul t I believe lies with researchers, not managers! Li ttle 
honest attempt has been made to address managers' problems and 
information requirements. The research is often esoteric and 
even if useful, is communicated in an overly detailed clumsy 
m~nner, fu~l of jargo~ and with little attempt to integrate it 
w1th practlse. In thlS paper, I propose a vision which will I 
believe, address this shortcoming. I present this to research~rs 
to stimulate debate and to provide a framework wi thin which 
various independent vegetation research efforts can be 
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undertaken, but which nevertheless ensures that all can be 
integrated into a practicable product. 

The overall objective is to develop a 'vegetation model', 
interpretable by land managers, wh~ch i,ntegrates vegetation 
classification monitoring and dynamlcs wlth land-user related 
interests such'as faunal habitat suitability, carrying capacity, 
ecological sensi ti vi ty, tourism appeal, etc. , ultimately, ,we 
should be in a position to translate any change ln the vegetatlon 
into its consequences for society and the pastoralist. 

The philosophy is to adopt a 'top-down' systems analysis 
approach. A prototype model is first developed from existing 
information which may be either research data and/or experts' 
opinion. This prototype can be immediately used by land managers 
on the justification that it is better than nothing. The 
prototype can also serve as a conceptual framework for research 
and the various aspects can serve as applied hypotheses for 
scientific endeavour. It follows that the model will be 
continuously revised and updated as new information becomes 
available or it is found to be lacking. 

PROCEDURE 

This is most efficiently described as a series of steps but these 
are not necessarily sequential. The detail of description 
relates to the development of the prototype vegetation model. 

1. Demarcation of 'vegetation space' 

The intention here is to describe the vegetation community in a 
manner which is devoid of value judgement. The approach, 
described by stuart-Hill & Hobson (1991), should be used as the 
agricultural concept of veld condition is inappropriate; i.e. 
a site's position in ordination space is used as the 'score' for 
the vegetation at that site. 

A rapid survey of the vegetation in the study area is conducted 
ensuring that all major aspects of the vegetation are 
quantified!. All these sites are then subjected to ordination 
analysis, the goal being to demarcate the bounds of ordination 
space in the study area. It is not inconceivable that fictitious 
site's could be generated and added to the data matrix to extend 
the boundary's of ordination space. It follows that there may 
be large B-diversity and it could be necessary, for interpretive 
purposes, to subdivide the data matrix and re-ordinate the 
v~riou~ sub-sets. However, the ordination plot (multi 
dlmenslonal space) for all sites combined represents the initial 
framework for the 'vegetation model'. The model presented to 
managers should be a simplified 2-dimensional ordination plot 
devoid of detail and scientific jargon. 

For Succulent Bushveld I would recommend the 'Bubble 
method' (Stuart-Hill in prep) 
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The ordination techniques to be used will undoubtably generate 
much debate amongst statistical academics. However, for. all 
practical purposes, any range of methods could be used provlded 
that they are not changed over time and are relatively free of 
distortions in at least the first two axes. 

2. visual vegetation assessment technique 

The development of a visual vegetation assessment technique is 
necessary for the following reasons. . . 
i) To orientate field workers with t~e ve~etatlon ~odel: l.e. 

so they will be able to recognlse, ln the fleld, the 
different vegetation communities/states seen in the model. 

ii) To extrapolate in an efficient manner, the model to areas 
not field sam'pled. This could also be achieved with 
satellite imagery, but results with this approach have been 
disappointing. 

iii) As a training exercise for managers and to aid 
communication between managers and ecologists with regard 
to the vegetation. 

The details of the visual assessment procedure are described by 
stuart-Hill (1991), but essentially it involves selecting sites 
which represent different areas in ordination space (in the 
vegetation model). The criterion for selection is that they 
should represent different vegetation communities/states and in 
addition be easily accessible and relatively close to one 
another. Each of these sites is then reocated in the field, 
marked and photographed. These then become the reference sites. 
Photograph albums are produced which will illustrate the 
vegetation community/state at the reference sites and these 
albums could also contain various information (e. g. plant 
density, cover, species composition, etc.) describing each 
vegetation community/state. Field training of operators is 
undertaken by allowing each operator to inspect the site and with 
the aid of the photograph album, develop empathy with the 
vegetation model. Looking more broadly, these reference sites 
could also be presented to visitors to National Parks, who may 
be introduced to even more simplified versions of the vegetation 
model. 

3. Superimpose user interests onto the vegetation model 

The vegetation model described thus far would have little appeal 
to land managers as it does not evaluate the different vegetation 
communities/states in terms of any land-use objective. In this 
step the goal is to superimpose various land-use interests onto 
the vegetation model (e.g. habitat suitability for various 
animals, carrying capacity, ecological sensitivity tourism 
appeal, fire risk, etc.). ' 

The approach here could be to consult with experienced experts 
who would be asked to score the value (for each land-use 
interest) of each reference site . Conceptually, we would then 
be able to overlay, onto the vegetation model, an evaluation for 
each land-use interest. Ultimately, it would then be possible 
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to state (for example) that position X in t~e vegetation model 
is ideal for impala and goats, has low tour~sm appeal (because 
of high bush density), low value for waterb';lck an~ catt17, 
moderate value for black rhino, high ecolog1.cal r~sk (so1.1 
erosion), etc. 

4. Develop a state & transition model 

The 'vegetation space' is essentially a static description of 
various communities or states and it is necessary, therefore, to 
develop a full state and transitional (S&T) model (Westoby, 
Walker & Noy Meir 1989) so that managers will know: 
i. how to change the vegetation from one state to another 

(perhaps more desired) state; 
ii. which states are prone to degradation (soil loss and bush 

encroachment) and consequently require special attention; 
iii. how to manipulate the vegetation to help achieve various 

(and changing) land-use objectives; and 
iv . which vegetation states and, consequently, land-use 

objectives cannot be attained by manipulating the 
vegetation. 

The approach should be to initially develop a hypothetical S&T 
model by ordinating sites of known differing past impact in an 
approach similar to that of stuart-Hill (1992). At a later stage 
this can be tested with experimentation. 

The S & T model should be simplified for managers and could be 
presented as annotated arrows in the vegetation model and 
optionally as a decision table or expert system. 

5. Transpose vegetation model onto maps 

To assist field planning, it is necessary to transpose the 
vegetation model onto geographic maps, thereby creating a 
vegetation map. This can be done by using the visual method to 
determine vegetation community/state at each map location. 
Aerial survey, aerial photographs, satellite images and 
geostatistic interpolation (Wills in prep) can be used to aid 
this acti vi ty, as can the techniques developed by Austin and 
Heyligers (1989). The approach here is to rapidly cover the 
ground and a conscientious effort needs to be made to avoid 
getting 'bogged-down' with unnecessary detail. 

Once the vegetation data have been transposed onto the maps it 
will be a relatively simple matter to overlay maps indexing the 
suitability (or value for the various land-user interests) onto 
the geographic map. with this information, the study area as a 
whole can be evaluated in terms of is potential for various land 
use e~terprises and f~r the possibility (using the S&T model) of 
chang1.ng the vegetat~on to meet the requirements of a selected 
l~nd use option. I~portant~y, the change in these maps over time 
w~l~ prov1.de the 1.nformat1.on that vegetation monitoring at a 
reg~onal scale demands; e.g. is the area suitable for cattle 
farming becoming diminished? 
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A possible spin off is ~hat all the data generated by this step 
will be suitable for currently popular Geographic Information 
systems. 

6. prepare user orientated documentation 

The central documentation could be the vegetation map, supported 
by a descriptive guide of each vegetation state showing: a 
photograph, species and structural composition of the vegetat~on, 
its sensitivity, plus perhaps it's suitabilities for varlOUS 
herbivore species. A simplified state and transition model 
showing clearly the impacts which are required to move from one 
state to another and those vegetation states which can and cannot 
be changed. Depending on user objectives, various additional 
maps detailing habitat suitability (or productivity index) could 
also be added. 

A special effort must be made to present all output products in 
a manner which is readily interpretable by managers. 
Consequently, these should be purged of scientific jargon and 
qualifiers and for the faint hearted, an introductory passage 
could be written outlining the reasons for this so as to protect 
the scientific credibility of the developer. 

7. Present to users for evaluation 

The prototype must t h en be presented to managers for their 
evaluation. If their sentiment is that the product is not 
worthwhile then their opinion should be respected and the proj ect 
terminated. If not, the products can then be updated as 
required. 

CONSTRAINTS AND CONCLUSIONS 

I envisage that the production of a vegetation model will be time 
rather than cost limited. However, even here the development of 
a prototype should not take more than a few months of continuous 
work provided the data have already been collected. 

Assu~ing the users accept, in principle, the prototype, further 
testlng, evaluation and adaptation will be an iterative process. 
It follows that the vegetation model will, as in the spirit of 
adaptive management, be dynamic. However, the termination date 
for such a project should be determined by the users, not the 
researchers. 

A constraint to the iterative approach is the current scientific 
par~digm. Researchers are encouraged by the 'system' to sub
optlmize; i.e. expend an inordinate amount of effort on a small 
sUb-component of the system in order to get work published. This 
needs to be addressed or else the research and practise dichotomy 
will continue. 
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