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ABSTRACT

This study was designed to provide the means for implementing
formal scientific vegetation management.in 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 Fhe
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 ecclogical 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 any one 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
litFlg significance to the real world and which damage
gfflClency. Perhaps, the real value of vegetation research, lies
in the experiential learning which the researcher gains, not 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 years. 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. 1Inevitably,
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). 1In
the end I decided to leave the thesis as a series of independent
articles, and conseguently 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
monitor 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 in 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’. 1In such cases, society may be forced to reassess
the these and be prepared to bear the consequences.
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CHAPTER 1

INTRODUCTION

1.1 THE DESIRE

Ultimately we aspire to have management systems for land users
which are compatible with the conservation ideal. Qonseryatlon,
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 benefit" 1is 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
magnitude of each which may lead to undesirable vegetation
change.

It follows, that the combinations of enterprises and management
systems is almost infinite. 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
task is made even more difficult due to the added complexity of
having different species (each behaving uniquely), different
plant communities 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 rgsea;cb.
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 fgr‘(Danckwe;ts
1984), whilst incorporating some scientific predictions, relies
mostly on the intuition and experience 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 people? 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

tge system. Providing these tools became the goals of this
study.



CHAPTER 2
ADAPTIVE MANAGEMENT

2.1 DESCRIPTION

Adaptive management, in the active 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, adaptive management is the term used
to describe the system of modifying 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 generalized algorithm for scientific

management (Figure 2.1) which is firmly based on the paradigm of
adaptive management.

2. State objectives

—i 3. Translate into goali—|

-

No ) Yes
4. Is goal achieved? 1

y

5. Wait 1 day,
week, month, |—]
year ...

problem

Yes

7. Can solution
be generated?

Y

8. Generate and
apply solution
No :9. Can goals be~ Yes

revised?

4 Y
10. Revise
objectives 11. Revise goals ——

Figure 2.1 h generailzed algorithm for scientific management
(Mentls 1985).
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This can be expanded into a more applicable veld management

algorithm (see Figure 2.2 as an example) .

1. Inventory of resourcH Set objeclivesJ

4. Determine stocking

3. Survey control
paddocks

rates

5a. Find or design
initial management

5b. Manage veld:

system e

(1) Ensure adequate todder reserves |
(2) Achieve high animal performance

—

Redesign management
system or revise
stocking rates

6h.

6g. Callin
pasture expert

A

L

(3) Achieve overall objectives

5c. Monitor and record for each paddock:
(1) Grazing and browsing days
(2) Animal performance (fertility, weight gains, etc}
(8) Burning programme, rainfall, supplementary feeding
(4) Appearance of poisonous plants
(5) Miscellaneous problems (e.q. iheft, water, predators)

A

Ba. Resurvey control paddocks
after about 2 years

Yes

Ge. Is economic
perormance acceptable?
(Better/Same as
study group)

\Sd. Management /

beneficial 1o veM

6f. Callin
economic expert

Generalized for adaptive veld

management.

Figure 2.2 procedure

A graz;er 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 1is 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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5) Select a veld management system according to thg best
(objective and subjective) knowledge currently.avallable.
For exanmple, a grazier could adopt: published veld
management guidelines (e.g. Danckwerts & Teagpe,.1989), an
expert system based on scientific predictions, his
neighbours management program, Or a new system devised 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).

6) 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 wveld ‘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.

7) 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 1likelihood be reqgquired to
implement formalized adaptive management. These are: land-
managers; scientific advisors (e.g. extension officers and
consultants) and research workers. ”

The role of a research worker may be to:

i) de;el$p techniques to monitor vegetation change (phases 3
and 6);

ii) develop predictive models to determine initial stocking
E?tes (phase 4) and help construct management systems phase

[4

iii) devglop an understanding of the ecosystem, thereby
assisting managers and scientific advisors to interpret and

_ overcome problems (phase 6);

iv) discover new and more efficient methods of resource
conservation (phase 2); and

V) present research results in a usable form.
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The role of the manager is to develop a unique g;azing/brgwsing
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 researcher; 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 grazing 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
although 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. Applying 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) ;

;ii) recording the environmental conditions; and

1v) recording the management actions that are being applied.

These monitoring and record keeping programmes should be balanced

in thgt, for example, equal emphasis should be placed in

recording vegetation change as in recording the rainfall. By

definition, if 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.essentlal 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 changipg 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 assessment.

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
@mportant to his objectives and understand why they are
important. I call these plants key species.

6. A model to set initial stocking rates.

This model §hou1d integrate, at the very least, rainfall
and vegetatlpn condition. Importantly, it should clearly
state that it’s predictions are not absolute but rather

intended to be used as initial values which can be adapted
with experience.



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 1s
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.



CHAPTER 3

PROVIDING THE TOOLS FOR ADAPTIVE MANAGEMENT
IN SUCCULENT BUSHVELD

While project design is a sequential process, it is necessary to
recognise that the implementation of the steps may be updertaken
concomitantly. 1In addition there is also a degree of iteration
in that, as we discover something new, it may become necessary
to change, delete, add or reassess the importance attached to
each goal. A consequence of this 1is that some of the
work/thinking is rendered redundant by later work. This 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. g

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 reguest one) because the effort
in developing such a system does not warrant the amount of times
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it will be wused. 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|pr1nc1ples
that managers should be aware of (see the section in a second
book: Management of different types of veld: succulent bushyeld
[P 1.2]). The reader should be aware that thg second grtlcle
repeats some material from the first. I apologise for th%s, but
deleting the first would have removed the apportunity 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
addition, C.J.G le 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 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 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
Q1fference between ’subjective’ and ‘visual’ methods. My
1mp;ession is 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
petween 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
sense by placing a ruler next to the piece qf 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 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
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
Fechnique studies (Mentis 1984; Walker 1987; Hardy 1986). An
1mpl?c1t assumption with this philosophy, is that land managers
require (for adaptive management) a less sensitive vegetation
mopltorlng 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
managers 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.
People have assumed that because managers seek an ’easy’ method,
1t follows that they are happy with a less sensitive technique.
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All of the conventional botanical methods tested in this study
were found to be too tedious and/or insensitive for pro-actilve
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 1is probably that tpeir
very nature depends on the death (or severe reduction %n_51ze)
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 p;omp?ed
a paradigm shift and the emphasis has turned to_nmnltorlpg
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
adaptive 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 TECENIQUE FOR MONITORING FORAGE USE AND RECOVERY [TOOL 4]

Tool 4, a method for monitoring forage, was not seriously

addressed in this study because:

1) 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

1v) there is already an informal visual method which monitors
the development of a ‘browse line’ (for utilization) and
length of current shoot growth on P. afra (for recovery).

Nevertheless, a method of monitoring twig utilization on P. afra
gnd G. Fobusta was briefly evaluated and found to be
lnappropriate, even for research efforts (see the unpublished

! An example is perhaps the ’skirting’ phenomenon of P. afra
(reported in the published paper entitled: "Effects of elephants
and goats on the Kaffrarian succulent thicket of the eastern
Cape, South Africa") and is paralleled by the aerial tillering
phenomenon observed in Themeda triandra (Tainton 1981).
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paper: Evaluation of a non-destructive tec@piqug 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). However,
while evaluating productivity, Aucamp did not formally consider
palatability or acceptability. To address this 1imitat10nc a
'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.

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.0. Hobson?. The essential
preliminary result after three years of treatment, is that while
the vegetation at the high stocking rates (i.e. two and three
t@mes greater than recommended by the model) is showing visible
signs of damage, the goats’ productivity (measured with mass
gainz continues at control levels (pers comm. F.O. Hobson).
Desp}te 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
rathgr 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 backbregking and inefficient
efforts to objectively monitor plant utilization and recovery.

By way of generalizing the results, and %n an attgmpt_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 capaqlpy as
measured in the above experiment. The result was surprlslngly
good, given the major differences between the two vegetation
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 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].

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 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
whlgh 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 so simple, but more often than not it
1s lgnored. Bush clearing efforts are a good example and this,



15

together with the results of the above publication, led to ?he
paper (in press): Farmland elephant: a solution to degradation
in the woody vegetation communities of southern Africa [P 8.2].

3.10 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 still 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].
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CHAPTER 4

CONCLUDING REMARKS

Perhaps the most important conclusion from thi; study is my
questioning the practicability of adaptive vegetation management
in succulent valley bushveld. This has arisen because of my
inability to find an efficient land-manager origntated, gnd
proactive vegetation monitoring technique on which adaptive
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, 1is 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 implicity 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 wuseful
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
break?hroughs (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
dgmgn@s ‘absolute accuracy despite the biological ‘law’ of
diminishing returns. For example, scientists waste a massive

pgoportion of their time on irrelevant detail ensuring that a
single paper is ‘perfect’, instead of writing additional papers.
Better still, the extra time could be used to develop ‘gut feel’
through experimentation (in the broadest sense) and innovative
observation. If this 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 projects 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 systenm.
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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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AN AGRICULTURIST’S VIEW OF THE NATURE AND EXTENT
OF SUCCULENT BUSHVELD
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Department Grassland Science
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P O Box 375
PIETERMARITZBURG
3200

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. BAs 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; 1i) bush
encroachment is not a feature; 1iii) 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];_Addo Bush [Nr. 23d(i)];
Sundays River scrub [Nr. 23d(1ii)]; Gouritz River Scrub [Nr. 23e];
Noorsveld [Nr. 24] and Spekboomveld [Nr. 25]. 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. 23b]. 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.



INTRODUCTION

Vegetation classification is traditionally Fhe domain gf
phytosociological botanists who classify vegetation on the basis
of the evolutionary relationships of floristics. Such
classifications, while extremely useful with respect to
understanding the development of the vegetation, are not
necessarily useful to land managers. This paper attempts'to
evaluate past classifications of the succulent thicket vegetation
types in the eastern Cape from the viewpoint of a land user, not
a botanist and consequently, concentrates on the functional
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 1is dominated by perennial grasses and the
successional trend 1is 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. 1In 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 1is 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 within a human lifespan at
least.

Unfortunately, 1locals (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 Valley Bushveld-proper (in Natal), and at worst, with
savanna. This confusion needs to be eliminated because the

differences are of vital concern to management and can be

summarized as follows.

1) The shrub component of the succulent varieties of Valley
Bushveld (unlike non-succulent Valley Bushveld or savanna)

will not regenerate (within a human lifespan) following
severe disturbances.



3

ii) It is not possible to establish and maintain a stable and
highly productive grass sward in the succulent varieties 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 vallgys
of the eastern seaboard of South Africa. This classificat}on
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 oOr
bushveld not dominated by succulents) are grouped together under
the same name (Valley Bushveld).

Acocks (1975) did account for this to some extent by divid}ng 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)];
V) The Sundays River scrub, [23d(ii)] in the wide flat lower

Sundays River valley; 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.
Importantly, the vegetation map which Everard presented (Figure
2) conflicts with 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 1n 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') and the Mesic
Kaffrarian thicket (700 - 800 mm rain.yr') are more similar to
each other than the former is to Spekboomveld (300 - 250 mm
rain.yr') or Noorsveld (225 - 300 mm rain.yr'). 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’, it 1is 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 vallgy to another, as one
progresses northwards up the coast, 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 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 (R.afra,
C. ovata and Alce spp) 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 1lines 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
ungble 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 an attempt to avoid this problem I suggest a ’vital
gttrlputes’ approach (perhaps contained in an expert system) to
ldentify the type of vegetation and hence utilization potential

at any given_site. It i1s my opinion that vegetation maps are
for explanation and illustration, not prediction.
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FIGURE CAPTIONS

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).

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

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

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.



Class:

Order: ,Kaffrarian thicket

Alexandria Forest {2)

veld types

Acock's

E.P. Thornveld (7b)
False Thornveld of the Eastern Cape (21)
Coastal Rhenosterbos veld (46)
Coastal Macchia (47)

Subtropical Transitional thicket

Mesic Kaffrarian
thicket

Xeric Kaffrarian
thicket

Figure 1

(Cowling, 1984)

Kaffrarian Succulent thicket l

l Karroid Succulent thickeTl {Cowling, 1984)

Valley bushveld proper -
Southern variation {23b)

Fish River scrub (23c)

Addo bush + Sundays scrub {23d)
Gouritz River scrub {23e)

Noorsveld (24)

Spekboomveld (25)
Karroid broken veld - the Little Karoo (26b)

Mesic Succulent
thicket

Xeric Succulent_
thicket

(Everard, 1987)
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T,

Succulept Valley Bushveld
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[ Succulent Bushveld
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Figure 4
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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 1l.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 it will be used. Furthermore, a management
plan rests on objectives which are value Jjudgements 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 illustrating 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"



[P 1.1]

Veld management

INTRODUCTION

in the
Eastern Cape

Editors
J.E. Danckwerts and W.R.Teague
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10.4 SUCCULENT VALLEY BUSHVELD

G.C. Stuart-Hill
10.4.1 Introduction

There are very little quantitative data available thai
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 (1979), was presented. The
present author has used this work extensively in this
Section.

This Section begins by reviewing the major
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

() The climate is characterised by an unreliable.
low rainfall - averaging less than 500 mm a vear. It
1s estimated that there is a 25% chance of the area
receiving less than 80% of its long-term average
annual rainfall in any vear (Aucamp & Tainton.
1984). This aridity is compounded by extremely high
temperatures.
(1)  The shrub component of the vegetation is the
production base. If damaged through
over-utilisation, the woody laver will not recover
and, consequently, bush encroachment is not a
phenomenon experienced in this veld type. It 15
important to appreciate that if bush is removed it is
not, as in other bushveld types, replaced by more
productive grassland.
(1) 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 1s ecologically important in enhancing infiltration
and reducing run-off and soil erosion. 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
(Table 10.4.1).

It. is advisable therefore. that no farming
enterprises be based entirelv on this resource.
(v)  Degradation of this vegetation is characterised
bv loss of almost all plants occurring in the veld



TABLE 10.4.1 - The role of standing herbaceous material in
reducing run-off 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 mm/h and
67,43 mm/h for the dry and wet runs respectively

Treatment Dry run Wet run
Minut After 60 min | Minutes| After 60 min
before un- Soil | before un- oil
run- off loss run- off loss
off % t/ha off % 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 Bushveld. To
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 allowing the
plants to recover to at least their pre-defoliation
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. [t probably occurs
after certain episodic events and. logically, one
would expect that management after thcse 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 1is
inadequate, but current management
recommendations use this approach because: (i) we
do not know how to encourage seedling survival:
and (ii) P. afra, 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 domnant defoliating
agent in the Succulent Valley Bushveld. It is of
interest that these animals, although having an
enormously-destructive impact on individual P. afra
plants, do not appear to stop this plant from
reproducing vegetatively (personal observation).
Elephants appear to browse P. afra, “from the top
downwards” and this contrasts with goats that
browse P. afra "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 damage 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 commercial 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 -
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10.4.1
no browsing (B) and goat browsing (C) have on the growth
habit of P. ¢fra

- Hypothetical effect elephant browsing (A),

unfortunately it changes to a state that is less
productive 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, 1t is hypothesised that the management
principle of “sacrificing” a camp following good
rains in order to allow plants in other camps &
period .of undisturbed growth (Section 10.1), 1s not
applicable to this veld type.

(vii) After defoliation, 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 duri_ng the
recovery period. For example, P. afra, following 50%
leaf removal, has been known to take between 30
days (Aucamp, 1979) and 18 months (Stuart—_Hi]l,
unpublished data) to recover 1o 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 1 or 24 months) should it be
browsed.

Farmers 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 and 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. afra, 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).

(viit) Provided the Succulent Valley Bushveld i1s 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 condition
of the animal should not be used as a measure of
overbrowsing.  Consequently, if destocking s
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
vegelation nevertheless confers.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 he has no camps that have recovered, then he
knows his property 1s overstocked. He will then have
time to off-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) Although goats will utilise almost all of the
species in this vegetation type, the palatabilities of
the various bush species do differ (Stuart-Hill,
unpublished data)., Indeed, it appears that the most
desirable species will be over-utilised before the less
desirable species have even been browsed. Forcing
goats 1o utilise all species to the same level is
unrealistic because they will over-utilise and even
physically damage the branches of desirable species
before utilising the less desirable species (the author
has observed that branches of P. afra in excess of
70mm in diameter have been broken off during
lement browsing). It follows that this vegetation

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
Angora and Boer goats are popular and profitable
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
products of these animals. A useful, financially
attractive 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
destroy 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 soll erosion data shown in
Table 10.4.1.

After a series of exceptionally good rains, a
considerable amount of herbaceous vegetation may
be produced. 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,
consequently, managing grazers on a permanent
basis in the Valley Bushveld is a hazardous exercise.

Finally, it appears that there may be a potential
for ostrich farming in areas where the bushveld has

been severely damaged through past
mismanagement. However, there is little information
regarding the potential or suitability of this
enterprise.

10.4.4 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?
The management system presented here attempts to
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“incorporate the ecological principles discussed earher

(Section 10.4.2) and is presented as a model for
testing and  modification, refinement and, if
necessary, rejection. It is intended as an initial step
in adaptive management, Le. 10 provide a starting
management system for Succulent Valley Bushveld
where none exists (Fig. 2.1, step 5a). 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 management model
and, consequently, 1t may not be economically viable
on many properties in the veld types that are too
small for sustained commercial pastoralism. It is
the opinion of the author that attempting to develop
a management system for these properties i 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. 10.4.2 follows.

1. Start

2. Identify areas with Succulent Valley Bushveld

It is important to identify these areas on a farm

because they can be confused with densc
non-succulent  bushveld  which  has  different
management options and requirements (Section
8.5.2).

3. Do subjective assessment of veld condition

In this vegetation type. objective assessment 1s
tedious and time-consuming. [f the objective s
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 categories into different
condition/ecological classes.

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

Veld type, in this context. refers to plant
communities that are likely to have different
production potential, palatabitities 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 1s
important 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 Jands. This step
1S necessary to assist in setting objectives, selecting

Z;nerprises and developing a management plan (step

5. Set objectives and select enterprises

In this step the farmer must clearly define his
personal objectives in terms of income, time, likes
and dislikes. With these in mind, and considering the
natural and financial resources, the various farming
enterprises should be selected (e.g. Angora goats will
be the main enterprise and will be supported by
game farming, 50 ha of irrigated lucerne, and 20 ha
of saltbush plantation). It is also important that the
land operator ~ should  state what  veld
condition/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, and cannot,
therefore, apply adaptive management (Chapter 2).

6. Determine stocking rates 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. 10.4.3.
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FIG. 10.4._3'- The relationship between the ecological status
(veld condition) and camrying capacity in the Sundays River

Valley as estimated by six leading farmers. The vertical
bars represent the standard errors

'This graph shows the relationship between veld
condition score and browsing capacity and was
dcvclqped 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 {rom 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-Hill, unpublished data). This
represents a 50% increase over the mean estimated
carrying capacity of Xeric River Valley bushveld
scoring 100% and may serve as a rule of thumb
when estimating carrying capacity of the Mesic
Succulent Valley Bushveld (i.e. multiply the carrying
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 stocking
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 ol 80% goats, 5% kudu and 154
sheep/cattle (Aucamp & Tainton, 1984). 1t is

important to appreciate that the Succulent Valley
Bushveld has a fairly high stocking rate of kudus
(approx. 0.083 LSU 'ha)., and this should be
accounted for when setting stocking rates.

Once the farmer is aware of the number of
animals 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 facilitate fewer camps on the
property (every extra group of animals will require
al 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. lt 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 - 100ha 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 its
surroundings will not be severely eroded by the
inevitable concentration of stock trampling around
the hub (Aucamp & Tainton, 1984). A further
disadvantage of wagon-wheel camps is that they are

long and narrow (especially in large layouts) and the
animals are reluctant to walk long distances in this
vegetation when they can severely defoliate nearby
plants without suffering nutritional stress.

8. Do economic analysis

Having determined the number of animals the
property can carry (step 6), and the requirements for
production (step 5) and camping (step 7), the
operator can determine the theoretical profitability
of the property. The manager will then be in a
position to determine whether the property is large
enough to fulfil his personal financial requirements
in an average vear.

9. Is propertv an economic unit?
10. Do you wanr 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.

11. Sell properiy

If the owner does not wish (or cannot afford) to
remain a rancher, it would be advisable to sell the
property and invest in an alternative enterprise.

12. Purchase or hire more property

Should the owner of a subeconomic unit wish 10
remain a rancher. it is necessary that he either
purchase or hire more property in which case he
should begin again at step 2.

13 Is deveiopmenial capiial available?

4. Make a priority listing of camps

If there are not sufficient f{unds 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
separate different plant communities. In this veld
type, 1t separating veld with different
conditions (or ecological statuses) - the bigger the
difference the more of a priority is the separation.
Camps that enjov the lowest priority are those that
break up a uniform area to reduce camp size or
create more paddocks.

means

I5. Erect fences according 10 priority

As development capital becomes available, the fences

with the highest priority rating should be erected
first.

16. Erect ali fences
If suffictent developmental capital 1s immediatelv

a\'ailablc_ then all fences and watering  svstems
planned in step 7 should be erected.

170



17. Select certain camps as controls

The objective method of vegetation assessment 1s
expensive and tedious. Conscquently,_ 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 vegeiation

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), anv 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 dynamics of the former
represent that of the latter. :

20. Use a rotational browsing system

that
to
1S

illustrate
supertor
former

Although there are no data that
rotational browsing systems are
continuous browsing systems, the
recommended for the {ollowing reasons:
(1) It allows a degree of control over area-selective
grazing. This can be severe as goats seem to
prefer sparsely-bushed areas. In time, these areas
become over-utilised while the densely bushed
areas are under-utilised.

It allows a degree of control over the intensity
and frequency of defoliation of the key browse
species. At this stage it is not certain whether it
1s necessary to control this as certain browse
species appear to have the ability to become
unpalatable when browsed (Van Hoven, 1984;
Rhoades, 1985). They may be able, therefore,
to control the intensity and frequency with
which they are defoliated. provided = the
herbivores are allowed a free choice. This
requires testing, especially with goats, since
these appear to be less sensitive to secondary
plant metabolites than wild herbivores
(Malechek & Provenza, 1983).

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

It allows for easier stock management, e.g.
stock mustering (finding animals in small

(i)

(iii)

(1v)
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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 (iil)]
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 1s
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 1s done,
individual plants will in time become smaller, their
vigour will decline and eventually they will die. 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 normal climatic conditions, a
rest period of about 275 days, on average, 1s required
to allow 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
goats are able to severely damage the vegetation
within a short period without significantly affecting
animal performance (Aucamp, 1979). Unlike grasses
that retain their meristematic regions out of reach of
grazing animals, the meristematic regions of shrubs
are exposed to herbivory. These are protected either
by secondary plant metabolites, or by being
associated with highly lignified material (i.e. wood).
It follows that if browsers are able, or are forced, to



ignore the protective attempts of the shrubs, then
they can inflict severe damage on the plants’ total
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 18
more likely that grasses die through overgrazing
because of a rundown in vigour rather than physical
damage. Shrubs die, however, because of: (i) a
rundown in vigour, (i) 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 rather
than as an enterprise on its own - despite the
short-term advantages that intensive systems appear
to have.

23. Afier rains, spread animals over as
many camps as possible

[f 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 svstem 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
Jfodder until soil water is depleted

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
cultivgted fodder. These fodder sources (especially
when irrigated) should receive rests during the period
wheq 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 (wigs

The meristematic regions for the production of
browse (leaves, flowers, pods, etc) are generally
bome on young twigs. If these are never allowed (0
establish, then it means a loss in the potential for
forage production. Tt 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 become less
susceptible to browsing (e.g. by becoming more
lignified).

26. When normal (dry) conditions resume, revert
to conventional rotational browsing 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 1
more open to the problems of the operator trying to
assimilate too much detail, and "finding proof” for
his preconceived ideas.

28. Grewia robustais used as the indicator plant

Although the most dominant forage plant in good
and moderate Succulent Valley Bushveld 1s P. afra
(Aucamp, 1979). G. robusta is used as the indicator
plant as this species s more responsive to
perturbations and 1t 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 many browse species (Garrison, 1953,
Cook & Goeble, 1962, Lay, 1965, Farguson & 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 509 of G. robusta
leaves have been removed, P. afra  has been
defoliated by approximately 30 - 409, This has been
identified as a desirable intensity with which to
defohate P. afra (Aucamp, 1979).

30. Animals return to camp only once
plants have recovered 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
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 oversiocked

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 1.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 tvpes where the farmer can determine
that his property is overstocked before he causes it
damage or before animal performance suffers.

34. Have there recently been exceptionally
good rains?

The Succulent Valley Bushveld is almost certainly an
event-driven system, ie. 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 10 improve the veld

See discussion in step 35.

are

37. Give camps with ‘most shrub—recruitmen! special
trearment 10 ensure juvenile plant survival

It is not normally practicable to give all camps on a
property “special treatment” (e.g. rests of“3 - 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 ‘would—take, and 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 systera 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 10.1).

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 conslitutc 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 of
herbaceous material accumulates. This is .almost
always temporary and represents a valuable bonus to
a grazier.

39. Buy in grazers 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
never be kept as a permanent enterprise, except
pos_sib'ly where nucleus breeding herd/flocks are kept
on irrigated pastures. It is also possible to utilise this
herbaceous material with goats, provided this is done
before it dries out. Another-optiomn is to leave this
material for soil protection and the enhancement of
infiltration (C. Scheltema, pers. comm.). If the
herbaceous laver is to be utilised, it is recommended
_that the grass be allowed to seed before it is grazed -
it appears that the cattle perform better on the dry

grass than thev do on the green grass (M. Swart,
pers. comm.).
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40. Resurvey control camps every 2
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 0 resurvey the control camps
assessed 1n 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 10 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 of veld changed?

This is determined by comparing the current survey
results with those from step 17. Any Ssignificani
difference means that the vegetation has changed.
This may be either irrelevant, beneficial or
detrimental depending on the type of change - ie.
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 10 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)
in a wildlife situation, have shown that grazing had
little 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_f the economic performance of the property is
significantly less than that of similar properties, the
cause should 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 rates

If the economic performance is poor or the veld has
deteriorated, it is necessary that the management
systemn be revised and this may invoive 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 1o 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 by Acocks (1975) and refers
to the densely wooded vegetation found in the major river valleys
of the eastern part of South Africa. Acocks (1975) went on to
sub-divide the valley bushveld [Veld type Number 23] 1nto six
variations as follows: _ '
1) Valley bushveld proper, northern variations, [23a] which
extends from the Tugela river valley southwards as far as
the Great Kel river; _
ii) vValley 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 [23e].

This classification intended to group together vegetation with
the same utilization potential 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 is important because:
1) the shrub component of succulent Dbushveld (unlike
non-succulent bushveld) will 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,
even with bush clearing.

Three of Acocks's other veld-types (Noorsveld [24], Spekboomveld
[25] and Karroid broken veld (of the little karoo) [26Db]) also
have these two characteristics and for management can all be
considered variations of succulent bushveld. 1In 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
to extremely poor. The invasion of prickly pear (Opuntia ficus-
indica), Dblue-bush (Pteronia incana), honey-thorn (Lycium
oxycarpum), slaaibos (Zygophyllum morgsana) and various karoo
bushes over large areas and the disappearance of valuable browse
specles such as spekboom (Portulacaria afra) is an indication
that the carrying capacity has been exceeded or that incorrect
management systems have Dbeen applied (Aucamp & Tainton 1984;
Stuart-Hill et al. 1986). The succulent bushveld types are
extremely sensitive to over stocking and have become degraded
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over large areas (Hoffman & Everard 1987; Hoffman.l989, Hoffman
& Cowling 1990). when the shrub component 18 damag?d or
destroyed by over-browsing, it is replaced by a form of ﬁalse
dwarf karroid veld composing karoo shrublets” (Aucamp & Tainton
1984) interspersed by umbrella shaped Pappea capensils trees. In
severe situations even these plants are eliminated and only the
umbrella shaped P. capensis trees remain. This 1s serious as it
represents an irreversible loss of a unique vegetation type, apd
the community which replaces it 1s unstable, prone to soil
erosion and is able to support fewer stock than dense succulent
pushveld (Stuart-Hill & Danckwerts 1988).

13.5.3 Management

There are little guantitative 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 bushveld. This work has in turn been used
extensively in this section but a more flexible approach has been
adopted, incorporating the 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 management 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 1is not a
phenomenon experienced in this veld type. It 1s important to
appreciate that removal of the woody plants does not, as in other

bushveld types, lead to a grassland which is more productive than
the shrubs.

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
1s'ecolog;cally important in enhancing infiltration and reducing
soll erosion (Table 13.5.1). It is advisable therefore, that no



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 degree
is unrealistic because they severely defoliate and physically
damage the branches of desirable species before utilizing the
less desirable species (branches of P. afra in excess of 70 mm
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 1is adapted to defoliation by a range of
indigenous animals, in particular 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 succulent shrub, P. afra, is well adapted
to tolerate severe upper canopy elephant damage because it
reproduces vegetatively from procumbent lower side-branches which
in healthy plants, form a 'skirt' around the base of the plant.
Goats at high densities prevent this 'skirt' from developing as
they browse “from the side inwards" (Figure 13.5.1). The other
woody shrubs tolerate elephant damage to their canoples 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,
1379) and goats, if forced to do so, are able to consume years
of accumulated growth within a short period. 1If 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
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
1379; Teague 1987) and as a consequence, it is hypothesised that
the management principle of ‘sacrificing' a camp following good
rains 1n order to allow plants in other camps a period of

undisturbed growth (Danckwerts 1884), is not applicable to this
veld type.

vii) After defoliation, the recovery of shrubs can be exXtremely
varlable, and depends on defoliation intensity, season of
defoliation and prevailing environmental conditions during the
recovery period. For example, P. afra, following 50% leaf
removal, has been known to take between 30 days (Aucamp 1979) and
18 months (Stuart-Hill 1993) to recover to its pre-defoliated
state. This means that it 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) ghould it
be re-browsed. Farmers generally do not monitor their plants
and, for logistic reasons, prefer to have fixed rotationgl
systems. If these sub-optimal systems must be adopted, then it

is necessary that the periods of absence be long. Aucamp and
Tainton (1984) recommended that between 211 and 275 days pe
allowed following defoliation intensities of 25 to 50%. This

intensity of defoliation is recommended as P. afra appears to be
stimulated to produce more forage with these levels of
utilization (Aucamp 1979): a response similar to that found in
other browse specles (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
(Aucamp 1979). 1Indeed, these animals are able to destroy the
vegetation whilst still gaining in weight. It follows,
therefore, that the 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 199222?). 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 predators, small herbivores (e.g. rodents and Hyrax)
have_probably increased in number and this may be having a
detrimental effect on the survival of seeds and seedlings, and
thus on the recruitment of shrubs. An interesting theory is that
the flightless dung beetle (Circellium bacchus), dependent on
elephant dung and having largely disappeared along with these
herbivores, may have been a vector for seedling establishment

through its_habit of burying balls of elephant dung, possibly of
which contains seed (Stuart-Hill 1992).
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x) Burning is not recommended in this vegetation although it may
be an option to consider in those exceptional cases where an
impenetrable spiny thicket of Maytenus spp. and Azima tetracantha
develops (in moist sites). No research has been done on tpls but
circumstantial evidence from an accidental fire in the Kirkwood
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 enterprise that has potential
in areas where the bush has been eliminated through past
mismanagement, is to establish salt bush plantations (Atriplex
nummularia). Once established, these are productive and hardy,
and can be used to relieve nutritional 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
profitable 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 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 is preferable to avoid large numbers of sheep.
After a series of exceptionally 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§515ed, however, that the herbaceous vegetation does not
provide 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 1s limited to areas where the bgshveld
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 questioq that will
probably always remain unanswered 1s, 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 factors, and periodically monitoring
progress towards these whilst recording relevant management
actions and environmental perzurbations. The details of the
system suggested here, revolve around the dominant farming
practise in the region: i.e. domestic stock farming for profit.
It 1s worth noting that whilst a management system may attempt
to use only scientifically derived 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 performance is expected from each enterprise (e.g.
mass gain, weaning percentage, gross margin). Without doing
this, the farmer will 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 all management systems is the requirement for a basic
inventory of the resource. From the vegetation viewpoint, it is
essential to differentiate areas of succulent bushveld from 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 and
time-consuming (Stuart-Hill in prep.) so to inventorize
vegetation condition, structured visual estimates of veld
condition are recommended (Stuart-Hill 1991). Veld condition 1n
this context, refers to plant communities that are likely to have
different production potential, palatabilities and sgn51t1v1t1e§
to degradation. In succulent bushveld, the ‘ecological status

(condition) of the vegetation 1is probably of overriding
importance with respect to these attributes and 1t 1s important
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 igrigable lan@s.
This step is necessary to assist in setting objectives, selecting
enterprises, determining stocking rates and thereby developing
a management plan.

Stocking rates and ratios

The relationship between vegetation condition, rainfall and the
economic carrying capacity for the succulent bushveld 1is
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 & Aucamp 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.

The most desirable stocking ratio will vary according to the
objectives of the land operator, current season rainfall and
according to the condition of the vegetation. 1In 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. 1In open bushveld where
herbaceous vegetation becomes relatively more important, the
stocking ratio may be made up of: 80% goats, 5% kudu and 15%
sheep/gattle (Aucamp & Tainton 1984). It 1s 1important 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.



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 slzes
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 1is that inevitably
they are long and narrow. Because animals are reluctant to walk
long distances in this vegetation, they severely defoliate nearby
plants without suffering nutritional stress and degrade the hub
area. Wagon-wheels do however, provide considerable advantages
in water provision and stock management and, therefore, are
extremely useful where conditions permit: 1i.e. where the
topography is such that it is possible to separate veld types and
the central hub area 1s 1in a position where it will not be
severely eroded by the 1inevitable 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 strategic 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
management system is harming or benefitting the vegetation,

inevitably illustrates 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 grazing had little effect on the density

of karoo grass when compared with the influence of seasonal
rainfall.

For this reason detailed records of any management activity or
environmental perturbation must be kept. When the monitoring
sltes are resurveyed, any change in the condition of the
vegetation 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 (19922?) has shown that these are seldom justlf}ed on the

basis of pure economics. However, rotational grazing hag a

number of distinct disadvantages for domestic stock farming which

bear mentioning. _ '

1) It allows a' degree of control over area selectlve grazing
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
in large camps) and the control of predators and parasites.

While it 1is 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, 1t 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 periods of absence are desirable as rains are infrequent and
sporadic. It is proposed that rest periods without rain, do not
constitute recovery periods and it is at least necessary to allow
enough time 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 shorter the period of rest. So, for example, if 50 % of the
leaf is 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 Dbeing
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
1s easler 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 1is 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 depending on prevailing conditions (e.g. the
area may be experiencing a drought) but if the rule is broken

repeatedly, then this suggests that the carrying capacity
estimate should be adjusted.

If the property is overstocked, the owner should sell as many
non-breeding and non-replacement animals as is necessary. This
;hqu}d not be delayed, even though animal performance will not
initially suffer. Farmers should resist the temptation to retain
stock in the hope that conditions and prices will improve.
Prices will decline further if conditions remain dry. This is
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because most land operators do not monitor the vegetatlon and
consequently only become aware thatlthey are.ovgrstocked at a
much later stage than farmers applying the pr1nc1ples.outllned
above. Indeed, this is probably one of the few vegetatlion types
where the grazier can determine that the property is 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 they can be.used as a
drought reserve, to increase the carrying capacity of the
property and most importantly, they allow animgls to be remoyed
from the veld at critical times. Such plantings may comprise
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 1its 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 1s not certain how long this need be, and will
almo;t‘ certainly vary depending on subsequent environmental
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 specia; rests. 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 nec§881ty of
attempting change when the system is on the fgw 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 theilr 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 'wet' seasons, a high biomass of herbaceous
material may accumulate. While this accumulation 1s always
temporary, 1t represents a valuable bonus to a grazier. As
farmers in this vegetation mostly use browsers, 1t may be
necessary for them to buy in grazers (cattle or sheep) on an ad.
hoc Dbasis. 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). 1If the herbaceous layer is to be utilized, it
is recommended that the grass be allowed to seed before it 1is
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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The role of standing herioceous in recduclng 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' 1intensitles were 84
and 67 mm hr~* for the dry- and wet-runs
respectively (Scheltema unpublished data).

Dry-run Wet-run
minutes after 60 min minutes after 60 min
before run-~ soil before run- soil
run- off loss run- off loss
off % t ha~—?% off % t ha—?
>83 0] 0] 12 21 0.57

12 12 1.7 3 54 1.53
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TEL_G 23.5.4 Compined predicied cariyling capacity (wouU 1660ha”
1y of grazers and browsers in succulent bushveld
for different ecological statuses and for various
rainfall seasons. Predictions were derived from
interpolation using linear Kriging (Stuart-Hill
& Aucamp 1993).

Rain Ecological status (%)

(mm) -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



Figure 13.5.1

Figure 13.5.2.

Figure 13.5.3
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FIGURE CAPTIONS

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

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 technique which is
descriptive and has a resolution adequate for planning 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 le 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 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 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
sense by placing a ruler next to the piece of string or by
estimating 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 Col. 1 Fig. 1 In the species key, the second
' reference to the species codes
"EUPH" and "CROV" should read

"BRIL" and "AZTE" respectively.

Pg. 21 Col. 1 ILn. 5 "may only be obvious" should read
"may be indicative of deeper"
Pg. 21 Col. 2 Ln. 10 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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TOWARDS A METHOD OF ASSESSING THE VELD CONDITION OF THE VALLEY BUSHVELD 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, CJ G LE ROUX and W R TEAGUE
Department of Agriculture and Water Supply (Eastern Cape Region), Private Bag X 15, Stutterheim, 4930.

ABSTRACT

Currently, no technique is available for assessing the condition of Valley Bushveld in the Eastern Capg. The objective _of _this
investigation was to develop a method of scoring bushveld according to its productive condition. It was establl_sh_ed, tl?r_ough principal
component analysis that, while bushveld condition is negatively related to the percentage of Lycium austrinum. it is positively rela_tcd to
tree density, foliage volume below 1,5 m, the percentage of Portuldcaria afra. Euphorbia spp. and Schotia afra. Furthermore, it was
established that species such as Brachylaena ilicifolia. Rhigozum obovatum. Zygophvllum morgsana and Azima tetracantha are
indicative of important differences within the Valley Bushveld. From these variables a tentative technique was developed to score the
condition of Valley Bushveld. ‘

UITTREKSEL

Daar is tans geen tegniek beskikbaar om die 10estand van Vallei-bosveld in die Oos-Kaap te bepaal nie. Die doel von hierdie ondersnek
was om 'n metode daar te stel om bosveld volgens sy produktiewe toesiand te bepaal. Deur hoof komponente analise is vasgeste! dat
bosveld toestand negatief gekorrelleer is aan die persentasie digtheid van Lycium austrinum en positief aan boom digtheid, blaarvolume
onder 1.5 . en die digtheid persenasies van Ponulacaria afra, Euphorbia spp. en Schotia afra. Daar is ook gevind dat verskeie soorte
soos Brachylaena ilicifolia, Rhigosum obovatum, Zygophyllum morgsana en Azima tetracantha belangrike verskille binne die
Valletbosveld aandui. 'n Tegniek is tentatief vanaf hierdie veranderlikes onnwikkel om die veldtoestand van Valleibosveld te bepaal.

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

composition.
INTRODUCTION PROCEDURE

The Valley Bushveld (Veld Type 23: Acocks. 1975) is the The study was conducted on three sites in the Valley Bush-
single largest veld.type in the Eastern Cape region. The major veld. Sites | and 3 were on the J C Steyn Prison Farm (approxi-
portion of this approximately two million ha is considered by mately eight km apart) in the Kirkwood district and Site 2 on the
pasture scientists to be in poor condition. There exists, however, farm Blaaukrantz in the Uitenhage district. At Sites | and 2, five
a vast difference of opinion within the farming community, and camps were subjectively selected to cover a range of conditions
between some farmers and scientists as to what constitutes Val- varying from that perceived to be very good 10 very poor veld. At
ley bushveld in good or poor condition. It follows that if aware- Site 3. the bushveld had never been utilized by domestic stock
ness programmes by scientists are to have any success, then it and it was considered to be in a “pristine’” condition. Only a
must be clearly stated what characteristics ideal Valiey Bushveld single sample was surveyed at this site.
should possess. Furthermore, an objective technique must be
‘made available so that the condition of any bushveld site can be The quadrat method survey, devised by Cottam & Curtis
quantified according to its carrying capacity. The overall objec- (1956), was used (120 points/camp) to determine the number of
tive, therefore, is to develop a repeatable technique that would plants of each tree species per ha (N). tree density per ha and
objectively score the condition of Valiey Bushveld in terms of its species composition. In the same survey additional measure-
carrying capacity. ments per plant encountered were: height of lowest leaves (H)

mean canopy radius (R): and the optical density (OD) of twigs

At present the constraint in achieving this objective is the lack and leaves below the browse line. The latter was estimated at
of plant productivity data. However. it has been determined. intervals of 10, 30. 50. 70 and 90% of the potential leaf and wig
from experience, that bushveld with high tree densities. with no density for that species. (Andrew, Nob'e & Langc. 1979: Lens-
we]]-develop§d browse line (below [.5 m for goats) and an ing & le Roux, 1982). For each camp. browseable volume per
abundance of Portulacaria afru can support more stock on a species per ha (BV) was calculated frem:
sustained basis than bushveld with low tree densities having
well-developed browse lines ?nd hittle or no P_ afre (Aucamp. BV = (X (1.53-H) xIIr?xOD/100) X N
1979). It was assumed. therefore. that variables which are posi- : _
tively correlated to tree density. amount of forage below .5 m n

and P. afra are indicative of Valley Bushveld in good condition.

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

TBV = Es BV

where s = number of species encountered.
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Factors accounting for the variability between camps and sites
were identified by performing a principal component analysis
(PCA) 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, TBV and tree density while the
second used BV 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 [4 most abundant species), TBV and

- tree density.

RESULTS AND DISCUSSION

In the first PCA. where the 16 variables comprised percentage
species composition, TBV and tree density, three factors (princi-
pal components) were identified and together they accounted for
76,1% of the total variation. The second PCA, based on BV and
tree density, identified the same three factors which together
explained 76% of the total variability. The resulting factors and
eigen values in this case were very similar to those of the analysis
based primarily on percentage species composition. As the two
ordinations essentially produced the same result. only the PCA
incorporating percentage species composition. TBV and tree
density was used.

Regarding this ordination, it was found that the first factor
accounted for 39% of the total variation and was characterised by
high positive eigen vectors for density (0.966). P.afra (0,926),
TBV (0,900), Euphorbia spp. (0,742) and Schotia afra (0,700)
but a highly negative coefficient for Lvcium austrinum (-0,809)
(Table 1).

Table | Eigen vecto- values and factors from principal comporent analvsis in Vallev
Bushveld.

Vanables Factor
! 2 i
Porndacaria afra 0.926 0.089 0.075
Euclea undudata 0,661 0.449 0.437
Mayienus heteruphyila 0,506 0317 0.093
Aczima terracanthu -0,354 -6.865 0.131
Schotia afra 0,700 -0.290 0,224
Pappeu capensis 0,327 0.339 -0.658
Rhiguzum obovaium -0.507 0.760 0,321
Rhus lucida -0.143 -0.237 0.818
Brachyluena ilicifolia 0.349 0.804 -0.080
Lycium austrinum 0,809 -0.488 -0.108
Crassula ovaia 0,501 0.536 0.285
2Zygophylium morgsana -0.597 0,678 0.056
Euphorbia spp. 0,742 0,481 0,147
Grewia robusia -0.089 0.504 0,448
Tree density 0,966 0.004 0.134
TBV 0,900 -0.239 0.216
Sum of eigen vector values 6,235 4.067 1.885

Variance accounted for
by Factor (%) 39,0 5.4 1.8
Cumulative variance

accounted for (%) 39,0 6.4 76.2

As we assume that the condition of bushveld is positively
related 10 its density, browseable volume and amount of P.afra,
then presumably Factor | describes **bush condition™. Within
this factor. species with negative eigen vectors indicate bushveld
in poor condition, whilst species with positive eigen veclors are
indicators of bushveld in good condition. The vanables identi-
fied above are termed *‘condition indicators™’.

The second factor was responsible for 24,4% of the total
variation (Table 1). It has positive eigen vectors for Brachylaenu
ilicifolia (0,804), Rhigozum obovarum (0,760) and Zxgophyllum
morgsana {0,678), while the eigen vector for Azima tetracanthu
(-0,865) was highly negative. In the field it had been subjectively
noted that there existed a quantity of B. ilicifolia in every camp at
Sites 2 and 3, but in none of the camps at Site 1. This observation
was tested against the raw species composition data (Figure |,
p2N).

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 1. 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 bushveld type at
Sites 2 and 3. then species with highly negative eigen vectors (A
tetracantha) are indicative of the bushveld type at Site 1. This
was not refuted by the raw data in Figure 1. 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 sites were different.

It is evident from the resulting dendrogram (Figure 2) that, on
the basis of the data analysed, the bushveld at the three sites
differed.

Sample sites

Amaigamatlon
distance
3A A 1E 1B 1D 1C 28 2C 2D 2B 2A

2.021
3.042
3.061
3.555
3.804
3.961
4.290
4311

4.653

4.940

Figure 2 The relationship berween 11 camps ar three sites on the basis of species
compasition. iree densiry and total browseab.e volume below 1.5 m per hu (TBV).

These differences were so marked that, despite the vast differ-
ences in tree density and TBV, the camps at Site 2 were more
closely related to each other than to any of the camps at Sites | or
3. To test the interpretation of Factor 2 still further, it was argued
that, if the four “*indicator species’” were removed from a cluster
analysis of samples, then there should remain little or no differ-
ences between sites. This was done and the resulting dendrogram
(Figure 3) illustrates that the large difference between sites
previously obtained (Figure 2) no longer existed.
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Figure 3 The relationship berween |1 camps ai three sites. after “'site identifier 3 o - - v
species were removed from the cluster analvsis which vielded Figure 2. 3 2 1 o] 1 2 3
Factor |

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 mor have adifferent productive potential at Site 2 than
at Site 1. This argument is corroborated by Figure 4 which
illustrates that, if Factor 2 was ignored and the veld condition
assessed according to Factor | alone, then the best camps at Site
2 could score approximately the same as the worst camps at Site
l.
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Figure 4 Positions of camps (A 10 E) éi three sites (1. 2 and 3) on the first (Factor 1
and second (Factor 2) principal components.

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

The third factor accounted for 11,8% of the total variation
(Table 1). 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.lucida and P.capensis make up a relatively small proportion of
the total species composition (Figure 1). From raw data it was
calculated that P.capensis on average, has a browseable volume
of approximately 0,013 m? per plant whilst R.lucida plants were
somewhat larger contributing 0,720 m? per plant. This is cor-
roborated by field observation where R lucida plants are larger
below 1,5 m than P.capensis plants. The latter are character-
istically umbrella-shaped with little 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 PCA were used to score bushveld according
to its condition. It involved two stages. Firstly. the bushveld type
was identified according to the composition of ““indicator
species’”, and secondly, bush condition was scored according 10
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 | (Kirkwood bushveld type). whereas the positive
scores indicate the bushveld type at Site 2 (Uitenhage bushveld
type). It will be nowed 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, TBV and tree density) with its relevant eigen
vector as pertaining to Factor | (Table 3).

The total condition score for each sample site was expressed s
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 TBV 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 correlated with both TBV 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 bushveld 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 | 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 TBV 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 TBV is measured and presented for
scoring.

5 . . . , oo
Tabl.e 2 Scoring sample sites according to Vallex Bushveld rvpe. Camps A to E at each site were subjectively selected 1o represent decreasing bushveld condition. Negative scores
are indicative of Kirkwood bushveld (Site 1) while positive scores indicate Uitenhagc bushveld (Sites 2 and 3).

**Indicator species’” Eigen vector Score (xy)
(x) value from
Factor 2 Site | Site 2 Site 3
(y) A B C D E A B C D E A
A rerracantha (%) -0.865 -5.2 -13.0 8.7 -14.7 -137 1.3 -0,9 2.6 -5,2 6.1 [\
R obovatum (%) 0.760 0.8 0 04 0 5.3 23 4.6 9.1 7.6 68 5.3
B. ilicifolia (%) 0.804 0 0 0 0 0 24 3.2 3.2 24 0 3.6
Z. morgsuna (50) 0.678 0 0 0.7 0.7 27 0.7 8.1 18,6 12,2 10.2 0
. . i ' - -
TOTAL SCORE 4.4 -13.0 7.2 -14.0 5.0 1,1 15.0 253 17.0 10.9 10.9
Table 3 Scorine le sites ace e to yeoe } P rere T . T - . .
,,L‘(.,-m,:,,,_L‘Z,I,:'-'/LI.{f;:;’ﬁ:::/:ﬁ:::.: ;’""(I"n: (’l[,“f':'.\}“"d condition. where all the " condition indicators’” were measured. Camps A 1o E were subjectively selected 1o represent
Eigen
vecior Score (XY)
N P . value
Condition indicators from Kirkwood bush type Uitenhage bush type
X) Facitor 1
(v) A 1B 1C ID IE 2A 2B 2C 2D JE KE
L. austrimen 0.81 -2 12 222 24 ~2 -6 -5 6 IN] 30 0
P. ufra 093 26 RE] 14 1 0 3 21 7 S 0 20
S. afru 0.70 4 | | | | | ! 0 0 |
Euphorbia spp 0.74 7 7 4 5 0 3 0 0 1 0 7
Tree density (Plants/ha) 097 7488 7075 3973 4876 2461 8195 6342 4422 3007 696 8718
TBV (m*/ha) 0.90 3093 4539 2273 1026 44 2533 1680 846 734 36 HY
Total score 12616 11634 8243 5845 2854 10757 ¥139 5269 732 702 13236
Condition scores within bushveld type (%) 100 92 63 47 MR 31 61 40 28 -5 L
. - = s 100
Overall condition score (%) 93 8 62 44 22 81 61 40 28
2 22 2 5 T

22



TBV (m¥ha)

To improve the efficiency of assessing bushveld condition it
would be desirable to eliminate TBV as measuring this parameter
is extremely time-consuming. However. as has been pointed out,
it is absolutely essential in determining bushveld condition and.
consequently. cannot simply be ignored in the scoring process. A
reeression analysis was performed on the data from Site | where
the dependent variable was TBV 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 difterent type from
Site | (Table 2). The most significant relationship is presented
for each bushveld type (Figure 3).
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Figure 5 The relat.nship benween total browseable volume beoov 1.5 m(TBV)und
tree densin for the b rswood (Site 1) and Uitenhage (Sites 2 and *+ bushveld rypes.

There was a strong relationship between tree density and TBV
(r = 0,996 and r = 0,900 for Site | and for Sites 2 and 3
respectivelv). Thisenables TBV' to be calculated instead of being
measured. It is noteworthy that the large differences in browse-
able volume between similar tree densities at Site | and at Sites 2
and 3. comoborate the argument posed previously that it is
important to distinguish between bushveld types. Calculated
browseable volume (CTBV) was determined with the equations
pertaining to each bushveld type and this was used 1o replace
TBYV in the bushveld 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 CTBV. The assessment of bushveld condition
by using CTBV instead of TBV is presented in Table 4.

This method was successful in that similar scores were ob-
tained as when TB\" was used (Table 3), the major difference
beine that the benchmark changed from Site 3 in the original
assessment 10 Camp A at Site |. This was considered unim-
portant as the differences between these camps in terms of _Lhe
scores were negligible. Over the entire spectrum of sample sites
the scores derived using CTBV instead of TBV were acceptable
in view of the time that would be saved in the field by not having
1o measure the latter parameter.

CONCLUSION

Of the three variables considered to determine the productive
condition of Valley Bushveld, tree density and TBV were shown
to be extremely important. The direct influence of species com-
position on the scoring of bushveld condition was unimportant,
inferring that it can be dropped altogether from this type of
bushveld assessment. This presumably was because species

" composition is related to both bush density and TBV and is being
accounted for by these two variables in the scoring process.
However. species composition is important in determining
CTBVY'. the latter replacing TBV in the proposed scoring tech-
nique. Briefly. the procedure for this technique is: (i) measure
tree density: (ii) measure species composition: (iii) identify bush-
veld 1ype by scoring from *indicator species’ - (iv) select the ap-
propriate equation and estimate CTBV from tree density: (v)
score veld according to tree density and CTBV: and (vi) express
condition as 1 percentage of the benchmark. If this technique is to
be applicable 1o all situations in this veld type, it needs to be
ascertained. over a wide range of conditions (eg sites with
different age structures). whether CTBV is a reliable predictor of
TBYV. Furthermore. it is necessary 1o test in these situations.
whether species composition always influences the estimation of
CTBV.

In addition to the above. it is recommended that additional
variables (eg plant palatability. plant digestibility, plant produc-
tjon potential. soil type. altitude and rainfall) should be investi-
cated to establish the influence they i:ave on bushveld condition.
Most importantly. a reliable index of browsing capacity must be
developed so that the conceptual model of ideal Valley Bushveld
can be objectively tested.
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