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ABSTRACT

Two management blocks were set aside in Umfolozi Game Reserve
(UGR) to compare different management approaches. In one, the
non-cull block, a noninterventionist policy was followed and no
large mammals were removed, while the other, the cull block was
subjected to the same game removal treatment as the remainder of
the reserve. The main objectives of this study were to determine
the relationships between vegetation, soil surface variables and
both soil loss and rainfall run-off, to derive predictive models
for run-off and soil loss based on vegetation and soil surface
variables, to determine the relationship between different levels
of soil erosion and the production potential of soils, and to
determine the relationship between different levels of soil

erosion and herbaceous species diversity.

Rainfall simulator trials and natural run-off plots were used to
collect quantitative data on soil loss and run-off. Bivariate
scattergrams showed that the relationship between soil surface
and vegetation variables plotted against soil loss was
curvilinear. "Susceptibility to erosion” showed the highest
positive correlation, and '"surface cover" the highest negative
correlation with soil loss. The relationship between annual
run—-off and both the soil surface and vegetation variables was
also curvilinear, with '"soil capping" showing the highest
positive and "litter cover" the highest negative correlation with

run—-off. Using multiple regression analysis 1t was found that

"susceptibility to erosion" and ‘"surface cover" were the best
predictors of annual soil loss. "Soil capping” and "percentage
contribution of forbs”" were the best predictors of annual
run—-off.

No clear relationship between either soil loss and stocking rate,
or run—-off and stocking rate was apparent in the two experimental
blocks, and the differences in soil loss and run-off could not be
explained by differences in stocking rate alone. There . were

however defects in the experimental design which invalidated the



assumption that the stocking rate differential between the two

management blocks would increase with time.

Because of the above deficiency, an alternative study area on the
western boundary fence, which allowed for paired sampling sites
on either side of the fence, was chosen. Gerlach troughs were
used to measure soil loss. The greatest variability in soil loss
was explained by the position of the plots on the slope rather
than whether the plots were in UGR or in adjacent KwaZulu.
Similarly, differences in topography, rather than differences 1in
landuse, exerted an overriding effect on A-horizon depth, herbage
accumulation and grass species richness. Considering the results
obtained, the opinion that a noninterventionist policy would lead
to a decline in vegetation productivity and to a long-term

reduction in species diversity appears to be unfounded.

Finally, based on the data collected and on a review of current
scientific literature, changes to the Natal Parks Board soils
policy and objectives are suggested, and the objectives are

translated into operational management goals.
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CHAPTER 1 : INTRODUCTION

1.1 BACKGROUND TO STUDY

In the past decade, international concern regarding the culling
of over—abundant mammal species has grown rapidly (Jewell & Holt,
1981), and there are two distinct schools of thought regarding
the management of populations of large mammals in conservation
areas. The first is a noninterventionist approach where emphasis
is placed on little or no intervention with ecological processes.
Proponents of this approach maintain that it is more prudent for
conservation purposes to rely on the powerful self-regulatory and
self-stabilising processes of intact or nearly intact
bio—ecosystems than to rely on continuous intervention (Ricklefs,
Naveh & Turner, 1984). The second school of thought holds that
active and often continuous intervention 1is necessary, and
emphasis is placed on the conservation of genetic material and
species diversity (Ferrar, 1983). u Failure 1in the past to
distinguish between these two approaches has led to conflicting
reserve management objectives being formulated, even within the
same conservation area (Walker et al., 1987). For example, the
primary nature conservation objective for Natal Parks Board
reserves is '"to conserve the optimum number of appropriate
indigenous (to the reserve) species and their habitats, maintain
breeding populations and protect the specificity of these gene
pools. Natural, physical and ecological processes will be
allowed to operate without interference except under . imperative
circumstances" (Grobler, 1984). The first objective clearly
emphasises the maintenance of species and genetic diversity and
implies an interventionist approach. The second objective
emphasises the conservation of processes and inclines towards a

noninterventionist approach.

An extensive area of land comprising two management blocks has
been set aside to compare these differing management approaches

in Umfolozi Game Reserve. In the one management block a
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noninterventionist policy has been followed, and no large mammals
have been removed since 1978 by either game capture or culling.
The other block has been subjected to the same game removal
treatment as the remainder of the reserve, and an interventionist

policy has been followed.

One of the dilemmas facing reserve managers is whether a higher
priority should be placed on protecting large mammal populations
from human intervention (by, for example, adopting a no-culling
approach) instead of «culling large herbivores, and by this
maintaining a vigorous vegetation cover as a defense against soil
erosion (Owen—-Smith, 1983). The Natal Parks Board has the
following conservation policy regarding soils: "to ensure that
accelerated erosion is attended to and that, in the long term,
soil loss equals soil genesis" (Grobler, 1983). From an
ecological perspective, accelerated soil lass may lead to a
long~term reduction in species diversity, which contradicts the
primary nature conservation objective of conserving "the optimum
number of appropriate indigenous species and their habitats"”
(Grobler, 1984). However, soil erosion is also considered to be
a natural process which should be allowed to operate without
interference according to the primary nature conservation
objective. Here, the conflict in objectives is clear—-cut,
particularly when it 1is appreciated that there is no objective
way of distinguishing between natural and accelerated erosion,
and so this study was started in March 1982 to determine the
effect of a noninterventionist policy on so0il erosion when
compared to an interventionist policy. The study fell under the
auspices of the National Weather, Climate and Atmosphere Research

Programme of the Council for Scientific and Industrial Research
(CSIR).



1.2 GENERAL REVIEW OF LITERATURE ON EROSION

The threat of soil erosion to long—-term crop production has been
well documented by Larson, Pierce & Dowdy (1983), and the effects
of soil erosion on productivity 1in rangeland environments by
Gifford & Whitehead (1982). Wilson & Tupper (1982) have stated
that physical soil erosion is the most serious manifestation of a
decline in range condition because of 1its long—-lasting and
progressive effect on production attributes, and recently
research on the erosion-soil productivity relationship has been
recognised as one of the highest research priority needs
(Rosewell, 1986). In a global perspective, Riquier (1982) points
out the urgent need to conserve and protect the productive soil
remaining, since soil degradation 1is already widespread and

population pressures continue to mount.

Stocking (1981) states that the most important environmental
problem 1in Africa 1s soil erosion caused by overgrazing.

Accelerated erosion 1s probably the most serious and least
reversible form of land degradation, particularly in the tropics
(E1-Swaify, 1981). Because of their generally sparse vegetation
cover, semi—arid regions experience high rates of erosion, even
without the influence of man (Dunne, Dietrich & Brumnengo, 1978).
Brown (1981) concluded that if soils continue to deteriorate 1in

Africa, then the decade-long decline in food output per person

could become chronic.

Soil conservation in its broadest context has been covered in an
excellent review by Hudson (1981), and soil erosion has been
reviewed by Morgan (1979). The problems of accurate prediction
of soil 1loss have been well documented for arable lands, but
these same problems have not enjoyed similar attention 1in
rangeland conditions (Blandford, 1981). Barnes & Franklin (1970)
pointed out that it is important to know the acceptable limits of
cover reduction by grazing and browsing animals under different

conditions and on different soil types, and they concluded that



4

critical studies of cover 1in relation to run-off and erosion
would be of great value. Blair—-Rains (1981) suggested that 1if
sedimentation rates are to be reduced on grazing land, then 1t is
essential to ensure correct stocking levels based on the grazing
capability of the most seriously degraded areas. Wischmeier
(1975) has stressed the impaortance of cover in undisturbed (i1.e.
nonarable) areas. The effects of manipulating the cover factor
(by grazing) on potential erosion have been discussed by Johnson,
Schumaker & Smith (1980), and the state of knowledge of the
impact of grazing on watersheds has been reviewed by Blackburn,
Knight & Wood (1982). Gifford & Hawkins (1978) critically
reviewed the hydrological impact of grazing on infiltration, and
Gifford & Springer (1980) produced an excellent annotated
bibliography on the hydrological effects of grazing. The
importance of ground cover in the prevention and control of soil
erosion under natural grazing conditions has been recognised by
various authors (Stewart, 1965; Lang, 1979; Moore et al., 1979a;
Dadkhan & Gifford, 1980; Nyamapfene, 1982). Other authors have
pointed out the need to maintain a good grass cover in the
catchment area (Scott, 1981), and the impact of grazing intensity
on infiltration rates (Gifford & Hawkins, 1979). Walker (1979)
found that in semi-arid savannas it is the seasonal soil moisture
regime that directly influences the annual primary production,
and that this soil moisture is in turn influenced by the rate of

water infiltration and the water—-holding capacity of the saoil.

Wischmeier & Smith (1978) produced a standard reference manual
for the prediction of rainfall erosion losses and a guide to
Conservation planning, and in an earlier paper (Wischmeier, 1976)
cautioned against the misuse and misinterpretation of the
Universal Soil Loss Equation (USLE) in so0il erosion prediction
and control. Lastly, the use of the soil resource base (with
particular emphasis on crop production) has been widely applied

by various authors (Carter, 1977; Barlow, 1979; Larson, 19813
Mannering, 1981).
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Al though the above literature survey 1is by no means exhaustive,
it does show that most of the erosioH literature 1is directed
towards the agricultural sector, with particular emphasis on the
effects of erosion on the production potential of cropland.
Except for some research work undertaken in North America, very
little work has been done on soil loss and run—-off from natural
veld. That which has been done on natural veld deals with
domesticated herbivores, primarily cattle, and to the best of
this author’'s knowledge no research work has been published on

erosion from natural veld utilised by wild large herbivores.

It is also clear from the literature survey that plant cover 1is
an important factor influencing the rate of soil erosion, and in
a game reserve context 1t is the only variable in the USLE which
can be extensively manipulated, either directly through burning,
or indirectly through the control of herbivore numbers. For this
reason, the present study emphasised the effect of vegetation

cover on soil loss and run-off in a game reserve situation.

1.3 OBJECTIVES OF STUDY

Brooks & Macdonald (1983) divided the management history of the
Hluhluwe and Umfolozi Game Reserves (H&UGR) into several
management periods, the most recent being the data-based period
which started in 1978. During this period, the "single species"”
research approach was replaced by multidisciplinary integrated
research programmes, which included research into fire and its
effects; vegetation monitoring; animal censussing; herbivore-
plant interactions and plant cover-soil erosion interactions
{Brooks & Macdonald, 1983); The current study focused on the
plant cover-soil erosion interactions in Umfolozi Game Reserve

(UGR) and had eight major objectives:

a) the determination of rainfall erosivity values for

spatially diverse sites;
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b) the determination of the soil loss and run—-off potentials
of fixed sites within key vegetation types;

c) the determination of the relationship between vegetation,
so0il surface variables and soil loss;

d) the determination of the relationship between vegetation,
soil surface variables and rainfall run-off;

e) the derivation of predictive models for run-off and soil
loss based on vegetation and soil surface variables;

f) a comparison of the accuracy of two vegetation
monitoring methods in predicting run—-off and soil loss;

g) the determination of the relationship between different
levels of soil erosion and the production potential of
solls; and

h) the determination of the relationship between different

levels of soil erosion and herbaceous species diversity.

The study area was located in western UGBR, and in the following
chapter a detailed description of UGR, and in particular the

study area, will be given.

1.4 CHAPTER SUMMARY

a) There are two distinct schools of thought regarding the
management of populations of large mammals in conservation areas.
The first 1is a noninterventionist approach where emphasis is
placed on little or no intervention with ecological processes.
The second school of thought holds that active and often
continuous intervention is necessary, and emphasis is placed on

the conservation of species diversity.

b) Failure in the past to distinguish between these two

approaches has led to conflicting reserve management objectives

being formulated, and in March 1982 the current study was started

to determine the effect of a noninterventionist policy on soil

@rosion when compared with an interventionist policy.
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c) A general review of literature on erosion indicated that very
little work had been done on soil loss and run-off from natural

veld in Africa, and no references could be found on erosion from

natural veld utilised by wild large herbivores.

d) It was also evident from the literature review that plant
cover was an important factor influencing the rate of soil
erosion, and since it is the only variable in the USLE which can
be extensively manipulated in a game reserve context, the present
study emphasised the effect of vegetation cover on soil loss and

run-off.



CHAPTER 2 : DESCRIPTION OF STUDY AREA

2.1 GEOGRAPHICAL AND HISTORICAL SETTING

The Hluhluwe and Umfolozi Game Reserves (H&UGR) are situated in
central Zululand between 28 00’ and 2B° 26’ south latitude and
31° 43° and 32¢ 09° east longitude (Figure 2.1). These two
reserves are joined by a corridor of state-owned land and are
fenced as a unit which 1is 96 4533 ha in extent. The area of
Umfolozi Game Reserve (UGR) is 47 753 ha and for this thesis UGR
is defined as that area of the game reserve located south of the

Black Umfolozi River (Figure 2.1).

Unfolozi Game Reserve was first proclaimed as the Umfolozi
Junction Reserve in the Zululand Government Notice no. 12,
gazetted on April 30, 1895, and later as the Umfolozi Game
Reserve on 27 April 1897 in terms of Government Notice (2) no. 16
of 1897 (Anon., 1985a). This reserve, together with Hluhluwe
Game Reserve (HGR), was established because of concern felt by
both officials and members of the public at the reduction in the

numbers of game animals in Zululand, particularly square—-lipped

rhinoceros Ceratotherium simum.

The study area 1is located 1in the western part of UGR and
comprises two management blocks (Figure 2.2). The non—-cull block
is 6 278 ha and the cull block 4 634 ha 1in extent. In the
non-cull block no ungulates have been removed by either game
capture or culling since 1978. In contrast, in the cull block

the game removal treatment has been identical to that of the
remainder of UGR.

2.2 CLIMATE

Temperature and rainfall data are available from the third-order

weather station based at Mpila, and rainfall data are available

from Mbhuzana outpost which 1is located in the

(Figure 2.2).

non—cull block



2.2.1 Temperature

The mean maximum and mean minimum monthly air temperatures
measured at Mpila are given in Table 2.1. The hottest months are
December to February, with the highest monthly mean maximum
temperature of 32,9°C recorded 1in February, and the coldest
months are June to August, with the lowest monthly mean minimum

temperatures of 13,2°C recorded in June and July (Table 2.1).
2.2.2 Rainfall

The maximum, minimum and mean monthly rainfall figures for Mpila
are given in Table 2.2. The two wettest months are January and
February, and the driest month is June. The wet season is mainly
confined to the summer months, and during the six-month period
from October to March, 73% of the mean annual rainfall of 623,3mm
(n = 27) is received. There have been two extended periods of
below—average rainfall since the inception of rainfall data
collection at Mpila (Figure 2.3). The first drought period began
in the 19646/67 rainfall year and lasted for five years, and the
second drought period began in 1977/78 and lasted for six years.
During the final year of the 1977/78 draught period, less than
half of the mean annual rainfall was recorded. In the following
rainfall year (1983/84) almost double the mean annual rainfall

was received, primarily because of Cyclone Domoina, during which

513mm of rainfall was recorded over a five—-day period. The
non-cull/cull experiment was initiated during the 1977/78
rainfall year, at the beginning of an extended below-average

rainfall period.

At Mbhuzana, which is the only weather station in the study area,

rainfall measurements were begun in April 1981 and the

annual
rainfall is given in Table 2.3. The mean annual rainfall is
684,9mm (n = 5) which is considerably lower than the 724 ,7mm

measured at Mpila over the same five-year period.



10

2.3 TOPOGRAPHY, GEOLOGY AND SOILS

The topography is generally hilly with the altitude ranging from

40m above sea level at the confluence of the Black and White

Umnfolozi Rivers to 580m along the western boundary fence (Figure
2.1). Flat areas are mainly confined to the flood plains of the
larger rivers and streams. Generally, the steepest slopes

predominate in the west of the reserve along the boundary fence
and in the central part of the reserve, although the topography
is extremely varied (Figure 2.4). In the study area, the
topography 1is also diverse, and all five slope classes are

present.

There are two major rock formations, viz. sedimentary and
volcanic rocks.. Quartzites and sandstones of the Natal Group
form the oldest outcrop 1in the reserve (Figure 2.5). Dwyka
tillite of the Karoo Supergroup 1s the next oldest rock. Shales
of the Pietermaritzburg Formation of the Karoo Supergroup are
next 1n sequence. The shale is overlaid by the Vryheid Formation
which comprises layers of sandstones interspersed with layers of
mudstones and shales, and this formation covers the most
extensive area of the reserve. The youngest sedimentary rocks in
the reserve are sandstones and shales of the Beaufort Group
(Downing, 1980). Dolerite outcrops are distributed throughout
UGR, but the most extenmsive outcrop occurs in the south western
sectdon of the reserve (Figure 2.5). In the study area,
sandstones and shales of the Vryheid formation predominate. In
the central part of the study area, shales and thin sandstones of
the Volksrust formation are well represented, while dolerite

outcrops are scattered throughout both the cull and non-cull

blocks (Figure 2.5).

The soils of the reserve are diverse, and 14 different soil forms

or associations have been identified (Fiqure 2.6). The

and
the predominant association isg Swartland/Mispah. The Shortlands

predominant soil forms are Swartland, Mispah and Shortlands,
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soil form 1is derived from dolerite, and the other three are
derived from sedimentary rock comprised primarily of mudstones
and shales. Valsrivier and Dundee soil forms are also abundant
and are confined to the smaller streams and watercourses. Again,
it is evident from Fiqure 2.6 that the distribution of soils in
the reserve is heterogeneous. Except for the Bonheim and Milkwood
soil forms, all the soil forms and associations mapped in Figure

2.6 are present in the study area.

2.4 VEGETATION TYPES

Whateley & Porter (1983) described the woody vegetation

communities in the reserve, based on physiognomy and dominant
woody species. They recognised two riverine forest, eight
woodland and two thicket communities. The distribution of these

broad physiognomic communities is shown in Figure 2.7. Open and
closed woodland communities predominate throughout the reserve,
while thicket and wooded grassland communities are largely
confined to the western part of the reserve. Grassland
communities are scarce and are primarily found on the crests of
high ridges along the western boundary fence. Because of the
heterogeneity of the topography and soil, it is hardly surprising

that the vegetation is also heterogeneous.

Generally, the Ficus sycamorus - Schotia brachypetala riverine
forest is confined to the banks of the larger rivers and their
major tributaries, while the Spirostachys africana - Euclea

schimperi riverine forest occurs along seasonal watercourses. The

Spirostachys africana woodland covers extensive areas in
bottomland situations. On rocky hillsides, Combretum apiculatum
woodland is found, and has a restricted distribution. Euclea
divinorum woodland is usually found on gently sloping ground and
is scarce in the reserve. Acacia nilotica woodland is also
scarce, and 1is usually found below the 300m contour. Acacia
burkei woodland occurs mainly on broad, flat ridges at lower

altitudes, and Acacia gerrardil woodland covers large gently
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undulating areas of shales. In contrast, Acacia nigrescens
woodland is nearly always found on hillsides having a dolerite
substrate. Acacia tortilis woodland occurs throughout the
reserve, while Acacia caffra thicket 1is found 1in upland
situations, usually above the 300m contour, on hillsides and
ridges and has a limited distribution. Acacia karroo -
Dichrostachys cinerea induced thicket 1is found at all altitudes
throughout the reserve (Whateley & Porter, 1983). Except for

Euclea divinorum woodland, all the above woody vegetation

communities are found in the study area.

2.5 FAUNA

The vertebrates of H&UGR have been listed by Bourquin, Vincent &
Hitchins (1971), and for reptiles, amphibians and mammals the
above authors have also included distributional data. The
birdlist was updated by Macdonald & Birkenstock (1980),
Owen-Smith (1980) and Johnson & Gerber (19846); and the carnivore
checklist by Whateley & Brooks (1985).

2.5.1 Invertebrates

Only a checklist of butterflies recorded in UGR exists (Anon.,

1985a). Eight families were recognised and 112 species

positively identified.

2.5.2 Fish

A total of 12 fish species has been recorded for UGR
al., 1971).

(Bourquin et

2.5.3 Amphibians

Bourquin et al. (1971) recorded 17 amphibian species from UGR.

2.5.4 Reptiles

Sixteen lizard, one crocodile, two tortoise, two terrapin and 21

snake species have been recorded from UGR
(1971).

by Bourquin et al.
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2.5.5 Birds

Macdonald & Birkenstock (1980) listed 326 indigenous bird species
which definitely have occurred or do occur 1in H&UGR, and an
additional six alien species which have been introduced or have
immigrated into the reserves. A further eight indigenous species
were later added to the checklist of birds of UGR (Johnson &
Gerber, 1986). Owen-Smith (1980) made a gquantitative assessment

of the avifauna present in one vegetation type in UGR.
2.5.6 Mammals

A total of 44 mammal species has been recorded for UGR, including

three shrew, 11 bat, two primate, 16 carnivore, 20 ungulate, two
hare and eight rodent species (Bourquin et al., 1971). Whateley
& Brooks (1985) have summarised information collected on

carnivores between 1973 and 1982.

2.5.7 General

A total of 585 animal species, including four which have recently
been re-established, has been recorded in UGR to date. This high
species richness is due to the high habitat diversity found in
the reserve, which in turn 1is attributable to the extremely

varied topography, geology and soils of the reserve.

In attempting to preserve this habitat and species diversity,
reserve managers need to know what effect different management
approaches have on soil erosion and, in turn, what influence soil
erosion has on habitat and species diversity. For this reason,
rainfall simulator trials were carried out in various woody
vegetation communities, in both the non-cull and cull blocks, to
determine the influence of two different management approaches on
soil erosion. These rainfall simulator trials will be discussed
in detail in the following chapter.
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2.6 CHAPTER SUMMARY

a) The study area was located in western UGR and comprised a

non-cull block, &6 278 ha in extent, and a cull block of 4 634 ha.

b) In the non-cull block, no ungulates have been removed since
1978, while in the cull block the game removal treatment has been

identical to that of the remainder of UGR.

c) The topography, geology and soils of UGR are diverse,

resulting in a diverse floral and faunal component.
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CHAPTER 3 : RAINFALL SIMULATOR TRIALS

3.1 INTRODUCTION

This chapter, and the remainder of the thesis, addresses the
wider key question: "What effect did the noninterventionist
approach, adopted in the non-cull block, bhave on soil loss and
run—-off rates when compared with the 1interventionist approach
adopted in the cull block?" To try to answer the above question,

this part of the study had four aims:

a) to determine the soil loss and run-off potentials of
fixed sites within key woody vegetation communities;

b) to determine the 1interrelationships between vegetation
and soil surface variables and both soil loss and run-off;
c) to derive and validate predictive models for run-off and
soll loss based on vegetation and soil surface variables;
and

d) to compare the ability of two different vegetation
monitoring methods to predict accurately soil loss and

run—-off.

Whateley & Porter (1983) recognised 12 woody vegetation
communities in UGR, and several of these communities were used as
the basic sampling units for the placement of Walker transects
(Walker, 1976) to monitor trends in both the woody and herbaceous
vegetation in the non-cull and cull blocks. Some of these
communities have a higher potential for soil 1loss and run-off
than others. This potential may be linked to the inherent
erodibility of their constituent soil types, their topographical
positions and/or the preference that herbivores show for them.
The ideal would have been to quantify soil loss and run-off from
each of the woody vegetation communities, but this was nRot
possible with available time, funds, manpower and

equipment.

Instead, key communities were chosen and rainfall simulator

trials were limited to fixed sites within these communities.
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The rainfall simulator was chosen as an experimental tool
because, using it, it was possible to simulate several storms of
standardised intensity and duration at various sites over a short
period. Because storm intensity and duration, as well as data
collection, were strictly standardised, comparative data between
sites could be collected. Rlso, because each site was
permanently marked, comparative data over a period of years could

be collected at each site.

Although the non-cull/cull experiment started in 1978, rainfall
simulator trials began only in 1982. However, vegetation
monitoring data based on Walker's (1976) method had been
collected in the study area since 1979, and a large data base on
the condition and trend of the vegetation existed. Because of
this data base, it was decided to continue the use of the Walker
(1976) method to monitor vegetation and soil surface variables at
each rainfall simulator site. If a significant correlation could
be found between soil surface and/or vegetation variables and
soil loss and run-off, then a retrospective analysis of spil loss
and run—-off could be carried out at each Walker vegetation
monitoring site. For this reason, rainfall simulator trial sites

were placed near existing Walker transects.

Lastly, as part of a larger Natal Parks Board study to review the
vegetation monitoring programme currently in use, the Walker
(1976) method was compared to the USLE method (Wischmeier, 1975)
to see which of these two methods would give the more accurate

prediction of soil loss and run-off.

3.2 SOIL LOSS AND RUN-OFF MEASUREMENTS

3.2.1 Materials and methods

Woody vegetation communities which covered an extensive area of

the reserve, and which were susceptible to erosion and/or

preferred by grazing herbivores, were identified, and eight

rainfall simulator sites were located in these key communities.
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Five of these sites were located in the non-cull block and three
in the cull block and all, except site 284, were near existing
Walker vegetation monitoring sites (Figure 3.1), and in close
proximity to tourist roads or good management tracks, to allow
easy access for the simulator which was mounted on a caravan
chassis. Because access was confined to roads and tracks, i1t was
not possible to place the sites randomly and a representative

sampling strategy had to be used.

The simulator sites covered a wide variety of soil types and
slopes (Table 3.1). Trials were started at these sites in March
1982, and repeated on exactly the same sites in April 1983 and
March 1984 (Table 3.2). Rainfall simulator trials were also
undertaken in 1985, to collect an independent data set. Three of
the original sites were retained and, except for these, the 1985

trials were carried out on new sites (Figure 3.2).

Individual sites were permanently marked with concrete blocks,
allowing rainfall simulator trials to be repeated on exactly the
same sites every year. At each site, corrugated iron sheeting
was used as shuttering to demarcate a total of four plots, two of
which were laid out on each side of the simulator (Figure 3.3).
Each plot was 10,67m long and 1,80m wide. These are the standard

dimensions for plots when a Swanson rotating-boom rainfall

simulator (Swanson, 1965) is used. At the downward slope end of
the plots, collection troughs were installed to aid in the
collection of sediment samples and run-off data. Simulated

rainfall was applied at a fixed intensity of 63mm/h and three
storms, each lasting 36 minutes and applying about 3I6mm of
rainfall, were simulated annually per site. The purpose of the
first simulator storm on each site was merely to standardise the
soil moisture content, making between-site comparisons possible.
Under normal circumstances, the duration of this storm and the
second storm would be one hour each, but because none of the
sites were near permanent water, a water tanker was used to-

supply water for each simulator storm, and only enough water was
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available for a storm lasting 36 minutes. For this reason, three
storms of 36 minutes each were simulated instead of the normal
two storms lasting 60 minutes each. Once water had started
running off these plots, each plot was alternately sampled, at
two—-minute intervals, for the rate of run-off and amount of
sediment produced. Run—-off rate was measured by timing how long
a container of known volume took to fill. Also, samples of
run-off water were collected in 1-litre glass screw—-top jars and
taken to a field laboratory where concentrated hydrochloric acid
was added . to facilitate settling of the sediment. After the
sediment had settled, the excess water was siphoned off and the
sediment samples were then oven-dried and weighed. The technique

is described in detail by McPhee et al. (1983).

A computer program was used on the Dept. of Agriculture and Water
Supply mainframe terminal at Cedara to compute the following from
the input data:

total run-off (litres) per plot and per storm;

percentage run-off per plot and per storm; and

total soil loss (grams) per plot and per storm.

Total run-off (litres) for each plot was computed for each storm

as follows:

™

Total run-off during storm 2 = 2 (run-off),
b, mm 3

1]

where n number of periods .

« = intervals between successive measurements of
flowrate. Each period . is therefore the period
between two measurements of flowrate

(run—-off), = B x C

where B = average flowrate (1/min) during period .

flowrate at beginning of period k + flowrate at end of period k
2

interval represented by period . (min).

and C
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The flowrate (1/min) for any time during the rainfall simulator

storm was calculated as follows:

Flow rate = volume of container (1) X 60 - 0,189

time to fill container (s)

The constant 0,189 represented run—-off from simulated rain

falling directly on the collection trough and not on the plot.

Total soil loss (g) for each plot was computed for each storm
using the formula below:

-

Total soil loss during each storm = E; (sediment load)q + H + I
q-

where n number of periods q

a = intervals between successive measurements of
sediment concentration. Each period o4 is
therefore the period between two measurements of

sediment concentration

(sediment load)qg sediment lost during period q

(D X E X F X G)

and D average sediment concentration during period g

= sediment concentration at beginning of period g + sediment concentration at end of period q

"
i

E = flow rate during period o (1/min)

= flow rate measured between the taking of samples at
beginning and end of period o

F = interval represented by period 5 (min)
= correction factor

= ratio between flow rate calculated without, and
flowrate calculated with, the correction factor of
0,189 1/min.

This correction factor accounts for the dilution effect of

water falling directly onto the collection trough.
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H = soil loss represented by the first sediment

concentration sample

H=J X KXL

where

J = interval between first flow rate measurement and
first sediment sample (min)
K = first sediment concentration (g/1)

L = first flow rate (l1/min)

I = soil loss represented by the last sediment

concentration sample

I =MXNXSO
where M = interval between last flow rate measurement and
last sediment sample (min)
N = last sediment concentration (g/1)

0 = last flow rate (1/min)

Lastly, the sediment concentration (g/1) at any particular time

was calculated from the formula below:

Sediment concentration = mass of sediment (kg) x 1000 x 6 - concentration of sedisent in water

mass of water {kq) pusped through simulator (g/1)

G = correction factor (see G above)

Again, the correction factor (G) accounts for the dilution

effect of water falling directly onto the collection trough.

Results from the first simulator storm on each site were
discarded on the basis that initial soil moisture content had not

been standardised. A mean estimate of total run-off, percentage

run-off and total soil loss was obtained for plots 1 and 2 (see

Figure 3.3), based on the data collected during storms 2 and 3.

The same applied to plots 3 and 4. Data from plots 1 and 2 were

combined into one data set, and similarly, data from plots 3 and

4 were combined into another data set. These data were

combined, firstly, to make the soil loss and run-—-off data more
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comparable with the natural run-off plot data, where the plot
size was slightly more than double the size of individual
rainfall simulator plots (see Chapter 35), and secondly, to
increase the number of quadrats used 1n the assessment of
vegetation and soil surface variables from ten to 20. This made
the vegetation data more comparable with the standard Walker
transect (Walker, 1976) which is based on a sample size of 25
quadrats. Because the percentage run-off is the amount of water
that ran off expressed as a percentage of the total amount of
water applied during the storm, this measurement was used 1in
preference to the total run-off. The latter figure simply gives
run—-off in litres during the storm and is not as meaningful as

the former.

Using the results from storms 2 and 3, the mean percentage
run-off, the mean soil loss, and their standard errors and ranges
were calculated for each site for each vyear that rainfall
simulator trials were done on that site. Where more than one
site was located within a particular vegetation type, the data

for these sites were presented together.

3.2.2 Results

3.2.2.1 Soil loss potential of fixed sites within key woody

vegetation communities

Soil lost from each site during the rainfall simulator trials is
shown in Figures 3.4 to 3.7. The general trend in those plots
sampled over three or four years is that the highest soil losses
were recorded in 1983, and this shows there is a large degree of
temporal wvariability in the data. The reasons for this

variability are discussed in Section 3.5.2. Site 206 showed a

far higher soil loss in 1983 than site 241 (Figure 3.5). These

sites are both on the same soil form and series, and have similar

slopes (Table 3.1). Also, both are located in the non-cull block

near to one another (Figure 3.1). This emphasises the inherent

spatial variability in the system, and this, together with the

temporal variability, leads to the conclusion that the
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explanation for the variability in the data 1lies with time and
spatially dependent variables instead of variables independent of

these two aspects (Section 3.3.2.3).

Excluding sites 206 and 295, which were monitored for only two
years, the lowest mean soil loss over a period of three years
(1982 - 1984) was measured from site 280 and the highest from
site 279 (Table 3.3). These sites were both located in Acacia
tortilis woodland, but in different management blocks and on
different soil forms (Table 3.1). The large ranges and standard
errors indicate a high degree of variation around the mean over
the duration of the trials. This high temporal variability
emphasises that time dependent, instead of time independent,
variables have a dominant effect on the soil loss potentials of

the sites.

3.2.2.2 Run-off potential of fixed sites within key woody

vegetation communities

The mean percentage run-off from each site is illustrated in
Figures 3.8 to 3.11 and there 1is obviously a high degree of
temporal variability within any particular site over the duration
of the simulator trials. In Acacia nigrescens woodland sites,
there is a general increase in mean percentage run—-off between
1982 and 1983, and then a decrease between 1983 and 1984, which
is continued in 1985 in site 241 (Figure 3.8). This trend 1is
shown 1irrespective of whether the plots are in the non-cull or
cull blocks (Table 3.1). However, 1in Acacia tortilis woodland,
site 279 shows the opposite trend to the other two sites (Figure
3.9), and yet when compared to site 296, which is also located on
a Shortlands soil form (Figure 3.11), the trends are very
similar. Site 294 follows the general trend with a peak in mean
percentage run-off in 1983 (Figure 3.10). The only exceptions
to this trend are site 280, which shows a higher run-off in 1982
and 1984 than in 1983, and site 284 where the run—-off remained
relatively constant between 1983 and 1984 (Figure 3.9). The
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greatest variability about the mean 1s also shown by these two
sites (Figure 3.9), which are both located in Acacia tortilis

woodland on the Swartland soil form.

The lowest mean percentage run-—-off measured over three years was
recorded from site 241 and the highest from site 296 (Table 3.4).
This excludes data from sites 206 and 295 which were monitored
for only two years. Both sites 241 and 296 are located in the
non-cull block, but occur on different soil types and woody
vegetation communities (Table 3.1), and this illustrates that no
consistent trend in run-off was evident from the two experimental

blocks.

3.3 RELATIONSHIP BETWEEN VEGETATION AND SOIL SURFACE VARIABLES
AND RUN-OFF AND SOIL LOSS

3.3.1 Vegetation and soil surface variables

3.3.1.1 Materials and methods

A 1m= quadrat was laid down systematically at ten points within
each rainfall simulator plot, and two semi-quantitative methods
were used to assess vegetation and soil surface variables. Using

the Walker (1976) method, the following variables were assessed

in each 1m=2 qQuadrat:

a) herbaceous canopy cover (%), which was defined as the

percentage of herbaceous, aerial cover;

b) litter cover (%), which represented the percentage of dead,

non-woody plant material in contact with the soil surface;

c) soil capping (%), which was the percentage of the total

surface area of the quadrat which was capped;

d) susceptibility to erosion (%), which represented the

percentage of the total surface area of the quadrat which was

bare ground;
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e) rock (%), which was the percentage of the total surface

area of the quadrat which was covered by rockj;

f) forb (%), which was defined as the percentage contribution
that forbs made to the total above-ground living herbaceous

biomass within the quadrat;

g) Aizoon (Z), which was defined as the percentage
contribution that the forb Aizoon glinoides made to the total
herbaceous biomass within the quadrat. This forb covered

extensive areas of the study area in 1982;

h) maximum grass height (cm), which was the height above
ground level of the highest piece of live grass material,

straightened against a metre rulej; and

1) mean grass height (cm), which was the average height above

ground level of the grass occurring within each quadrat.

The data from plots 1 and 2 were combined, and those from plots 3
and 4, so that the sample size in each case was 20. Variables a)
to e) were ranked on an eight-point scale, with uneven class

intervals, given below :

RANK CLASS INTERVALS (%)

0]

1-10
11-25
26-50
51-75
76-90
91-99

100

N 00 b W N~ O

Variables f) and g) were ranked on the same eight-point scale

depending on the contribution that they made to the total above-

ground living herbaceous biomass within each quadrat.
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The mean values for variables a) to g) were determined by the

formula:

a2
E; (ng x €x) /7 N
{ ==

where n: = number of gquadrats with rank 1

Ca

N

class mid-point of rank 1

total number of quadrats.

Maximum and mean grass height were expressed as the mean

(in cm) for the 20 quadrats.

The following variables were assessed 1in each 1m#® quadrat

the USLE method (Wischmeier, 1975):

values

using

a) herbaceous canopy cover (%), which was defined as the

percentage of the total surface area of each quadrat

that

could not be hit by vertically falling raindrops because of

the herbaceous canopy cover;

b) surface cover (L), which was the percentage of the
surface area that could not be hit by vertically f

raindrops because of the canopy and any ground cover;

c) woody canopy cover (%), which represented the perc
of the total surface area that could not be hit by vert

falling raindrops because of the woody canopy cover; and

total
alling

entage

ically

d) woody canopy height (cm), which was the mean height of the

woody canopy above ground level measured to a maximum

of 4,0m. The canopy of any woody plant less than O,

height was not measured.

Variables a) to c) were ranked on a six-point scale, with

class intervals, given below :

height

5m in

even
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RANK CLASS INTERVAL (%)

0 o)

1 1-20

2 21-40

3 41-60

4 61-80

5 81-100

The data from plots 1 and 2 were combined into one data set, and

those from plots 3 and 4 were combined into another data set.
Based on the two data sets, the mean values for variables a) to

c) were determined using the following formula:

E:é 1(n1 X Ci) / N

1=

where ng.= number of quadrats with rank i
cs= class mid-point of rank 1

N

total number of quadrats.

The mean woody canopy height (variable d) was calculated using

the following formula:

Na + Nz .. NA / N

where n = woody canopy height in each quadrat in which woody

plants occur

N

total number of quadrats in which woody plants occur.

Mean values for vegetation and soil surface variables measured at
each rainfall simulator site were calculated for every year that

rainfall simulator trials were done at that site.
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3.3.2 Relationship between vegetation and soil surface

variables and run—-off and soil loss
3.3.2.1 Materials and methods

Correspondence analysis, a multivariate analysis technique which
can handle large matrices of multivariate data, was used to find
the best objective fit to the association between vegetation and
soil surface variables and soil loss and run-off. This provided
a graphical display of the interrelationships in the data matrix

which made data summarisation and interpretation easier.

This technique was recently evaluated by Beardall, Joubert &
Retief (1984) for the analysis of herbivore—-habitat selection and
showed promising results because it 1llustrated animal species
associations based on the selection of similar habitat factors.
It also identified those habitat factors most favoured by each
species. Because the data collected 1in the' above study were
similar to those collected during the current study, and because
of the promising results obtained, it was decided to use this

method of analysis.

The theory and applications of correspondence analysis have been
described in detail by Greenacre (1984). Briefly, this technique
takes a large data matrix, arranged in rows and columns, which
is essentially a set of points in multidimensional space and
reduces this set of points to an approximate low—dimensional
display. The end product is a two-dimensional graph in which
similar entities are grouped together and dissimilar entities are
relatively far apart. It is obviously not possible to transcribe
all the data onto such a two-dimensional graph, and so there is a
trade-off between ease of interpretation and completeness of
description (Gauch, 1982). The usefulness of an ordination
technique like correspondence analysis 1is that the gain in
interpretability far exceeds the loss in information
1984).

(Greenacre,
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To examine the interrelationships between soil loss, run-off and
various soil surface and vegetation variables, the data from the
1982, 1983, 1984 and 1985 rainfall simulator trials were analysed
separately. In each case, the data matrix was drawn up using the
format outlined in Table 3.5. The mean value for each
independent variable within a particular soil loss or run-off

class was calculated using the formula:

(Ny + N2 ... + Na)
N
where Ny, Nz ... N~ = value of particular independent

variable occurring in a specific soil loss
or run-off class

N = total number of observations occurring
within that specific soil loss or run-off

class

The codes used in the text, in Figures 3.12 - 3.15, in Table 3.5
and in Tables 3.7 - 3.10 are explained in Table 3.6.

Besides correspondence analysis, bivariate scattergrams of soil
loss and run-off against specific independent variables were
plotted from the combined 1982, 1983 and 1984 rainfall simulator
trial data. In many cases, the relationship between soil loss
and these independent variables was curvilinear, and therefore
various transformations were tried to normalise the data
relationship. A logarithmic transformation produced the closest
linear relationship, and a cross products correlation matrix
including both the dependent and independent variables was drawn
up using a statistical program* on an Apple Ile microcomputer.
Those variables which were correlated significantly with either
mean percentage run-off or loge oOf mean soil loss

were then
presented as bivariate scatter plots.

* Statpro, Wadsworth Electronic Publishing Co., California.
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3.3.2.2 Relationship between run-off, soil loss and
vegetation and soil surface variables as determined by

correspondence analysis

The results of the 1983 rainfall simulator trials, obtained from
correspondence analysis, are presented in Table 3.7 and Figure
I.12. To assist in the interpretation of Table 3.7, an
explanation of each column heading will be given before the
significance of the data in the table is discussed. The values
in the QLT column summarise the quality of representation of the
points in two-dimensional subspace and indicate how well the
multidimensional points are transcribed onto a two-dimensional
graph. A high QLT value shows that the point is almost on the
flat, two-dimensional plane of the paper and there is hardly any
error in its display, as is the case with SUTE on the first
principal axis (Table 3.7). These QLT values are the sums of the
COR columns, which in turn indicate the axis most important to a
particular point. The high values for GSOCA and SUTE (in the
first COR column) show that the first principal axis represents
these points far better tham the second principal axis. In
contrast, MSL3 1is better represented by the second principal
axis. The wvalues 1in the CTR columns are the absolute
contributions that the points make to the total variability of
the respective axis, and this indicates which points contribute
most to the variability of the particular axis; for example, the
highest contributions to wvariability along the first principal
axis are made by SOCA and MSLS5 with CTR values of 361 and 308
respectively, and the lowest contributions by ROCK and MPR3.
This means that SOCA and MSLS contribute the most to explaining
the variability along the first principal axis, while ROCK and
MPR3 contribute scarcely anything to explaining this variability.
The values in the K=1 column give the co-ordinate of the points
for the first axis, and in the K=2 column for the second

axis.

The sign shows whether the points are positiQely or negatively
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"correlated" with the respective principal axis ({Beardall et al.,

1984).

Table 3.7 1is interpreted in two ways. Firstly, for each
principal axis, the column headed CTR is inspected to 1interpret
which points contribute most to the variability. Those points
contributing the most to the first principal axis are S0CA, SUTE,
MSL5 (i.e. very high soil 1loss) and MPRS (i.e. very high
run-off), and those contributing the most to the second principal
axis are MEGH, SURC, MSL3 (i.e. moderate soil loss), MPR1 and
MPR2 (i.e. very low to low run-off). Secondly, for each point,
the values in the two COR columns are examined to identify which
axis represents the point well (Greenacre, 1984). In SOCA, SUTE,
MSL5, MPR1, MPR2 and MPRS these points are best represented by
the first principal axis, while the second principal axis best
represents MSL3. Table 3.7 supports the interpretation of the

graphical output of the correspondence analysis (Figure 3.12).

The angle formed between lines Jjoining any two points and the
origin (i.e. where axis 1 and axis 2 1intersect) gives a good
indication of their similarity or dissimilarity. If the angle so
formed 1is small, then the points are similar, and highly
"correlated" with one another. The larger the angle, the more
dissimilar are the points, and when the angle approaches 1809,
the points are strongly dissimilar. If the position of a point
is very close to the origin such interpretation becomes weaker,
since the point probably does not "correlate” highly with the

subspace depicted by the first two principal axes (Beardall et
al., 1984).

The first principal axis (axis 1 in Figure 3.12) distinguishes
between very low to low run-off (MPRl1 & MPR2) on the left-hand
side of the axis and very high amounts of soil loss (MSL5) and
run-off (MPR5) on the right. Along this profile, soil capping
and susceptibility to erosion are correlated positively with very

high run-off. ‘ Because the angles between litter cover, the
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origin and susceptibility to erosion and soil capping
respectively approach 180°, these latter two variables are
correlated negatively with litter cover. This relationship 1s to
be expected, because as litter cover increases, so the other two
variables will decrease. Axis 2 contrasts very low run-off
({MPR1) with moderate amounts of soil loss (MSL3) and low run—-off
(MPR2) . Along this profile, mean grass height 1s correlated
positively with the former, and surface cover with the latter

two. Axes 1 and 2 explain 96,57 of the total variability.

In the 1982 rainfall simulator trial data, axis 1 distinguishes
high soil loss (MS5L4) and very high run-off (MPRS) from low
run—off (MPR2) (Figure 3.13). Soil capping is correlated
positively with the former two variables, and litter cover with
low run-off. Again, the angle of the origin between litter cover
and soil capping is almost 180, showing that these two variables
are correlated negatively along this specific profile. Because
SUTE made a high contribution to the CTR column of axis 2 in the
original analysis, it played an overwhelming role in determining
the second principal plane and in effect swamped the second
principal axis. It is preferable to remove the influence of this
obvious and isolated feature from the display, so that the more
subtle multidimensional patterns can be investigated. In the
subsequent analysis SUTE was treated as a supplementary point
(Table 3.8). The second principal éxis distinguishes low run-off
({MPR2) from moderate run-off (MPR3) and low soil loss (MSL2).
Maximum grass height and woody canopy cover are correlated
positively with the former, and herbaceous canopy cover (HCC1),
measured using the Walker (1976) method, with the latter. This
herbaceous canopy cover is also correlated negatively with

woody

canopy cover and maximum grass height. The relationship between

woody and herbaceous canopy cover can be explained by the fact

that as the woody canopy cover increases, so the herbaceous

canopy cover decreases because of the shading effect. The

negative correlation between herbaceous canopy cover and maximum
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grass height, along this profile, is not as easy to explain as
one would expect these two variables to be positively, instead of
negatively, correlated. Axes 1 and 2 explain 79,2% of the

variability.

In the 1984 rainfall simulator trial data, MSL4 (high soil loss)
has been treated as a supplementary point because of 1its
excessively high contribution to the first principal axis. This
axis separates moderate to high soil loss (MSL3 & MSL4) and
moderate run—off (MPR3) from low run-off (MPR2)(Figure 3.14).
The contribution that forbs make to the herbaceous biomass is
correlated positively with moderate to high soil loss and
moderate run-off. The second axis distinguishes very high
run-off (MPRS) from high run-off (MPR4). Along this profile,
woody canopy cover, susceptibility to erosion and soil capping
are correlated positively with very high run—-off (Table 3.9).
This correlation is to be expected because with bush-encroached
conditions (high woody canopy cover), and high amounts of bare
ground and soil capping, one would expect increased run-off. of

the total variability, 90,07% is explained by axes 1 and 2.

Lastly, the 1985 rainfall simulator trial data contrasts moderate
soil loss (MSL3) and high run-off (MPR4) with very low run-off
(MPR1) (Figure 3.135). In this analysis, MPR2Z has been treated as
a supplementary point so that the more subtle multidimensional
patterns along the second principal axis can be investigated
(Table 3.10). Mean grass height 1is correlated positively with
very low run-off, and soil capping and susceptibility to erosion
with moderate soil loss and high run-off. An increase in soil
capping and bare ground will lead to higher levels of run-off and
soil loss, while an increase in mean grass height should lead to
reduced run-off levels. This is because the capacity of grasses
to intercept rainfall is proportional to the product of mean
height and percentage surface cover (Crouse, Corbett & Seegrist,
1966). Along axis 2, very 1low soil loss (MSL1) and run-off
(MPR1) are contrasted with low soil loss (MSLZ2) and low (MPRZ2) to
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moderate (MPR3) run~off. Forb and woody canopy cover are
correlated positively with the higher levels of soil loss and
run-off, while herbaceous canopy.cover, based aon Walker’'s (1976)
method (HCCl), is correlated positively with very low levels of
run—-off and soil loss. Axes 1 and 2 explain 97,3% of the

variability.

In summary, correspondence analysis on the rainfall simulator
trial data contrasts low run-off and soil loss with high levels
of these two variables. Soil surface variables such as soil
capping and susceptibility to erosion are invariably correlated

positively with high levels of run-off and soil loss, while
vegetation variables, particularly mean grass height and litter
cover, are correlated positively with low levels of run—-off.
Except for the 1982 rainfall simulator trial data, 90,0%Z or more
of the total variability was explained by a two-dimensional

display of the data.
3.3.2.3 Interpretation of scattergram results

Mean percentage run-off showed the highest negative correlation
with litter cover, and the highest positive correlation with soil
capping, while mean soil loss showed the highest positive
correlation with susceptibility to erosion, and the highest
negative correlation with surface cover (Table 3.11). The three
variables that were not significantly correlated with either mean
percentage run-off or mean soil loss were either time
independent variables, such as rock, or variables which only
changed a small amount over the study period, such as woody

canopy cover and the percentage contribution that the forb Aizoon

glinoides made to the total herbaceous biomass.

With the exception of litter cover, all the variables which were

correlated significantly showed a higher correlation with mean

soil loss than with mean percentage run-off. Because some

relationships with mean soil loss were curvilinear, this variable

was transformed using a loge transformation. Except for soil

capping, all the significant variables showed a higher
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correlation with the transformed data (Table 3.11), but because
the transformation did not change the statistical significance of
any relationship, the untransformed data were wused 1in the

bivariate scattergrams.

The statistically significant correlations are shown in Figures

3.16 - 3.23 for mean soil loss and Figures 3.24 - 3.31 for mean
percentage run-off. Only percentage susceptible to erosion
(Figure 3.17) and percentage soil capping (Figure 3.18) are

correlated positively with mean soil loss, and for soil capping
this relationship 1is linear; all the other variables are
correlated negatively with soil loss, and their relationships are
curvilinear (Figure 3.16, Figures 3.19 - 3.23). There 1is a
higher correlation between soil loss and herbaceous canopy cover,
measured by Walker’'s (1976) method, than between soil loss and
herbaceous canopy cover, measured by the USLE method (Wischmeier,

1975) (Figures 3.16 and 3.22 respectively).

Only susceptibility to erosion and soil capping are correlated
positively with run-off (Figures 3.25 and 3.26); the remainder of
the variables are correlated negatively, with litter cover
showing the highest negative correlation (Figure 3.27). Al though
there is a large amount of scatter, all variables appear to show
a linear rather than a curvilinear relationship with run-off.

Except for litter cover, all variables show a higher correlation

with soil loss (Figures 3.16 - 3.23) than with run-off (Figures
3.24 - 3.31). Again, run—-off 1is more highly correlated with
herbaceous canopy cover, as measured by Walker's (1976) method,

than with the same variable measured by the USLE me thod

(Wischmeier 1975) (Figures 3.24 and 3.30 respectively).
In summary, the relationship between run-off and the measured

vegetation and so0il surface variables is linear, with mean

percentage run-off showing the highest positive correlation with
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soil capping, and the highest negative correlation with litter
cover (Table 3.11). Except for soil capping, the relationship

between soil loss and all the variables is curvilinear, and a

linear relationship 1is best obtained by the logarithmic
transformation, to the base e, of the mean soil loss data. On
the transformed data, soil loss shows the highest negative

correlation with surface cover and maximum grass height, and the
highest positive correlation with susceptibility to erosion

(Table 3.11).

3.4 DERIVATION OF PREDICTIVE MODELS FOR SOIL LOSS AND RUN-OFF
BASED ON VEGETATION AND SOIL SURFACE VARIABLES

3.4.1 Materials and methods

Multiple stepwise regression analysis of the 1982-84 rainfall
simulator trial and vegetation monitoring data was used to derive
predictive models for soil loss and run—-off. Two predictive
models were constructed for soil loss and run—-off respectively:
a) predictive models based on the variables measured by
Walker's (1976) method only, so that a retrospective
analysis of soil loss and run-off could be carried out on
vegetation monitoring data collected in the study area since
1979; and
b) predictive models based on variables measured by both
Walker's (1976) and the USLE (Wischmeier, 1975) methods, for

incorporation into the current vegetation monitoring

programme for UGR (Figure 3.32).

Multiple regression analysis was also carried out on the 1982-85S

data set, excluding a 20% random subsample of this data set. As
was the case with the 1982-84 data set, two predictive models
were constructed for soil loss and run-off respectively (Figure
3.32).

Becguse the independent variables were correlated in many cases,

the partial regression coefficients were examined‘at each stage
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of the stepwise regression to ensure that they did not change in
sign, or significantly in size. The significance of each partial
stepwise regression coefficient was tested wusing analysis of
variance and the F-test (Parker, 1976). Plots of residual values
were examined for heteroscedascity to ensure that the regression
equation was not biased (Freund & Minton, 1979). These
predictive models were then tested against an independent data
set collected during the 1985 rainfall simulator trials and
against a 20% random subset of the entire 1982-85 data set
(Figure 3.32). Using bivariate scattergrams, the actual and
predicted values for run-off and so0il loss were plotted and the
points were visually examined for nonrandom deviations from the
1:1 line of perfect agreement. The coefficient of determination
(D) was used to measure the degree of association between actual
and predicted values (Aitken, 1973). However, although D is a
good measure of the degree of association between actual and
predicted values, it does not reveal the existence of systematic
errors (Ritken, 1973), and the presence of such errors was
determined by the coefficient of efficiency (E) which is defined

below:

E = E (q: - q:)z - Z(CI: - q-)z

z(q: - q:)z

actual so0il loss or run-off values

where qeo

Qe
Qe

mean of actual soil loss or run-off values

predicted soil loss or run-off values.

The difference between D and E, known as the error function (Fi),
gives an indication of the systematic error in the model. The
closer Fi1 is to zero, the less systematic error occurs in the
model (Hope, 1980). The most suitable model was defined as that

model which had the highest value for D and the lowest value
Fsy. '

for
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3.4.2 Results
3.4.2.1 Predictive models of soil loss

Using the 1982-84 rainfall simulator data, and the variables
measured by the Walker (1976) method only, the following multiple

regression equation was derived for the prediction of soil loss:

Loge SOIL LOSS (g) = 8,7141 - 0,0266 MAGH - 0,016 HCC1
(Equation 3.1)

This equation explained 73,7% of the variation in the data set
(Table 3.12). When the variables measured by the USLE method
(Wischmeier, 1975) were also included in the regression analysis,
the equation explained 78,5%Z of the variability (Table 3.12).

This predictive equation became:

Loge SOIL LOSS (g) = 92,0603 - 0,0301 SURC - 0,0371 MEGH
(Equation 3.2)

The regression analysis of the 1982-85 data was based on 54 sets
of variables, because a 20% random subsample of 14 sets of
variables had been removed from the data set. Of the totsal
variation in the data, 78,6% was accounted for by the equation
derived from the Walker (19276) method variables only (Equation
3.3), and 80,9%Z by Eguation 3.4 which was derived from both

methods (Table 3.13). The two equations are given below:

Loge SOIL LOSS (g)

5,9383 + 0,03 SUTE - 0,0211 MEGH
(Equation 3.3)

Loge SOIL LOSS (g) = 9,0025 - 0,0319 SURC - 00,0238 MEGH

(Equation 3.4)

The regression equation which explained the highest percentage of
the variability in the data was derived from the 1982-85 data set
using the vegetation and soil surface variables measured by both

methods (i1.e. Equation 3.4). Also, a higher percentage of the

varlability was explained when independent variables measured by
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both methods were included in the regression analyses,

irrespective of which data set was used.
3.4.2.2 Predictive models of run-off

Based on the 1982-84 data, the following equations were derived

for the Walker (1976) method and for both methods respectively:

RUN-OFF (%) 36,1376 - 0,6493 LITC + 0,6796 SOCA + 0,3626 MAGH

({Equation 3.5)

RUN-OFF (%)

-2,0964 - 0,485 LITC + 0,9995 SOCA + 0,7323 SURC
+ 2,3597 WOCC (Equation 3.6)

Equation 3.5 explained 59,3% of the total wvariability and
Equation 3.6 explained 70,4% (Table 3.14).

The multiple regression analysis on the 1982-85 data wusing
Walker's (1976) method, but excluding a random 20% subset of the
data, explained 55,3% of the total variability (Table 3.135).
Using both methods, 5%9,5% of the variability was explained. The

equations are given below:

RUN-OFF (%) = 56,0545 + 0,544 HCC1 - 0,4 LITC - 10,0248 ROCK
(Equation 3.7)
RUN-OFF (%) = 5,5126 + 00,9777 S0OCA + 0,5852 SURC - 00,4692 LITC

(Equation 3.8)

The model derived from the 1982-84 data set, using both methods
to measure soil surface and vegetation variables (i.e. Equation
3.6), best explained the variability in the data, but in all
cases less of the variability was explained by the run-off models

than by the soil loss models (Tables 3.12 - 3.15).
3.4.2.3 Testing of soil loss models

Jeffers (1982) pointed out that if modelling is to be included as
a part of scientific research, then it is essential to test the

validity of the model by using it to make a prediction about the
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real-word system. Snee (1977) listed several methods to
determine the validity of regression models, including the
collection of new data to check model predictions, and data

splitting or cross—-validation in which a part of the data is used
to estimate the model coefficients and the remainder of the data
used to measure the prediction accuracy of the model. He
concluded that data splitting was an effective method of model
validation when it was not practical to collect new data to test

the model.

There was no significant correlation between the predicted values
for loge soil loss, derived from Equation 3.1, when compared with
the actual values measured during the 1985 rainfall simulator
trials (r=0,434; d.f.=18). Predicted values from Equation 3.2
were however significantly correlated at the 5%, but not at the
1%, probability level (r=0,465; d.f.=1B). Predicted values from
both Equations 3.3 and 3.4 were highly significantly correlated
(r=0,B826 and 0,B24 respectively; d.f.=12) with measured soil
loss values in the reserve data subset. Although Equation 3.4
had a slightly lower D value than Equation 3.3 (Table J.16), it
was considered to have less systematic error than Equation 3.3
because its F, value was considerably lower than that of Equation
3.3. For this reason, Equation 3.4, which was derived from
variables measured by both Walker's (1976) and the USLE

(Wischmeier, 1975) methods, was considered to be the most

accurate predictor of soil loss.

The distribution of soil losses measured during the 1985 rainfall
simulator trials differed when compared with the 1982-84 trials,
with the 1985 independent data set consisting entirely of soil
losses of less than 1 000g, with a strong bias towards those of
less than 250g (Figure 3.33). This meant that instead of testing
the predictive equations through their entire range of soil loss,
the 1985 independent data set tested the predictive ability of
the equations only in the low to moderate soil loss range. In
contrast, the 20% random subset of the 1982-85 data was more

evenly distributed over the whole range of soil loss, and it was
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only soil losses of more than 5 000g which were not represented
in this subset (Figure 3.34). This subset therefore tested the
predictive ability of the equations over the low-to-high soil
loss range and, for this reason, it was felt that this data
subset gave a better validation of the predictive models. Based
on the above, and on the respective values of D and F., Equations
3.3 and 3.4, which were derived from the random data subset, were
considered to be the best predictors of soil loss, with Equation
3.4, which used variables from both the Walker (1976) and USLE
(Wischmeier, 1975) methods, being marginally better at predicting

soil loss.
3.4.2.4 Testing of run—-off models

There was no significant correlation between predicted values
from any of the four equations and actual values (Table 3.17).
The correlation coefficient for the relationship between values
predicted by Equatioﬁ 3.8 and actual values, was just not
significant at the 5% probability level (r=0,523; d.f.=12), and
because this equation had the highest D and 1lowest F, value it
was considered to be the best model (Table 3.17). Neither
Equation 3.5 nor Equation 3.7, which were based on the Walker
(1976) method variables only, showed high values for D or low
values for F., and consequently no attempt was made to undertake

a retrospective analysis of run—-off at Walker vegetation

monitoring sites in the study area.

3.5 RETROSPECTIVE ANALYSIS OF SOIL LOSS AT WALKER VEGETATION
MONITORING SITES IN THE STUDY AREA

3.35.1 Materials and methods

There were 36 Walker transects located in the study area (Figure

3.35), but only those transects in woody vegetation communities

which were sampled using the rainfall simulator were included in
the retrospective data analysis. This amounted to 27 sites, ten
in the cull block and 17 in the non-cull block (Table 3.18). 7
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A Lm® quadrat was laid down at 25 points at each Walker transect
(Figure 3.36) and the following variables were assessed in each
im® quadrat using the Walker (1976) method:

a) Herbaceous canopy cover (%)

b) Litter cover (%)

c) Soil capping (%)

d) Susceptibility to erosion (%)

e) Rock (%)

f) Forb (%)

g) Aizoon (%)

h) Maximum grass height (cm)

i) Mean grass height (cm).
The definitions of these variables are given in Section 3.3.1.1.
The mean values for variables a) to g) were determined using the
same formula given in Section 3.3.1.1, and maximum and mean grass
height were expressed as the mean values (in cm) for the 25

quadrats.

Equation 3.3 was used to calculate the loge mean soil loss for
each Walker vegetation monitoring site. These loge values were
then converted to mean soil loss and expressed in grams. The
mean soil losses, their standard errors and ranges for all sites
located in the cull block in 1979 were calculated. This was also
done for those sites located in the non-cull block in 1979, and

the procedure was repeated for both experimental blocks from 1980
to 1986.

The stocking rate differential between the non-cull and cull
blocks was calculated from helicopter, fixed-wing and total

ground counts of the study area from 1979 to 1986. The stocking

rates of grazing herbivores (waterbuck Kobus ellipsiprymnus,

buffalo Syncerus caffer, square-lipped rhinoceros Ceratotherium

simum, blue wildebeest Connochaetes taurinus and zebra Equus
burchelli) and mixed feeders (nyala Tragelaphus angasi and impala
Aepyceros melampus) were calculated for each count for the

non-cull and cull blocks separately using the following formula:
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Stocking rate (kg/ha) = 2 [(ny X M) (N2 X M2)ae.(fm X Ma)]
z
where ny = number of species 1 counted
n~ = number of species n counted
my = mean body mass of species 1 (kg)
m~. = mean body mass of species n (kg)
Z = area of experimental block (ha)

Mean body masses of the species listed above were obtained from
figures published by Coe, Cumming & Phillipson (1976). The
stocking rate differential was calculated for each count by

dividing the stocking rate of the cull block into the stocking

rate of the non-cull block. Where more than one count was done
in any particular vyear, the mean stocking rate was also
calculated. Because more animals are counted from a helicopter

than from a fixed-wing aircraft (Knott & Brooks, 1986), data from
fixed—-wing counts were included only when no helicopter counts
had been conducted in a particular year. Since the species
composition of grazers and mixed feeders in the two blocks was
similar, no attempt was made to standardise the stocking rate by
converting the mean body mass of individual species into

metabolic mass equivalents.
3.5.2 Results and discussion

Conceptually, one would expect that because of a lack of
population control, herbivore density would increase over time in
the non—-cull block, while in the cull block it would remain
relatively constant (Figure 3.37). These trends are shown by
lines AB and AC respectively. With an increase in herbivore
density in the non-cull block, the vegetation would be more
heavily utilised, leading to a reduction in maximum and mean
grass heights, herbaceous canopy cover and litter cover and to an
increase in susceptibility to erosion and soil capping. This
should result in a higher soil loss and increased run-off as time

Progresses. Because vegetation variables are also affected by
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the amount of precipitation received during the growing season,

annual values for these variables will differ and will fluctuate

abaut the AB trend line. These fluctuations will also cause soil
loss and run-off to fluctuate about the trend line. In the cull
block, because the grazer stocking rate presumably remains

relatively constant, the utilisation remains constant and so does

the soil loss and run-off, except for fluctuations about the AC
trend line resulting from seasonal differences in rainfall, and
hence, vegetation variables. Conceptually, when the experiment

is started (at point A) the soil losses and run-off rates from
both blocks should be similar, but as time progresses, the soil
loss and run-off differentials between the two blocks should
become progressively larger, as represented by points B and C.
This latter concept is important, because when the actual results
for both experimental blocks are interpreted, the progressive
increase in the soil loss differential should be considered,

rather than year-to-year fluctuations in soil loss.

The predicted mean soil losses from Walker transect vegetation
monitoring sites are shown in Figure 3.38, and the mean, range
and standard errors are given 1in Table 3.19. Exactly the
opposite trend to what was expected conceptually is visible, with
the soil loss differential decreasing, and not increasing, as
time progresses (Figure 3.38). Two conclusions can be drawn from
Figure 3.3B, viz. either that an increase in stocking rate leads
to a decrease in soil loss over time or that one or more of the

assumptions made in the conceptual model were incorrect.

Actual stocking rate data from counts of the study area are
summarised in Table 3.20 and it is clear from these data that the
grazer and mixed feeder stocking rate in the non-cull block was
never more than 40% higher than the cull block. The highest
stocking rate differential between the two blocks was recorded in
1981 and then this differential declined until 1986 (Table 3.20).
Although there were fluctuations about this declining trend, the
stocking rate differential between the two blocks did

not
increase as time progressed, but rather peaked and then declined.
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The assumption in the conceptual model of an increasing stocking

rate differential with time was thus invalid.

The relationship between the predicted soil loss differential and
the actual stocking rate differential is shown in Figure 3.39,
and no clear relationship between these two variables is
discernible. The stocking rate 1is essentially a measure of the
average density of animals in the entire experimental block, on a
maximum of three occasions, 1in any particular year. It gives no
indication of habitat preference, and is an extensive instead of
an intensive sampling method. In contrast, the Walker transects
sampled only a minute part of the study area, and even in this
small portion the predicted soil loss varied widely within
sampling sites as seen in the large ranges and standard errors 1in
Table 3.19. Also, the Walker transect vegetation monitoring
sites were subjectively, and not randomly, placed (A.J. Wills -
pers. comm.). The initial differences between the mean predicted
soil losses 1in the two experimental blocks in 1979 strongly
suggest that sites showing signs of heavy herbivore wutilisation
were selected in the non-cull block, and that the converse was
true in the cull block. This means that the 1979 starting points
of the trends shown in Figure 3.38 should be interpreted with
caution, but it does not invalidate the observation made that the
differential between the two blocks declined with time. To
determine the relationship between stocking rate and soil loss,
either more extensive sampling of the vegetation in the study
area would be necessary, or more intensive sampling of the
stocking rate. Without these data, it can be concluded that the
stocking rate in the non-cull block did not increase relatively
constantly over time, as one would expect in the absence of game
removal, but peaked in 1981 and then declined to levels below
that of the adjacent cull block. Because there was no consistent
increase in the stocking rate differential between these two

blocks over time, the soil loss differential did not increase as

predicted and, when the relationship between stocking rate and
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soil loss is examined, no clear relationship is discernible,
leading to the conclusion that the soil loss differential cannot
be explained by a differential 1in stocking rate alone. Rather,
it is postulated that there 1is a complex interrelationship
between rainfall, vegetation cover, herbivore stocking rates and

soll loss.

3.6 GENERAL DISCUSSION

The rainfall simulator trials on fixed sites located 1in key

vegetation types showed a large degree of temporal variability

within each site, in both so0il loss and run-off, over the
experimental period. Not only was there this temporal
variability within sites, but sites located 1in the same

experimental block on similar slopes, identical soil types and in
the same woody vegetation community showed vastly different soil
loss and run-off rates, indicating a high degree of spatial
variability also. The two experimental blocks coincided with two
game removal blocks (Figure 2.2). These are the smallest units
of animal population control management, because culling and live
removal figures for large herbivores are given per game removal
block, and not on any smaller scale. The diversity of soil and
vegetation types in the study area was emphasised in Sections 2.3
and 2.4 and 1is obvious from Figures 2.6 and 2.7 respectively.
Superimposed on the spatial variability at this level 1is a
spatial variability in soil loss and run-off writhin each soil and
vegetation type as shown by the rainfall simulator trials.
Again, superimposed on this level of spatial variability is a
temporal component where soil loss and run-off varies at the same
site with time. Overgrazing and high herbivore stocking rates
have been put forward as key factors influencing soil loss and
run—off rates in UGR, and large-scale game removals have been
Given

recommended to reduce excessive soil loss (Smuts, 1980).

that game removals can be implemented practicably only at the

game removal block level, and given the high degree of
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variability within any game removal block, the question that
needs to be asked is whether the manipulation of the stocking
rate through herbivore population control lowers significantly
the rates of soil loss and run-off, given that semi—-arid savanna
areas are characterised by marked fluctuations 1n annual
rainfall. In Chapter 7 the rationale of setting stocking rates
with a drought situation in mind (Smuts, 1980) will be examined
in depth, but for the present the high degree of spatial and
temporal variability in soil loss and run-off suggests that the
explanation for this lies in variables that fluctuate markedly
from year to year (such as rainfall) instead of in wvariables

which are less time dependent (such as herbivore stocking rate).

In this study, the relationship between vegetation, soil surface
variables and soil loss was found to be curvilinear and best
described by an exponential curve. Snyman, van Rensburg &
Opperman (1985), using a Swanson rotating boom rainfall simulator
on natural veld in the Orange Free State, also found a highly
significant curvilinear relationship between soil loss and basal
cover, which was best described by a logarithmic function.
Trieste & Gifford (1980) used rainfall simulator data to evaluate
the USLE in rangeland conditions and suggested that the equation
could be optimised with certain exponents to account for more of
the variability in the sediment yields. They found that the
cover—-management (C) factor was related to sediment yields by a
power equation with a negative exponent. Wischmeier (19735) also
showed a curvilinear relationship between his Type II cover (i.e.
mulch and close—growing vegetation) and soil loss. The
significance of a curvilinear, exponential relationship between
soil loss and both vegetation and soil surface variables, is that
as a variable, such as surface cover, halves from 507 to 25%, the
so0il loss does not double as it would with a linear relationship,
but trebles. This has obvious implications for soil

loss,
especially at the lower end of the cover scale.

There was a statistically significant linear relationship between

run—off and the soil surface and vegetation variables measured.
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This does not agree with Snyman et al. (1985) who found a
significant curvilinear relationship between percentage basal
cover and percentage run—-off. They did however measure cover
differently by using basal instead of canopy cover, and their
range of basal cover varied from 1 - 3%, while the range of
herbaceous canopy cover measured in the current study varied from
5 - 93%4. No other cover and run-off data are available from
rainfall simulator trials on natural veld. However, there was a
highly significant linear relationship between annual run-off
and percentage bare soil measured on 17 range watersheds in

western Colorado (Blackburn et al., 1982).

When, in the present study, the four predictive models for soil
loss were validated against a reserve data set, Equations 3.3 and
3.4 were considered to be the best predictors of soil loss.
Because Equation 3.3 was based on independent variables measured
by Walker's (1976) vegetation monitoring method, it could be used
for a retrospective analysis of soil loss on permanently marked
sites in the study area. The predicted soil losses fram Walker
transects in the cull and non-cull blocks showed a decreasing
instead of increasing soil loss differential as time progressed,
which was contrary to the conceptual trend. Closer examination
of ungulate count data showed that the stocking rate did not
increase with time in the non-cull block, but rather peaked 1in
1981 and then decreased. There was, however, no clear
relationship between stocking rate and soil loss. Other studies
have shown that such a relationship does exist; for example,
Durnford (1954) found that grazing utilisation by herbivores
substantially affected s0il 1loss when more than half of the
herbage was removed, and Smith (1967) found that the average
erosion rates (kg/m=2®) of surface run-off on heavily grazed

rangelands were about four times that on lightly or moderately

grazed rangeland. It 1is suggested in the current study that

deficiencies in the experimental design, including nonrandom

placement of vegetation monitoring sites, low sampling inténsity
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and collection of stocking rate data at too coarse a level,
confounded the relationship between stocking rate and soil loss.
Nevertheless, the high degree of temporal variability in the
data, irrespective of the grazer stocking rate, indicated that
differences in soil loss could not be explained by differences in
stocking rate alone, as there are complex interrelationships
between rainfall, herbaceous vegetation variables and grazer

stocking rates which affect soil loss.

From the rainfall simulator trials 1t can be concluded that the
effect of the noninterventionist approach, adopted 1in the
non—cull block, on soil loss rates was negligible when compared
to the cull block over the same period. However, critics of the
rainfall simulator technique may question this conclusion because
rainfall simulators only simulate natural rainfall. The
conclusion drawn in this chapter is based on two simulated storms
each lasting 36 minutes and applying 36 mm of rainfall per site
per annum. This poses the gquestion whether it is valid to use
simulated erosion events to build predictive models of soil loss
and run-off, and then wuse these predictive models to draw
Eonclusions about a natural system, when natural erosion events
may have far different rainfall intensities and durations. For

this reason, natural run-off plots were laid out in the study

area.

3.7 CHAPTER SUMMARY

a) A rainfall simulator was used because it can simulate storms

of standardised intensity and duration at various sites over a

short period.

b) The results from the rainfall simulator trials showed high
temporal and spatial variability, and the explanation for the

variability in the data lay with time and spatially dependent,

instead of independent, variables.

c) Correspondence analysis showed that soil capping and

susceptibility to erosion were correlated positively with high
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levels of run-off and so0il loss, while mean grass height and
litter cover were correlated positively with low 1levels of

run—off.

d) Bivariate scattergrams of soil loss against soil surface and
vegetation variables showed that the relationship between the
above variables and soil loss was curvilinear. Surface cover and
maximum grass height had the highest negative correlation with
mean soil loss once this latter variable had been transformed
logarithmically. Susceptibility to erosion showed the highest

positive correlation.

e) Four predictive models for soil loss based on two different
data sets and on two different methods to measure soil surface
and vegetation variables were derived, using stepwise multiple
regression analysis, and all four models explained more than 70%

of the variability in the data set.

f) The regression equation derived from the 1982-85 data set and
using the vegetation and soil surface variables measured by both
methods (Equation 3.4) explained the highest percentage of the

variability in the data set.

g) A higher percentage of the variability was explained when
independent variables measured by both methods were included in

.the regression analysis irrespective of which data set was used.

h) The predictive models were tested against an independently
collected data set and a reserve data set, but it was felt that

the reserve data set gave a better validation of these models.

1) When validated against the reserve data set, Equations 3.3 and

3.4 were considered to be the best predictors of soil loss.

J) The predicted soil losses from Walker transects in the cull

and non—-cull blocks showed a decreasing instead of increasing

soil loss differential as time progressed, which was exactly the

opposite trend to what was expected conceptually. A critical

examination of the stocking rate showed that it did not increase
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with time in the non-cull block, but rather peaked in 1981 and

then declined.

k) No clear relationship between soil loss and stocking rate was
apparent, and the high degree of temporal variability 1in the

data, irrespective of the grazer stocking rate, indicated that

the differences in soil loss could not be explained by
differences 1in stocking rate alone, and there was an
interrelationship between rainfall, herbaceous cover, herbivore

stocking rate and soil loss.

1) Bivariate scattergrams showed that the relationship between
run~-off and soil surface and vegetation variables was linear, and
a correlation matrix indicated that soil capping had the highest
positive correlation with run-off, and litter cover the highest

negative correlation.

m) When validated against either an independently collected or a
reserve data set, none of the four predictive models derived for
run—-off gave predicted values which correlated significantly with
measured run-off wvalues. For this reason, no retrospective

analysis of run—-off in the study area was undertaken.

n) In all cases, less of the variability in the data sets was

explained by the run-off models than by the soil loss models.
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CHAPTER 4 : NATURAL RUN-OFF PLOTS

4.1 INTRODUCTION

This part of the study had the following five aims:
a) to determine rainfall erosivity values for spatially
diverse sites;
b) to determine the soil loss and run—-off potentials of
fixed sites within key woody vegetation communities;
c) to determine the interrelationships between vegetation
and soil surface variables and soil loss and run-off;
d) to derive and validate predictive models for run-off and
soil loss based on rainfall, vegetation and soil surface
variables; and
e) to compare the ability of two different vegetation

monitoring methods to predict accurately run-off and soil

loss.
Soil loss depends on a combination of rainfall erosivity (i.e.
the power of rain to cause erosion) and soil erodibility (i.e.

the ability of soil to withstand the rain). Because there is a
close association between erosion and rainfall intensity (Hudson,
1981), autographic raingauges were installed to measure rainfall

intensity at various natural run-off plots.

Although it would have been ideal to measure soil loss and
run-off from all 12 of the woody vegetation communities
recognised in UGR by Whateley & Porter (1983), logistical
constraints, particularly financial limitations, prevented the
placement of natural run-off plots in all except four key
communities. Unlike the rainfall simulator trials, where the aim
was to cover as wide a variety of vegetation and soil types as
possible, an attempt was made initially to locate comparative
paired natural rumn-off plots in both experimental blocks. These
run-off plots were paired with respect to slope, aspect,

vegetation and soil type.
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Because of the large amount of vegetation monitoring data which
had been collected in the study area since 1979, an attempt was
made to correlate measured soil loss and run-off with the
different variables assessed using the Walker (1976) vegetation
monitoring method. The ultimate aim of the exercise was to
derive predictive models for soil loss and run-off based on
variables measured using the Walker (1976) method, so that trends
in both soil loss and run-off since the beginning of the

non-cull/cull experiment in 1979 could be obtained.

Lastly, to assist in upgrading the present Natal Parks Board
vegetation monitoring programme, other vegetation variables not
measured by Walker’'s (1976) method were assessed, to see which
variables gave the most accurate prediction of soil loss and

run—-off.

4,2 AUTOGRAPHIC RAINGAUGE DATA
4,2.1 Materials and methods

Measurements of rainfall amount and intensity were made using
autographic raingauges which were installed at six sites in the
study area adjacent to natural run-off plots (Figure 4.1). Data
collection started in July 1983 and continued until June 1986.
Each raingauge traced successive 1ncrements of rainfall as a
cumulative total om a clock—-driven chart which was changed at the
end of every month. The data recorded on these charts were
processed using the digitising system of the Department of
Agricultural Engineering, University of Natal, Pietermaritzburg,
which ran on a Hewlett-Packard 98165 microcomputer (Dent &
Schulze, 1987). This procedure involved the digitising of the
charts at breakpoints in the slope of the trace, and all the
information recorded on the charts was stored, in digital form,

as computer data files (Schulze & Arnold, 1980). For this study,

the following variables were calculated from the autographic

raingauge charts:
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total monthly rainfall (mm);

total monthly kinetic energy of rainfall (J/m#)3 and

Elso index (erosivity units).
Total monthly rainfall was simply the cumulative total, 1in
millimetres, of rainfall recorded on the chart in any particular
month. The kinetic energy was calculated using the equation
below which relates rainfall kinetic energy and rainfall
intensity (Wischmeier & Smith, 1978):

E 11,8975 + 8,7319 logisl

where E

I

kinetic energy (J/m=/mm rainfall)

rainfall intensity (mm/h).

Wischmeier, Smith & Uhland (1958) examined a large data set from
natural run-off plots, and showed that the best estimator of soil
loss, related to rainfall intensity, was the product of the
kinetic energy of the storm and the 30-minute intensity. The
latter is the highest average intensity, expressed in mm/h,
measured in any 30-minute period during the storm, and is
computed from the autographic raingauge data files (Hudson,
1981). This measure of rainfall erosivity is called the Elsao
index, and the subscript 30 denotes that the greatest rainfall
intensity was measured over a 30-minute period. The Elxss index
was computed for individual breakpoint data using the formula

below, and then summed to give monthly values for erosivity:

Monthly Elxo 2 daily (E x Ixe)

1 000
where E = kinetic energy (J/m=)
Iso = maximum average intensity in any 30-minute

period during a particular storm (mm/h).

Values of total rain, rainfall kinetic energy and Elzo for
individual months from all sites were summarised and expressed as
the range, mean and standard error. Monthly mean values for the
above variables were also summed to give annual mean figures for

individual rainfall years (July to June). Déta were collected
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over three rainfall years and were tested statistically, using
single classification Model II analysis of variance (Sokal &
Rohlf, 1981), to establish whether there were any significant

between—-year differences.
4.2.2 Results

A monthly mean rainfall of more than 200mm was recorded in only
one month during the study period, and this was linked to Cyclone
Domoina which occurred in January 1984 (Figure 4.2). In a
further seven months a monthly mean rainfall exceeding 100mm was

measured, in all cases between the months of October and March.

It was only during Cyclone Domoina that the monthly mean rainfall
kinetic energy exceeded 10 000 J/m=, but in 11 other months it
exceeded 1 000 J/m= (Figure 4.3). These high values always
occurred between October and March, but there was a general peak
in monthly mean rainfall kinetic energy values 1in January and
February (Figure 4.4). The distribution of the monthly mean Elso
values is very similar to that of kinetic energy, with an El=ze
value exceeding 100 000 erosivity units in January 1984, and El=xo
values exceeding 10 000 erosivity units on 14 other occasions
between the months of September and March (Figure 4.53). Unlike
kinetic energy, there were peaks 1in monthly mean El=xs values in
December, January and February in different years (Figure 4.6).
The above figures show there 1s a large degree of temporal
variability in these three variables within any individual
rainfall season. There was sometimes also a high degree of
spatial variability between sites as shown by the large ranges
and standard errors (Tables 4.1 - 4.3). When annual mean values
for the various rainfall variables were compared (Table 4.4),
there were significant differences between rainfall years

for

each of these variables, indicating a high degree of temporal

variability, not only within rainfall vyears but also between

years.
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4.3 SOIL L0OSS AND RUN-OFF MEASUREMENTS
4.3.1 Materials and methods

Three key woody vegetation communities, each covering an
extensive area, which were preferred by grazing herbivores and

were susceptible to erosion because of their mid-slope position

on the catena, were identified. These communities were Acacia
nigrescens woodland, Acacia tortilis woodland and Acacia
nilotica/A. gerrardii woodland. Natural run-off plots were

located in these key communities, and before the 1983/4 rainfall
season, 12 plots were installed at six different sites; three in
the non-cull block and three in the cull block (Table 4.5). A
paired plot approach was adopted where, once a natural run-off
plot ‘site had been selected in the non-cull block, a similar site
was located in the same woody vegetation community, on the same
soil form and preferably also the same soil series, and with a
similar slope, in the cull block. This approach met with limited
success, because while it was relatively easy to match up sites
with regard to vegetation community and slope, it was difficult
to match them up with soil form and particularly with soil series
(Table 4.5). For this reason, a different sampling approach was
adopted before the 1984/5 rainfall season, and a further eight
plots were installed at four different sites in the non—cull
block ( Figure 4.7). These sites were located along a catena and
extended from the upper mid-slope position to the bottom slope
position on this catena. Three of the four sites were located in
Acacla tortilis woodland, and the bottom slope site was located

in Acacia grandicornuta woodland near a major drainage line
(Table 4.5).

Two natural run-off plots were installed at each site to take
replicate samples. Flat iron sheeting was used as shuttering to

demarcate each plot which was 1,83m wide and 22,13m long (Figure

4.8). The significance of these dimensions was that each plot

enclosed an area of one-hundredth of an acre, these being the
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standard dimensions for run-off plots 1in the United States of
America (USA) (Wischmeier, 1955). The run-off from a plot during
a rain storm was channelled via a collection trough to a
sedimentation tank where most of the coarse soil particles were
deposited (Figure 4.9). This sedimentation tank had a capacity
of 150 litres and if the run-off from an erosion event was less
than 150 litres then the entire soil and run-off sample was
collected in this tank. Before installation each sedimentation

tank was calibrated so that, by measuring the water level,

run-off volume could be determined. One gram of powdered alum
was then added to the collected run-off to speed up
sedimentation, and the excess run-off was drained off. The

remaining soil and some run-off were collected 1in 20-litre
buckets with sealed lids and transported back to HGR where each
sediment sample was air dried and weighed. When run-off from an
erosion event exceeded 150 litres, the water flowed from the
outlet of the sedimentation tank through a filtration unit, where
the finer soil particles were filtered out, and then to waste via
a flowmeter which measured the volume of excess run-off (Figure

4.9).

The natural run-off plots were monitored in the middle and at the
end of each month and the following data were collected if an
erosion event or events had taken place during the previous two
weeks:

total run-off (litres) per plot; and

total soil loss (grams) per plot.
Because rain falling on the natural run-off plots is measured in
millimetres, the total run-off, which was measured in litres, was

converted to millimetres of run-off using the following formula:

total run-off (mm) = total run-off (1)

40,4979

After each rainfall year the data were summed for individual
plots and then expressed as:
total annual run-off (litres) per plot; and

total annual soil loss (grams) per plot.
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Total annual run-off in litres was also converted to total annual

run-off in millimetres, using the formula given above.

Because run—-off generated by Cyclone Domoina far exceeded the
capacity of the collection apparatus, the data could not be used,
and all so0il loss and run-off results presented exclude this
major erosion event. The mean annual run-off and mean annual
soil loss were calculated for each site, and when more than oane
site was located in a particular vegetation type, the data for

these sites were presented together.
4.3.2 Results

4.3.2.1 Soil loss potential of fixed sites within key woody

vegetation communities

Of those sites which were monitored over three years, the highest
mean annual soil loss was measured at site 402 located in Acacia
tortilis woodland in the mon-cull block, and the lowest soil loss
was measured at site 411 located in the cull block in Acacia
nilotica/Acacia gerrardii woodland (Table 4.6). In the above two
woody vegetation communities, and 1n sites monitored over three
vears, higher mean annual soil losses were measured from sites in

the non-cull block (402 and 294) than from sites 1in the cull

block (284 and 411). However, in Acacia nigrescens woodland the
mean annual soil loss was higher 1in the cull block site (403)
than in the non-cull block site (241) (Table 4.6). From these

data no consistent trend can be detected for three annual

measurements of soil loss from the two experimental blocks.

The data in Table 4.6 are simply presented as baseline data to
indicate the soil loss potentials from natural rainfall at fixed
sites, measured over a period of 2-3 years. Because there was a
significant difference between annual totals of rainfall, kinetic
energy and Elxo values measured during the three rainfall years
(Table 4.4), no attempt has been made to present graphically the
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annual soil loss data based on individual rainfall years, as

between-year comparisons of soil loss would be invalid.

4.3.2.2 Run-off potential of fixed sites within key woody

vegetation communities

The highest mean annual run—-off, monitored over three years, was
measured from site 284 located in Acacia tortilis woodland in the
cull block. The lowest mean annual run-off, monitored over the
same period, was recorded 1n Acacia nigrescens woodland in the
cull block at site 403 (Table 4.7). Comparison of sites in the
same woody vegetation community, which were monitored over a
period of three years, showed the mean annual run-off was highest
from sites 284, 241 and 411. Two of these three sites were
located in the cull block (284 and 411) and there appeared to be
no consistent trend in run-off when sites from both experimental

blocks were compared.

No between-year comparisons of annual run-off were made, because
rainfall amount and intensity varied significantly between vyears

(Table 4.4),

4.4 RELATIONSHIP BETWEEN RUN-OFF, SOIL LOSS AND VEGETATION AND
SOIL SURFACE VARIABLES
4.4.1 Vegetation and soil surface variables

4.4.1.1 Materials and methods

A 1m= quadrat was laid down systematically at 20 points within

each natural run-off plot, and two semi-quantitative methods
were used to assess vegetation and soil surface variables. Each
plot was assessed three times per rainfall vyear: in the early
growing season (October), the mid-growing season (January) and
late growing season (March). The following variables were
assessed in each 1m® quadrat using the Walker (1976) method:
herbaceous canopy cover (Z); litter Eover (Z)3 soil capping (%)y§

susceptibility to erosion (Z)5; rock (4); forb (%); Aizoon (4) 3
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maximum grass height (cm), and mean grass height (cm). Based on
a sample size of 20 quadrats per plot, mean values for the above
variables were calculated using the formulae given in Section
%.3.1.1. The results for the early, mid and late growing season
assessments were pooled and a mean value for the above variables
was obtained, per natural run-off plot, for individual rainfall
years. Plots were assessed over three rainfall years, starting

in the 1983/4 growling Season.

The following variables were also assessed 1in each 1m#® quadrat
using the USLE method (Wischmeier, 19735): herbaceous canopy
cover (%); surface cover (%Z); woody canopy cover (Z), and woody
canopy height (cm). Mean values, based on 20 quadrats per plot,
were calculated for each of the ébove variables wusing the
formulae given in Section 3.3.1.1. Mean values for vegetation
and soil surface variables measured at each natural run-off plot
were calculated annually from the early, mid and late growing

season data.

4.4.2 Relationship between vegetation and soil surface variables

and run-off and soil loss
4.4.2.1 Materials and methods

Correspondence analysis, along with other multivariate analysis
techniques, can summarise large, multivariate data sets into a
low—-dimensional space such that similar entities are close by and
dissimilar entities are far apart. Because of this
summarisation, the comprehension of the data set 1s made easier,
and thus the interpretation of the data is facilitated and the

results can be communicated more effectively (Gauch, 1982).

In the present study, correspondence analysis was used to find

the best objective fit to the association between vegetation and

soll surface variables and soil loss and run-off. To examine the

above interrelationships, the data from the natural run-off plots

were analysed separately for the 1983/4, 1984/3 and 1985/6
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rainfall years. The data matrix was drawn up with the
independent (vegetation and soil surface) variables as rows and
the dependent (annual soil loss and annual run-off) variables as
columns. The structure of a typical multivariate data matrix was
shown in Table 3.5. The mean for each independent variable
falling in a particular soil loss or run-off class was calculated
using the formula given in Section 3.3.2.1, and an explanation of
the codes used in the text, Figures 4.10 - 4.12 and Tables 4.9 -
4,11, is given in Table 4.8. In some of the original analyses, a
single variable played an overwhelming role 1in determining the
second principal plane and in effect swamped the second principal
axis. In subsequent analyses the influence of this obvious and
isolated feature was removed from the display so that the more
subtle multidimensional patterns could be investigated, and the

variable was treated as a supplementary point.

Apart from correspondence analysis, data from all three rainfall
years were combined and bivariate scattergrams, plotting a
particular independent variable against soil loss and run-off,
were drawn and examined. It was evident from this examination
that the relationship between the independent and dependent
variables was curvilinear, and thus both annual soil loss and
annual run-off values were transformed logarithmically to the
base e. Because of this transformation, the relationship between
the independent and dependent variables became more linear, which
is a prerequisite for the construction of a product-moment
correlation matrix (Sokal & Rohlf, 1981). Those independent
variables which were correlated significantly with either annual
soil loss or annual run-off were then presented as bivariate
scatter plots. A statistical program running on an Apple 1Ile

microcomputer was used to produce the scattergrams and the cross

correlation matrices.
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4.4,2.2 Relationship between run-off, soil loss and vegetation
and soil surface variables as determined by

correspondence analysis

In the 1983/4 natural run-off plot data, the first principal axis
(axis 1 in Figure 4.10) distinguished very low annual soil loss
and run—off on the left hand side of the axis from very high
annual soil loss on the right. Soil capping and susceptibility
to erosion were correlated positively with the very high soil
loss, while litter cover was correlated positively with very low
soi1l loss and run-off. This relationship was to be expected,
because high levels of soil capping, and particularly
susceptibility to erosion, would lead to very high levels of soil
loss due to the lack of vegetation cover which protects the soil
from the erosive effect of rainfall (Wischmeier, 1975). In
contrast, with high levels of litter cover, very low levels of
soil loss and run-off could be expected because these high levels
would not only protect the soil surface from raindrop splash
erosion (Wischmeier, 1975) but also facilitate infiltration
(Blackburn et al., 1982). Because the angles between LITC, the
origin and SOCA and SUTE respectively were large, the latter two
variables were not correlated closely with LITC along this
profile (see Table 4.8 for explanation of codes). In axis 2,
ASL2 (low annual soil loss) was treated as a supplementary point
because of its excessively high contribution to the second
principal axis. This axis distinguished between low levels of
run-off and soil loss at the bottom of the axis, and high levels
of soil loss at the top (Figure 4.10). Forb was correlated
positively with low levels of run-off and soil loss; and woody
canopy cover and, to a lesser extent, litter cover were
correlated positively with high soil loss levels (Table 4.9).
The relationships in this axis were not as easy to interpret as
in axis 1. With high levels of woody canopy cover one would
expect a shading effect and a reduction in herbaceous canopy

cover and, consequently, high levels of soil loss. However, the
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relationship between high levels of litter cover and high soil
loss levels could not be explained, particularly when in axis 1
LITC was correlated with very low soil loss. Similarly, the
relationship between FORB and low soil loss and run-off was
difficult to explain, because presumably a high forb component in
the herbaceous vegetation would have resulted from heavy
utilisation of the grass component and under such conditions one
would not expect low levels of soil loss and run—off.
Alternatively, the high forb component might have indicated a
sward with a high species richness and in this case it would have
been possible for high forb levels to be correlated with low
levels of soil loss and run-off. Axes 1 and 2 explained 93,3% of

the variability (Figure 4.10).

In the 1984/5 natural run-off plot data, axis 1 contrasted low
annual run-off on the left side of the axis to very low, as well
as high, annual run-off values (Figure 4.11). The profile along
this first principal axis does not make ecological sense because
there appears to be no theoretical reason why the axis
distinguishes between low annual run-off as opposed to very low
and bhigh annual run-off. In most of the other analyses the
distinction has been made between low so0il loss and run-off
levels on one side of the axis and high levels on the opposite
side of the axis. Litter cover was correlated positively with
very low and high run-off. The correlation between litter cover
and very low run-off was expected, as a high litter cover would
facilitate rainfall infiltration (Blackburn et al., 1982), but
there was no theoretical basis for a relationship between high
litter cover and high run-off levels. Forb and, to a lesser
extent, woody canopy cover were correlated positively with a
moderate soil loss and a low run—-off,. The correlation between

moderate soil loss and high values for both FORB and WOCC was

expected, because in a situation where there is a high woody
canopy cover (indicative of bush encroachment) and a high forb
component (indicative of heavy herbivore wutilisation) at least

moderate levels of soil loss could be expected. The relationship
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between low run-off levels and WOCC and FORB could not be
explained. FORB and LITC were almost 180°® apart and were
correlated negatively along this axis. Since high litter cover
levels are indicative of low herbivore utilisation and high forb
levels indicative of high herbivore utilisation, this

relationship was to be expected.

Moderate annual run-off (ARO3) made a disproportionately high
contribution to the second principal axis in the original

analysis and was thus treated as a supplementary point in the

subsequent analysis. Axis 2 contrasted moderate run-off (ARO3)
and low soil loss (ASL2) with very low run-off (ARO1) and
moderate soil loss (ASL3) (Figure 4.11). Soil capping was

correlated positively with moderate run-off and to a lesser
extent with low soil loss, while woody canopy cover was
correlated positively with moderate soil loss and to a smaller
degree with very low run-off (Table 4.10). It could be expected

that high levels of soil capping would result in at least

moderate levels of run-off, because soil capping reduces
infiltration, thereby enhancing run-off (Dadkhan & Gifford,
1980). The relationship between high soil capping and low levels

of soil loss had been observed in the field where some sites,
particularly those located on the Swartland soil form, showed
high levels of soil capping which facilitated run-off. However,
despite the high run-off levels, very little soil was lost from
the hard, impermeable soil surface. A good example of this
phenomenon was site 284, where the mean annual run-off was 1 709
litres, while the mean annual soil loss was only 1 327 grams
(Table 4.6). The positive correlation between WOCC and moderate
soil loss was also emphasised in axis 1 and the explanation for
this relationship has already been provided. A total of 89,8% of

the variability was explained by axes 1 and 2 (Figure 4.11).

Axis 1 of the 1985/6 natural run-off plot data contrasted very

low run-off (ARO1) and very low soil loss (ASL1) on the left-hand

side of the axis to modérate soil loss (ASL3) and moderate

run—-off (ARO3) on the right (Figure 4.12). Litter cover was
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correlated positively with the very low run-off and soil loss
levels, while soil capping and susceptibility to erosion were
correlated positively with moderate levels of soil loss and
run-off. LITC was correlated negatively with SUTE and with SOCA
along this axis. The positive correlation between high levels of
litter cover and very low levels of soil loss and run-off was
expected and the reasons for the relationship have already been
discussed. The positive correlation between high levels of soil
capping and susceptibility to erosion and moderate levels of soil
loss and run-off was also to be expected, because soil capping
would impede infiltration and facilitate run-off, while moderate
levels of run-off, and especially soil loss, were to be expected
with high susceptibility to erosion values. This latter variable
was essentially a measure of the percentage of bare ground, and
the higher this percentage, the greater the surface area of the
s0il which would be exposed to raindrop splash erosion. Axis 1

explained 87,0% of the variability in the data set (Figure 4.12).

Axis 2 was anomalous because the COR values for this axis, and
particularly for the dependent variables, were low (Table 4.11).
The significance of these low COR values was that the second
principal axis did not graphically represent the variables very
accurately, particularly ASL2, AROl and AROZ (Table 4.11). For

this reason, axis 2 was not interpreted.

In summary, the correspondence analyses on the natural run—-off

plot data showed that high levels of so0il capping and

susceptibility to erosion were correlated positively with
moderate to very high levels of saoil loss and run-off. In
contrast, very low levels of soil loss and run-off were

correlated positively with high levels of litter cover. 0Of all

the independent variables used in the correspondence analyses,

the above three consistently explained the greatest wvariability

in the data sets.
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4.4.2.3 Interpretation of scattergram results

Loge annual soil loss showed the highest positive correlation
with susceptibility to erosion and soil capping , and the highest

negative correlation with surface cover and litter cover (Table

4,12). Loge annual run-off also showed the highest negative
correlation with litter cover, and the highest positive
correlation with soil capping (Table 4.12). Except for rock and

woody canopy height, all the variables which were correlated
significantly showed a higher correlation with loge annual soil

loss than with loge annual run-off.

The statistically significant correlations with loge annual soil
loss and loge annual run-off as dependent variables are presented
in Figures 4.13 - 4.21 and 4.22 - 4.31 respectively. LOge annual
s0il loss was correlated negatively with herbaceous canopy cover,
litter cover, maximum and mean grass height, and surface cover
(Figures 4.13 - 4.14 and 4.18 - 4.21). Herbaceous canopy cover,
as measured by the USLE method (Wischmeier, 1975), bhad a
marginally lower coefficient of correlation with loge. annual soil
loss than herbaceous canopy cover measured by the Walker (1976)
method (Figures 4.20 and 4.13 respectively), and surface cover,
which was measured by the USLE method, showed the highest
correlation with soil loss (Figure 4.21). Soil loss was
correlated positively with soil capping, susceptibility to
erosion and the contribution of the forb Aizoon glinoides to
herbaceous biomass (Figures 4.15 - 4.17 respectively). In the
case of Aizoon glinoides, the positive carrelation could be

explained by the fact that this forb covered extensive areas of

UGR only at the height of the drought 1in 1982 and 1983 (see
Section 2.2.2). Under these drought conditions there was very
little plant cover, and high soil losses were experienced, as was

measured on the rainfall simulator trial sites in April 1983

(Figures 3.4 - 3.7). It was also during these below-average

rainfall years that Aizoon glinoides flourished. The drought was
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broken by Cyclone Domoina in January 1984 and the grass sward
recovered, while Aizoon glinoides declined. As a result of the
recovery of the grass sward, herbaceous canopy cover increased
and soil loss levels decreased, as shown by the rainfall

simulator results in 1984 and 1985 (Figures 3.4 - 3.7).

Only soil capping and susceptibility to erosion were correlated
positively with loge annual run-off, with soil capping showing
the highest correlation coefficient overall (Figures 4.24 and
4.25). Loge run—-off was correlated negatively with herbaceous
canopy cover, litter cover, rock, maximum and mean grass height,
surface cover and woody canopy height (Figure 4.22 - 4.23 and
4.26 - 4.31). The significant negative correlation between loga

run—-off and rock (Figure 4.26) should be interpreted with caution

because the range in percentage rock is low, with the highest
value being 4,1%. Litter cover, which was measured by the Walker
(1976) method, had the highest correlation coefficient (Figure

4,.23) and when the two methods of assessing herbaceous canopy
cover were compared, the measurement wusing the Walker (1976)
method showed a marginally higher correlation coefficient with

loge run-off (Figures 4.22 and 4.29 respectively).

In summary, the relationships between the soil surface and
vegetation variables and annual soil loss and annual run-off were
curvilinear. When the latter two variables were transformed
logarithmically, then soil loss showed the highest positive
correlation with susceptibility to erosion, and the highest
negative correlation with surface cover. Loge annual run-off
showed the highest positive correlation with soil capping, and
the highest negative correlation with 1litter cover. O0f those
variables correlated significantly with either so0il loss or
run—off, only rock and woody canopy height showed a higher

correlation with loge annual run-off than with loge annual

so1il
loss.” This significant correlation shown by .rock should however
be interpreted with caution because of the low range of

percentage rock values.
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4.5 DERIVATION OF PREDICTIVE MODELS FOR SOIL LOSS AND RUN-OFF
BASED ON RAINFALL, VEGETATION AND SOIL SURFACE VARIABLES

4.5.1 Materials and methods
4.5.1.1 Rainfall variables

Autographic raingauge records were kept at six sites in the study
area during the 1983/4, 1984/5 and 198576 rainfall years (Section
4.2), and based on these records the following variables were
calculated:
a) total annual rainfall (mm), which was defined as the
total rainfall measured at a particular site during a
rainfall year;
b) total wet season rainfall (mm), which was the amount of
rainfall measured at a particular site during the period
October to Marchj; and
c) total effective rainfall (mm), which was defined as the
cumulative annual total of rainfall from rainfall events
where 10mm or more of rain fell over a 24-hour period

starting at 08h00.

The cutoff point of 10mm for effective rainfall was determined by
plotting those erosion events where less than 25g of soil was
lost against total rainfall measured during the particular event
(Figure 4.32), and also by plotting total rainfall against
run-off events where less than 20 litres of run-off was measured
(Figuge 4.33). In both cases, when less than 10mm of rain fell,

no run-off or soil loss was recorded.

Occasionally, the clock mechanisms of the autographic raingauges
were subject to mechanical failure, and rainfall data were not
collected over these periods. Missing data values for rainfall
recorded during an erosion event were synthesised using double
mass analysis (Schulze, 1975). In this technique, all the
rainfall values recorded during erosion events for a particular

autographic raingauge, but excluding missing values, were plotted



68

as a cumulative total against the mean rainfall values for each
corresponding erosion event. These mean values, obtained from
all the autographic raingauges which were functioning during the
specific erosion event, were also plotted as a cumulative total
(Figure 4.34). The final ratio between the two cumulative totals
was then used to correct for missing values using the following

formula:

Synthesised value = M
where M = mean value for particular erosion event
R = final mean cumulative total

final cumulative total for specific autographic raingauge
4,5,1.2 Construction and validation of predictive models

A data matrix consisting of the 198374, 1984/5 and 1985/6 natural
run-off plot data, the vegetation monitoring data and rainfall
data was drawn up. A 257 random subsample of this data matrix
was removed and held 1n reserve to measure the prediction
accuracy of the models (Snee, 1977), and multiple stepwise
regression analysis on the remainder of the data matrix was used
to derive predictive models for soil loss and run-off. These
analyses were undertaken on an Apple Ile microcomputer using a
statistical program. Two predictive models were developed for
both soil loss and run-off:
a) predictive models based on the variables measured by the
Walker (1976) method only, which enabled a retrospective
analysis of soil loss and run-off to be carried out on
vegetation monitoring data collected in the study area since
1979; and
b) predictive models based on combined variables measured by
both the Walker (1976) and USLE methods (Wischmeier, 1975)
in order to determine which variables gave the most accurate
prediction of soil loss and run-off, so that the

monitoring
of these vegetation and soil surface variables could be
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incorporated into the current vegetation monitoring programme for

UGR.

Because the independent variables were frequently correlated,
those variables used in the regression model were checked for
autocorrelation using the Durbin-Watson statistic (Freund &
Minton, 1979). The significance of each partial regression
coefficient was tested using analysis of variance and the F-test
(Parker, 1976), and plots of residual values were also examined
for heteroscedascity (Freund & Minton, 1979). The predictive
models were then tested against the 257 random subset of the
data. Bivariate scattergrams of the actual and predicted values
were plotted and examined visually for deviations from the 1:1
line of perfect agreement. The coefficient of determination (D)
was used to measure the degree of association between actual and

predicted values, and the coefficient of efficiency (E) was used

to determine the presence of systematic errors. The difference
between D and E, known as the error function (F.), gives an
indication of the systematic error in the model. The closer F.

is to zero, the less systematic error occurs in the model (Hope,
1980). The predictive model which had the highest value for D
and the lowest value for F. was considered to give the most

realistic predictions. The relevant formulae are given 1n

Section 3.4.1.

4.5.2 Resul ts
4.5.2.1 Predictive models of soil loss

Based on the variables measured by the Walker (1976) method only,

the following multiple regression equation was derived for the

prediction of annual soil loss:

LOGa ANNUAL SOIL LOSS (g) = 2,8715 + 0,0582 SUTE + 0.0036

TOTAL RAIN
(Equation 4.1)
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This equation explained 51,2% of the variébility in the data set
(Table 4.13). When the variables measured by the USLE method
(Wischmeier, 1975) were also included, the equation explained
51,7% of the variation, which was only marginally better than

Equation 4.1 (Table 4.13). The predictive equation was:

LOGe ANNUAL SOIL LOSS (g) = -3,6286 + 0,1346 SUTE + 0,0953
SURC

(Equation 4.2)

4.5.2.2 Predictive models of run-off
The following equation was derived for the Walker (1976) method:

LOGe ANNUAL RUN-GFF (1) = -2,1043 + 0,0254 SOCA + 0,0244 FORB
+ 0,025 WET SEASON RAIN - 0,01 EFFECTIVE RAIN
({Equation 4.3)

This equation explained 61,4% of the variability in the data set
(Table 4.14). Equation 4,3 was converted to millimetre
equivalents by dividing by loge 3,7012, which vyielded the

following equation:

LOGe ANNUAL RUN-OFF (mm) = -1,5969 + 00,0234 SOCA + 00,0244 FORB
+ 0,025 WET SEASON RAIN - 0,01 EFFECTIVE RAIN
(Equation 4.4)

When the variables of the USLE method (Wischmeier, 1973) were
also included in the multiple regression analysis, exactly the
same equation as Equation 4.3 above was derived; therefore none
of the USLE variables were included in the predictive equation

(Table 4.14).
4.5.2.3 Testing of soil loss models

There was a highly significant correlation between predicted loge.
soil loss values, derived from both Equations 4.1 and 4.2, and
actual soil loss values held in the reserve data subset (Table

4.15). Equation 4.2, which had the highest D value and the lowest
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F. value, was considered to give the most accurate predictions of
soil loss (Table 4.15). This equation was derived from variables
measured by both the Walker (1976) and USLE methods (Wischmeier,
1975) . '

4.5.2.4 Testing of run-off models

Since no variables measured by the USLE method were incorporated
in the predictive models for run—-off (Section 4.5.2.2), only
Equation 4.4 was tested against the reserve data subset. The
predicted run-off values were correlated significantly with
actual values although both the D and F. values indicated that
this model did not predict run—-off as accurately as Equations 4.1
and 4.2 predicted soil loss (Table 4.13). This equation was used
in the retrospective analysis of run-off at Walker vegetation

monitoring sites.

4.6 RETROSPECTIVE ANALYSIS OF SOIL LOSS AND RUN~OFF AT WALKER
VEGETATION MONITORING SITES IN THE STUDY AREA

4.6.1 Materials and methods

A total of 27 representatively placed Walker transects, ten 1in
the cull block and 17 in the non-cull block, was included in the
retrospective data analysis of soil loss and run—-off (see Figure
J3.39). The variables assessed at each Walker transect and

details of the Walker (1976) method are given in Sections 3.3.1.1
and 3.5.1.

Three rainfall wvariables were calculated from daily rainfall
records, kept at Mpila camp and at Mbhuzana outpost, for each
rainfall year. These variables were:

a) total annual rainfall (mm);

b) total wet season rainfall {mm); and

€) total effective rainfall (mm).

The above variables are defined in Section 4.5.1.1. Because

rainfall data collection was started at Mbhuzana outpost only in
April 1981, rainfall variables for the study period before this
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(i.e. the 1978/79, 1979/80 and 1980/81 rainfall vyears) were
calculated from daily rainfall records kept at Mpila (Table

4.16).

Equation 4.1 was used to calculate the loge annual soil loss for
each Walker vegetation monitoring site. These values were
converted to annual soil loss values and expressed 1in grams,
Annual run-off values were also calculated by converting the loge
values, predicted by Equation 4.4, to annual run-off values
expressed in millimetres. The mean annual soil loss and mean
annual run-off, and their standard errors, 95% confidence 1limits
and ranges were calculated separately for Walker vegetation
monitoring sites located in the cull and non-cull blocks in 1979.
The procedure was repeated for both experimental blocks from 1980

to 1986.

The predicted values for <soil loss and run-off were tested for
normality using the Q-Q plot correlation coefficient (Johnson &
Wichern, 1982) and once it was determined that the data were
distributed normally, the mean soil loss and run—-off and their
957 confidence limits were plotted for each experimental block

for each year separately over the period 1979 to 1986.
4.6.2 Results and discussion
4.6.2.1 Retrospective analysis of soil loss

Not only did the predicted annual soil loss vary between rainfall
years in each experimental block, but there was also a high
degree of variability within any individual rainfall year at
different Walker transects. This was obvious from the extremely
wide ranges and large standard errors in individual rainfall

years, particularly in the non-cull block (Table 4.17).

Between-year fluctuations in annual soil loss were to be
expected, because the predictive equation took into account the
total rainfall received during any particular rainfall year, and
this variable varied widely from year to year (Table 4.,16). The

within—-year fluctuations in predicted soil loss from different
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Walker transects emphasised the spatial variability 1n the
system, and when the mean annual soil losses and their 95%
confidence limits were compared between the cull and non-cull
blocks, significantly higher mean soil losses occurred on only
three occasions in the non-cull block, viz. during the 1978/79,
1979/80 and 1982/83 rainfall years (Figure 4.35). The general
trend was towards a decrease in the so0il loss differential
between the experimental blocks as time progressed (Figure 4.35).
Because of the large fluctuations in mean annual soil 1loss
values, the differential between the two experimental blocks was
more meaningful than the annual values themselves, and this
differential was compared to the actual stocking rate
differential to see i1if there was any relationship between these
two variables. The assumed relationship was that an increase 1in
the stocking rate differential would 1lead to an increase in the
soil loss differential, and that a decrease in the stocking rate
differential would have the opposite effect. When these two
differentials were compared no consistent relationship was
evident, with an increase in the stocking rate differential being
accompanied by a decrease in the soil loss differential in some
years, and the opposite being evident in other vyears (Figure
4.36). The problem of trying to relate two variables which were
sampled at different levels of intensity, the one (soil loss)
being very site-specific and the other (stocking rate)
representing an average figure for an extensive area of land, was
discussed in Section 3.5.2. There are other flaws in the

experimental design which will be discussed in Section 4.6.2.3.
4.6.2.2 Retrospective analysis of run-off
The predicted annual run-off did not show as muc h

variability

about the mean as the predicted values for soil loss, and in most

cases the standard errors of the mean and the ranges were small

(Table 4.18). Generally, the trend in both blocks was

very
similqr, with significantly higher predicted annual mean run—-off
values recorded in the non-cull block on only two occasions, viz.
in the 1978/79 and 1983/84 rainfall years (Figure 4.37). Unlike

the trend in the annual mean sojil loss, there was no decrease in
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the run-off differential between the two experimental blocks as
time progressed (Figure 4.37). The extremely high mean annual
run-off value for the non-—-cull block during the 1983/84 rainfall
year was primarily because of two outlier data points. The
predicted run-off exceeded 250 mm from both points, and these
high predicted values were a result of exceptionally high forb
levels at the two sites. Without these two data points, the
predicted mean annual run-off would have decreased by 37,4 mm,

from 111,929 mm to 74,5 mm (Table 4.18).

There was no consistent relationship between the actual stocking
rate differential and the predicted rumn-off differential (Figure
4.38). A rise 1n the stocking rate differential between 1980 and
1981 was accompanied by a decrease 1in the predicted run-off
differential, while an increase in the stocking rate differential
between 1983 and 1984 was accompanied by a corresponding rise 1in

the predicted run-off differential (Figqure 4.38).
4.6.2.3 Critical evaluation of the sampling design

Soil loss, run-off and stocking rate differentials were
calculated to establish the extent to which the
noninterventionist approach in the non-cull block had an impact
on soil loss and run-off rates, when compared with the
interventionist approach adopted in the cull block. Results 1in
this section showed that the soil loss and run-off differentials
either decreased with time or remained relatively constant,
despite no animals being removed from the non-cull block.
Results presented in Section 3.5.2 showed that the stocking rate
differential peaked and then declined, instead of increasing
constantly with time as expected. When the stocking rate
differential was compared with the soil loss and run-off
differentials, no apparent relationship was discernible, and the
conclusion drawn from these results was that stocking rate per se
was not an over-riding factor influencing soil loss or run-off.
Nevertheless, it has been recognised for over 75 years that heavy

continuous grazing accelerates erosion and run-off (Rich, 1911)
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and data from natural run-off plots 1in South Africa, collected
approximately 25 years ago, showed that run-off and soil loss
from heévily grazed veld was higher than that from moderately
grazed veld (du Plessis & Mostert, 1965). In the light of the
extensive volume of literature pointing to the fact that stocking
rate does influence soil loss and run-off (Moore et al., 1979b;
Gifford & Springer, 1980; Blackburn et al., 1982), the
experimental design leading to the conclusion made in this study

needs to be considered.

One of the ten principles that Green (1979) listed for optimal
sampling design was that randomly allocated samples for each
control variable should be taken, and he pointed out that the
placement of sampling sites in "representative" locations was not
random sampling. The Walker transects were not randomly placed,
nor were they placed using some form of stratified random
sampling design (Section 3.5.2). Another important principle in
sampling design is that areas with a large-scale environmental
pattern need to be subdivided into homogeneous subareas, and
samples allocated to each subarea 1in proportion to its size
(Green, 1979). The heterogeneity of UGR, including the
vegetation, was emphasised in Section 2.4, and samples were
allocated to homogeneous subareas, viz. woody vegetation
communities. Unfortunately, these communities were not sampled
in proportion to their sizes. QOver one half of the sites sampled
in the non-cull block were in Acacia grandicornuta/Spirostachys
africana woodland (see Table 3.18), although this community was
less extensive in the non-cull block than the Acacia tortilis
community (Whateley & Porter, 1983). By using these sampling
sites to predict soil loss and run-off from the entire block, the
predictions may have been biased. Also, the non-cull block
contained 70% more sampling sites than the cull block, although
it is only 35%Z larger than the latter (see Table 3.18). There
was thus a disproportionately higher sampling intensity in

certain woody vegetation communities and in the non-cull block,



76

which may have led to biased predictions of soil loss and run-off

from the study area.

Because of the extended period over which the vegetation
monitoring was undertaken, at least five different observers
ectimated the various soil surface and vegetation variables at
the Walker transects (A.M. Whateley - pers. comm.) . A recent
study on the effect of observer bias (Gotfryd & Hansell, 1985)
showed that observers differed significantly in their
measurements of 18 out of a total of 20 vegetation wvariables,

including two of the important variables measured in this study,

viz. canopy cover and ground cover. However, because of the
long-term nature of this experiment, staff changes were
inevitable and the 1impact of observer bias was therefore
unavoidable. This bias should nevertheless be considered when

interpreting the data.

The main flaw in the experimental design was that the expected
increase in the stocking rate differential between treatments did
not materialise with time. To test whether stocking rate had an
effect on soil loss and run-off, sampling needed to be done both
where the effect of culling was expected to be present (i.e. in
the cull block) and where it was absent (i.e. in the non-cull
block) but where all else was the same. An effect can only be
demonstrated by comparison with a control (Green, 1979), and in
this experiment the stocking rate in the mon—-cull block was never
more than 40% higher than that of the control (cull) block, and
in some years it was below that of the control (see Table 3.20).
The conclusion is that because of the less than optimal sampling
design, the small differential 1in stocking rate between two
experimental blocks, and the large variability in run—-off and
soil loss rates within each experimental block, no cause and
effect relationship between stocking rate and both run-off and

soi1l loss could be demonstrated.
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4.7 GENERAL DISCUSSION

A higher mean annual soil loss was measured on two of the three
paired natural run-off sites in the non-cull block when compared
with the sites in the cull block. However, in Acacia nigrescens
woodland, the soil loss was higher in the cull block site than
the non—-cull block site. Both the highest and lowest mean annual
run-off values were measured at paired sites in the cull block,
and there was no consistent trend in soil loss and run-off in the
two experimental blocks. This was primarily because of the high

degree of temporal and spatial variability in the data set.

The relationship between soil surface and vegetation variables
and both annual soil loss and annual run-off was curvilinear, and
an exponential curve best fitted the data. Snyman & van Rensburg
(1986), using a Fainfall simulator on natural veld, also found
curvilinear relationships between canopy cover, soil loss and
run-off. Such a curvilinear relationship between canopy cover,
ground cover, percentage bare soil and soil loss has been
recognised by many authors (Wischmeier, 1975; Wischmeier & Smith,
1978; Dissmeyer, 1982; Gebhardt, 1982). When annual soil loss
values were transformed logarithmically to the base e, then
susceptibility to erosion showed the highest positive
correlation, and surface cover the highest negative correlation,
with soil loss. Since a good vegetation cover helps to arrest
the erosive energy of rainfall (Stocking, 1973), it 1is not
surprising that high levels of surface cover give rise to low
soil losses; conversely, sites having high levels of bare ground
(and hence high levels of susceptibility to erosion) will be more
vulnerable to rainfall erosivity and this will lead to high soil
losses. Correspondence analysis also showed that susceptibility
to erosion was correlated positively with moderate to very high
levels of soil loss. This agrees with the findings of McCalla,
Blackburn & Merrill (1984) who listed total vegetation cover

and

bare ground as two of the six variables which significantly
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influenced sediment production from grass—-dominated communities

in Texas.

Loge annual run-off showed the highest positive correlation with
soil capping, and the highest negative correlation with litter
cover. Correspondence analysis also 1ndicated a positive
correlation between soil capping and moderate to very high levels
of run-off, and a positive correlation between very low run-off
levels and litter cover. This finding corresponds with that of
Packer (1963) who showed that run-off increased as vegetation and

mulch (litter) cover decreased, or as bare soil increased.

Predictive models for annual soil loss and run-off, which were
based on variables measured using the Walker (1976) method, were
validated against a reserve data subset. The predicted values
were correlated significantly with actual values, and the two
models were used in a retrospective analysis of soil loss and
run-off from the study area. Because there were large
fluctuations in annual soil loss and annual run-off values, the
differential in soil laoss and run-off between the non-cull and
cull block was used instead of annual values. The retrospective
analysis showed a decrease in the soil loss differential between
the two blocks as time progressed, but the run-off differential
remained relatively constant and, except for two rainfall years,
there was no significant difference in the differential between
the two blocks. When the predicted soil loss and run-off
differentials were compared with the actual stocking rate
differential, no consistent relationship was detected. Previous
studies, as reviewed by Blackburn et al. (1982), showed that soil
loss and run-off differentials increased as the stocking rate
differential increased, and it was concluded that flaws in the
sampling design, and particulafly in the experimental design (in
that a stocking rate differential between blocks could not be
maintained during the entire study period), prevented the

determination of relationships between stocking rate, soil loss

and run-off.
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The major drawback with natural run-off plots is that they depend
on natural rainfall which 1s always erratic and usually deviates
from the normal. An important advantage of the rainfall
simulator is that research 1s greatly accelerated because the
results are no longer dependent on natural rainfall (Hudson,
1981). A potential disadvantage is that results are based on
simulated instead of natural rainfall and, if these results are
to be extrapolated to natural systems, the conclusions drawn may
be invalid. In the next chapter the two technigues will be

compared in an attempt to resolve the above dilemma.

4.8 CHAPTER SUMMARY

a) Rainfall intensity data collected over three rainfall vyears
showed that a rainfall kinetic energy exceeding 10 000 J/m= was
measured on only one occasion, but on 11 other occasions 1t
exceeded 1 000 J/m=. These kinetic energy values were always
measured between October and March, with peak values measured 1n

January and February.

b) 0Of those natural run—-off sites which were monitored over
three years, the highest mean annual soil loss was measured at
site 402 located in Acacia tortilis woodland in the non-cull
block, and the lowest mean annual soil loss was measured at site

411 situated in the cull block in Acacia nilotica/Acacia

gerrardii woodland.

c) Correspondence analysis showed that high levels of soil
capping and susceptibility to erosion were correlated positively
with moderate to very high levels of soil loss and run-off. In
contrast, high levels of litter cover were correlated positively

with very low levels of soil loss and run-off.

d) The relationship between annual so0il loss and both the soil

surface and vegetation variables was curvilinear, and when annual

soil loss was transformed logarithmically, susceptibility to

erosion showed the highest positive correlation, and surface
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cover the highest negative correlation, with soil loss. Except
for woody canopy height, all the variables which were
significantly correlated showed a higher correlation with 1loge

annual soil loss than loge annual run-off.

e) Two predictive models were derived for soil loss; one based
on the Walker (1976) method only, and the other on the Walker and
the USLE (Wischmeier, 1975) methods. The former model explained
51,2% of the variability in the data set, and the latter 51,7%.

f) The predicted values for loge annual soil loss from the above
two equations were correlated significantly with actual soil loss
values when compared with a reserve data subset. Equation 4.2,
which was derived from both methods, had the highest D and lowest
Fi values and was thus considered to give the most accurate

predictions of soil loss.

g) The general trend i1n predicted annual mean soil loss values
was towards a decrease 1n the soil loss differential between the
two experimental blocks as time progressed, but when the soil
loss and stocking rate differentials were compared no consistent

relationship was evident.

h) The highest mean annual run-off, monitored over three vyears,
was measured from site 284 located in Acacia tortilis woodland in
the cull block. The lowest mean annual run-off, monitored over

the same period, was recarded in Acacla nigrescens woodland 1in

the cull block on site 403.

i) The relationship between annual run-off and both the soil
surface and vegetation variables was also curvilinear, with loge
annual run-off showing the highest positive correlation with soil

capping, and the highest negative correlation with litter cover.

J) The predictive model based on the Walker (1976) method
explained only 61,47 of the variability in the data set. When

variables measured by the USLE method (Nischmeief, 1975) were
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added, none of these variables were 1included in the predictive

equation, and only one predictive model was derived.

k) When the above model was tested against the reserve data
subset, the predicted values for loge annual run-off were

correlated significantly with the actual values.

1) Unlike the trend in annual mean soil loss, the predicted
run—-off trend did not show a decrease in the run-off differential
as time progressed, and except for two rainfall years there was

no significant run-off differential between the two blocks.

m) When the predicted run-off differentials and the actual
stocking rate differentials were compared, no consistent

relationship was found between these two variables.

n) The conclusion 1s that no cause and effect relationship could
be demonstrated between stocking rate and run-off, or between
stocking rate and soil loss, possibly because of defects in the

experimental and sampling design.
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CHAPTER 5 : COMPARISON OF RAINFALL SIMULATOR TRIALS AND NATURAL
RUN-OFF PLOTS

5.1 INTRODUCTION

In this chapter, the results obtained from the rainfall simulator
trials (Chapter 3) are compared with those from the natural
run—-off plots (Chapter 4) to assess whether simulated erosion
events provide a reasonable representation of naturally occurring
erosion events. This part of the study had the following three
aims:
a) to compare the soil loss and run-off potentials of
rainfall simulator and natural rup-off plots at paired
sites;
b) to compare the interrelationships between vegetation,
s0l1l surface variables, soil loss and run-off as determined
by rainfall simulator trials and natural run-off plots; and
c) to compare predicted soil loss and run-off trends from
the non-cull and cull blocks as determined by rainfall

simulator trials and natural run-off plots.

Natural run-off plots, in contrast to rainfall simulator trials,
measure soil loss and run-off caused by natural, instead of
simulated, rainfall, and because of this their results can be
used with greater confidence to make predictions about soil loss
and run-off in natural systems. Natural run-off plots do,
however, have two major disadvantages. Firstly, data can be
collected only after a naturally occurring erosion event, and it
may take a considerable amount of time to collect enough data for
meaningful interpretation (Hudson, 1981). For example, over a
three-year period in the current study a total of 23 erosion

events was monitored from the matural run-off plots while, during

one month, 30 erosion events were simulated on the rainfall
simulator trial plots. Secondly, it is not possible to control
the intensity of natural rainfall, thus making between-site

comparisons within a particular rainfall year risky because
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different rainfall intensities and amounts may have fallen on
various sites during any particular storm. It was also shown 1n
Section 4.2.1 that differing amounts and intensities of natural
rainfall from year to year made between—year comparisons invalid.
Comparisons can be made only if the data are corrected for
differences in intensity and amount, and not only 1is the
instrumentation to measure rainfall intensity prohibitively
expensive but these autographic raingauges are also prone to
mechanical failure. A sclution to these disadvantages would be
to use a rainfall simulator, if 1t could be shown that this
experimental technique provided results which adequately

represent natural erosion events.

5.2 SOIL LDOSS AND RUN-OFF MEASUREMENTS FROM RAINFALL SIMULATOR
AND ADJACENT NATURAL RUN-OFF SITES

5.2.1 Materials and methods

Eight'paired sites were located in the study area, five in the
non-cull block and three in the cull block, where measurements
were undertaken from rainfall simulator and from natural run-off
plots (Figure 5.1). Details of the physical characteristics of
these sites are given in Table 5.1. The layout of a typical site
is shown in Figure 5.2 and detailed descriptions of rainfall
simulator trials and natural run-off plots were given in Sectibns
3.2.1 and 4.3.1 respectively. These sites were installed to
compare soil loss and run-off values calculated from the rainfall
simulator trials with annual soil loss and run-off values
obtained from the adjacent natural run-off plots. The purpose of
these comparisons was to determine whether rainfall simulator
trials could be vused to predict which sites would have the
highest and which sites would have the lowest annual soil loss
and run-off values. In order to standardise the data between the
rainfall simulator trials and natural run-off plaots as closely as
possible, the mean soil loss {(g) and meanmtbtal run-off (1) were
calculated from rainfall simulator storms 1, 2 and 3 at each site

for every year that rainfall simulator trials were done on that
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cite. This meant that results from the first rainfall simulator
storm on dry soil were included, as this would be more

representative of natural erosion events, where rain can fall on

either dry or wet soil, depending on antecedent soil moisture
conditions in the catchment. The methods and formulae used are
detailed in Section 3.2.1. The mean values and ranges were

calculated annually for each site and the results were presented
in two forms: firstly as empirical data, and secondly as rankings
from highest to lowest soil loss and run—-off. With the natural
run—-off plot data, the total annual run-off (1) and total annual
soil loss (g) were calculated per plot using the method outlined
in Section 4.3.1. The mean values and ranges were calculated as
well. These results were also presented empirically, and ranked
from highest to lowest. Bivariate scattergrams were drawn,
plotting mean annual soil loss (g) against mean soil loss (g),
and mean annual run-off (1) against mean run-off (1). Because
there was a small degree of curvilinearity, the data were also
transformed logarithmically to the base e, and a product-moment
correlation matrix (Sokal & Rohlf, 1981) was drawn up using a

statistical program running on an Apple Ile microcomputer.
5.2.2 Results and discussion

5.2.2.1 8501l loss measurements

Based on the empirical data presented in Table 5.2, there was a
highly significant correlation between mean annual soil loss, as
determined by the natural run-off plots, and mean soil loss
determined by the rainfall simulator trials (Figure 5.3). There
was no improvement in the correlation coefficient when either of
the variables was transformed logarithmically (Table 5.3). The

soil loss values presented in Table 5.2 were also ranked from

highest to lowest. Of the rankings obtained using the rainfall
simulator several are identical, or similar, to those obtained
from the natural run-off plots (Table 5.4). A total of 36,47 of

the rainfall simulator rankings was within one rank of the

rankings obtained from the natural run-off plots (Table 5.5).
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From the data presented, it appears that rainfall simulator
trials can be used to indicate which sites will yield higher and
which sites will yield lower annual soil losses. Bearing in mind
that the rainfall simulator rankings were based on two simulated
storms lasting 36 minutes each, while the natural run-off plot
rankings were based on 8-10 storms monitored during the entire
rainfall year, the advantage of using a rainfall simulator for

the rapid assessment of sites for erosion potential 1s obvious.
5.2.2.2 Run-off measurements

The actual run—-off measurements are presented 1in Table 5.6 and
there was a highly significant correlation between mean annual
run—-off, which was determined by the natural rum—-off plots, and
mean run-off as determined by the rainfall simulator trials
(Figure 5.4). When mean annual run-off was transformed
logarithmically the correlation coefficient increased, but when
mean run-off was transformed logarithmically the correlation
coefficient decreased (Table 5.3). The highest correlation
coefficient was obtained when both the variables were transformed
logarithmically to the base e (Table 5.3). When the run-off
values were ranked, there was a closer agreement between these
rankings (Table 5.7) than between the soil loss rankings (Table
5.4). A total of 54,6% of the rainfall simulator rankings was

within one rank of the natural run-off plot rankings (Table 5.5).

The data above show that the rainfall simulator can also be used
to give an indication of which sites will yield higher and which
sites will yield lower annual run-off values. When the rainfall
simulator rankings of so0il loss and run-off were compared with
the nmatural run-off plot rankings, the rainfall simulator was

marginally better at ranking run-off values than soil loss

values.
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5.3 COMPARISON OF THE INTERRELATIONSHIPS BETWEEN VEGETATION AND
SOIL SURFACE VARIABLES AND BOTH RUN-OFF AND SO0IL LOSS

5.3.1 Végetation and soil surface variables
5.3.1.1 Materials and methods

Two semi-quantitative methods, described by Walker (1976) and
Wischmeier (1975), were used to assess vegetation and soil
surface variables on all rainfall simulator and natural run-off
plots. Details of these methods are described in Section 3.3.1.1
for the rainfall simulator sites and in Section 4.4.1.1 for the
natural run-off plots. Mean values for the above variables,
measured at each rainfall simulator site, were individually
calculated for every year that rainfall simulator trials were
done at that site. The natural run-off plots were assessed
annually in the early, mid and late growing season, and mean
values for vegetation and soil surface variables measured at each
natural run-off plot were calculated annually from - the three

growing season measurements.

5.3.2 Interrelationships between vegetation and soil surface

variables and both run—-off and soil loss

5.3.2.1 Materials and methods

A product-moment correlation matrix (Sokal & Rohlf, 1981) which
included vegetation and saoil surface variables as the independent
variables and, in the case of rainfall simulator trials, mean
s0il loss and mean run-off as the dependent variables, was drawn
up using a statistical program on an Apple IIe microcomputer.
The mean soil loss and run-off data from the rainfall simulator
trials were calculated from storms 2 and 3 only. A similar
correlation matrix, including the above independent variables and
annual soil loss and annual run-off for the dependent variables,

was also drawn up from the natural run-off plot data. These two

matrices were based on data from all the natural-run-off plots
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and the rainfall simulator trials over the entire data collection
period. In all cases, the soil loss and run—-off values were
logarithmically transformed to the base e. The independent
variables which were significantly correlated with either loge

run—-off or loge S0il loss were tabulated and then ranked from

highest to lowest value for the correlation coefficient. The
data were then tested, wusing the Wilcoxon matched-pairs
signed-ranks test (Siegel, 1956), to determine whether the ranks

of the natural run-off plot data differed significantly from the

rainfall simulator trial ranks.
5.3.2.2 Comparison of correlation matrix results for soil loss

L0oge mean soil loss, as determined by the rainfall simulator
trials (RST), and loge annual soil loss which was determined by
the natural run-off plots (NRP) showed the highest positive
correlation with susceptibility to erosion and the highest
negative correlation with surface cover (Table 5.8). The
significance of these results is that, in spite of two different
experimental approaches being used, soil loss showed the highest
positive and negative correlation with the same independent
variables. When the correlation coefficients were ranked from
highest to lowest there was no significant difference between the
rankings obtained from the rainfall simulator trials and those

obtained from the natural run-off plots with regard to soil loss

(Table 5.9).

5.3.2.3 Comparison of correlation matrix results for run-off

The rainfall simulator trial data showed that the independent
variables were correlated more highly with mean run-off than with
loge mean run-off (Table 5.8). This 1implies that there is a
stronger linear than curvilinear relationship between run-off and
the independent variables. In contrast, the relationship between

annual runp-off (NRP) and the independent variables is clearly

curvilinear (Section 4.4.2.3). This basic difference is probably

because the mean run-off values were calculated from the second

and third rainfall simulator storms, and thus the moisture
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content of the soil was always at or near field capacity. In the
natural run—-off plots the soil moisture content could vary from
dry to field capacity, depending on how recently rain had fallen

in the catchment.

Loge annual run—-off {(NRP), loge mean run-off and mean run-off
(RST) all showed the highest negative correlation with Ilitter
cover and the highest positive correlation with soilil capping
(Table 5.8). This emphasises the high correlation between
run—off and both litter cover and soil capping, despite the two

different techniques used to measure run-off.

When the correlation coefficients for the independent variables
were ranked from highest to lowest, there was no significant
difference between the rankings for loge mean run-off (RST) and
loge annual run-off (NRP) (Table 5.10). Similarly, there was no
significant difference between the rankings for mean run-off

(RST) and loge annual run-off (NRP)(Table 5.10).

In summary, the rainfall simulator trials identified those
independent variables which showed the highest positive and
negative correlation with run-off on natural run-off plots. The
same was true for soil loss. There was also no significant
difference between the rainfall simulator trial rankings and the
natural run-off plot rankings when the independent variables,
which were correlated significantly with either run-off or soil
loss, were tabulated and then ranked from highest to lowest value
according to their correlation coefficient. The conclusion from
this section is that the rainfall simulator trials provided an
effective representation of the interrelationships

between
vegetation and soil surface variables and natural erosion events.
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5.4 COMPARISON OF .PREDICTED TRENDS FOR SOIL LOSS AT WALKER
VEGETATION MONITORING SITES IN THE STUDY AREA

5.4.1 Materials and methods

Because none of the predictive models for run-off, which were
derived from the rainfall simulator trial data, gave predicted
values that correlated significantly with measured run—off
values, no retrospective analysis of run-off in the study area
was undertaken (see Section 3.4.2.4). However a retrospective
analysis of soil loss was done, using data from 27 of the 36
Walker vegetation monitoring sites located in the study area (see
Figure 3.35). Based on the vegetation monitoring data, mean soil
loss values were calculated separately for the non-cull and cull
blocks using a predictive equation derived from the rainfall
simulator trial data (Section 3.5). These soil loss values were
calculated annually for the period 1979 to 1986. Based on the
same vegetation monitoring data set, and on additional rainfall
data, mean annual soil loss values were calculated wusing a
predictive equation derived from the matural run-off plot data
{Section 4.6). These values were also calculated separately for
the non-cull and cull blocks over the period 1979 to 1986. The
mean values for the «cull and non-cull blocks were plotted
separately for each vyear and the trends 1in soil loss, as

determined by the rainfall simulator trials and the natural

run—off plots, were compared.
5.4.2 Results and discussion

When the trend in predicted mean soil loss for both experimental
blocks (Figure 5.5) is compared with the trend in predicted mean
annual soil loss (Figure 5.6), these two trends are very similar.
They both clearly show an initial large soil loss differential

between the non-cull and cull blocks, which decreases with time.

This agreement between the two trends is noteworthy, bearing 1in

mind that Figure 5.5 shows what the predicted mean soil loss
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would have been at the various vegetation monitoring sites 1f two
simulated storms of equal intensity had been applied per site,
while Figure 5.6 shows the predicted mean annual soil loss at
particular sites resulting from storms of differing rainfall
amounts and intensities. The conclusion drawn from either the
predicted values derived from the rainfall simulator trial data
(Figure 5.5) or the predicted values derived from the natural
run-off plot data (Figure 5.6) is that the soil loss differential
decreases with time. The rainfall simulator trial data could
therefore be used to predict adequately what the long-term trend

in soil loss would be in a natural system.

5.5 GENERAL DISCUSSION

In 1980 the South African rainfall simulator programme - for
assessing soil loss and run-off was initiated by the Division of
Agricul tural Engineering, Department of Agriculture (McPhee et
al., 1983). One of the objectives of this national programme was
to identify areas of high priority for 1ncreased effort in
combatting soil erosion and, to achieve this, use was made of
Swanson rotating-boom rainfall simulators. Simulated rainfall
from these machines gave an energy value approximately 75% that
of natural rainfall and the results obtained were considered
valid for natural rain storms in the summer rainfall region of
South Africa (McPhee et al., 1983). The authors did not
critically test this assumption, although the identification of
areas of high erosion risk assumes that the soil loss caused by
simulated rainfall can be equated with annual soil loss caused by
natural rainfall. To the best of this author’'s knowledge, no

work has been done in South Africa using rainfall simulators to

confirm natural run-off plot results.

Results from the current study showed there was a highly
significant correlation between mean annual soil loss (NRP) and
mean soil loss (RST), and between mean annual run-off (NRP) and

mean run—-off (RST). The results also showed that the Swanson
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rotating-boom rainfall simulator could be used to rank sites from
highest to lowest soil loss and run-off, and that these rankings
were similar to those from adijacent natural run-off plots. The
rankings for run—-off did however show a greater similarity than

those for soil loss.

The rainfall simulator was also wused to identify which soil
surface and vegetation variables were most closely correlated
with soil loss and run-off, and it correctly identified those
variables which showed the highest positive and the highest
negative correlation with both annual soil loss and annual
run—-off. When the vegetation and soil surface variables, which
were correlated with soil 1loss and run-off, were ranked from
highest to lowest there were no significant differences between
the rankings for the rainfall simulator trials and the natural

run—-off plots.

The predicted trend in soil loss from both experimental blocks,
as determined from rainfall simulator data, was very similar to
that determined from natural run-off plot and rainfall data.
Both trends clearly showed a decreasing soil loss differential
with time. Rainfall simulator trial data could thus be used 1in
the prediction of long—term . trends 1in soil loss, as these
predicted trends did not differ materially from those based on
natural erosion events. The assumption made by McPhee et al.
(1983) that results using simulated rainfall were valid when

compared to natural erosion events appears to be sound.

Dunne, Dietrich & Brumengo (1980) stressed that land management
decisions in remote grazing lands of Africa would have to be
based on data from controlled experiments under artificial
rainstorms, rather thanm on long-term plot studies of run-off and
erosion under natural rainstorms. Several authors (Costin &
Gilmour, 1970; Hudson, 1981; Platford, 1982) have also strescsed
the advantages of rainfall simulators, viz. portability,

controlled rainfall intensity and a short data collection period.
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These advantages, together with the fact that in this study
rainfall simulator results were comparable to natural erosion
event results, lead to the conclusion that the rainfall simulator
should be used in preference to natural run-off plots as an
experimental tool in developing countries and/or on natural
grazing lands where funds are limited and the data base is small

or nonexlistent.

5.6 CHAPTER SUMMARY

a) There was a highly significant correlation between mean annual
soil loss, determined by natural run-off plots, and annual soil

loss which was determined by rainfall simulator trials.

b) A comparison between the correlation coefficients of
independent vegetation and soil surface variables and soil loss,
derived from the rainfall simulator and natural rumn-off plots,
showed that the same 1ndependent variables had the highest

positive and negative correlation with soil loss.

c) When the correlation coefficients were ranked from highest to
lowest, there was no significant difference between the rankings
obtained from the rainfall simulator trials and those of the

natural run-off plots with regard to soil loss.

d} The trend 1in predicted mean soil loss from Walker transect
vegetation monitoring sites, which was derived from the rainfall
simulator data, was very similar to the trend in predicted annual
mean soil loss which was derived from natural run-off plot and

annual rainfall data.

e) There was a highly significant correlation between mean annual
run—-off, which was determined by the natural run-off plots, and

mean run-off, as determined by the rainfall simulator trials.

f) When the rainfall simulator rankings of soil loss and run—off
were compared with the natural run-off plot rankings, it was

evident that the rainfall simulator ~was marginally better at

ranking run—off than soil loss.
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g) The rainfall simulator trials identified the same independent
vegetation and soil surface variables that showed the highest
positive and negative correlation with run-off as the natural

run—off plots.

h) When these independent variables, which were correlated with
run-off, were ranked from highest to lowest value for the
correlation coefficient, there was no significant difference
between the rainfall simulator trial rankings and the natural

run—-off plot rankings.
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CHAPTER &6 : FENCE-LINE CONTRAST STUDY

6.1 INTRODUCTION

In Sections 3.5.2 and 4.6.2.3 reasons were given why the
experimental design 1in the cull and non—-cull blocks was
suboptimal. Briefly, because the boundary between these two
blocks was unfenced, uncontrolled movement of game was possible,
and this made 1t impracticable to maintain a long-term stocking
rate differential. Since there was no clear fence—-line contrast
between these two blocks, it was difficult to identify paired
sites which were located on comparatively similar slopes, in
similar woody vegetation communities and on the same soil form
and series (see Section 4.3.1). Finally, the sampling sites for
both the rainfall simulator trials and the natural rum-off plots
were not randomly placed and because of constraints on time,
funds, manpower and equipment, sampling was at a low intensity

(Sections 3.2.1 & 4.3.1).

For the above reasons, another study area on the western boundary
fence of Umfolozi Game Reserve (UGR) at Cengeni gate waéchosen

in July 1984 (Figure 6.1). The game-proof boundary fence
bisected the study area and no movement of game between UGR and
the adjacent KwaZulu (KWZ) area was possible. Because there was
a distinct fence-line contrast, sampling sites could be located
25m or closer to the fence on either side of it, which
facilitated a comparative study. Lastly, the sampling sites were
randomly placed and sampling was at a relatively high intensity,

which greatly facilitated the statistical analysis of the data.

The aims for this part of the study were:

a) to determine the short-term and long-term levels of

soil
erosion adjacent to the boundary fence in both KwaZulu and
Unfolozi Game Reserve;
b) to confirm the relationship between vegetation and soil

surface variables and soil loss which had already been



95

established in the rainfall simulator trials and natural
run-off plots;

c) to determine the relationship between different levels of
coil erosion and the production potential of the remaining
so1l;

d) to determine the relationship between different levels of
soil erosion and grass species richness and diversityj; and

e) to compare two vegetation monitoring methods used to
determiée herbaceous specles composition by bulk

contribution to herbaceous biomass.

4.2 DETERMINATION OF SOIL EROSION LEVELS
6.2.1 Short—term soil loss measurements
6.2.1.1 Materials and methods

Forty-eight Gerlach troughs (Morgan, 1979) were located at 24
different sites in the study area. Twelve of these sites were
located in KWZ and 12 in UGR (Figure 6.2). The study area
extended 25m on either side of the boundary fence and stretched
from the top of Sabokwe hill to a drainage line approximately 2km
downhill. It can be seen from the contour lines in Figure 6.2
that this fence ran along a ridge crest which divided the study

area into two catchments.

At each site a pair of Gerlach troughs was installed along the
contour line (Figure 6.3). The run—-off during a rainstorm was
collected in the collection trough and channeled via a hosepipe
to a sealed plastic bucket (Figure 6.4). This bucket had a
capacity of 25 litres and if the rumn-off event was less than 25
litres then the entire soil and run-off sample was collected 1in
the bucket. One gram of powdered alum was added to the collected
run-off to speed up sedimentation, and the excess run-off was
siphoned off, The remaining soil and some run—-off were collected
in 1-litre plastic containers with sealed lids and transported to

HGR where each sediment sample was oven-dried to a constant mass
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and weighed. When run—-off from an erosion event exceeded 25
litres, the water flowed from the outlet of the bucket through a
filter element where the fine so0il particles were filtered out,

and then to waste (Figure 6.4).

The Gerlach troughs were monitored in the middle and at the end
of each month over two rainfall years, and the soil loss (grams
per trough) was recorded 1f an erosion event or events had taken
place during the previous two weeks. After each rainfall vear

the data were summed for individual plots and then expressed as:
annual soil loss {(grams per trough).

The mean annual soil loss (g) for the 1984/5 and 1985/6 rainfall
years was calculated separately for each site from data collected
from the two adjacent Gerlach troughs. In addition, data from
sites 1n either KWZ or UGR, which were located in the upper, mid
or lower slope positions on the catena, were pooled and expressed
as the mean, standard error and range. Annual soil loss data
from the 1984/5 and 1985/6 rainfall years were caombined and
tested for normality wusing the Q- correlation coefficient
(Johnson & Wichern, 1982). These data were then tested using
single classification analysis of variance (ANOVA) (Sokal & Rohlf,
1981) to establish whether there was any significant difference
between the population means from KWZ and UGR, and to test for
differences between the upper, mid and lower slapes. Data were
also tested using two-level nested ANOVA (Sokal & Rohlf, 1981) to
establish whether there were significant .differences between

upper, mid and lower slopes after the average UGR versus KW?Z

difference had been removed.

6.2.1.2 Results

The physical characteristics of the Gerlach trough sites are

given in Table 6.1 and it is evident that the sites in the upper

slope position on the catena were located on the steepest slopes.

In all cases, the annual mean soil loss was higher from the KWz
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sites than the UGR sites, irrespective of their position on the
slope (Tables 6.2 & 6.3). When the annual soil loss data from
both years were combined, there was no significant difference

between the population means of the UGR and KWZ sites (Table
6.4). There was however a significant difference when the soil
losses from the upper, mid and lower slopes were compared, but
when the mean UGR versus KWZ difference was accounted for there
was no significant difference in soil losses measured from the
upper, mid and lower slopes (Table 6.4). Gerlach troughs are
used as a plotless sampling method for point estimates of soil
loss, and because the size of the microcatchments above each
Gerlach trough may vary, there 1is the potential for large
between-trough variability in soil loss measurements. This 1is
evident from the analysis of variance results in Table 6.4 and
from the large ranges and standard errars, particularly in the

KWZ sites, in the 1985/6 data (Table 6.3).

To summarise, there 1s no significant difference in soil loss
from UGR plots when compared with KWZ plots, or when UGR plots 1in
the upper, mid and lower slopes are compared with KWZ plots on
the same slopes. There is a significant difference in s0il loss
from plots on the upper, mid and lower slopes when data from the
UGR and KWZ plots are combined. This indicates that it is the
position on the catena, rather than the positioning of the plots

in either UGR or KWZ, that accounts for most of the variability

in soil loss.
6&.2.2 Long-term erosion levels
6.2.2.1 Materials and methods

The reason for collecting A-horizon depth data was to use these
data to give an 1indication of long-term erosion levels, with

shallower A-horizon depths suggesting higher long—-term erosion

levels.. The depth of the A-horizon was measured, to the nearest

ctentimetre, at 48 randomly selected sites, 24 of which were 1in

KWZ and 24 in UGR. A hole approximately 50 cm in diameter and

75cm deep was dug at each site and four measurements of the
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Aa-borizon were taken at each bhole to determine the mean A-horizon

depth at each site.

This mean depth was calculated separately for all of the sites
located in KWZ and in UGR. Also, A-horizon depth data from sites
in either KWZ or UGR which were located in the upper, mid or
lower slope positions were pooled and expressed as the mean,
standard error and range. Mean A-horizon depth data were tested
using single classification ANOVA to establish whether the
population means from KWZ and UGR differed significantly, and
whether population means from the upper, mid and lower slopes
differed significantly. The same data set was also tested wusing
two-level nested ANOVA (Sokal & Rohlf, 1981) for significant
differences between the upper, mid and lower slopes in KWZ when

compared with the same slopes in UGR.
6.2.2.2 Results

The mean A-horizon depth for sites in KWZ was always less than
that for UGR sites (Table 6.3). There 1s also a clear trend in
both KWZ and UGR showing the shallowest A-horizons on the upper
slope, and the deepest A-horizons on the lower slope (Table 6.3).
There was no significant difference between the population means
for the A-horizon depths measured in KWZ when compared with UGR,
but there was a highly significant difference (p<0.0l1) between
the depths measured on the upper, mid and lower portions of the
catena (Table 6.6). When the mean UGR versus KWZ difference was
accounted for, there was no significant difference in A-borizon

depths measured on the upper, mid and lower slopes (Table 6.6).

The assumption in collecting these data was that if there were no
long—term differences in soil erosion levels between KWZ and UGR,
then there would be no statistically significant difference 1in
the depth of the A-borizon. Given the result in Table 6.6, this
assumption is true, and the real differences in A-horizon depth
are dependent on position on the catena rather than on

differences in erosion levels between KWZ and UGR.
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To summarise this section, there are no statistically valid
reasons for concluding that either the short-term soil loss rate
(measured over two rainfall years) or the long-term erosion level
differs significantly between KwaZulu and Umfolozi Game Reserve.
Rather, the differences in both short-term and long—term erosion
levels appear to be determined by catenal position. A cautionary
note is however needed here. Although not statistically
significant, there was a consistent trend showing that both
short— and long-term erosion rates were higher in KWZ than in UGR
(Tables 6.2, 6.3 & 6.5), and if these rates continue then 1in the
longer term there may be a significant difference 1n erosion

levels.

6.3 RELATIONSHIP BETWEEN VEGETATION AND SOIL SURFACE VARIABLES
AND SOIL LOSS

In Section 5.3.2.3 it was shown that the rainfall simulator
trials identified the same independent variables which exhibited
the highest positive and negative correlation with loge soil loss
as did the natural run-off plots. The significance of these
results was that, in spite of two very different experimental
approaches being used, the same independent variables, which were
highly correlated with soil loss, were identified. The purpose of
this current section was to use the Gerlach trough results as
another independent confirmation of those independent variables
which showed the highest correlation with soil loss, and to

confirm that this relationship was curvilinear rather than

linear.

6.3.1 Physical vegetation measurements

6.3.1.1 Materials and methods

A 1m= quadrat was laid down systematically at ten positions above
each Gerlach trough (Figure 6.5), and the Walker (1976) and USLE

(Wischmeier, 1975) methods used to assess vegetation and soil

surface variables. Each site was assessed annually in January,
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and the variables assessed and their definitions are given 1n
Section 3.3.1.1. The data for each site were pooled and, based
on a sample size of 20 quadrats per site, mean values for all the
variables were calculatéd using the formulae outlined i1in Section

3.3.1.1.

6.3.2 Relationship between vegetation and soil surface variables

and soll loss
6.3.2.1 Materials and methods

Annual mean soil losses were calculated for each site by taking
the mean of the annual soil loss (g) measured at both adjacent
troughs (see Figure 6.3). Data from both rainfall years were
pooled and bivariate scattergrams, plotting mean annual soil loss
against a particular independent vegetation or soil surface
variable, were drawn and examined visually. From this
examination it could be seen that the relationship between the
dependent and independent variables was curvilinear, and so mean
annual soil loss was transformed logarithmically to the base e to
normalise the data relationship. The normality of the data were
tested using the G-Q correlation coefficient, and a product-
moment correlation matrix (Sokal & Rohlf, 1981) was constructed

using a statistical program running on an Apple Ile

microcomputer.

6.3.2.2 Results

Except for rock, all the independent variables showed a higher
correlation coefficient with loge mean annual soil loss tham with
mean annual soil loss (Table 6.7). Loge mean annual soil loss
showed the highest positive correlation with susceptibility to
erosion and the highest negative correlation with surface cover
(Table 6.7). These are the same two variables which showed the

highest correlation with mean annual soil loss, as determined by

the natural run-off plots (Section 4.4.2.3), and with mean soil

loss, as determined by the rainfall

(Section 3.3.2.3).

simulator trials
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In Section &6.2.1.2 it was shown that the soil loss measurements
from the upper, mid and lower slopes differed significantly, and
from this it can be inferred that slope steepness may have
affected soil loss. There was, however, nO significant
correlation between percentage slope and loge mean annual soil

loss (Table 6.7).

The significance of these results is that again they illustrate a

curvilinear relationship between soil loss and both vegetation

and soil surface variables, which 1s best described by an
exponential curve. They also illustrate that loge soil loss
shows the highest positive correlation with percentage

susceptibility to erosion and the highest negative correlation

with percentage surface cover.

6.4 RELATIONSHIP BETWEEN DIFFERENT LEVELS OF SOIL EROSION AND
THE PRODUCTION POTENTIAL OF SOILS

The perceived management problem is that if the long-term soil
loss rates exceed those of soil genesis, then the productivity of
the system will ultimately decline and this will lead to a
decrease in the carrying capacity of the system. Al though it was
not possible to demonstrate a significant short-term difference
in soil loss between the KWZ and UGR plots, there was a
consistent trend indicating that erosion rates may be higher in
KWZ tham in UGR. Assuming there is a higher long—-term soil loss
rate in KwaZulu areas adjacent to UGR than 1in UGR 1tself, then a
fence—-line contrast study should show whether there 1is any
difference in the production potential of the remaining soils

which have been subjected to different levels of soil erosion.

It was felt that the amount of herbage accumulated over a growing
season would be a good indication of the production potential of
the soil, assuming the soil type, aspect, vegetation type and

rainfall on each side of the fence-line were identical.
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6.4.1 Materials and methods

The study area was divided into an upper, mid and lower slope
position and one paired sampling site was randomly located within
each of these positions along the catena (Figure 6.6). Each
paired site consisted of two 10m x 10m exclosure plots, one
located in KWZ and one in UGR, and two adjacent 10m x 10Om control
(grazed) plots (Figure 6.7). The exclosure plots were fenced
with game-proof fencing which excluded herbivores of grey duiker
Sylvicapra grimmia size and larger, while the adjacent control
plots were unfenced, with only creosoted poles marking the plot

borders (Figure 6.7).

The exclosure and control plots were constructed in November 1984
and the herbage accumulated on all the plots was clipped
immediately after construction was completed. Initially the
herbage was clipped to standardise conditions between plots and
to provide baseline measurements of herbage accumulation. The

plots were reclipped after each growing season 1in March 1985,

March 1986 and March 1987. Since there was generally no growth
in the dry winter season, seasonal production could be regarded
also as annual production. In each plot, herbaceous plants were

clipped to a height of 1lcm and the clipped material collected and
transported to HGR where it was oven dried to a constant mass and
welghed. These clippings represented the standing crop of
herbaceous material and included the above-ground biomass
(attached live green material) and the above—-ground necromass
(attached dead material) (Grossman, 1982). Data were expressed

as mass of herbage accumulated (kg dry matter) per plot.

All the plots and the adjacent veld were burnt annually, in late
June or early July, as part of the firebreak burning programme in
UGR. The advantage of this annual burning was that it made it
possible to measure biomass and necromass increments more

accurately than on wunburnt areas, as residual biomass and

necromass were largely removed by burning {Grossman, 19B82).
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Data from the exclosure plots were used to compare herbage
accumulation between KWZ and UGR in the absence of grazing, and
data from the control plots were used to compare herbage
accumulation in the presence of grazing. The distinction was
made between grazed and ungrazed plots because McNaughton (1979)
found that in Serengeti National Park, Tanzania, the net annual
above-ground primary production could differ considerably between
grazed and ungrazed swards. Because the amount of rainfall
received during any particular growing season influenced herbage
production over that growing season, the data were standardised
by calculating the percentage contribution that each exclosure
plot made to the total annual dry—-mass of accumulated herbage 1in
the exclosure plots. The same calculation was performed for
control plots. After the data had been tested for normality,
single classification ANOVA (Sokal & Rohlf, 1981) was used to
test whether the population means differed significantly between
KWZ and UGR, both in the absence of grazing (exclosure plots) and
in the presence of grazing (control plots). Single
classification ANOVA was also used to establish whether there was

any significant difference in herbage accumulation, in the

absence and in the presence of grazing, between the upper, mid
and lower slope positions. Herbage accumulation data from
control and exclosure plots were tested separately using

two-level nested ANOVA to examine possible differences between

the upper, mid and lower slopes in KWZ when compared with the

same slopes 1n UGR.

6.4.2 Results

The total yield was always higher in UGR exclosure plots than 1in
exclosure plots in KWZ (Table 6.8). Another trend was that

exclosure plots on the lower slope generally produced higher

ylields than plots on the mid or upper slope, irrespective of

whether these plots were located in KWZ or in UGR (Table 6.8). A

similar trend was also evident in the control plots located in

UGR, but not in those located in KWZ (Table 6.9). Also, except
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for March 1985, the total yield in UGR contraol plots was higher
than in KWZ control plots (Table 6.9).

When the initial data (November 1984) were compared, there was no
significant difference between herbage accumulated in exclosure

plots in KWZ and that accumulated in KWZ control plots (paired

t-test = 0,315 d.f. 2), nor between exclosure plots in UGR and
UGR control plots (paired t-test = 0,35; d.f. = 2). This
nonsignificant difference between the exclosure and control plots
was to be expected because the exclosure plots bhad just been
erected and insufficient time had passed to allow for differences
between the grazed (control) and ungrazed (exclosure) plots to

manifest themselves. “ 2o 5 T o aienn B ¢

Using single classification ANGOVA on the pooled 1985, 1986 and
1987 data, there was no significant difference between herbage

accumulated in KWZ when compared with UGR in the absence of

grazing {(exclosure plots), but there was a significant difference
{p<0.03) 1in the presence of grazing (Table 6.10). This
difference 1s presumably due to different amounts grazed. There

was a highly significant difference between herbage accumulated
in the absence of grazing, when the upper, mid and lower slaope
plots were compared (Table 6.10), and there was also a
significant difference in the presence of grazing, i.e. in the
control plots. A two-level nested ANOVA on the exclosure plot
data showed that after the mean difference between the UGR and
KWZ plots had been removed, there was a highly significant
difference between Hherbage accumulation in the upper, mid and
lower slope plots (Table 6.10). There was also a significant
difference between herbage accumulation in the upper, mid and
lower slope control plots after the mean difference between the

UGR and KWZ plots had been removed (Table 6.10).

To summarise this section, in the absence of grazing there was no
statistically significant difference in herbage accumulation

between plots in KwaZulu and Umfolozi Game Reserve. There was
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however a significant difference in the presence of grazing but

this may be merely a reflection of differing grazing 1intensities

on each side of the fence. What does affect herbage accumulation
significantly, both in the presence and absence of grazing, is
the position of the plots on the catena. This is evident not
only when the plots on each side of the fence are combined, but

also when the KWZ plots are separated from the UGR plots, both 1in

the absence and in the presence of grazing.

6.5 RELATIONSHIP BETWEEN DIFFERENT LEVELS OF SOIL EROSION AND
GRASS SPECIES RICHNESS AND DIVERSITY

The perceived management problem 1n this section 1is that
accelerated soil loss may 1lead to a long-term reduction 1in
species diversity, which contradicts the primary nature
conservation objective of the Natal Parks Board, viz. "to
conserve the optimum number of appropriate indigenous species and
their habitats" (Grobler, 1984), Assuming there is a higher
long-term soil loss rate in KwaZulu areas adjacent to UGR than in
UGR 1itself, and that higher soil losses lead to reduced species
diversity, then a fence-line contrast study should 1indicate
differences 1n species diversity. Ideally, the species diversity
of all components of the biota should be measured but, given the
small size of the study area and the rudimentary state of
knowledge of South African invertebrate taxonomy, it was decided
to measure the species richness and diversity of a segment of the
biota, viz. grasses. The reasons for choosing grasses were that

their taxonomy is well researched and they are relatively easy to

identify, especially when flowering. Also, they form an
important component of the diet of herbivorous ungulates,
microherbivores and seed-eating birds. Because forbs were also

present in the grass sward, they were included in the measurement
of species richness and diversity. However, since forbs were-
more difficult to identify, especially when not flowering, they -

were lumped as one species on the assumption that they all Had' a
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similar ecological function. Another assumption made in this
section was that an increase in herbaceous species diversity was

indicative of an increase in the biotic diversity of the system.
6.5.1 Materials and methods
6.5.1.1 Herbaceous species frequency

Herbaceous species frequency data were collected in the exclosure
and control plots in January 1985 using a nested quadrat
technique. A total of BO nested " quadrats was randomly placed
within each plot, and the presence of individual grass species
within each of the nested quadrats was noted. Forbs were lumped
as one species. The sizes of the nested gquadrats were 20 x 20cm;
20 x 40cm and 40 x 40cm. Diversity, in the sense of richness of
species, was measured by S, which 1is the number of species in a
sample of a standard size and taxonomic inclusion from a given
community (Whittaker, 1977). In the current study, S was
expressed as the total number of herbaceous species occurring
within the 80 quadrats for the three different nested quadrat
sizes. Using single classification ANOVA, the total species
richness (S) was compared between KWZ and UGR plots, and between
the upper, mid and lower slopes. Two-level nested ANOVA was used
to compare the KWZ upper, mid and lower plots with the same plots
in UGR. Finally, three—-level nested ANOVA was used to detect
significant differences between grazed (control) and wungrazed

(exclosure) plots on the upper, mid and lower slopes in KWZ and
UGR.

The species frequency data were also expressed as percentage

frequency of occurrence, which was obtained using the following

formula:

frequency of occurrence (%) of species A =

a x 100
N 1
where a = number of quadrats in which species A occurs

N

i

total number of quadrats.
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The percentage frequency of occurrence was calculated for each
species for each quadrat size. Species which occurred 1in the 40
x 40cm nested quadrat in each plot were ranked from highest to
lowest contribution to percentage frequency, and the data were
presented separately for grazed (control plot) and ungrazed
(exclosure plot) conditions. An index of similarity (Si) (Odum,
1971) was used to compare the similarity in species composition
between the exclosure and control plots on the various slope
positions in UGR with adjacent plots in KWZ. The formula for

this index is:

S: = 2C
A + B
where A = number of species in sample A
B = number of species in sample B
C = number of species common to both samples

The higher the value of S., the greater the similarity between

the two samples.

6.5.1.2 Herbaceous species composition by bulk contribution to

biomass

Whittaker (1965) considered the best single measure of the
species’ importance in the community to be 1ts productivity,
which could be expressed by either the dry mass of organic matter
produced or the energy bound per unit area per time unit. The
former expression of productivity was used i1n this study, and 1in
November 1984 and January 1986 a 1m® quadrat was located
randomly at twenty points within each exclosure and control plot,
and the Walker (1976) and Barnes, 0Odendaal & Beukes (1982)
methods were used to determine the grass species composition of
the herbaceous layer. Both methods employed a dry-mass ranking
technique to determine those herbaceous species contributing the

most bulk to the above-ground living herbaceous biomass.
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In each quadrat, those herbaceous species contributing the
greatest, the second greatest and the third greatest amounts of
herbage on a dry-mass basis were identified, and the ranks of 1,
2 and 3 were allocated respectively to these species. Again,
forbs were lumped as one species. In the Walker (1976) method if
there were only two species in the quadrat then the heavier
species was ranked 1 and the lighter species 23 if there was only
one species 1n the quadrat it was ranked 1. In the Barnes et al.
(1982) method if there was only one species in the guadrat it was
ranked 1, 2 and 3; 1f there were two species in the quadrat then
the heavier species was ranked 1 and 2, and the lighter species
3. This method had two other conditions which applied to the
ranking of species. Firstly, 1f there were four or more species
in the quadrat with two being equally heavy, then these two
species were equally ranked 1 (i.e. species A and species B)j; the
next by weight (species C) was ranked 2; and the next by weight
(species D) was ranked 3. Secondly, if species A comprised more
than B85% of the dry-mass herbage yield, then it was ranked 1 and

2, and the next species by weight (species B) was ranked 3.

In the Walker (1976) method, the herbaceous species composition
by bulk contribution to biomass was determined for each plot in
which all guadrats had three or more species, using the procedure
outlined below:
Firstly, for each species, the proportions of quadrats in
which it was ranked first, second and third was determined.
Secondly, the percentage contribution to biomass was
determined, using the constants of Mannetje & Haydock (19463),
by multiplying the proportion of quadrats where species A was
ranked first by 70.2; multiplying the proportion of Qquadrats
where species A was ranked second by 21.1; and multiplying the
proportion of quadrats where species A was ranked third by
8.7. The percentage contribution to biomass of species A was

the sum of these three amounts.
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1f some quadrats had less than three species, then calculations

were carried out on the number, and not the proportion, of

quadrats. The procedure was as follows:
Firstly, for each species, the number of quadrats in which it
was ranked first, second and third was determined. Secondly,
the sum of each species was calculated by multiplying the
number of quadrats where species A was ranked first by 8.0;
multiplying the number of quadrats where species A was ranked
second by 2.43; and multiplying the number of quadrats where
species A was ranked third by 1.0. The sum for species A
(S a) was the sum of these three amounts. Thirdly, the sum of
all species was added up to give a total (S T). Fourthly, the
percentage contribution to biomass for species A was

calculated using this formula:

% contribution to biomass of species A = S a x 100

ST 1

in the Barnes et al. (1982) method, the data were tabulated to
give the proportion of quadrats in which each species was ranked
first, second or third. Where a rank was allocated equally to
two or more species in a quadrat, the quadrat value of unity for
the rank concerned was divided by the number of species to which
the same rank was allocated, before summation of numbers of
quadrats by ranks and species. The proportionate values for
ranks 1, 2 and 3 were respectively multiplied by constants
derived by Mannetje & Haydock (19463). These constants were 70.2,
21.1 and 8.7 respectively. The products for each rank were
summed to give the percentage contribution to biomass for each

species (Barnes et al., 1982).

The data were presented separately for November 1984 and January
1986 and for the Walker (1976) and the Barnes et al. (1982)
methods. An index of similarity (S:) (Odum, 1971) was used to

compare the similarity in species composition between the upper,
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mid and lower slope plots in KWZ with that in adjacent plots in

UGR.
6.5.1.3 Correspondence analysis

Correspondence analysis was carried out on the 1984 and 1986 data
sets to determine the best objective fit to the association
between herbaceous species compositionlon the one hand and the
exclosure and control plots on the other. The 1984 and 1986 data
sets derived from the Walker (1976) and Barnes et al. (1982)
methods were analysed separately. Details of this multivariate
analysis technique have been given 1in Sections 3.3.2.1 and
4.4.2.1, and the interpretation of the output tables has been
described in Section 3.3.2.2. In each analysis, the data matrix
was drawn up using the format outlined in Table 6.11. The codes
used in the text, in Figures 6.8 - 6.11, in Table 6.11 and in
Tables 6.21 - 6.24 are explained in Table &6.12.

6.5.2 Results
6.5.2.1 Herbaceous species frequency

The total herbaceous species richness was higher in the upper and
mid-slope exclosure and control plots in UGR than in the
corresponding plots 1in KWZ (Table 6.13). However, in the
exclosure and control plots on the lower slope, the species
richness was higher in the KWZ plots than in the UGR plots (Table
6.13). There was no significant difference between the species
richness (S) measured on plots in KWZ and UGR, but there was a
highly significant difference when the data from the KWZ and UGR
plots were combined and species richness was compared between
upper, mid and lower slopes (Table 6.14) . There was still a
significant difference in the species richnessg between upper, mid
and lower slope plots, even when the average KWZ and UGR
differences, as well as the average control and exclosure

plot
differences, had been removed (Table 6.14).

To summarise, it is evident from these results that there was not

a significant difference in the alpha species diversity (i.e. the
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species diversity within individual plant communities)
(Whittaker, 1965) between KWZ and UGR plots, but there was a
highly significant difference when the upper, mid and lower

slopes were compared.

When the paired plots were compared under grazed conditions, the
index of similarity (S:) increased from 0,60 in the upper slope
plots to 0,92 in the lower slope plots (Table 6.13). This
indicated that the grass swards in KWZ and UGR became more

homogeneous with respect to species composition as plots further

down the catemna were sampled. The following grass species
occurred in the KWZ plots only: Diplachne eleusine, RPanicum
natalense, Sporobolus nitens and Sporobolus pectinatus
(Table 6.15). Rhynchelytrum repens, Hyparrhenia filipendula,

Heteropogon contortus, Sporobolus smutsii and Urochloa panicoides
were the only species found exclusively in the UGR plots.
Thirteen herbaceous species occurred in plots in both KWZ and UGR

(Table 6.15).

A comparison of the paired plots under ungrazed conditions also
showed an increase in the index of similarity from the upper to
the lower plots (Table 6.16), again emphasising the difference in
the species composition of the grass sward in the upper KWZ plot
and the adjacent UGR plot. The UGR and KWZ exclosure plots also
shared 13 herbaceous species, with Diplachne eleusine, Sporobolus
nitens and Sporobolus pectinatus occurring only in KWZ plots and
Panicum deustum and Heteropogon contortus occurring in UGR plots
only (Table 6.16).

To summarise, the grass swards in the upper slope plots in KWZ
and UGR were less similar in species composition than the swards
in the mid and lower slope positions. This relationship was

evident, irrespective of whether the plots were grazed or not.
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6.5.2.2 Herbaceous species composition by bulk contribution to

biomass

In both KWZ and UGR, forb species, Digitaria swazllandensis and
Themeda triandra, made the highest mean percentage contribution

to herbaceous biomass on the upper, mid and lower slope plots

respectively (Table 6.17). These measurements were made 1in
November 1984 using the Walker (1976) method. When the
Barnes et al. (1982) method was used, similar results were
obtained (Table 6.18). The index of similarity (Si) increased

from 0.58 on the upper slope plots to 0.82 on the lower slope
plots, irrespective of the method used to determine the species
composition (Tables 6.17 & 6.18). This shows there is a larger
difference in the grass species composition when the upper KWZ
plots are compared with the adjacent UGR plots, than when the mid
or lower slope plots are compared. When the same exclosure and
control plots in KWZ were remonitored 1in January 19846, forb
species, Digitaria swazlilandensis and Eustachys paspaloides,
contributed the most to the herbaceous biomass on the upper, mid
and lower slopes respectively (Tables 6.19 & 6.20). In the UGR
plots, the bhighest contributions were made by forb species,
Digitaria argyrograpta and Themeda triandra. Similar results
were obtained irrespective of the vegetation monitoring technique
used. Again, the 1index of similarity i1ncreased from the upper

slope to the lower slope plots (Tables 6.19 & 6.20).

In summary, there is a marked difference between the species
composition of the upper slope plots in KWZ and UGR. This
difference becomes progressively less pronounced in the mid and
lower slope plots. The above relationship is evident
irrespective of which of the two vegetation monitoring methods

was used and regardless of the vyear in which the vegetation was

monitored.



113

6.5.2.3 Correspondence analysis

In the November 1984 bherbaceous species composition data, which
was determined using the Walker (1976) method, the first
principal axis (axis 1 in Figure 6.8) distinguished the upper and
mid-slope exclosure plots 1in KWz (plots 413.2 and 415.2
respectively) from the lower slope exclosure and contral plots
(plots 419.3 and 4192.4 respectively) 1n UGR. The grass Themeda
triandra was correlated positively with plots 419.3 and 419.4,
and Digitaria swazilandenslis was correlated positively with plots
413.2 and 415.2. This axis contrasts upper and mid-slope
exclosure plots in KWZ with bottom slope exclosure and control
plots in UGR based on the presence of Digitaria swazilandensis
and Themeda triandra. Axls 2 contrasts the upper slope exclosure
and control plots in UGR, and the adjacent exclosure plot in KWZ
(plots 413.3, 413.4 and 413.2) with the mid-slope control plot in
UGR (plot 415.4). This latter control plot 1is correlated
positively with Digitaria swazilandensis and the upper slope
plots are correlated positively with forb species and Diplachne
eleusine (Figure 6.8 & Table 6.21). Axes 1 and 2 explain 60,07

of the variability in tbe data set.

When the Barnes et al. (1982) methbod was used to determine the
herbaceous species composition in 1984, the first principal axis
in Figure 6.9 contrasted the mid-slope control and exclosure
Plots in KWZ and the adjacent exclosure plot in UGR (plots 415.1,
415.2 and 415.3 respectively) with the bottom slope exclosure and
control plots in UGR (plots 419.3 and 419.4). Again, Themeda
triandra was correlated positively with the bottom slope plots in
UGR and Digitaria swazilandensis with the mid-slope plots in KWZ
and the adjacent exclosure plot in UGR (Figure 6.9 & Table 6.22).
The second principal axis showed that forb species

were

correlated positively with plot 413.4 and to a lesser extent

413.3, and it also showed the positive correlation between

Diplachne eleusine and plots 413.1 and 413.2 (Figure 6.9). A
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total of 61,4% of the variability 1n the data set was explained

by these two axes.

In summary, the above two correspondence analyses primarily
contrasted mid-slope plots in both UGR and KWZ with bottom slope
plots in UGR, by the presence of Digitaria swazllandensis i1in the
mid-slope plots and Themeda triandra in the bottom slope UGR

plots.

In the original 1986 correspondence analysis, based on the Walker
(1976i method, Digitaria argyrograpta played an overwhelming role
in determining the second principal axis and it was treated as a
supplementary point in the subsequent analysis so that the less
obvious multidimensional patterns could be exémined (Table 6.23).
In axis 1 Chloris gayana, Panicum maximum and Diplachne eleusine
were correlated positively with the upper slope KWZ plots (413.1
& 413.2) and Themeda triandra was correlated negatively with the
same plots (Figure 6.10). Axls 2 distinguished the lower slope
exclosure and control plots in KWZ (plots 419.1 and 419.2) from
the upper slope exclosure and control plots in UGR (plots 413.3
and 413.4). These upper slope plots were correlated positively
with Themeda triandra and the lower slope KWZ plots with
Digitaria argyrograpta and Eustachys paspaloides (Figure 6.10).
The first and second principal axes accounted for 56,07 of the

total variability.

Using the Barnes et al. (1982) method (Figure 6.11), the first
principal axis contrasted the mid-slope exclosure and control
plots in UGR (plots 415.3 and 415.4) with the adjacent KWZ plots
(plots 415.1 and 415.2) on the basis of Digitaria swazilandensis
being correlated positively with the KWZ plots and Digitaria
argyrograpta with the UGR plots. Axis 2 contrasted the mid-slope
exclosure and control plots in KWZ and the adjacent control

plot

in UGR (plots 415.1, 415.2 and 415.4) with the upper slope

exclosure and control plots (plots 413.1 and 413.2) in KWz

(Figure 6.11 & Table 6.24). These upper slope plots were
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correlated positively with forb species and Chloris gayana, while
the mid-slope plots were correlated positively with Digitaria
swazilandensis and D. argyrograpta. Axes 1 and 2 explained 54,9%

of the variability in this data set.

In summary, correspondence analysis of the 1986 data set
contrasted the different positions on the slopes 1instead of
contrasting UGR and KWZ plots on the same slopes. It was only in
the first principal axis of Figure 6.11 that mid-slope plots 1in
KWZ were contrasted with mid-slope plots in UGR. Also, the
correspondence analysis did not contrast grazed (control) and
ungrazed (exclosure) plots on the same slope position. The
results of the anmalyses above show that it is the position on the
slope, and not the siting of the plots in either KWZ or UGR or
whether they are grazed or ungrazed, that accounts for the

highest degree of variability in the data.

6.6 COMPARISON OF TWO VEGETATION MONITORING METHODS USED TO
DETERMINE HERBACEQOUS SPECIES COMPOSITION

6.6.1 Materials and methods

The Walker (1976) and Barnes et al. (1982) methods were compared
to establish whether there was any statistically significant
difference in the percentage contribution of each species to
herbaceous biomass. The two methods were outlined in Section
6.5.1.2, and the experimental design of the exclosure plots 1in
Section 6.4.1. Since the data on species composition were
collected at the ordinal scale, in that the most important
species 1In each quadrat were ranked instead of measured,
nonparametric statistics were used to analyse the data (Siegel,
1956). Because the data comprised two related samples, the
Wilcoxon matched-pairs signed-ranks test (Siegel, 1956) was used
to detect any significant difference. The null hypothesis (Hg)

was that there was no significant difference between the two
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methods, and if the calculated T values were less than or equal

to the critical T values, then Ho was rejected (Siegel, 1936).
6.6.2 Results

There was no significant difference between the Walker (1976) and
Barnes et al. (1982) methods when the percentage contributions to
herbaceous biomass of various herbaceous species were compared
(Table 6.25). This was so, regardless of whether the herbaceous
species composition was determined in UGR or KWZ, or in 1984 ar
1986 (Table 6.23). If the relevant columns in Tables 6.17 and
6.18 are examined, it 1s apparent that there is very little
difference in percentage contribution to biomass of plots in KWIZ
assessed using either the Walker (1976) method (Table 6.17) or
the Barnes et al. (1982) method (Table 6.18). The same 1is

evident for UGR plots and for the 1986 data set (Tables 6.19 &
6.20).

Since there is no significant difference between the two methods,
it can be inferred that each is equally good at determining
percentage contribution to biomass. The Barnes et al. (1982)
method 1s more flexible 1in the ranking of herbaceous species
(Sectian 6.5.1.2) because it makes allowance for situatiaons where
two species are equally heavy. Here, the two species are both
ranked 1, while in the Walker (1976) method a decision has to be
made to determine which species 1s the heavier as there 1s no
provision faor shared rankings. Alsa, one species sametimes
contributes the bulk of the biomass in a quadrat and the
remaining two contribute very little. Using the Walker (1976)
method, these species are ranked 1,2 and 3, while in the Barnes
et al. (1982) method if a species contributes more than 857 to
the herbaceous biomass it is ranked 1 and 2. For the

reasons
given above, the author found it easier to use the Barnes

(1982) method in the field,

et al.
and 1t is recommended that in future
this method should be used in preference to the Walker (1976)

method to monitor herbaceous species composition in UGR.
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6.7 GENERAL DISCUSSION

Soil loss and soil depth data were collected in KWZ and UGR to
determine whether there were any differences in short-term and
long-term erosion levels arising from differences in land wuse.
The results showed that the largest degree of variability in the
data was explained by differences in position on the slope,
rather than by differences in land use. Examination of the soil
loss data did show however that short-term soil loss levels were
consistently, but not significantly, higher in KWZ than in UGR.
The same conclusion was reached regarding long—-term soil erosion

levels when the A-horizon depth data were examined.

Given this disparity in erosion rates, which in the longer term
may differ significantly, the perceived management problem in
following a noninterventionist policy (which is essentially the
policy that has been followed in KWZ regarding large herbivore
numbers) is the following. There is the danger that the soil
loss rates will exceed those of so0il genesis and this will lead
to a decline 1in vegetation productivity and ultimately to a
decrease in the carrying capacity of the game reserve. As early
as 1948, Smith & Whitt noted that the ultimate objective of soil
conservation was to maintain soil fertility, and hence crop
production, indefinitely. This concept of the maintenance of
soil fertility and crop production was formalised by Wischmeier &
Smith (1978) in their definition of "soil loss tolerance”", which
denotes the maximum amount of soil erosion that will permit a
high level of crop productivity to be sustained economically and
indefinitely. From their definitions it can be seen that soil
loss tolerances were based on the long—-term maximisation of crop
production, and the application of the soil loss tolerance
concept to rangelands is of questionable value (Wight & Lovely,
1982). This is also true 1in a game reserve sitdation where
emphasis is placed on the maintenance of species diversity and
ecological processes {Grobler, 1984) fathér than on the

maximisation of long-term productivity. The herbage accumulation
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results in this study show that 1in the absence of grazing there
is no statistically significant difference in herbage
accumulation in KWZ and UGR. What did affect herbage
accumulation significantly, both in the presence and absence of
grazing, was the position of the plots on the slope. The
perceived management problem in following a noninterventionist
policy appears to be unfounded; both conceptually, when
considered in the light of Natal Parks Board objectives for game
reserves under their control, and practically, when the herbage

accumulation results are considered.

The second perceived management problem 1is that, given a
noninterventionist policy, there is a danger that accelerated
soil loss may lead to a long—-term reduction in species diversity
which would conflict directly with the primary nature
conservation objective of the Natal Parks Board, viz. to maintain
species diversity (Grobler, 1984). Conservation biology points
out that the proper objective of conservation is the protection
and continuity of entire communities and ecosystems, and that the
long—term viability of natural communities usually implies the
persistence of diversity with little or no help from humans
(Soule, 1985). The objective of the maintenance of species
diversity will be discussed in detail in Chapter 7; suffice it to
say that 1t is considered to be an important and valid nature
conservation aobjective (Soulé, 1985). If accelerated soil loss
resulting from a noninterventionist policy can be shown to effect
a reduction in species diversity, then this would contradict the
primary objective of UGR and such an approach could not be
adopted as a management option. Based on the assumption that an
increase in herbaceous species diversity was indicative of an
increase in the biotic diversity of UGR, the results showed there
was no significant difference in herbaceous species diversity (in
the sense of richness of species) between KWZ and UGR.

There was

however a highly significant difference when the grass species

richness was compared between the upper, mid and lower slopes.

This significant difference persisted even after the average
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variability accounted for by UGR versus KWZ, and by the exclosure
versus control plots, was removed. Using an index of similarity,
it was evident that the grass swards on the upper slope 1in UGR
and KWZ were less similar in species composition than the swards
.in the mid and lower slope positions. The overriding effect of
slope position on soil loss, A—horizon depth, herbage
accumulation and grass species richness bhas been evident in all

the results in this chapter.

The influence of topography on soil properties and soil moisture
regimes has been described by Young (1976}). These topographical
influences are reflected in a regular sequence of different soil
profiles which develop along a gradient from hilltop to adjacent
valley bottom, and the changes in soil properties and moisture
regimes in turn cause zonal patterns 1in the composition,
structure, productivity and quality of vegetation (Bell, 1981;
Tinley, 1982). In the current study, these zonal patterns
exerted a consistently stronger influence on soil erosion,
herbage accumulation and species richness than did differences 1in
land use between UGR and KWZ. Thus, the factor having the
greatest influence on species richness was found to be topography
and not land  use. Again, the perceived management problem in
following a noninterventionist policy appears to be unfounded
and, as there 1s not a conflict with the primary objective of
maintaining species diversity, such a noninterventionist approach
can be considered for implementation as a management option. It
should however be remembered that species diversity can be
defined on several scales from a point or microenvironment to a
whole region (Whittaker, 1977), and before such a
noninterventionist policy is implemented it should be established
that this does not lead to a decrease in gamma diversity either
on a reserve scale or on a regional scale. Gamma diversity |is
diversity of vegetation patterns and landscapes resulting

from

both alpha diversity (diversity within individual communities)

and beta diversity (relative extents of differentiation of

communities along topographical gradients) (Whittaker, 1965).
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In conclusion, when a noninterventionist policy which was
followed in KWZ was compared to an interventionist policy in UGR,
there was no significant difference in the relationship between
inferred different levels of soil erosion and the production
potential of the remaining soil, nor in the relationship between
inferred different levels of soil erosion and Qgrass speciles
richness and diversity. Significant differences were however
obtained when the positions of the plots on a topograpbical

gradient were considered.

6.8 CHAPTER SUMMARY

a) Because of deficiencies in the experimental design in the
non-cull and cull blocks, an alternative study area on the
western boundary fence was chosen in 1984. The experimental
design here allowed for paired sampling sites on either side of

the boundary fence.

b) The sampling sites were placed randomly and the sampling
intensity was relatively high when compared with the
non—-cull/cull experiment. These factors facilitated the

statistical analysis of the data.

c) There was no significant difference in soil loss from UGR and
KWZ plots, but when saoil loss on the upper, mid and lower slopes
was compared there was a significant difference. This shows that
it is the position on the slope, and not whether the plots are in

UGR or KWZ, which explains the greatest variability in soil loss.

d) There was no significant difference between the A-borizon

depths measured in KWZ and UGR, but there was a highly
significant difference between the depths measured on the upper,
mid and lower slopes. Like soil loss, the real differences 1in

A-horizon depth were dependent on topographical position and not

on differences in erosion levels between KWZ and UGR.
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e) Although no statistically significant differences between
either short-term or long-term erosion rates in KWZ and UGR could
be shown, there was a consistent trend indicating that both these

rates were higher in KWZ than in UGR.

f) Using soil loss and vegetation measurements from the Gerlach
troughs, it was possible to confirm that a curvilinear
relationship, best described by an exponential equation, exists

between soil loss and both vegetation and soil surface variables.

g) The wvariable showing the highest positive correlation with
loge s01l loss was percentage susceptibility to erosion, and the
variable showing the highest negative correlation was percentage
surface cover. This confirms the results obtained from both the

rainfall simulator trials and the natural run-off plots.

h) There was no significant difference between herbage
accumulated in KWZ and UGR in the absence of grazing, but there
was a significant difference 1in the presence of grazing. This
may be merely a reflection of differing grazing intensities on

each side of the fence.

1) There was a highly significant difference 1in herbage
accumulation on the upper, mid and lower slope plots in the
absence of grazing and a significant difference in the presence
of grazing. This indicates that the position of the plots on the

slope influences herbage accumulation significantly, both in the

presence and absence of grazing.

J) There was no significant difference between the grass species
richness measured on plots in KWZ and UGR, but there was a highly
significant difference when the grass species richness was
compared between upper, mid and lower slopes.

k) The grass swards in the upper slope plots in KWZ and UGR were
less similar in species composition thanm the swards in the mid
and lower slope plots, and this relationship was evident

regardliess of whether the plots were grézed or not.
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1) When herbaceous species composition was determined by bulk
contribution to biomass, there was a marked difference between
the species composition of the wupper slope plots in KWZ and
adjacent UGR plots. This difference became progressively less

pronounced 1in the mid and lower slope plots.

m) The relationship in 1) above was evident despite the two
vegetation monitoring methods used and in spite of the year 1in

which the vegetation monitoring was daone.

n) Correspondence analysis on the 1984 herbaceous species
composition data set primarily contrasted mid-slope plots in both
UGR and KWZ with bottom slope plots in UGR, based on the presence
of Digitaria swazilandensis 1in the mid-slope plots and Themeda

triandra 1n the bottom slope UGR plots.

0) The results of the 1984 and 1986 correspondence analyses show
that it is the position on the slope, and not whether the plots
are in KWZ or UGR, or are grazed or ungrazed, that accounts for

the highest degree of variability in the data.

P) There was no significant difference between the results
obtained using the Walker (1976) method and the Barnes et al.
(1982) method, regardless of whether the specles composition was

determined in UGR or KWZ, or in 1984 or 1986.

Q) Because there was no significant difference between the
results obtained using the above two me thods, and because the
Barnes et al. (1982) method is easier to use in the field, it is
recommended that this method should be used in future vegetation

monitoring programmes in UGR.

r) The major conclusion drawn in this chapter was that

differences in topography, rather than differences in land use,

exerted an overriding effect on soil loss, A-horizon depth,

herbage accumulation and grass species richness.
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s) Based on the results presented in this chapter, the perceived
management problems of a noninterventionist policy leading to a
decline in vegetation productivity and to a long-term reduction

in species diversity appear to be unfounded.
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CHAPTER 7 : A SYNTHESIS OF RELEVANT CONSERVATION MANAGEMENT
PHILOSOPHY AND PRINCIPLES

7.1 INTRODUCTION

Management by objectives 1s a standard procedure for achieving
goals i1n the business world (Miller & Child, 1983) and this
approach has also been adopted by the Natal Parks Board (NPB) 1in
the management of conservation areas under 1ts control (Grobler,
1984). Not only is it important to identify major oaobjectives
before embarking on a conservation management programme (Ricklefs
et al., 1984), but these objectives also need to be re-evaluated
constantly in the 1light of current knowledge (Miller & Child,
1983). Primary and secondary objectives were set for NPB areas
in 1983 (Grobler, 1983), but conservation biology has recently
supplied principles which can be used to achieve the objectives
of nature conservation (Soule, 19895). Concurrently, the
objectives of the World Conservation Strategy (WCS) have been
publicised (Allen, 1980; IUCN, 1980) and i1ncorporated 1n the
scientific literature (Siegfried & Davies, 19823 Hall, 1984
Ricklefs et al., 1984). In the light of the extensive recent
literature on the WCS and conservation biology, a decision was
made to re-evaluate current NPB conservation policy before
proposing changes to the NPB soils policy and soil reclamation
objectives. It was felt that only once a policy had been
determined could objectives be set to ensure that management

practices were within the framework of such a policy (Grobler,
1984).

The three aims of this chapter are:
a) to synthesise relevant knowledge on the preservation of
genetic diversity and the maintenance of essential ecological
processes and life support systems;
b) to synthesise the relevant abiotic and biotic data obtained

during the non-cull/cull and Cengeni fence-line experiments;

and
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c) to re—-evaluate relevant Natal Parks Board conservation
management policy and objectives 1in the 1light of the data

synthesised above.

7.2 SYNTHESIS OF RELEVANT KNOWLEDGE ON THE PRESERVATION OF
GENETIC DIVERSITY

7.2.1 Introduction

The WCS was drawn up to stimulate a more focused approach to the
management and conservation of living resources. Its aim is to
accomplish the three main objectives of 1living resource
conservation which are:

a) to maintain essential ecological processes and life support

systems on which human survival and development depend;

b) to preserve genetic diversity; and

c) to ensure the sustainable utilisation of species and

ecosystems (IUCN, 1980).

Genetic diversity is defined in the WCS as the range of genetic
material found in the world's organisms (IUCN, 1980), and the
objective of preserving this diversity is by no means an academic
exercise. If present rates of natural resource exploitation
continue, about one million of the S - 10 million species on
earth could be forced to extinction by the end of this century
(Myers, 1984). Currently, more than 407 of the prescriptions
filled each year 1in the USA contain a drug of natural origin,
either as the sole active ingredient or as one of the main
ingredients (Allen, 1980), and the potential value of these one
million threatened species to the pharmaceutical industry, and to
humanity, is obvious. Similarly, the current trend of
degradation in savannas around the world, involving changes in
composition and productivity, is affecting adversely the capacity
of these systems to support humans and other organisms (Frost et
al., 1986). Degradation is not confined only to savanmna areas,

and this large-scale deterioration of the habitat and potential
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mass extinction of species 1is just one side of the coin. The
other side 1is the cessation of significant evolution of new
species of large plants and vertebrate animals because existing
conserved habitats are too small to allow further speciation

(Soule & Wilcox, 1980).
7.2.2 Preservation of species diversity

Because efforts to save species are futile without preserving
suitable habitats, many authors have emphasised the importance of
habitat conservation in the preservation of species diversity
(Eltringham, 1979; Diamond, 1982; Diamond, 1984; Prescott-Allen,
1984; Ricklefs et al., 1984; Soule, 1984). Botkin (1982; 1984)
takes a broader perspective and argues that the conservation of
speciles requires the conservation of ecosystems, but
unfortunately such an ecosystem approach is not possible in Natal
where the largest conserved areas represent only fragments of
ecosystems (Hanks et al., 1981). The importamt point 1is that
conservation should be aimed at the protection and continuity of
entire communities, as the long-term viability of natural

communities usually implies the persistence of diversity (Soule,

1985), and it 1is generally accepted that the maintenance of
diversity should be the primary aim of conservation (Eltringham,
1979).

Diamond {(1984) has listed the eight main determinants of species
diversity. Firstly, if one compares unequal areas of similar
habitat, species diversity 1ncreases with area. Secondly, the
more isolated a habitat is from other patches of similar habitat,
the fewer species will occur in the patch. It appears as though

these two determinants are of relevance only when new land

is
acquired for conservation purposes but the following five
determinants can be influenced, to a greater or lesser extent, by

management within an existing conserved area.

Not only does species diversity tend to increase with diversity

of habitat but, within a single habitat, it +tends to increase
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with increasing complexity of the habitat’'s physical structure.
Physical disturbances, such as drought, fire and flood, are
important in increasing habitat complexity because, as a result
of repeated disturbance, the habitat becomes a mosalc of
successional patches in which there 1is a high species diversity
instead of a few dominant species. There 1is now abundant
evidence that without such disturbances many species would cease
to exist (Sousa, 1984). It is important to note that with an
increase in disturbance, species diversity may increase but 1t
will eventually decrease with further increases 1in disturbance.
This applies to predation and, in fresh-water environments, to
productivity as well where species diversity 1ncreases over a
certain range only (Diamond, 1984). Lastly, species diversity 1is
also affected by history because habitats change with time, and
species distributions and diversities do not adjust instantly to

habitat changes.

To summarise, 1f one accepts that the primary objective of nature
conservation 1is the maintenance of species diversity, then
management should be aimed at maintaining, and 1f necessary
increasing, habitat diversity both spatially and temporally.
Physical disturbances and predation should be allowed to operate
unhindered, unless they reach such a level that species diversity
1s reduced. These steps should be aimed at maximising the number
of species whose populations can sustain themselves within
reserve boundaries and which would be threatened with extinction

in the absence of reserves (Diamond, 1984).

7.3 SYNTHESIS OF RELEVANT KNOWLEDGE ON THE MAINTENANCE OF
ESSENTIAL ECOLOGICAL PROCESSES AND LIFE SUPPORT SYSTEMS

7.3.1 Conservation of ecological processes

The WCS considers the maintenance

of ecological processes to be

essential for the functioning of the biosphere because without

them life would not be possible (Allen, 19B2). The formation of
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soil is such an ecological Pprocess and, through protection of
soil, the manager can ensure the long—-term productivity of
agriculture, forestry, pastures and rangelands. Since a major
part of the earth’s land surface will be transformed and modified
to supply food to support the human population, the WCS stresses
that management should ensure that such transformations and
modifications do not create biological deserts, i.e. areas
incapable of sustaining life—-support processes in the long term
because of artificially accelerated soil erosion, siltation and

biotic extinctions.

Hopefully, such modifications and transformations will not occur
in conservation areas, and here organisms and their habitats will
be conserved in patural ecosystems or portions of ecosystems.
Ricklefs et al. (1984) contend that as ecosystems, communities
and habitats are dynamic entities, an understanding of basic
ecological processes responsible for the origin and maintenance
of organisms, habitats and landscapes is essential, and
ecological processes must themselves be conserved. These
ecological processes include all the physical processes as well
as the plant and animal activities which influence the state of
ecosystems and contribute to the maintemance of their integrity
and genetic diversity, and thus to their evolutionary potential.
Ecological processes may be broadly classified as biogeochemical
cycles; primary and secondary production; mineralisation of
organic matter in the soils and sediments; storage and transport
of minerals and biomass; and lastly, regulation of the above

processes, often by the activities of animals (Ricklefs et al.,

1984). The conservation of ecological processes and of
ecosystems and their constituent populations (Botkin, 1984) go a
step beyond species and habitat preservation because they
consider the dynamics of the systems; however, they both share

the common goal of the preservation of species diversity.
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7.3.2 Soil erosion: an ecological perspective

Soil erosion is an ecological process which should be allowed to
operate without interference. The rate at which 1t occurs should
be the point of concern for managers, and not soll erosion per
se. Rainfall affects the rate of erosion in two ways. Firstly,
in regions of very low mean annual rainfall there can naturally
be little erosion caused by rain while, at the other extreme, an
annual rainfall of more tham 1 OOOmm usually gives rise to dense
forest vegetation which affords a protective cover to the soil
and reduces erosion (Hudson, 1981). Between these two extremes
of annual rainfall there 1s a peak 1n erosion corresponding to
semi—-arid conditions (Figure 7.1). Here the mean annual
precipitation is not enough to sustain a complete vegetation
cover throughout the year, but it is sufficient to cause erosion
of the bare soil (Branson et al., 1981). The 1mportance of
natural vegetation cover in reducing soil erosion above a mean
annual rainfall of 400mm is evident when erosion rates from bare
ground are compared with rates from undisturbed natural
vegetation (Figure 7.1). Secondly, the rate of erosion is
affected by rainfall intensity, which 1is usually much higher 1in
the tropics than in the temperate zones, and the approximate
limits of high intensity rainfall are latitudes 40° north and 40°©
south (Hudson, 1981). Generally, soil erosion by water can be
expected to be most serious in areas between these latitudes
where the annual rainfall is neither very high nor very low. In
Africa this includes the entire continent except the dry deserts

and equatorial forests (Figure 7.2).

Different land uses also affect the rate of erosion. Knott

(1973) found that the average sediment yield was 65 times higher

in cultivated land than in land which was protected by natural or

re-established vegetation. Dunne (1979) concluded that erosion

from rural roads and footpaths in Kenya may contribute -

significantly. to the sediment yield of agricultural catchments
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and may cause an overestimation of the degradation of cultivated
lands. The surface erosion rate from catchments with logging
roads was 220 times (Megahan & Kidd, 1972) to 250 times higher
(Fredricksen, 1%970) than the erosion rate from adjacent and
undisturbed watersheds. When compared with sediment production
from cultivated lands, Wood & Blackburn (1981) concluded that,
irrespective of the grazing intensity, sediment production from
rangelands was extremely small. The mean sediment yield from
grazed catchments was 4,7 times higher than that from adiacent
ungrazed catchments, and the range in sediment yield varied from
1,3 times to 28,8 times (Table 7.1). The important point here 1is
that heavy continuous grazing has far less influence on erosion
rates than other forms of disturbance such as the construction of
roads or the cultivation of land. The fact that an area is used
for grazing land instead of cultivated land means that the rate
of soil erosion will be appreciably less. This is illustrated by
Wischmeier & Smith (1978) who showed that for every 100kg of soil
lost from a ploughed field maintained in a bare fallow condition,
only 45kg were lost from a comparable undisturbed piece of land

with no ground or canopy cover.

Erosion rates from a natural environment undisturbed by man are
considered to be geologic or normal. When 1t is proceeding at a
rate greater than normal, reflecting man’'s activities at a site,
erosion 1s considered to be accelerated (Branson et al., 1981).
Accelerated erosion has led to two major problems. Firstly, it
threatens long—-term crop production, and hence food supply, which

1s needed to sustain an increasing human population (Brown, 1981;

Riquier, 1982; Larson et al., 1983). In this context it also
affects the productivity of rangelands, and thus their ability to
produce animal protein for human consumption (Gifford &
Whitehead, 1982; Wilson & Tupper, 1982). Secondly, sediment is

the product of a selective erosion process in which the finer and

lighter particles are preferentially removed from the soil.

Sediment 1s recognised as a pollutant since these particles can

adsorb pesticides and other chemicals, particularly persistent
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chlorinated hydrocarbons, which have a low solubility in water
(Glymph, 1975). Sediment vyield 1is of further significance
because it reduces dam storage capacities, and recently it has
been implicated 1in decreasing the depth of hippo Hippopotamus
amphibius pools in the Kruger National Park, which has led to
overpopulation in the remaining hippo pools and intraspecific

fighting (Anon., 1987).

A third problem which 1is not covered in the literature but has
been discussed in Sections 6.5 and 6.7 1is that accelerated
erosion may lead to a reduction in species diversity. This 1s an
important problem if one accepts that the primary objective of
nature conservation is the maintenance of species diversity. Not
only is the rate of erosion affected by grazing . intensity
(Blackburn et al., 1982), but very heavy grazing has also been
shown to reduce grass species diversity 1n North American
rangelands (Whittaker, 1%977). The important point however, is
that in semi-arid savannas (300 - 700mm rainfall per annum) the
species composition of the herbaceous layer appears to be
affected primarily by year-to-year and longer—term variations 1in
rainfall, and to a lesser extent by grazing. The effects of
grazing and fire become relatively more important as mean annual
rainfall increases and its variability declines (0O Connor, 1985;
Frost et al., 1986). This point 1is crucial for the
interpretation of the data from the non-cull/cull and Cengeni
fence-line experiments, where the mean annual rainfall was less
than 700mm per annum (Section 2.2.2), and for future management

decisions on whether to cull large herbivores or not.

7.4 SYNTHESIS OF RELEVANT DATA FROM THE NON-CULL/CULL AND
FENCE-LINE CONTRAST EXPERIMENTS

7.4.1 Rainfall, soil loss and vegetation data

Unfortunately, no long-term rainfall data are available from the
study areas, but the long-term trend in annual rainfall at Mpila,

UGR, is shown in Figure 7.3 and it is evident that the apnual
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rainfall fluctuates widely about the mean. The coefficient of
variation, which is a relative measure of dispersion about the
mean (Fuller & Lury, 1977), is 31,6%. This is in accordance with
the findings of 0 'Connor (1983) who concluded that there was an
increase in the inter—-seasonal variation in rainfall as the mean
annual rainfall decreased, with the coefficient of variation
ranging from about 10% at a mean annual rainfall of 1 0O0Omm to

>40% at 350mm.

There were more below—-average rainfall years (n = 16) than
above-average (n = 11), but only seven years were more than 25%
above or below- mean annual rainfall {Figure 7.3). The

non-cull/cull experiment was started in the 1978/79 rainfall
year, near the beginning of a 6&~-year drought period which
culminated in the driest year on record when, during 1982/83,
only 45% of the mean annual rainfall was recorded. The following
year was the wettest year on record with the rainfall received

being 92% above the mean annual rainfall (Figure 7.3).

The limited data set shows that the rainfall season begins with
storms in October, November and December which have low values of
erosivity, and it 1s only in January and February that
high—-erosivity storms occur (Figure 7.4). So1il loss from heavily
utilised veld or recently burnt veld would be higher 1f the
rainfall seasan began with high-erosivity storms because
vegetation cover would be at 1its lowest at the end of the dry
season. However, as lower—-intensity storms occur during the
earlier growing season, the vegetation cover has the opportunity
to increase before the high-intensity storms in January and
February, thus decreasing the amount of soil loss through

raindrop splash erosion on bare ground.

In the rainfall simulator trials, the annual mean soil loss

varied from 0,26 t/ha 1in the «cull block to 0,88 t/ha in the

non—cull block (Table 7.2). Snyman et al. (1985), wusing a

similar rainfall simulator on natural veld in the Orange Free

State, found that the mean soil loss varied from 1,45 t/ha on
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climax veld to 4,15 t/ha on pioneer veld. These values are
considerably higher than those obtained in the current study, but
they are based on only a single year’'s data. The only other
published data on soil loss from natural veld 1in South Africa,
which were based on natural run-off plots monitored over a period
of 26 years, gave a mean annual soil lose of 0,75 t/ha on
ungrazed veld and a maximum of 1,26 t/ha on grazed veld (Haylett,
1960) . These values are also higher than those obtainmed from
natural run-off plots 1in the current study, which ranged from
0,24 t/ha in the cull block to 0,74 t/ha in the non-cull block
(Table 7.2).

To summarise, although on average approximately three times more
soil was lost from plots in the non-cull block than from those 1in
the cull block, the mean soil losses from plots in the non-cull
block were lower than soil losses measured from plots on natural

veld in other studies in South Africa.
7.4.2 Interaction between abiotic and biotic factors

Based on data collected at 27 Walker transects in the study area
from 1979 to 1986 (Section 4.6.1), the herbaceous canopy cover 1n
the cull and non-cull blocks was correlated significantly with
the mean of the annual rainfall received in the current and
previous growing season (Table 7.3). The response of both blocks
to mean annual rainfall 1is similar, and rainfall 1s clearly an
important driving variable in this system irrespective of whether
an interventionist or noninterventionist management approach 1is
followed (Figure 7.5). A similar interaction between rainfall
and mean grass height was also evident in the two management
blocks (Figqure 7.6). Furthermore there was a highly significant

correlation between these two variables in both management blocks
(Table 7.3).

Mean soil loss was significantly correlated with herbaceocus

canopy cover, and loge mean soil loss with both herbaceocus canopy

cover and mean grass height (Table 7.4). Loge mean soil loss was

also significantly correlated with annual rainfall, which
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presumably influences soil loss through its effect on vegetation
variables, since the mean soil loss was derived from rainfall
simulator trials where both the amount and intensity of rainfall
were standardised. Unless it can be shown that stocking rate
also has a marked influence on vegetation variables, and hence on
soil loss, then it must be concluded that rainfall, through 1ts
effect on vegetation, is the primary determinant of soil loss 1n

this system, and that stocking rate plays only a secondary role.

During the period 1979 to 1986 there was no significant
correlation between stocking rate and herbaceous canopy cover,
nor between stocking rate and mean grass height, in either the
cull or the nmon-cull block (Table 7.3). Nor was there any
significant correlation between stocking rate and mean soil loss
(Table 7.4). The vegetation variables were measured at 27 Walker
transects in the study area (Section 4.6.1), and the relationship
between stocking rate and vegetation variables is shown for the
cull block and non—cull block in Figures 7.7 and 7.8
respectively. No clear relationship is evident between annual
stocking rate and annual values for herbaceous canopy cover and
mean grass height in either the cull or non-cull blocks.
Obviously therefore stocking rate cannot be used to explain the
between-year fluctuations in either of these vegetation
variables, and hence in soil loss. There does however appear to
be a longer-term relationship between stocking rate and the above
vegetation variables, with a decrease in stocking rate from 1979
to 1986, being accompanied by an increase in herbaceous canopy
cover and mean grass height over the same period in both the cull
(Figure 7.7) and non-cull blocks (Figure 7.8). However, this
long-term trend can also be explained by an increase in mean
annual rainfall over this period (Figqures 7.5 & 7.6), and again
leads to the conclusion that rainfall and not stocking rate is
the primary determinant of soil loss in this system, through its
effect on vegetation cover.
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The effect of rainfall on herbage accumulation, which i1s a crude
measure of the carrying capacity of the system, is shown 1in
Figure 7.9. The exclosure plots exclude large herbivore grazing
and represent the extreme of population control, i.e. when all
the large herbivores are removed. There 1s a significant
difference in the mean herbage accumulation over the three
growing seasons 1n these exclosure plots (F = 5.98, d.f. = 2,15),
and this difference 1is related to rainfall (Figqure 7.9). The
influence of rainfall i1s evident in all the exclosure plots,
where the highest yield was measured during the wettest rainfall
year and the lowest during the driest rainfall year (Fiqure 7.9).
These data, together with herbage accumulation data 1in the
presence of grazing (Section 6.4.2), show that the abiotic
effects of rainfall and slope position on yield are far greater
than the effect of stocking rate. The results of 11 southern
African studies which were reviewed by O Connor (1985) all showed
that rainfall variability bhad a primary effect on trends 1in

yield, irrespective of grazing treatment.

To summarise, 1t appears as though rainfall, through its effect
on vegetation cover and yield, is the primary determinant of soil
loss in this system. Between-year fluctuations in yield are so
large, due to the highly variable rainfall, that manipulation of
the stocking rate by the removal of large ungulates will have a

lesser i1nfluence on vegetation yield and cover, and hence on soil

loss.

Proponents of one interventionist approach attempt to get around
the question of rainfall variability by suggesting that stocking
rates should always be set with a drought situation in mind

(Smuts, 1980). The mean annual rainfall in below—-average

years
in UGR is 554mm, which is 207% below that of the long-term mean
annual rainfall of 693mm. To accommodate the "average" drought,

stocking rates would have to be set approximately 207 lower than

normal, and this 1is clearly a conservative approach. Smuts

(1980) also recommended that the ungulate stocking rates should
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be based on suggested agricultural stocking rates, which
encompass the concept of economic carrying capacity. This 1i1s the
stocking rate where maximal animal production per unit area is
achieved and it can be maintained only by an annual offtake of
animals in perpetuity (Caughley & Walker, 1983). This contrasts
with the concept of ecological carrying capacity which 1s the
density at which a population will "stabilise” 1f it is left
alone. This density is not a steady density, but will fluctuate

from year to year (Caughley & Walker, 1983).

There are three basic problems in the use of agriculturally
recommended stocking rates set with a drought situation in mind.
Firstly, since nowhere 1is it stated that a NPB conservation
management policy or objective 1is to maximise animal production
per unit area, the concept of economic carrying capacity appears
to be inappropriate in game reserves administered by the NPB.
Secondly, by setting stocking rates to accommodate the average
drought an attempt is made to stabilise the system and minimise
the stress placed on 1it. Recent ecological theory on the
properties of stability and resilience in savanna ecosystems and
on disturbance regimes suggests that by maintaining a variable
herbivory regime, and thus regularly exposing the species within
the system to a wider range of conditions, managers can 1ncrease
the resilience of the system to excessive herbivory and minimise
the risk of sudden shifts in composition and production (Sousa,
1984; Frost et al., 1986). Temporal and spatial variability 1in
disturbances, such as floods, prolonged droughts and excessive
herbivory, are important for the maintenance of species diversity
and there is now abundant evidence that, without such temporal
and spatial variability, many species would cease to exist
(Sousa, 1984). Given that the primary objective of

nature

conservation is the maintenance of species diversity, the use of

agriculturally recommended stocking rates set for drought vyears

appears to be not only 1inappropriate in a game reserve context,

but also inadvisable. Thirdly, the mere fact that stocking rate
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limits are set implies that the system, comprising the wungulate
populations and their resources, is incapable of maintaining an
equilibrium unaided, and therefore must be managed constantly
(Caughley, 1981). Current evidence suggests that some large
herbivore populations in savanna areas are regulated, and that
the regulating mechanisms act through the availability of
resources such as food and by interaction with other species
(Sinclair, 1975; Melton, 1978). Sinclair (1974) showed that the
density of buffalo Syncerus caffer 1in different areas of East
Africa was correlated claosely with rainfall which, in turn, was
an index of grass production. Coe et al. (1976) were able to
derive a predictive equation for biomass of large herbivores
based on the correlation between herbivore biomass and rainfall
from different areas 1in Africa. This correlation is obviously
linked to the association between rainfall and primary
production, and leads to the conclusion that in a complete
functioning system large herbivore populations are regulated by

resources such as food amount and availability.

Proponents of another interventionist approach suggest that, in
H&UGR, fire should be wused to halt woody plant invasion into
grassland and thus slow down or stop the decline in large mammal
species diversity (Brooks & Macdonald, 1982; 1983). They
reasoned that this could be achieved by holding populations of
large grazers at or below the estimated carrying capacity and
thus increasing the frequency and intensity of fires. Al though
the authors do not define carrying capacity, it appears to be
closer to the economic than to the ecological carrying capacity.
The problem with such an approach is that the longer the density
of herbivore populations is held below ecological carrying
capacity, the lower the system's ability to absorb change, and
the greater the resultant disruption if active control of density
1s relaxed (Caughley & Walker, 1983). An 1mportant assumption
made by Brooks & Macdonald (1983) is that fire is the only
determinant of grassland in H&UGR which can be manipulated. It

will be argued later (Sections 8.2.2 and B8.3.2.1) that soil
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moisture balance is also an important determinant of certain

grasslands and that it too can, and should, be manipulated.

In any event, the critical question appears to be whether the
system can be guided to a dynamic equilibrium without the
oscillations which might cause a change 1in the system with a
conseguent loss of genetic variability and excessive soll erosion
(Hanks et al., 1981). These concerns have been discussed 1in
Chapter & and 1in this chapter, and appear to be largely

unfounded.

As a result of two recent workshops, management in H&UGR has been
based on an ecological carrying capacity approach with emphasis
on the conservation of ecological processes (Densham & Wills,
19843 Anon., 1985b). This ecological management approach was
initially proposed by Emslie (1985) and the following section and
Section B.3 will be devoted to the implications of this approach
in the light of NPB conservation objectives and with particular

emphasis on soil erosion.

7.5 RE-EVALUATION OF RELEVANT NATAL PARKS BOARD CONSERVATION
MANAGEMENT POLICY AND OBJECTIVES

7.5.1 Introduction and historical perspective

The conservation policy of the NPB is to promote the wise use of
natural resources in perpetuity and to prevent degradation of the
environment (Grobler, 1984), More specifically, as far as the
management of reserves 1is concerned, the primary objective is:
"to conserve the optimum number of appropriate indigemnous (to the

reserve) species and their habitats, maintain breeding

populations and protect the specificity of these gene pools.

Natural, physical and ecological processes will be allowed to

operate without interference except under imperative

circumstances" (Grobler, 1984). Criticism of this objective and

its implementation in reserves (Mentis, 1985) led to a reviéion

of the primary objective for H&UGR which 1is: "to conserve a
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variety of habitats types and their associated indigenous
species; to maintain breeding populations (of appropriate
species); and to maintain their long-term genetic viability by
management. In order to achieve this, ecological processes will

be allowed to operate without interference except when:

a) these processes have been impaired;

b) there is a threat of a reduction in genetic diversity; and
c) the operation of an ecological process will jeopardise the
future of the reserves due to socio-political circumstances"

(Ancn., 1985b).

As 1t stands above, this objective caters for the maintenance of
species diversity and the conservation of ecological processes.
It recognises that, for habitat diversity to be maintained,
ecological processes which influence the dynamics of the habitats
need to be conserved as well (Ricklefs et al., 1984). It also
recognises the important principle that species will disappear 1if
their habitats disappear - (Wilcox, 15980; Soule, 1985). The
terminology used in the above objective has been defined in a

glossary of terms (Anon., 1985b).

The only qualification that the writer considers necessary in the
above primary objective is to emphasise that the maintenance of
species diversity should be aimed at those populations of species

which would be threatened with extinction in the absence of

reserves (Diamond, 1984).

7.5.2 Re-evaluation of current Natal Parks Board soils policy

and soll reclamation objectives

The current soils policy is: "to ensure that accelerated erosion

is attended to, and that in the long-term, soil loss equals soil

genesis" (Grobler,‘l983; Anon., 1985c). Although not defined in
this policy statement, accelerated erosion is considered to be

erosion proceeding at a rate which exceeds that of geologic

erosion and reflects man’'s activities at a site (Branson et al.,

1981). No statement was made as to whether the influence of
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Iron-Age man, who markedly modified the vegetation (Feely, 1980;
Hall, 1979), was considered to be a natural phenomenon or whether
his activities contributed to accelerated erosion. These are,
however, minor points. The major problem with this policy is
that it tries to balance the soil loss/soil genesis equation 1in
the long term. Although this is a commendable goal, it is not
possible to assess goal attainment because, even though soil
erosion rates can be measured precisely, this 1is not possible
with the measurement of soil genesis rates, and the relationship
between the two in a natural situation cannot be determined.
Very little data have been published on soil genesis rates 1in
Africa, but Owens (1974) calculated that the average rate of soil
formation from weathering granite in Zimbabwe varied from 0,13 to
0,4 t/ha/annum. The point here is that even when rates are known
they still vary widely. The long—term geologic rate of erosion
also varies markedly. Dunne et al. (1978) calculated that the
geologic rate of erosion in semi-arid Kenya increased from about
0,22 t/ha/annum during most of the Tertiary period to between
0,77 and 2,0 t/ha’/annum during the late Pliocene and Quartenary
periads. In Kenya the calculated geoclogic erosion rate also
varied widely between catchments, from 0,2 to 2,0 t/ha/annum
(Dunne, 1979). This temporal and spatial variation i1in geologic
erosion rates and the variation 1n soil formation rates make 1t
very difficult, 1f not 1impossible, to attain the goal of
balancing soil loss with soil genesis in the laong term. The
writer’'s conclusion 1s that this goal is not attainable and
should be changed to an operational goal which is attaimnable.

There appear to be two options.

The first possible goal is based on the concept of soil loss
tolerance, which is the greatest amount of erosion that can be
tolerated without productivity declining (Hudson, 1981). This

concept has been used primarily 1in arable situations which is

evident from its current definition, viz.: "the maximum rate of

annual soil erosion that may occur and still permit a high level

cf crop productivity to be obtained economically and

indefinitely” (Schertz, 1983), but recent attempts have been made
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to apply it to rangeland (Moldenhauer, 1982; Wight & Lovely,
1982; Williams, 1982). To date, these attempts have met with
limited success and Gifford & Whitehead (1982) concluded that it~
is currently impossible to evaluate the impact on productivity of
different rates of soil erosion on the western rangelands of the
USA. In semi-arid savanna areas, where variable rainfall plays
such an important role in primary production, 1t would be even
more difficult to evaluate the effect of <soil erosion on
productivity, and the current study was not able to detect any
significant effects (Section 6.4.2). Also, given that the
primary objective 1s to maintailn species diversity and not to
maximise long—-term productivity, 1t 1is suggested that another
goal would be more appropriate. Briefly, this goal can be stated
as the following policy: "To minimise the rate of accelerated
erosion and thereby 1its effect on those populations of species
which can sustain themselves within the reserves’ boundaries and
which would be threatened with extinction in the absence of the

reserves."”

The remainder of this section will deal with translating this
policy into a broad objective and, where necessary, comparing it
with current soil reclamation objectives. In this discussion the
terms "goal" and '"objective"” are used synonymously, but recent
literature (Miller & Child, 1983; Mentis, 1985) suggests that the

word '"goal" should be used in preference to "objective."

The current reclamation objective is as follows: "Erosion
reclamation is aimed at preventing accelerated soil erosion from
occurring and at minimising the deleterious effects of this
erosion on habitat diversity in the reserve™ (Anon., 1985c). As
it stands, this objective covers the two facets of the proposed

soils policy above. It does appear to be idealistic in 1its
attempt to prevent accelerated soil erosion from occurring, since

it is difficult to determine objectively what is geologic

(natural) erosion and what is accelerated (man-induced) erosion.

What constitutes accelerated so1l ergsion also needs to be

clarified. The second aspect of minimising the deleterious

effects of soil erosion on habitat diversity adequately covers
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the facet of the maintenance of species diversity, but needs to
be stated more specifically so that progress towards attaining

this goal can be measured.

To ensure that the soil reclamation objective does not conflict
with the primary objective for H&UGR (Section 7.5.1) it is
suggest that the soil reclamation objective should read as
follows:

"gpil erosion is an ecological process which should be allowed

to operate without interference unless:

a) the rate of erosion has been accelerated by the activities

of recent man;

b) soil erosion, particularly donga incision, threatens a rare

habitat type; and

c) accelerated so0il erosion Jjeopardises the future of the

reserves because of its socio-political consequences.”

This objective adequately covers the conservation of ecological
processes, the maintenance of habitat (and hence species)
diversity, and the prescribed conditions which would warrant
management intervention. What remains is the translation of this
broad objective into management goals, and this will be covered

in the next chapter.

7.6 CHAPTER SUMMARY

a) Current scientific knowledge 1indicates that the primary

objective of nature conservation should be the maintenance of

species diversity. Since this is dependent on the maintenance of
habitat diversity, and because the dynamics of habitats are
influenced by ecological processes, conservation management
should be aimed at conserving ecological processes and

maintaining habitat diversity, both temporally and spatially.
b) This management should be focused on maximising the number of

species whose populations can sustain themselves within reserve
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boundaries and which would be threatened with extinction 1in the

absence of reserves.

c) Measurements of soil loss showed that on average approximately
three times more soil was lost from plots in the non-cull block
than from those in the cull block, but the mean soil losses from
plots in the non-cull block were still lower than soil losses
recorded from plots on natural veld in South Africa during other

studies.

d) In UGR 1t appears as though rainfall, through its effect on
vegetation cover and vyilield, 1s the primary determinant of so1il
loss. Between-year fluctuations 1in yield are so large, due to
rainfall variability, that the manipulation of the stocking rate
by the removal of large ungulates will have  only a secondary

influence on vegetation yield and cover, and hence on soil loss.

e) Since the Natal Parks Board does not have as one of its
conservation objectives the maximisation of animal production per
unit area, the concept of economic carrying capacity appears to
be inappropriate in a game reserve context. Such an economic
carrying capacity may decrease temporal and spatial variability
of disturbances, especially when the stocking rate is adjusted to
drought years, and without such variability many species could
disappear from the reserves. Given that the maintenance of
species diversity is the primary objective of nature
conservation, a management strategy which has the potential to

reduce species diversity 1is clearly inappropriate 1in a game

reserve context.

f) A more appropriate management strategy appears to be one based
on the concept of ecological carrying capacity. This is the
density at which a population will fluctuate about if it is left
alone, provided that major ecological processes are functioning
naturally or being adequately simulated, and that this density

can be reached without severe oscillations which might cause a
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change in the system with a consequent loss of species diversity

and excessive soil erosion.

g) The revised primary objective for H&UGR 1s: "to conserve a
variety of habitat types and their associated indigenous species;

to maintain breeding populations (of appropriate species); and to

maintain their long-term genetic viability by management. To
achieve this, ecological processes will be allowed to operate
without interference unless 1) these processes have been
impaireds; ii) there is a threat of a reduction 1in genetic

diversity; and 1iii) the operation of an ecological process will
jeopardise the future of the reserves because of socio-political

circumstances.”

h) This objective not only caters for the maintenance of species
diversity and the conservation of ecological processes but it
also recognises the 1mportance of habitat diversity in the

maintenance of species diversity.
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CHAPTER 8 : MANAGEMENT RECOMMENDATIONS

8.1 INTRODUCTION

Based on the data presented in Chapters 1 to 7, the aim of this
chapter is to make management recommendations regarding:

a) conservation management policy and objectives;

b) future conservation management programmes; and

c) future monitoring programmes and research projects.

The background information in this chapter is 1in a condensed form
and, where relevant, the pertinent section is quoted in the text
to enable the reader to refer to the more detailed discussion and

rationale.

8.2 CONSERVATION MANAGEMENT POLICY AND OBJECTIVES
8.2.1 Proposed future soils policy

Background: Accepting that the primary aim of nature
conservation is to maintain the species diversity of populations
which would be threatened with extinction outside the reserves,
and that the maintenance of species diversity depends on the
maintenance of habitat diversity and the conservation of
ecological processes, I recommend that the current soils policy
should be changed. Instead of trying to balance soil loss with

soil genesis in the long term, greater emphasis should be placed

on the maintenance of habitat diversity, and hence species
diversity. The primary reason for changing the emphasis from the
balancing of the soil loss/soil genesis equation is that, while

it is possible to estimate soil loss accurately, it is difficult,
1f not impossible, to do the same for soil genesis. There is
also evidence that the rates of soil genesis and geologic erosion
differ both in space and in time (Section 7.5.2). Because of
- these difficulties, it’ would be impossible to measure progress

towards the goal of ensuringvsoil loss equals soil genesis in the
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long term, and hence to establish whether any management action

is succeeding in achieving this goal.

Recommendation: The soils policy should be changed to the
following:
“"To minimise the rate of accelerated erosion and thereby its
effect on those populations of species which can sustain
themselves within the reserves’ boundaries and which would be

threatened with extinction in the absence of the reserves."
8.2.2 Proposed future soil reclamation objectives

Background: The primary objective for the Hluhluwe and Umfolozi
Game Reserves (H&UGR) is: "to conserve a variety of habitat types
and their associated indigenous species; to maintain breeding
populations (of appropriate species); and to maintain their
long-term genetic viability by management. In order to achieve
this, ecological processes will be allowed to operate without
interference except when:

a) these processes have been impaired;

b) there is a threat of a reduction in genetic diversity; and

c) the operation of an ecological process will jeopardise the

future of the reserves due to socio-political circumstances"”

(Anon., 1985b).

A number of terms used in the soils policy, the primary objective

and in the soil reclamation objective are defined in the glossary

below. Additional terms relevant to the primary objective are

defined in various unpublished Natal Parks Board (NPB) documents

(Anon., 1985b; Anon., 1985c).

Accelerated soil erosion: soil erosion proceeding at a rate
greater than geological erosion because of man's activities

at a site (Branson et al., 1981).

Activities of recent man: those activities, excluding the
activities of Iron-Age man (who is considered fo form an
integral part of the ecosystem) but including human
activities, which have modified the environment directly

(road construction, road and track drainage,
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quarrying, building construction), or which have resulted
from the utilisation of the environment by humans since the
proclamation of the reserves (footpaths, donkey and horse

trails). The activities of recent man also include those

human activities which have modified the environment
indirectly (e.g. the erection of a boundary fence and
consequent disruption of ecological processes such as

migration, dispersion and immigration).

Ecological processes: all the physical processes and the plant
and animal activities which 1i1nfluence the state of
ecosystems and contribute to the maintenance of their
integrity and genetic diversity, and thereby their
evolutionary potential (Ricklefs et al., 1984).

Rare habitat type: an association of species (usually floral),
recognisable as a mapping unit in terms of its physiognomy
and species composition, currently occupying less than 5% of

the surface area of H&UGR (A.J. Wills - pers. comm.).

The primary objective emphasises that ecological processes should
be allowed to operate unhindered unless certain conditions are
encountered which justify management intervention. I recommend
that the soil reclamation objective be slightly modified so that
it follows the format of the primary objective, and so that the

conditions which justify management intervention are clearly
stated.

Recommendation: The soil reclamation objective should be

changed to the following:

"Soil erosion is an ecological process which should be allowed
to operate without interference unless:
a) the rate of erosion has been accelerated by the activities

of recent man;

b) accelerated soil erosion, particularly donga incision,
threatens rare habitat types; and
c) accelerated so0il erosion jeopardises the future of the

reserves because of its socio-political consequences. "
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The remainder of this section will translate the above broad soil
reclamation objective into practical management goals. This will
be done by considering separately the three prescribed conditions

which warrant management intervention.

a) The rate of erosion has been accelerated by the activities of

recent man

Background: The activities of recent man are broadly classified
into those which directly modify the environment and those which
have modified the environment 1ndirectly. A higher priority
should be placed on management intervention where accelerated
erosion can be ascribed directly to the activities of recent man,

as is the case in road construction.

There are many reports indicating that accelerated erosion occurs
following road construction (Frédricksen, 1970; Megaban & Kidd,
1972; Megabhan, 1977), and the resulting erosion from roads,
tracks and mitre drains has been a source of concern for over 20
years in H&UGR (Stewart, 1965; Porter, 19723 Brooks, Macdonald &
Whateley, 1980). White (1978) reported amn annual soil loss from
a road surface of 104 t/ha, and Dunne (1979) calculated a soil
loss rate of 100 to 210 t/ha/annum from roads and tracks in an
agricultural catchment in Kenya. He estimated that rural roads

and tracks contributed between 15% and 35%Z of the total sediment

yield from the catchment. These soil losses far exceed the soil
losses measured 1in the npon-cull block, which averaged 0,74
t/ha/annum (Section 7.4.1). Since erosion resulting from roads

and tracks clearly falls into category a) above, and because of
its disproportionate effect on soil loss, I recommend that
erosion reclamation effort should be aimed at minimising such

erosion, and that this should be given a high priority.

Recommendation: The practical management goal should be:
"to identify areas of active erosion resulting from road and
track construction and 1if possible to prevent, or at least

minimise, such erosion by the correct alignment and drainage
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of roads and tracks; and the clasure and reclamation of

nonessential management tracks and service roads.”

A multidisciplinary workshop should be convened to draw up a
technical manual detailing the principles involved 1n road
planning, siting, construction and drainage, for wuse 1in NPB
conservation areas. Since such a manual reguires detailed roads
engineering expertise 1in the form of standard designs for
causeways and bridges, it should be produced and edited by a firm

of consulting engineers on a contract basis (see Section 8.3.3).

b) Accelerated soil erosion, particularly donga incision,

threatens a rare habitat type

Background: All too often it is not the species per se that 1s
directly being destroyed, but its habitat. Lacking the essential
support systems that the habitat once provided, the species then
inevitably perishes (Hall, 1984; Soule, 1985). There has been a
widespread reduction in open grasslands in H&UGR in the recent
past (Watson & Macdonald, 1983) and in particular, vlei areas and
open grassland areas on ridge crests have decreased markedly 1n
extent and currently cover only 0,2% and 1,3% respectively, of
the area of H&UGR (Macdaonald, 1982a). Because pure grasslands
occur wherever there is poor site drainage, or where a shallow
soil profile overlies an impermeable horizon (Tinley, 198B2), and
are thus maintainmed by hydrological processes, any factor which
disrupts the hydrology of such systems will threaten these rare
habitat types. The widespread reduction in viei areas in H&UGR
has been caused by donga incision and 1nadvertent draimage and
damming through road and track development (Macdonald, 1982a).

Geomorphologically, as a landscape achieves maturity and old age

the rate of erosion slowly decreases, mainly because of a
reduction in slope. If an existing drainage lime is scoured out
to form a donga, or 1f a donga forms as a result of an

incorrectly sited manmagement track or tourist ~road, a new base

level is attained. This forces the surrounding 1andscépe to
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re—equilibrate itself with this lowered base level (Goodman,
1984), with a consequent lowering of the water table (Figures 8.1
& 8.2).. The result 1s a replacement of depression mesic
grasslands with woody thickets and the subsequent local
extinction in HGR of common reedbuck ARedunca arundinum, African
marsh harrier Circus ranivorus, marsh owl Asio capensis and grass
owl Tyto capensis, all of which wutilise depression mesic
grasslands {Macdonald, 1984). Because this loss of
hydrologically maintained mesic grassland habitat has resulted in
a loss in species diversity within the reserves, which clearly
conflicts with the primary objective of maintaining habitat and
species diversity, 1t 1s obvious that erosion reclamation effort
should be directed at preventing donga incision into these
habitats. Such reclamation should also be given a high priority,
because donga incision was probably initiated through misplaced
roads and management tracks, and is thus a case where the rate of
erosion has been accelerated by the direct activities of recent

man .

Recommendation: Erosion reclamation effort should be directed at
identifying those rare habitat types threatened by accelerated
soll erosion, and particularly by donga incision into
hydrologically maintained mesic grasslands. Once 1identified,
eroding donga bheads should be stabilised and, 1f possible,
attempts should be made to reinstate hydrological processes by
reconstructing the original base level of the local landscape and

by removing invading woody plant speciles.

c) Accelerated soil erosion Jeopardises the future of the

reserves because of its socio-political consequences

Background: As socio-political Circumstances and perceptions may
change markedly with time, it is very difficult to predict which
of these circumstances could jeopardise the future of the
reserves. 0Only one scenario appears to be relevant at present.
Briefly, in this scenario agricultural concepts and principles in
range management are confused with the ecological concepts and

principles of conservation biology. The objectives of
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agricultural rangelands and those for game reserves are
different, and are based on different concepts of carrying
capacity (Caughley & Walker, 1983). If these differences are not
understood, then range managers and wildlife managers will be
talking at cross purposes. This happened in UGR during the 1978

- 1983 below—average rainfall period (Brooks, 1983), when not

only agriculturalists but also NPB staff questioned the
advisability of maintaining the non-cull block because of
perceived environmental degradation. The problem 1is that

legislative control lies in the hands of agriculturalists i1n the
form of the Soil Conservation Act of 1969 (Edwards, 1984). This
Act makes provision for directives, such as the use of fire and
the setting of limits on stocking rate, to be applied to misused
land. Thus 1if the <criterion of economic carrying capacity 1s
applied to game reserves, then a situation where large herbivores
are at or near ecological carrying capacity may be construed by
agriculturalists as a misuse of land, paving the way to a
directive being 1issued on the NPB. For 1instance, such a
potential conflict could arise from the coordinated development
of the Mfolozi catchment area. The Mfolozi catchment plan
(Anon., 1985d) identified overstocking as a problem occurring
throughout the key area of the catchment, and concluded that an
important factor in improving 1land use practices was the
reduction of livestock in both Natal and KwaZulu. The development
of feedlots, as well as the planning and implementation of veld
management schemes within the carrying capacity of the veld, was
proposed to ease pressure on the grazing lands (Anon., 1985d) .

This is clearly an agricultural approach.
A recommendation emanating from a workshop on management

strategies in H&UGR was that "international and popular articles

to outline why there had been a change from an agricultural to an

ecological approach in management were to be drafted” (Anon.,

1985b) . To date these articles have not appeared and yet they
are important, not only to communicate the management approach in

H&UGR but also to elicit critical scientific comment on this

approach. For these reasons, the recommendation below is made:
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Recommendation: Articles cshould be written for publication 1in
the popular agricultural literature (Farmers Weekly) and in the
popular wildlife literature (African Wildlife) which outline the
conservation objectives of H&UGR, the rationale for an ecological
approach to management, and the implications of such an approach.
Scientific articles which outline the above points should also be
written for publication 1n a national journal which has an
agricultural bias (Journal of the Grassland Society of southern
Africa), and for an International Journal (Biological
Conservation or the Journal of Range Management) for the specific
purpose of eliciting critical response to the ecological approach

to management.

8.3 FUTURE MANAGEMENT PROGRAMME

The intention in this section is to furnish ecological principles
and concepts which may assist in drawing up and implementing
future management programmes. These concepts and principles are
provided within the framework of the revised H&UGR primary
objective which emphasises the maintenance of habitat and species

diversity and the conservation of ecological processes.

8.3.1 Management of large herbivores with regard to minimising

accelerated soil loss

The rationale given below is based on the assumption that the
animal/resource system 1is capable of reaching a dynamic
equilibrium between the rate of production of animals and the
rate at which food resources are renewed. Coe et al. (1976)
found a significant correlation between large herbivore biomass
and rainfall from different areas in Africa, with biomass
increasing as rainfall, and hence primary production, increased.
This indicates that an interaction between large herbivore

populations and their food supply exists, and that these

populations can be regulated through the availability of

resources. Caughley (1976) argues convincingly that the
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interaction of ungulates and vegetation typically leads to a
stable equilibrium through eruption and dampened oscillations.
Because such an equilibrium is the least disruptive to both the
plants and the animals it is least likely to lead to extinction,

and is thus in the evolutionary interest of both populations.

Whenever an ungulate population i1is faced with a standing crop of
vegetation in excess of that needed for maintenance and
replacement of the animals, an eruption and crash 1s the
inevitable consequence. Although an eruption usually reflects
the response of the population to abundant food, 1t sometimes
reflects the relaxation of culling pressure (Caughley, 1981). It
is during an eruption that displacement from an equilibrium state
is extreme and, due to violent oscillations in herbivore and
vegetation biomass, irreversible changes 1in floral composition
and soil cover can occur at this stage (Caughley, 1976).
Appropriate management can minimise the unwanted effects of these
oscillations. This can be achieved by removing animals at an
initial rate of approximately half the population’s intrinsic
rate of increase when animal density is well below its peak. The
rate of removal is then reduced and maintained at a lower level.
Such a removal programme will be adequate to flatten out most

ungulate eruptions (Caughley, 1976).

To summarize, the management concern is that because of a
relaxation in culling pressure in H&UGR since 1984, certain
herbivore populations will erupt with a consequent reduction in
vegetation biomass and hence an increase in soil loss. The

violent oscillations accompanied by an eruption can be dampened

by applying appropriate control measures.

Recommendation: The intrinsic rate of increase of populations of

large herbivores, which a) are not currently being managed via

dispersal sinks and b) whose densities have been artificially

depressed through culling or game capture, should be dampened

when they are in the exponential phase of population gfowth.
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Population control should be implemented when animal densities
are well below their peak, and should involve an initial removal
equalling approximately half the actual annual increment.
Control measures should be progressively reduced in order to

dampen the violent oscillations associated with an eruption.

B.3.2 Management to minimise the threat of a reduction in

genetic diversity
8.3.2.1 Fire management to minimise habitat loss through erosion

Background: The role of donga 1ncision 1in lowering the landscape
base level and the water table, and the effect of this on the
loss of grassland habitat through woody plant invasion, together
with the consequent reduction 1n species diversity, has been
discussed in detail 1in Section 8.2.2. The important point 1is
that to reverse the trend in woody plant encroachment, and the
resulting loss of depression mesic grassland, the water table has
to be restored to its previous level {Goodman, 1984). This
requires the artificial reconstruction of the old landscape base
level, which can be accaomplished through the placement of key
gabion structures 1in the drainage line. Headward cutting of
dongas into depression mesic grasslands should also be halted by
stabilising active donga heads with reno mattresses, and the
raising of the water table should be facilitated by the removal

of encroaching woody plants (Figure 8.3).

As part of an 1integrated erosion reclamation programme, the
management goal should also be to maximise infiltration, and so
minimise run-off, in the upper reaches of the treated catchment.
Treated catchments, and those which have the potential to ©be

treated, are extremely limited in extent and are confined to HGR

and the corridor (Figure 8.4).

Infiltration of water into soil is primarily depehdent on -surface
structure and soil hydraulic conductivity (Cass, Savage & Wallis,

1984). Surface structure is in turn sensitive to changes in the
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litter layer, vegetation cover and faunal activity. Kelly &
Walker (1976) found that infiltration 1into soil completely
covered by litter was up to nine times faster +than into bare
soil. In the current study a highly significant inverse
relationship between mean run-off and litter cover was also
established (Figure 8.5), and, through its destructive effect on
litter, fire has been shown to reduce water absorption and
infiltration rate (Cass et al., 1984). Since back fires are
generally more intense than head fires at ground level (Trollope,
1984) they should be avoided, and a low-intensity fire, which
causes the least damage to the grass sward, should be used where

practicable.

Since the amount of plant material incorporated directly into
litter depends not only on fire but also on herbivory (Frost et
al., 1986), I suggest that in catchments where an integrated
erosion reclamation programme has been undertaken to reclaim
hydrologically maintained grasslands, the litter cover is
monitored. The reason for monitoring litter cover is because
there appears to be a threshold value of approximately 107 below
which run-off increases markedly (Figure 8.5). The management
concern is that as large herbivores reach ecological carrying
capacity in these catchments, excessive run-off may result from a
reduction in vegetation biomass and consequently litter cover.
This may in turn lead to a new cycle of donga incision and a
further loss of depression mesic grassland. Because it is being
assumed that these grasslands may be threatened when large
herbivores utilising these catchments are at ecological carrying
capacity, I recommend that an adaptive management approach be
adopted whereby rainfall, vegetation and herbivory are monitored
to determine what large herbivore population density, if any, 1is
unacceptable in terms of the goal of maximising infiltration in
treated catchments.

It is clear from this discussion that 4 management and monitoring
input will be necessary to achieve the management goal of
maximising infiltration in these treated catchments. The
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relevant questions from a management point of view are firstly,
whether such high management input is warranted and, secondly,

whether it is practicable.

Dealing with the first point, over the period 1937 to 1975 tree
and shrub cover increased by an average of 24,3% 1in areas sampled
in HGR, and this trend appears representative of the entire HGR
(Watson & Macdonald, 1983). This i1increase was at the expense of
grassland, where fire has been wused as a management tool to
control woody plant invasion into the more open types of savanna
vegetation (Ward, 1962; Porter, 19773 Brooks & Macdonald, 19833
Wills, 1984). Such a unidirectional successional change 1in
vegetation conflicts with the primary objective of maintaining
habitat diversity. Since fire itself has not been able to
reverse this trend to date other ecological processes, such as
the influence of precolonial man and the effect of elephants
Loxodonta africana, have been simulated and reinstated
respectively to maintain habitat diversity (Wills & Knott, 1985).
Some mesic grasslands are maintained as grasslands by
hydrological processes and not by fire, and these grasslands are
recognised as threatened habitats in H&UGR and classified as
biologically sensitive sites (Macdonald, 1982a). Given thét the
NPB conservation management policy 1s to identify any sensitive
features in order to preserve them, and give them special
attention where necessary (Anon., 1985c), high management 1nput
into these depression mesic grasslands 1s compatible with both

this policy and the primary objective of the reserves.

The second point, whether such high management 1nput is
practicable, 1is largely beyond the scope of this chapter and 1is
essentially a technical decision that should be taken by relevant
NPB staff. The guestion as to whether it is possible to manage
on the spatial scale of a treated catchment must be resolved.

Recommendation: AN  integrated management approach should be

adapted tao prevent the loss of hydrologically maintained
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grassland habitat. This should include the stabilisation of
eroding donga heads using reno mattresses, and wherever possible
the base level of the local landscape should be reconstructed
using key gabion structures in the drainage line to raise the
water table to its original base level (Figure 8.3). Invading
woody plants should be removed to help 1n raising the water
table, and fire management should be aimed at maximising
infiltration 1into the treated catchments by ensuring that litter

cover is not reduced below the critical level of 10%.

To achieve the management goal of maintaining litter cover above
10%, the upper reaches of these catchments, in the immediate
vicinity of the erosion reclamation structures, should be burnt
with a low intensity head fire. This can be done by burning when
the air temperature 1s less than 20°C and relative humidity
greater than 50%. These conditions frequently prevail before

11h00 and after 15h30 (Trollope, 1984).

An adaptive management approach should be adopted whereby
rainfall, herbivory, litter cover and other relevant vegetation
variables are monitored to determine what large herbivore
density, if any, conflicts with the goal of maximising
infiltration and minimising run-off in the treated catchments

(see Section 8.4.1.2).

8.3.2.2 Management of large herbivores to minimise the threat of

a reduction in genetic diversity

Background: Experience gained during the period stretching from
1977 to 1983, which was the longest and most severe drought
period recorded in UGR since rainfall data collection was started
in 1959, showed that the UGR system was resilient im that it

apparently returned to its original state after the drought.

Since the crossing of a threshold from one state to another may

be accompanied by species extinctions (Walker & Goodman, 1983), a

level of disturbance (like excessive herbivory) which causes such

a change in the system could conflict with the primary objective
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of maintaining species diversity. Emslie (1985) documented the
"recovery"” of the study area after the recent drought period, and
showed that two key grass species (Themeda triandra and Fanicum
coloratum) were able to recover from this severe drought and the
high ungulate biomass, even after tuft mortality levels of around
90% were reached. In addition, no species extinctions of grasses
(Emslie, 1985), rodents (Bowland, 1985), birds (Macdonald,
1982b), ungulates (Knott & Brooks, 1986), or carnivores (Whateley
& Brooks, 1985) were noted in the study area as a result of this
drought, and thus there did not appear to be any conflict with

the primary objective of maintaining species diversity.

A recent review of the ecological consequences of a severe
drought on four wildlife conservation areas 1in southern Africa
(which included UGR), concluded that there was no evidence

indicating that any of the systems would have undergone enduring

change in the absence of large herbivore culling (Walker et al.,
1987). A decrease 1n large mammal species diversity was however
noted in one of the areas, viz. Tuli, where sable Hippotragus

niger and roan antelope Hippotragus equinus have disappeared in
the last 30 years (Walker et al., 1987), and such a decrease 1in
species diversity would have conflicted with the primary

objective for H&UGR.

The highest soil loss measurements were made in the non-cull
block at the height of the drought in 1983, where the mean soil
loss from rainfall simulator plots was equivalent to 2,2 t/ha,
with ?5% confidence limits giving a range of 1,25 to 3,15 t/ha.

Despite this soil loss, the system apparently returned to its
original state in the following above-average rainfall years.
This indicates that the system can tolerate, in the short term,

at least this level of soil loss without a loss in

species
diversity. However, there are populations of large herbivores in
H&UGR which may be unable to stabilise at ecological carrying

capacity because of the absence of one or more population

regulation mechanisms, or which may stabilise at ecological
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carrying capacity, but at this density may depress the densities
of other rarer species (Knott, 1985). I suggest that their
populations should be regulated via managed removals 1f the
long-term, predicted csoil loss rate (see Section B.4.1.1) should
exceed 2,2 ts/ha for more than one year and 1if 1t ~can be
demonstrated that large herbivores are responsible for the
reduction 1in vegetation cover. The animal populations in
guestion are 1impala Aepyceros melampus, nyala Tragelaphus angasi,
blue wildebeest Connochaetes taurinus, and square-lipped

rhinoceros Ceratotherium simum.

The rationale here is that intervention management is warranted
for those herbivore populations which may depress the densities
of other rarer species when they themselves are at ecological
carrying capacity (i.e. ecologically dominant species) and/or for
those populations which are wunable to stabilise at ecological
carrying capacity because one or more of their population
regulation mechanisms are absent. However, such 1ntervention
management should be 1implemented only 1f their populations
increase to such an extent that, through their effect on
vegetation cover, the predicted soil loss based on a two-year
running mean exceeds that measured 1in the non—cull block at the
height of the drought. The reasoning behind 1ntervention
management at this stage 1s that, without it, the system (or
parts of the system) may be too bighbly stressed and may laose
species diversity and 1its potential to recover. This 1is
essentially a conservative strategy, since the system may be able
to tolerate far more change than was observed 1n the non-cull
block during the driest year on record, but until it can be shown
that management can simulate adequately the missing population
regulation mechanisms such intervention management appears to be
prudent. AN adaptive management approach is envisaged here where
intervention management is wundertaken experimentally in certain
areas, but not 1inm control areas. The effect of these twa

treatments should be monitored to detect any reduction in species

diversity.
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To summarise, because some population regulation mechanlisms may
not be simulated adequately by management, there is the potential
for certain populations of large herbivores which are unable to
stabilise at ecological carrying capacity and/or which are
ecologically dominant, to erupt. If such an eruption causes a
reduction in vegetation cover and soil loss in excess of that
measured in the non-cull block in 1983, when herbivore biomass
was high and rainfall extremely low, then intervention management
is warranted on an experimental scale. The rationale for this
intervention management is that the system (or parts of it) may
not be able to tolerate such high soil lqss rates in the longer

term and there may be a loss in species diversity.

Recommendation: If the mean predicted soil loss for any reserve
section exceeds 2,2 t/ha for two consecutive years and 1t can be

demonstrated that large herbivores are primarily responsible for

the reduction in vegetation cover, then removals of one or more
of impala, nyala, blue wildebeest or square-lipped rhinoceros
should be implemented to reduce the rate of soil loss. These

removals should be implemented on an experimental basis, with
control areas where no population reductions are undertaken, and
should cease once predicted soil loss rates drop below 2,2 t/ha.
The predictive equation is given in Section B.4.1.1, and the data

for this equation should be collected annually during the range

condition evaluation.

B.3.3 Management to minimise accelerated snil erosion caused by

road and track construction

Background: Since erosion resulting from road and track

construction is clearly accelerated erosion caused by the direct

activities of recent man, and because it has a disproportionate

impact on soil loss (Section 8.2.2),A the reclamation effort
should be aimed.at minimising such erosion. Accelerated erosion
from roads and tracks can be minimised by their proper alignment

and drainage, using under-road culverts, mitre drains, crossbanks
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or outsloping, and the closure and reclamation of nonessential

management tracks and service roads.

A basic principle in minimising erosion from proposed new roads
and tracks is that they should be properly sited on ridge crests
wherever possible, as this disposes of a major problem in road
maintenance, viz. drainage (Hudson, 1981). Where 1t 1s not
possible to put a road on a crest, the next best alignment 1s on
a gentle grade, close to the true contour (Hudson, 1981). Road
traffic, especially on wet roads, can cause surface rutting which
concentrates the flow of water along the road. Here cross-
drainage measures are needed to interrupt this flow and divert it
laterally before it has a chance to concentrate and cause erosion
(Megahan, 1977). Cross-drainage can be done 1in three ways: by
mitre drains, which are extensions of road drains leading away
from the road on the contour at an angle of about 45° (Hudson,
1981); by crossbanks which are humps across the road (Marshall,
1982); or by outsloping which is the sloping of the road camber
towards the downhill side of the road (Megahan, 1977). Crossing
of natural drainage lines is best effected by using either fords
where the stream channel bottom is stable and able to support
vehicles, or under-road culverts where fords are impractical

(Megahan, 1977).

Another basic principle in minimising the erosional impacts of
roads 1s to control their total mileage and reduce the area of
disturbance on those roads that are built (Megahan, 1977). Road
mileage can be controlled by closing down nonessential tracks and
service roads, and the area of disturbance on them can be reduced
by grading only that part of the road which 1s used by traffic

and encouraging the revegetation of graded road drains.

The above principles will help in minimising accelerated soil

loss, but the siting and construction of road drains needs

considerable technical expertise which is beyond the scope of
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this chapter and should be covered in the proposed technical

manual .

Recommendation: A firm of consulting roads engineers should be
contracted to plan the drainage and, if necessary, re-site main
access roads which have high vehicle usage. The planning and
implementation stages should be carried out in close liaison with
the Roads Maintenance Unit and relevant management staff, so that

the necessary expertise can be gained by NPB personnel.

Once NPB staff are familiar with the principles and techniques of
road siting and drainage, the remainder of the roads and
management tracks in H&UGR should be surveyed and recommendations
made to minimise accelerated soil loss from roads, tracks and

mitre drains.

Finally, included in the contract for the roads engineers should
be the task of editing, and if necessary updating, a technical
manual on road planning, siting, construction and drainage (see

Section B.2.2a).

8.4 FUTURE MONITORING PROGRAMMES AND RESEARCH PROJECTS
8.4.1 Future monitoring programmes

The specific monitoring actions detailed below should be seen 1in
the context of a broader vegetation monitoring programme which 1is
currently being designed 1n H&UGR (A.J. Wills - pers. comm. ) .
Emphasis will be placed on separating the effects of climate,
large herbivores and microherbivores on vegetation. Monitoring
will thus be aimed not only at the detection of change, but also

at determining which factors contribute to this change.

8.4.1.1 Monitoring of soil loss

Background: 0One of the aims of this study was to derive and
validate predictive models for soil loss based on vegetation and
s0il surface variables, so that soil loss could be predicted.%rom

vegetation monitoring data obtained during the annual range
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condition evaluation, and long-term trends in soil loss could be
established. Since the emphasis 1is on long—term trends, rather
than on absolute estimates of soil loss, predictive equations
derived from the rainfall simulator trials are the most
appropriate. As rainfall amount and intensity are controlled 1n
rainfall simulator trials, between-year comparisons are possible
and, because 95% confidence limits can be calculated, it is also
possible to show whether there 1is a significant 1increase or
decrease in predicted mean soil loss with time. The trend 1in
soil loss must not however be interpreted independently of annual
rainfall patterns, since there is a significant correlation
between the two—-year running mean of rainfall and both herbaceous
canopy cover and mean grass height. These two variables were in
turn significantly correlated with mean soil loss (S5ection
7.4.2). The point here is that in below-average rainfall years,
herbaceous primary production will be less, and hence vegetation
variables such as mean grass height and herbaceous canopy cover
will also have lower values. This will result 1n higher
predicted values for mean soil loss which should not necessarily
be of concern, given the reduced annual primary production, and
therefore the inevitability of an increase in predicted soil loss

values.

Recommendation: The measurement of surface cover and mean grass
height, using Walker’'s (1976) method, should be included in the
annual range condition evaluation and in any future objective
vegetatioh monitoring programme. Using these variables, the soil
loss can be predicted annually and the long—-term trend in soil
loss canmn be monitored. In these manitoring programmes empbasis
should be placed on separating the effects of large herbivores,
microherbivores, fire and climate on vegetation,

and hence on
so1l loss.

Surface cover is defined as the percentage of the total

surface
area (of a 1m= quadrat) that cannot be hit by vertically falling
raindrops because of the herbaceous canopy cover and any ground
cover. Ground cover can consist of litter, rock or dead branches
in contact with the surface of the ground. Mean grass height is
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the average height above ground level of the grass occurring

within each guadrat, and is measured to the nearest centimetre.

Based on these two variables, the mean soil loss and 95%
confidence limits should be calculated separately for the five
reserve sections recognised by Wills (1985using the following
predictive equations: ‘
loge s0il loss (g) = 9.0025 - 0.0319 surface cover - 0.0238
mean grass height.
The upper 957 confidence limit should be calculated as follows:
loge s0il loss (g) = 9.0025 - 0.02372 surface cover
- 0.01257 mean grass height.
Lastly, the lower 95% confidence limit should be calculated using
the equation below:
l0ge soil loss (g) = 9.0023 - 0.04006 surface cover
- 0.03494 mean grass height.
These natural logarithms should then be converted to their
corresponding numbers and expressed as soil loss in t/ha using
the following formula:
s0il loss (t/ha) = soil loss (qg)

1920.6

The trend in soil loss should not be interpreted independently of
annual rainfall patterns. The incorporation of these data 1into
the decision—-making process regarding managed removals of large

herbivores has been covered in Section 8.3.2.2.

B.4.1.2 Monitoring of run-off

Background: As a first priority, run-off shaould be monitared in
thaose catchments where an integrated erosion reclamation
programme has been undertaken with the aim of reinstating
hydrological processes. The rationale for such a programme, and
the decision—-making process regarding fire management and large

herbivore population control, have been covered

B.3.2.1.

in Section

The effect on lang term run-off rates of allowing large
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herbivore populations to reach ecological carrying capacity
should be monitored 1in selected catchments, wusing a predictive
model for run-off. Because the emphasis is on long-term trends,
predictive equations derived from the rainfall ‘simulator data are

again the most appropriate here, as the standardised conditions

of rainfall 1intensity and amount allow for between-year
comparisons. Monitoring should be aimed at separating the
relative effects of climate, fire, large herbivores and

microherbivores on vegetation, and thus on run—-off.

Recommendation: Assessment sites which include a topographical
sequence from valley bottom to wupland situations should be
established in selected catchments following the experimental
design of Wills (1983). At each site the following variables
should be measured, using Walker's (1976) method: soil capping,

litter cover and surface cover.

Soil capping is defined as the percentage of the total surface
area of the 1m= guadrat which is capped, and litter cover is the
percentage of dead, nonwoody plant material in contact with the

soil surface. Surface cover has been defined in Section 8.4.1.1.

Based on these three variables, the mean percentage run-off
should be calculated for each treated catchment using the

following eguation:
run-off (%) = 5.5126 + 0.9777 soil capping + 0.5852 surface

cover — 0.4692 litter cover.

The upper 95% confidence limit is calculated as follows:
run-off (%) = 5.5126 + 1.36081 soil capping + 1.07934 surface

cover - 0.21575 litter cover.

The lower 95% confidence limit 1is calculated using the equation

below:

run—-off (%) = 5.5126 + 0.51452 soil capping + 0.09105 surface

cover - 0.72273 litter cover.

The predicted percentage run-off and its 957% confidence limits.
should be plotted each year to detect a long-term trend in

predicted run-off. The relative effects of climate, fire and
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herbivory on run-off rates should be assessed to determine which
factor/s contribute to increased run-off rates, so that the
appropriate management action can be taken if necessary (see

Section 8.3.2.1).
8.4.2 Future research projects

As a result of this study, the need for two further research

projects has been identified.

8.4.2.1 The influence of soil moisture balance on the spatial

distribution of grasslands 1n H&UGR

Background: Tinley (1982) contends that the most important
factor determining the spatial distribution of forest, savanna
and grassland is soil moisture balance, which 1s influenced by
the presence or absence of a pan horizon (i.e. an 1impermeable
subsurface horizon in the soil) and its depth within the soil
profile, and by so0il permeability to rain. An excess of soil
moisture on a perennial or seasonal basis is the major factor
determining the presence of open grassland (Tinley, 1982), vet
current management is aimed at maintaining open grassland
primarily through burning and, except for Macdonald (1979), no
research work has been directed at the influence of soil moisture

balance on the spatial distribution of grasslands in H&UGR.

The presence of a clay pan horizon 1is very clear in viei
grasslands, which have the Mdoni tree Syzygium cordatum as an
important component (J. Venter - pers. obs.). These occur 1in
restricted areas in HGR (Macdonald, 1979). Depression mesic
grassland and grassland on ridge crests are also thought to be
maintained as grassland through impeded drainage (Macdonald,
1982a). ©Since grasslands are of such limited extent in H&UGR

(Watson & Macdonald, 1983), and because soil moisture balance,

rather than fire, may be an important determinant of the spatial
distribution of grassland in H&UGR, the research project below is

proposed.
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Recommendation: A research project should be 1initiated to
examine the influence of soil moisture balance on the spatial

distribution and dynamics of grasslands in H&UGR.

The aims of this project should be:
a) to determine the current and past extent of grasslands 1in
H&UGR and in adjacent KwalZulu;
b) to identify the determinants of grassland structure and
functioning;
c) to determine the relative importance of soil moisture
balance, herbivory and fire 1in influencing the structure and
controlling the functioning of grassland; and
d) to make management recommendations regarding the future
management of grasslands in H&UGR to ensure their continued

existence and, if possible, their enlargement.

8.4.2.2 The identification of geomorphological processes
functioning in H&UGR, the determination of a sediment

budget and the implications for reserve management

Background: A recurrent theme in these management
recommendations has been a need to separate the relative effects
of fire, climate and herbivory on vegetation cover and hence on
soil loss. An extensive literature review indicated that in
temperate areas herbivore stocking rate affected sediment vield
from grazed catchments (see Section 7.3.2), yet in this study
such a relationship was not evident. Semi-arid savannas are
characterised by large fluctuations in annual rainfall, and data
from this study show that it is rainfall, rather than stocking
rate, which is the major factor influencing vegetation cover and
hence soil loss. Because managers are incapable of managing
rainfall, they should not be trapped into manipulating those
components of the system which they have the ability to manage,
i1f these components do not contribute significantly to soil loss.
The question that needs to be addressed is: "Do the components of

the system which can be managed make a significant contribution
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to the sediment budget of the system?" If they do, there 1is
justification in manipulating them, but if they do not contribute
significantly to soil loss then there is no point in manipulating

them.

Seen in a broader perspective, there is the need to identify the
important geomorphological processes operational in the system.
Soil erosion must be seen in 1ts geomorphbological context, and

there is evidence that in Mkuzi Game Reserve erosion reclamation

effort is being expended on arresting the natural
geomorphbological process of rejuvenation of a landscape (P.S.
Goodman - pers. comm.). The revised primary objective clearly

states that ecological processes should be allowed to operate
without interference unless certain conditions are encouﬁtered.
To implement this objective, geomorphological processes need to
be identified and their relevance to reserve management

determined.

Recommendation: A research project should be initiated with the
following aims:
aj to determine the relative contributions that fire,
rainfall, microherbivores and large herbivores.make to the
sediment budget of H&UGR, primarily through their influence on
vegetation cover;
b) to identify those important geomorpholagical processes
operational in H&UGR and to elucidate their relevance to

reserve management; and

c) to make management recommendations based on a) and b) above

regarding ungulate population control, fire management and
erosion reclamation control.

8.5 CHAPTER SUMMARY

a) As it is impossible to measure progress towards the goal of

balancing soil loss with soil genesis in the long-term, and hence

establish whether any management action 1s succeeding in
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achieving this goal, the recommendation is that the soils policy
should be changed to the following: "to minimise the rate of
accelerated erosion and thereby 1its effect on populations of
species which can sustain themselves within the reserves’
boundaries and which would be threatened with extinction in the

absence of the reserves.'

b) Another recommendation is that the soil reclamation objective
should be slightly modified to follow the format of the primary
objective so that the conditions that Jjustify management
intervention can be clearly stated. The modified so1ll
reclamation objective is: "soil erosion is an ecological process
which should be allowed to operate without interference unless:

i) the rate of erosion has been accelerated by the activities

of recent man;

11) accelerated soil erosion, particularly donga 1incision,

threatens rare habitat types; and

iii) accelerated soil erosion Jjeopardises the future of the

reserves because of its socio-political consequences."”

c) To minimise the rate of accelerated erosion, a practical
management goal should be: "to identify areas of active erosion
resulting from road and track construction and 1f possible to
prevent, or at least minimise, such erosion by the correct
alignment and drainage of roads and tracks; and the closure and
reclamation of nonessential management tracks and service roads.®
To help in achieving the above goal, a technical manual detailing
the principles involved 1in road planning, siting, construction

and drainage shauld be drawn up for wuse in NPB conservation

areas.

d) To prevent soil erosion from threatening rare habitat types,

erosion reclamation effort should be directed at identifying

those rare habitat types threatened by accelerated soil erosion,

and particularly donga incision into hydrologically maintained

mesic grasslands. Once identified, eroding donga heads should be

stabilised and, if possible, attempts should be made to reinstate
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hydrological processes by reconstructing the original base level
of the local landscape and by the removal of invading woody plant

species.

e) To prevent the future of the reserves being jeopardised
because of different perceptions of reserve management
objectives, articles which outline the conservation objectives of
H&UGR, the rationale for an ecological approach to management,
and the implications of such an approach, should be published in
the popular and scientific literature. The specific purpose of
these articles should be to elicit critical comments on the

ecological approach to management.

f) Since the potential for soil loss is highest when large
herbivore populations erupt due to violent oscillations in
vegetation and herbivore biomass, these oscillations should be
dampened by applying appropriate control measures. The intrinsic
rate of increase of certain large herbivore populations should be
dampened when they are in the exponential phase aof population
growth. These control measures should be implemented when animal
densities are well below their peak and should be reduced

progressively.

g) An integrated management approach should be adopted to prevent
the loss of hydrologically maintained grassland. Apart from the
management actions listed in d) above, fire management should be
aimed at maximising infiltration into the treated catchment by
preventing litter cover from falling below the critical level of
10%. An adaptive management approach should be followed where
rainfall, herbivory and vegetation are monitored to determine
what large herbivore density, if any, conflicts with the goal of

maximising infiltration in the treated catchments.

h) Future monitoring of soil loss should be implemented via the
annual range condition evaluation and should include the
measurement of surface cover and mean grass height, using

Walker's (1976) method. By means of predictive models based on
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these two variables, the mean soil loss and 95% confidence limits
can be calculated for reserve sections, and the trend in soil
loss monitored over time. This trend should bhowever be
interpreted in conjunction with annual rainfall data because of
the influence of rainfall on primary production, and hence on

surface cover and mean grass height.

i) If the predicted mean soil loss for any reserve section
exceeds 2,2 t/ha for two consecutive years, and 1f it can be

demonstrated that large herbivores are responsible for the

reduction in vegetation cover, then removals of certain species
should be implemented to reduce the rate of soil loss. These
removals should be implemented on an experimental basis, with

control areas where no population reductions are undertaken and
should cease once the predicted soil loss rates drop below 2,2

t/ha.

j) As a first priority, future monitoring of run-off should be
implemented in treated catchments, and should 1include the
measurement of soil capping, litter cover and surface cover,
using Walker's (19746) method. Based on these three variables,
mean percentage run-off and 934 confidence limits can be
calculated for selected catchments, using predictive equations.
Monitoring shbould be aimed at separating the relative effects of

climate, fire and herbivory on vegetation, and hence on run-off.

k) As grasslands are limited in extent in H&UGR, and since fire
management Hhas not been successful to date in maintaining
grasslands, a research project should be initiated to examine the
influence of soil moisture balance on the spatial distribution

and dynamics of grasslands 1in H&UGR. The aims of this project

should include the determination of the current and past extent

of grasslands; the identification of determinants of grassland

structure and functioning and their relative importance; and the

drawing up of management recommendations regarding the future

management of grasslands.
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1) A second research project should be undertaken to determine
which abiotic and biotic components of the system contribute the
most to the sediment budget of H&UGR. It should also 1identify
those important geomorphological processes operational 1in the

reserves and elucidate their relevance to reserve management.
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