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are achieved. The inherent variability of ecosystems and errors in observing and

interpreting them is recognised (Mentis 1980).

Through the process of adaptive management, continuous monitoring improves
the manager’s knokwledge of ecosystems and helps refine management plans
(Ringold et al 1996). The aim of this process of adaptive management shouid be
the achievement of the reserves’ goals and objectives through the effective use
of resources. Quantifying goals for the conservation of biological diversity
provides a challenge to the manager, as it should be an achievable, testable and

auditable target, with specified time and confidence limits (Bestbier ef al. 1996).

Disturbance is regarded as an important component in many ecosystems, and
variations in a disturbance regime can influence the structure and functioning of
an ecosystem (Hobbs & Huenneke 1992). Before a desired disturbance regime
can be applied to manage for a specific objective, its effect on the system needs
to be verified. The Adaptive Management Approach allows management to use
current knowledge to model possible effects to predict the outcome of a specific
disturbance regime, i.e. herbivory. By interpreting the model it is possible to
quantify the desired state of the ecosystem to achieve predetermined objectives.
Subsequent monitoring will reveal any progress or regress in the achievement of

reserve objectives.

The aims of the study are to investigate and quantify the changes that take place
in an ecosystem when subjected to management practises such as herbivory or
fire. Changes will be evaluated and interpreted according to degradation
gradients to determine the influence on the achievement of reserve objectives.
Afurther objective of this study is to develop a monitoring system to determine the
direction and rate of change in each homogenous management unit. The aim of
the monitoring system for Rustenburg Nature Reserve is to evaluate the progress

or regress in achieving the ecological goals for the reserve, identified through the
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composition, controlled burning) or natural. Managing a system according to
specific ecological objectives, requires an understanding of the response of the
system to various external influences. The ecological management objectives of
Rustenburg Nature Reserve are the conservation of the biological diversity
associated with that system, as well as the sustained delivery of high quality
effluent from this mountain catchment. The objectives of management of the
vegetation component are therefore aimed at satisfying these above-mentioned

goals.

By constructing a vegetation gradient depicting only the influence of external
disturbances (or management actions) on vegetation composition and structure,
the constancy or change and the direction of change in a system (Bosch &
Kellner 1991) to be revealed by monitoring, can improve knowledge and provide
guidance as to the type of management to be applied to most efficiently achieve
the reserves’ management objectives. This gradient will be interpreted in terms
of species composition and appearance or disappearance of species along the
gradient. The influence of management actions can then be quantified in terms

of the position of a monitoring site along the gradient.












Franklin (1993) recognizes three attributes of ecosystems:
- Composition
- Structure

- Function

These three attributes constitute the biodiversity of an area (Noss 1990).
Composition includes measures of species and genetic diversity. Structure is the
physical arrangement of the different elements of a system, and is a measure of
the pattern of patches and other elements at a landscape scale. Function
contains the ecological and evolutionary processes, and includes processes such
gene flow, disturbance and nutritional cycles (Noss 1990).

Analysing the current objectives of the reserve - maintenance of biodiversity and
setting limits to preserve soil - can be used as basis for determining ecological
goals for Rustenburg Nature Reserve. As the overall statement of intent of the
reserve implies the sustained yield of high quality water from the Waterkloofspruit,
this parameter is an important indicator of the minimum condition of change that
will be allowed in the proportional species composition and structure of the system
on the reserve. If accepted, diversity at functional, structural and compositional
scale must be maintained to meet the minimum condition requirement to obtain
this.

An important fact is that Foran (1976) determined in the Mist Belt, Highland
Sourveld and the Moist- and Dry tall grassveld that maximum diversity seems to
occur in the mid to upper range of veld condition. Changes in veld condition over
a wide range apparently involve mostly a change in proportional species
composition. Species are however gained or lost only at the extremes. This is
supported by Whyte ef al (1999), stating that the intermediate hypothesis claims
that the highest biodiversity at one point in time, will result from intermediate

disturbance regimes, whereas fewer species will be present at extreme levels of
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disturbance, that is very high disturbance, or no disturbance. This fact provides
a motivation to base this study on proportional herbaceous species composition
or [ - diversity. Beta ([3) diversity is a measure of how different or similar a range
of habitats or samples is in terms of the variety and abundance of species found
inthem. This is also necessary as the quantitative descriptive nature of this data

is of value in the understanding of vegetation patterns.

Small mammals are important biological components of any natural system. They
are important for nutrient recycling, habitat modification and soil dynamics, and
as herbivores, predators or prey (Armstrong & van Hensbergen 1996). Small
mammals have regularly been overlooked in the management strategies of
protected areas, largely due to the fact that they are difficult to census. It is
therefore important to understand how these animals relate to environmental
features (Els & Kerley 1996). Studies have indicated that plant cover and structure
(shrub canopy cover) are the most important correlates of small mammal
communities and structure { Kerley 1992; Els & Kerley 1996). Fire has a marked
effect on the floral and faunal composition of a region (Edwards 1984). The major
impact of fire is not so much the killing of any animal (Breytenbach 1987), as the
change in the physical environment and the vegetation structure (Els & Kerley
1996). Diurnal species, dependant on cover against predation, disappear from a
burn within days (Breytenbach 1987). Studies in the Natal Drakensberg indicated
that small mammal numbers peak after the third year, to levels higher than the

pre-burn period.
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CHAPTER 3
STUDY AREA

PHYSICAL ENVIRONMENT

This study was done in the Rustenburg Nature Reserve, in the North West
Province of South Africa. This reserve falis within the boundaries of the
Magaliesberg Protected Nature Area and encloses a 17km? catchment area. This
catchment is the main source of the Waterkloofspruit, a north-flowing perennial
stream which flows into the Hex River which in turn feeds the Bospoortdam. Other
smaller streams also have their origin in the reserve, a fact that underlines the
importance of conserving this area. The reserve accommodates various forms of
wildlife and has the potential to be one of the important centres for environmental

education in the area.

The Magaliesberg forms a distinct climatic boundary (van Vuuren & van der Schijff
1970) between two major biomes, the savanna and the grassland (Rutherford &
Westfall 1994; Low & Rebelo 1996). The mountain range, in which the reserve is
situated, is according to Acocks (1988) a transition between the Sour Bushveld
(veld type 20) and the Sourish Mixed Bushveld (veld type 19). However, Low and
Rebelo (1996) regarded the vegetation type of this region as Mixed Bushveld
(Veld type 18). The authors combined the Mixed Bushveld (veld type 18) and
Sourish Mixed Bushveld (veld type 19) into one distinctive veld type and discarded
the Sour Bushveld (veld type 20) as a separate veld type.

LOCATION

Rustenburg Nature Reserve borders the southern outskirts of Rustenburg,
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HISTORY

The Rustenburg Nature Reserve was used as grazing for cattle and game since
time immemorial by black tribesmen and subsequently white farmers since the

middle of the last century.

President Paul Kruger of the Zuid Afrikaansche Republiek owned several farms
in the Rustenburg district before the war, among which were Rietvallei,
Baviaanskrans and the adjacent Waterkloof (Labuschagne 1983). Kruger had
several farming divergences on his properties. According to Coetzee (1975) he
used the farm Rietvallei as summer grazing for his horses. Baviaanskrans was
used for crops, orchards, and grazing (Juta 1936). These forms of land use were

continued by subsequent land owners (Wulfsohn 1993).

The farm Rietvallei later became the property of the Rustenburg Town Council,
who leased the area to adjacent farmers for grazing, mainly cattle (Kendall pers.

comm’)

In 1966 the town council of Rustenburg donated the farm Rietvallei 824 JQ and
a portion of the farm Rustenburg Town and Town lands 272 JQ to the former
Transvaal Provincial Administration to be developed as a nature reserve. In 1967

the reserve was formally proclaimed (Du Plessis 1973).

The reserve was fenced and stocked with a large variety of game. Species found
mainly in the grasslands of the mountain plateau were springbok Antidorcas
marsupialis (38), red hartebeest Alcelaphus buselaphus (33), blesbuck
Damaliscus dorcas phillipsi (32), zebra Equus burchelli (23), black wildebeest

Mr K Kendall, Inhabitant Rustenburg Town
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Connachaetus gnou (17), oribi Ourebia ouribi {2) and steenbok Raphicerus
campestris (1). While sable Hippotragus niger (21) were found mostly in the
woodland on the plateau, kudu Tragelaphus strepsiceros (10) were observed in
the woodland in the series of valleys. Mountain reedbuck Redunca fulvorufula
{73+)occurred widespreadly on the slopes. Waterbuck Kobus ellipsiprymnus (12)
concentrated in the densely wooded areas near the water, while impala Aepyceros
melampus melampus (114) and common reedbuck Redunca arundinum (8) were

usually observed in the woodlands.

At the time of proclamation the reserve covered an area of 2 898 ha. In 1981 the
farm Baviaanskrans 308 JQ, which included rocky habitats and a waterfall was

acquired, adding 1 359 ha to the reserve (Krige 1993).
PHYSIOGRAPHY

Due to drastic geomorphological events in this region of the Magaliesberg,
Rustenburg Nature Reserve is very méuntainous and aititudes vary from 1 230 m
in the low-lying eastern parts of the reserve, to 1 660 m on the high lying western
summits. The reserve is situated on the summit, eastern slopes and foothills of the
Magaliesberg (Coetzee 1975). Two distinct geomorphological regions can be
distinguished on the reserve; the high-lying plateaus and the low-lying valleys.
The high-lying plateau contains a flat, convex area of exposed quartzite, at an
altitude of 1 500 m - 1 650 m (Coetzee 1975). This high-lying plateau descent
southwards into a basin of deep alluvial soil and marsh land which forms the
largest natural wetland on the Magaliesberg (Carruthers 1990). The wetland is at
altitudes 1 425 m - 1 440 m. The brim emerges at altitudes of 1 440 m in the south
and at 1 500 m in the north, east and west (Coetzee 1975).

The second geomorphological region is a northwest to southeast series of valleys,
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underlain by diabase. These valleys separate the larger part of the summit plateau
from a chain of quartzite hills extending from the northern plateau to the south
east (Coetzee 1975). Altitudes of the valleys varies between 1 250 m and 1 320
m (Coetzee 1975).

GEOLOGY

From a management perspective, the reserve comprises two opposing geological
formations (Fig. 4) viz. recrystallized quartzite from the Transvaal System and
norite intrusions of the Bushveld Igneous Complex (Dept. Mineral and Energy
Affairs 1981)%

Transvaal Sequence

The geology of the study area is relatively homogenous. The high-lying summit
and slopes are underlain by well-bedded recrystallized quartzite areas with minor
hornfels. These are sedimentary rocks of the Transvaal Sequence. The Transvaal
Sequence includes all the sedimentary and volcanic rocks deposited in an east-
west basin in the south-central part of Transvaal (Walraven 1981). In the North
West Province, the Transvaal Sequence is represented as three series viz. The
Black Reef-, Dolomite- and Pretoria Series. The Pretoria Group comprises four
stages, Timeball Hill-, Daspoort-, Magaliesberg- and Smelterskop Stage. Within
the Magaliesberg Stage two distinct formations can be distinguished wviz.
Magaliesberg quartzite and Silverton Shale (Kent 1980). Both formations are
found on Rustenburg Nature Reserve. The Magaliesberg quartzite consists of
considerable coarse quartzite, a feature undoubtedly related to recrystallisation
caused by the Bushveld lgneous Complex with which it is often in contact

(Walraven 1981). It forms a prominent escarpment along the entire Magaliesberg

Dept. Mineral and Energy Affairs, Private Bag , Pretoria
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(Huston 1994). The autogenic influence of plants adds organic matter to the soil,
influencing the physical and chemical properties of soils such as soil carbon and
effective soil depth. The most significant contribution of soil organisms to higher
plants is organic matter decomposition. Other biologically instigated biochemical
reactions are responsible for other effects such as inorganic transformations and

nitrogen fixation (Brady 1984).

A study of the vegetation of an area cannot be executed without considering the
intrinsic relation between the vegetation and its environment. This relation is a
useful aid in the mapping of these resources and a pedological survey is therefore

necessary in a study of plant ecology on the reserve.
Methods

By studying 1:15 000 orthophotos and stereo aerial photos of the reserve, the
various terrain units and soil/landscape associations were established. Assuming
that differences in soil properties result in different vegetation associations and
structure (Bredenkamp & Theron 1976; Fraser et al. 1987, Pauw 1988; Smith
1992), apparent soil types were demarcated. The correctness of these tentative
borders was determined by correlating it with samples taken with a soil auger. In
areas where there were no apparent boundaries between different soil types,

auger holes along a transect were used to establish the location of the transition.

Soil profiles (78 in total) were studied by means of excavation pits, road cuttings
and exposures through erosion, selectively sited within these recognized soil
types. Soils were classified according to the binominal classification system of
MacVicar et al. (1991), correlated with the binomial system of MacVicar et af.
(1977). This correlation was done to include the soil series which is mainly based
on clay content and sand fractions of the soil. The new version system (MacVicar

et al. 1991) only distinguish soil families . A soil map was compiled, using the
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orthophotos as base map. The nodal profiles, which represent the dominant soil
properties in each mapping unit, were described according to its colour, depth of
the different horizons, texture, particle size fractions, structure, consistency and
stoniness. Due to cost considerations, certain subjective assessments had to be
used to describe the physical character of the different soil types. Particle size
fractions and stoniness, consistency and structure classes of selected sites were
determined using the limits described by MacVicar et al. (1977). The texture
classes were determined in the field using a subjective method ("Sausage

method”)® . Soil colour was determined using Standard Soil Colour charts®

Thirty-eight samples from the A-horizon of selected sites were taken for further
chemical analysis, as well as particle size distribution. Two additional samples
were taken as control samples. These samples were chosen to represent the two
extremes of soil types on the reserve, viz. pure quartzite and black turf. Al
chemical and physical analysis were conducted by the Climatciogical and Soil

Research Institute®. The following chemical and physical analysis were performed:

* Particle size distribulion (%)
* Percentage carbon (%)
* Resistance ({3
* Exchangeable cations me.100g™” oven dry (100°C) soil
- K
- Na
- Ca
- Mg
~ S - value

- T - value (CEC)
* pH (H,0)

Electrical conductivity (mS.m™)

National Working Group for Vegetation Ecolegy. Technical Communication No.
3. 1986

Revised Standard Soil Color Charts. Oyama, M & Takehara, H. 1989

Institute for Soil, Climate and Water, Belvedere street  Arcadia, Pretoria, South
Africa
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Table 1: A summary of selected properties of the different soil types on Rustenburg Nature Reserve
Profile Soil form Horizon Depth Colour Structure Consistence Stoniness Texture
no. and family {mmj} {Dry}
Ms 10/11 Ms1100 A - Orthic 150 5Y3/1 1 Loose Common/medium/angular Loamy sand
B - Hard rock{Quartzite)
Gs1111 A - Orthic 30 7.5YR 4/6 12 Stightly hard Commen/medium/angular Sand clay leam
B - Lithocutanic 30+ 5YR 4/8 Slightly hard Common/medium/angular Sand clay
Gs 1173 Gsi1211 A - Orthic 250 5YR 3/4 13 Loocse Common/medium/fangular Loamy sand
8 - Lithocutanic 250+ 25 YR 3/4 Slightly hard Common/medium/angular Sand clay loam
G 17/2 A - Orthic 250 5YR 4/8 33 Loose Common/medium/angular Sand clay loam
B - Lithocutanic 5YR 4/8 Slightly hard Commeon/medium/angular Sand clay loam
HU13/5 Hut100 A - Orthic 350 25YR 34 11 Loose Few/small/angular Sand
B - Red apedal 350+ 2.5 YR 4/8 Loose Few/small/angular Loamy sand
Hu14/8 Hut100 A - Orthic 300 25YR 54 22 Loose Few/small/angular Loamy sand
B - Red apedal 200+ 25YRS6 Loose Commen/small/angular Loamy sand
Hu16/6 Hut100 A - Orthic 400 5YR 4/4 11 Loose Few/smalliangular Sand loam
8 - Red apedal 400+ 5YR 4/6 Loose Common/small/angular Sand loam

32



Profile Soll form Horizon Depth Colour Structure Consistence Stoniness Texture
no. and family {rmmy) {Dry)
Hul7/8 Hu2100 A - Orthic 400 5YR 4/4 31 Soft Few/small/angular Sand clay
B - Red apedal 400+ 25YR 4/8 Loose Few/small/angular Sand clay
Hu26/7 Hu1100 A - Orthic 350 5YR 3/4 11 Loose Many/small/angular Sand loam
B - Red apedal 350+ 5YR 4/6 Loose Few/small/angular Sand loam
Oa17M12 Ga 1210 A - Orthic 200 75YR 3/4 32 Loocse Few/small/angular Sand clay loam
B - Neocutanic 200+ 5YR 4/3 Hard Few/small/angular Sand clay
Du10/4 Du2110 A - Orthic 100 5YR 5/3 11 lLoose Few/small/round Sand
Stratified Alluvium 100 - 250 75YR 22 Loose Few/small/round Sand
Swi10/6 Swi221 A - Orthic 350 S5YR 3G 24 Soft Common/smallfanguar Loamy snad
B - Pedocutanic 350 - 520 25YR S/ Hard Few/small/angular Sand clay ioam
Saprolite
3d10/158 5d1120 A - Orthic 100 5YR 4/4 22 Slightly hard None Sand loam
B - Red structured B 100+ 25YR 38 Slightly hard None Sandt loam
Wot0/3 Wo1000 A - Melanic 200 10 YRe&NM 12 Loose None Sand clay loam
B - G-horizon 200+ 10YR 4/6 Very firm (Moist) None Sand clay
Kd 14/16 Kd 2000 A - Orthic 280 BYR 3/6 323 Loose None Sand loam
E - horizon 280-530 75YR 4/2 Locse Few/smali/angular Loamy sand
B - Gleycutanic 530+ 10 YR 4/4 Slightly firm (Moaist) None Sand clay loam
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In contrast, the soils on the slopes and foothills facing southwestwards, is
underlaid by Kolobeng norite of the Bushveld Igneous Complex. These soils have
a dark reddish brown colour and a significantly higher clay content (25.1 to 29.5%)
than similar soils on the quartzite substrate. (Table 2). The higher clay content
of these soils resulted in a significantly higher CEC value than those underlaid by
quartzite. The S-value (determined by the amount of leaching Smith (1992) of
these soils is also significantly higher than in the quartzite soils. The electrical
conductivity values of all the soils in this group indicate no accumulation of soluble

salts.
3 The deep, well-differentiated soils of the Hutton soil form

The central basin area, as well as an area on the northwestern plateau (Fig. 4) is
predominantly underlaid by deep, well-differentiated soils of the Hutton soil form.
This soil form also occurs in certain isolated areas in the valleys in the eastern

part of the reserve.

According to the South African Binomial soil classification system (MacVicar et al.,
1977) differentiation of the Hutton soil form into series is based upon the clay and
sand content in the B21 - horizon. Five series in this soil form can therefore be
distinguished on the reserve, viz. Wakefield (Hu13), Middelburg (Hu14), Hutton
(Hu18), Farningham (Hu17) and Msinga (Hu26). The clay content in these soils
varies according to its position in the landscape. The soils with a higher clay
content (16,9% - 32.2%) occur on the bottom lands, while those with a high
percentage of sand are to be found on the high lying ground, underlaid by
quartzite. Farningham (Hu17) is confined to an area in the north of the basin.
These soils have a relative high clay content (>35%) compared to the values of

other samples taken in the basin.
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The soil classification system of MacVicar et al. (1991) differentiated between the
families in this soil form according to the amount of leaching, as well as the ratio
of the clay content between the A horizon and the B1 horizon. According to this
classification system only two soil families can be distinguished on the reserve viz.
Lillieburn (Hu1100) and Hayfield (Hu2100). These soils are non-luvic with no
significant difference in clay content between the A horizon and the B1 horizon.
The soils are generally dystrophic, except in the bottom lands on the eastern side
of the reserve. The S-value of the soils in this area is 8.13 (Table 2), mesotrofic
(MacVicar et al. 1991) and therefore the need to differentiate between the two

families.

Distinct differences in chemical properties occur in the soils of the different
landscapes. The cation exchange capacity (CEC) of the soils in the eastern
bottomlands is significantly higher than that of the Hutton soils on the plateau and
central basin area. As the CEC of soils is affected mainly by the amount of clay
and organic matter (Van Rooyen 1984), it can be regarded as an indication of its

nutritional status.

The pH-values decrease with altitude between 4.5 and 4.7 on the plateau to 5.6
and 6.3 in the bottom lands. The pH values of the sails in the central basin vary
between 5.3 and 5.9. The electrical conductivity values of ail the Hutton soils
indicate that they are relative free from soluble salts. However, the Hutton soils
in the bottom lands (EC = 32 mS.m™) showed a significantly higher salt content
than the other Hutton soils (EC = 14 - 19 mS.m™).

4 The young soils of the Qakleaf and Dundee soil forms in the

bottom lands of the valleys

Tertiaries to recent alluvial soils underlie the valleys in the east of the reserve
(Coetzee 1975). Although no distinctive diagnostic horizon can be recognised in
these soils, an amount of reorganisation of material did occur and stratifications
that were present, have been eradicated. These alluvial deposits developed into

young soils of the Qakleaf form. The families in this soil form are distinguished
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according to colour and clay content of the horizons (MacVicar ef a/. 1991). These
soils have a dull reddish brown colour with non-luvic characteristics. Only one
family can be distinguished on the reserve viz. Caledon (0a1210). The B horizon
of these soils has a high clay content (>15%), and according to the classification
system of MacVicar ef al. (1977) only two soil series can be differentiated viz.
Leeufontein (Oa16) and Highflats (0a17). Alluvial soils usually have a variable
texture (van Rooyen 1983) as is evident in the soils on the reserve. The clay
content of the Qakleaf soil samples in Langkloof is higher than 30%, whereas
those of the valley between Witkruiskrans and Sable Hill are below 20%. The

soils are deep (>1.5m).

The Qakleaf soils of Langkloof have a relative high carbon content ( >3% -5.18).
The exchangeable potassium content is low (<0.04%) and the electrical

conductivity indicates no accumulation of soluble salts.

Another group of young undeveloped soils are confined to the drainage lines in
the upper regions of the reserve where weathered quartzite pebbles and
decomposed organic matter are laid down in alternating layers. Pedogenetic
development is minimal and definite iayérs of a deposition process is evident.
Aggregation of soil fragments to form larger units have not yettaken place and the
soil conglomerations in the drainage lines are sometimes washed down in a single

severe rain storm, even in the presence of a heaithy vegetation cover.

The greater part of the stratified alluvium of the Dundee soil form has a brownish
black colour, which disqualifies it as a red stratified alluvium. Only one family can
be distinguished viz. Nonoti (Du 1110) which has a gravelly texture and lateral
variability (MacVicar ef al. 1977). Analysis of these soils was done with samples
taken from each recognisable stratified layer which was mixed into one. Only two
sarmples were analysed and, because of the variability of these soils (Table 1 &
2) arepresentative view of the general characteristics of these soils could not be
cbtained. These soils are shallow and are found on the slopes, underlain by
quartzite parent rock. It also occurs in drainage lines in the central basin area

where it is deeper than 2m and overgrown with bracken fern Pteridium aquilinum.
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distinguished. The A horizon has a low clay content (12%) and S-value
(0.97)(Table 3). The cation exchange capacity is high (28.39), compared with
other soils on the reserve (Table 3). The silt content of the soils is high (<75%)
and no soluble salts accumulated in these soils. The underlying G horizon has

signs of water saturation for long periods and gleying occurs in these soils.

The Kroonstad soil form is limited to an area adjacent to the marsh. This soil form
is recognised by the presence of a distinct well-leached E horizon abruptly
underlaid by a G horizon. The A horizon has a high clay (>35%) and carbon
content (9.80%). These soils lie on a slight slope, which is an important factor in
the genesis of the E horizon. The occurrence of a less permeable G horizon
causes a temporarily accumulation of water above the B horizon, which is
discharged in a lateral direction (MacVicar et al. 1991). Soil families are
distinguished on the basis of colour of the E horizon and only the Morgendal
(Kd1000) family could be differentiated

CLIMATE

Climaticfactors mediated through light, heat, and water directly affect biochemical
and physiological processes in ptants (Tchebakova ef af. 1993). Botanists and
geographers have long been aware that plants are highly responsive to
differences in climate. Climate is also considered to be the ultimate determent in
savanna distribution (Scholes & Walker 1993), as plant form and vegetation

structure are primarily determined by temperature and climatic water balance.

The water regime had a dominant effectatalmost all levels. Temperature and light
were less important. Heat effects, metabolicrates, water loss and uptake rates are
considered to be only important at extreme levels (Rutherford & Westfall 1994).

According to Schul ze (1965) the following factors are
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primarily responsible for the existing climatic conditions at a specific locality viz.
latitude, position relative to distribution of land and sea, height above sea level,
general circulation of the atmosphere, influence of ocean currents and position
relative to hills or mountains, nature of the underlying surface and vegetation
type. This is confirmed by Tyson (1987), although he stated more specifically that
the climatic conditions in southern Africa are strongly influenced by the position

of the subcontinent in relation to the major circulation features in southern Africa.

The ecological climate diagram provides clear information on the seasonal course
of the climate. It contains the most essential climatic data from an ecologists point
of view and is comprehensibie at a glance (Walter 1979). Climate diagrams not
only show the monthly temperature and precipitation values, but also the duration
of the relative wet and dry periods and the duration and severity of winter. The
climate diagram for Rustenburg Nature Reserve is illustrated in Figure 6.
Climatological information had been collected on the reserve since 1980. Initially
only rainfall information was recorded using a standard rainfall gauge. In 1989 a
small weather station was established using a Stevenson screen as prescribed
by the Weather Bureau (Weather bureau 1988). Since 1989 the average minimum
and maximum temperatures, absolute minimum and maximum temperature,
rainfall and days of frost are recorded each day. Comparisons between the rainfali
and temperature data of the reserve and that of the region, obtained from
Rustenburg Agricultural Institute (Station 0511523 4, & 25°43' S, A 27° 18' E; Ht
1157m) and although no significant differences could be found in the long-term

climatic data, some differences were significantly obvious in the short term (Table
3).
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is occasional and very light, and occurs during June to August, and is limited to
the basin area and high lying plateau. No frost was recorded in the eastern
valleys. Frosts may be a limiting factor for the distribution of tropical plant species
such as Rauvolfia caffra, Pittosporum viridiflorum, llex mitis, Englerophytum
magalismontanum and Mimusops zeyheri.

Table 3: Monthly average temperature and rainfall figures for Rustenburg
Nature Reserve from 13980 - 1997

Month Average Daily Average Daily Max + Min Rainfall
Minimum Maximum 2
January 16.80 30.00 23.40 113.00
February 16.00 29.90 22.95 107.60
March 15.30 28.00 21.65 113.60
April 12.80 27.30 20.05 40.90
May 8.90 22.80 1580 14.50
June 6.70 21.70 14 .20 5.80
July 6.90 22.40 14.85 3.20
August 7.40 22.40 14,90 4.90
September 12.50 28.70 20.60 25.20.
October 13.10 30.60 21.85 64.00
November 14.80 28.10 21.45 84.80
December 15.30 28.50 21.90 110.20
Average/Total 12.21 26.71 19.46 687.80

The average weekly temperatures are on either side of the Magaliesberg higher
at the foot slopes than on the crests. The differences between the average
maximum temperatures on the foot slopes and the crests on north-facing slopes

are 1,82°C and on the southern slopes 4,45°C (van Vuuren & van der Schijff
1970)
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Rainfall

The total annual rainfall for the reserve is illustrated in Table 3 and Figure 6. The
mean annual rainfall (July to June) for the period 1980 to 1997 is 687.8 mm (+
208.4 mm). The high interannual variability in rainfall is typical of the semi-arid
regions (Scholes & Walker 1993). A very distinct aspect of the variability in the
annual rainfall is the periods of above and below average rainfall. From 1972-
1979 there was a period of above average rainfall, followed by a relative dry
period lasting until 1986. Since 1986 there was a decline in rainfall variation,
except for 1992, during which only 360.9 mm of rain was recorded, and 1996,
during which exceptional high rainfall were recorded (1 222 mm).

The wettest months are December and January with a monthly average of 111.7
mm and 110.2 mm respectively. Although no rainfall data had been recorded for
the low lying areas in the east, Van Vuuren and van der Schijff (1970) found that
the crests of the north-facing slopes received more rain than the foot slopes, the
difference being 113 mm. The difference on the southern slopes was less

pronounced and the foot slope only received 26 mm less than the crests.

The rainfall in the region is highly seasonal, as over most of southern Africa
(Tyson 1987). Based on data since 1980, it is evident from Table 3 that 95.9% of
the annual rainfall falls during September to April, and only 4.1% in the winter
months from May to August.
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HYDROLOGY

The Magaliesberg serves as catchment for numerous little streams (Hugo 1979).
The absence of notable vegetation cover on the crest and upper slopes, increases
runoff from these surfaces, which flows into cracks and crevices in the underlying
rock strata only to emerge through seepage sites further down the northern
slopes. Small streams are therefore abundant in the Magaliesberg, especially on
the northern slopes (Carruthers 1990). The reserve’s boundary includes the |
upper catchment of the Waterkloofspruit. This catchment comprises a 17 km?area
on the norfhern plateau and central basin. The stream flows through a unique
Phragmites australis reed marsh in the central basin area of the reserve, drops
over a 60 m high waterfall and flows further through the farm Baviaanskrans to join
the Hex River north of the reserve. Figure 8 illustrates the annual runoff
measured at two gauging points in the Waterkloofspruit. A weak cdrreiaiion (top
measure plate: r?=0.518; bottom measure plate: r ? = 0.465) exist between
rainfall and runoff. This is due to the considerable potential of the underlying
substrate to absorb a high percentage of rainfall water, while only floodwater runs

down the streams (Hugo 1979).
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Several smaller streams also have their origin on the reserve. The rock strata dip
to the north and the south-flowing streams are therefore mostly annual while the
north-flowing streams are perennial (Hugo 1979; Carruthers 1990). Runoffonthe
bare northern rock faces is extremely fast and is contained in small spongy areas
along the slope. Smaller streams flow from these areas. The Dorpspruit, an
important small stream with its source on the northern plateau, flows northwards

to join the Hex River north of Rustenburg.
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RESULTS

Classification

In total 611 plant species were recorded. Through the application of TWINSPAN,
four main vegetation groups were identified from the initial data set. The
delineation of the four groups was based on underlying mother rock, soil depth,
clay content and moisture content:

Vegetation associated with very shallow soils and bedrock, underlaid by

quartz, mainly on the northern slopes

Vegetation associated with deep to medium-deep soils, underlaid by quartz,

in the central basin and north western plateau

Vegetation associated with deep clayish soils, underlaid by diabase, mainly

in the eastern valleys

Vegetation associated with the moist habitats along Waterkloofspruit and

drainage lines

Four phytosociological tables were developed for the vegetation in Rustenburg
Nature Reserve. From the final phytosociological tables 51 vegetation

cornmunities and their associated sub-communities and variations were identified.

1. Englerophytum magalismontanum - Ancylobotrys capensis Tall Open Shrub land

141 Aristida fransvaalensis - Buibostylis burchellii Tall Sparse Shrub land
1.2 Ceferach cordatum - Tristachya leucofrix Tall Sparse Shruly land

1.3 Croton gratissimus - Combretum molle Short Sparse Woodland

14 Faurea saligna - Cyperus sphaerospermus Short Open Woodland
1.5 Diospyros lycioides - Cymbopogon validus Tall Sparse Shrub land
1.6 Asparagus krebsfanus - Senecio venosus High Open Shrub land

1.7 Loudetia flavida - Tristachya biseriata Tall Closed Shrub land
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Eragrostis nindensis - Cyperus rupestris Short Open Grassiand

2.1 Lopholaena coriifolia -~ Lapeirousia sandersonii Short Open Grassland
211 Diheteropogon amplectens - Tristachya biseriata Tall Open Grassland
2.1.2 Themeda triandra - Aristida diffusa Short Open Grassland
2.1.3  Frithia pulchra- Selaginella dregei Low Sparse Grassland
2.1.4  Coleocloa selifera - Indigofera comosa Short Open Grassland
2.1.5  Trachypogon spicatus - Bulbostylis burchellii Short Open Grassland
2.2 Themeda lriandra - Eragrostis racemosa Short Open Grassland

Bulbostylis burchellii - Themeda triandra Short Open Grassland

Tristachya biseriata -Protea caffra Short Sparse Woodland

4.1 Blumea alata - Parinari capensis sub-community

4.2 indigofera burkeana-Rhynchosia totta Short Closed Woodland

4.3 Diheteropogon amplectens - Ficinia filiformis Short Closed Woodland

4.4 Cryptolepis obiongifolia - Loudetia simplex Tall Sparse Woodland

4.5 Trachypogon spicatus - Sphenostylis angustifolia Tall Closed Grassland

4.6 Burkea africana - Setaria sphacelata Tall Open Woodland
4.6.1 Combretum zeyheri - Trachypogon spicatus Tall Sparse Woodland
46.2 Burkea africana - Themeda friandra Tall Open Woodiand

4.7 Aloe greatheadii- Themeda triandra Tall Open Woodland

Protea gaguedi - Monocymbium ceresiiforme Short Open Shrub land
Indigofera comosa - Schizachyrivm sanguineum Tall Closed Grassland
Plexipus hederaceus - Cymbopogon excavatus Tall Closed Grassland
Tristachya leucotrix - Setaria sphacelata Tall Sparse Woodland

8.1 Heteropogon contorfus - Trachypogen spicatus Tall Open Woodland

8.2 Ruellia cordata - Senecio venosus Tall Sparse Woodland
8.3 Trachypogon spicatus - Bulbostylis burchelli Shert Sparse Woodland
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11

12

13

14

Acacia caffra - Ziziphus mucronata Tall Closed Woodland

9.1 Cheilanthes viridus - Combretum mofle Short Open Woodland
9.2 Digitaria eriantha - Lippia javanica Tall Closed Woodland
9.3 Setaria lindenbergiana - Artemisia afra Tall Closed Woodland
9.4 Becium obovatum - Profea caffra Tall Closed Woodland.
9.4.1  Turbina oblongata - Phyllanthus glaucophyllus High Closed Shrub fand
9.4.2 Diospyros lycioides - Rhus rigida Tall Closed Woodland
9.43 Themeda triandra - Elionurus muticus Tall Closed Woodiand
9.5 Ruellia patula - Melinus nerviglumis Short Open Woodland
9.5.1  Hypericum aethopicum - Acacia karroo Short Closed Woodland
9.5.2 Loudetia flavida - Andropogon schirensis Short Open Woodland
9.6 Heteropogon contortus - Faurea saligna Tall Open Woodland
8.7 Senecio venosus - Heferopogon contortus Tall Closed Woodland
9.8 Setaria sphacelata - Themeda friandra Tall Closed Woodland
9.9 Euclea crispa - Panicum maximum Tall Closed Woodland
8.10  Asparagus virgata - Cellis africana Tall Closed Woodland

911  Olea europaea - Grewia occidentalis Tall Closed Woodland
Mimusops zeyheri - Hypoestes forskaoli Tall Forest
Brachylaena rotundata - Englerophytum magalisrnontanum High Open Shrub land

1.1 Pittosporum viridifiorumn - Halleria jucida Short Open Shrub land
11.2  Ancylobolrys capensis - Tricalysia lanceolata Short Open Shrub land

Cynodon dactylon - Panicum maximum Tall Sparse Woodland

121 Tagetes minuta - Cornmelina africana Sparse Open Woodland
12.2  Hyparrhenia hirta - Bidens pilosa Short Sparse Woodland

Pteridium aquilinum - Miscanthus junceus Tall Closed Grassland
13.1  Phragmites australis - Cyperus species Reedswamp
13.2 Vemonia hirsuta - Pteridium aquifinum Tall Closed Grassland

13.3  Pycnostachys reticulata - Buddleja saligna Tall closed Shrub land

Aristida junciformis - Arundinella nepaliensis Tall Closed Grassland
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The lithophyte Selaginella dregei (species group T) is distinctly absent in this sub
- community. According to Gibbs-Russell et al. (1991) Aristida transvaalensis is
a chasmophyte limited to dry, rocky outcrops, while Selaginella dregej prefers at

least seasonally wet and flat rock surfaces (Jacobsen 1989).

1.2 Ceterach cordatum - Tristachya leucotrix Tall Sparse Shrub land

This sub - community can be found on the upper northeastern slopes of
Baviaanskrans, as well as the upper southern slopes and the crests of a secluded
qguartzite hill in part of the study area. The habitat is rocky with huge boulders and
the slope varies between 5° and 25°. The clay content of the soil is low and does

not exceed 15%.

This sub-community is characterised by the occurrence of the fern Ceterach
cordatum (species groups C; Table 4). Van Vuuren and van der Schijff (1970)
also found this forb to be abundant in the crevices on the northern slopes. This
forb is confined to sheltered and moist sub-habitats in the shade among rocks.
Other prominent species in this community is Bulbostylis burchellii, Loudetia
simplex, Trachypogon spicatus and Selaginella dregei (species group T; Table
4).

1.3 Croton gratissimus - Combretum molle Short Sparse Woodland

The Croton gratissimus - Combretum molie Short Sparse Woaodland is situated on
the northeastern facing foothills of the northern regions of the reserve. The
community occurs on an incline that exceeds 30°. Large rocks occur in the
releves situated on a scree slope. The clay content of the subsoils is low, not

exceeding 10%.

Diagnostic species for this sub-community are species group D (Table 4),
including Crassula argyrophylla, Combretum molile, Croton gratissimus, Portulaca
kermesina and Anthospermum hispidulum. This sub-community is distinguished

by the presence of species from species groups A, H, I, M, O and T. The Croton
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gratissimus - Ancylobotrys capensis variant, identified by Coetzee (1975)
corresponds to this sub-community. According to Coetzee’s (1975) classification
Combretum molle is prominent in the Englerophytum magalismontanum -
Ancylobotrys capensis shrub land. However, with the inclusion of the
Baviaanskrans sub-data set, the prominence of Combretum molle was reduced.
The forb Coleocloa setifera (Species group O; Table 4) is also prominent in this
community. The grass layer is inconspicuous and limited to secluded stands of
Aristida diffusa, Cymbopogon validus, Diheteropogon amplectens and Melinis

nerviglumis.
1.4  Faurea saligna - Cyperus sphaerospermus Short Open Woodland

The Faurea saligna - Cyperus sphaercspermus Short Open Woodland sub-
community is associated with the moist environments on the steep south and east
facing slopes in the kloof opening in the northwestern slopes of the central basin.
This habitat consists of barren rock faces and the dominant vegetation is limited
to forbs and shrubs growing from crevices and narrow ledges associated with the
deep drainage lines in the Magaliesberg. The slope is steep and varies between
27° and 44°. This sub - community reveals a resemblance to the Faurea saligna -
Ancylobotrys capensis sub-variation identified by Coetzee (1975), which includes

the vegetation associated with the deep drainage lines on the farm Rietvalley.

Species group E (Table 4) is diagnostic for this sub-community, including the
woody species Faurea saligna, the forb Scadoxus puniceus, Oxalis obliquifolia and
Gerbera pilosa, the sedge Cyperus sphaerospermus and the grass Setaria
lindenbergiana. This sub-community is distinguished by the presence of species
groups F, G, H, I, M, O and T. The shrub stratum, including Diospyros lycicides
subs guerkei (species group F), Brachylaena rotundata (species group H), Nuxia
congesta (species group H), Zanthoxylum capense (species group |) and Rhus
magalismontanum (species group Q) is more conspicuous than the tree stratum.
Other prominent species are Clutea pulchella and Canthium gilfillanii (species
group F), Commelina erecta (species group 1) and Coleccloa setifera (species

group O). The grass layer in this sub - community is restricted to the diagnostic

66



grass species Setaria lindenbergiana associated with shaded rocky habitats (van
Wyk & Malan 1988, van Qudtshoorn 1992). Other grass species associated with
shallow soils that are less significant in this sub-community is Melinis nerviglumis,

Themeda triandra and Brachiaria serrata (species group T).
1.5  Diospyros lycioides - Cymbopogon validus Tall Sparse Shrub land

Contrarytothe Faurea saligna - Cyperus sphaerospermus Short Open Woodland,
the Diospyros lycioides - Cymbopogon validus Tall Sparse Shrub land is confined
to the steep, warm north and east facing slopes of the kloofs cpening in the
northwestern slopes of the central basin area, as well as certain ravines on the
northern slopes of the Magaliesberg. Slope varies between 19° and 32°. Large

rocks and boulders are absent.

The soil consists predominantly of fine quartzite gravel. Dominant shrub and forb
species associated with the shallow soils and rock faces that characterise this
sub-community includes the shrubs Diospyros lycioides (species group F), Ficus
ingens (species group G) and Zanthoxylum capense (species group |} and the
forbs Clutea pulchella, (species group F), an unidentified Crassula species
(species group 1), Coleocioa setifera, Pellaea calomelanos (species group Q) and
Selaginella dregei (species group T). Important grass species in the sub-
community are Cymbopogon validus, Melinis nerviglumis, Schizachyrium

sanguineum and Diheteropogon amplectens (species group T).

1.6 The Asparagus krebsianus - Senecio venosus High Open Shrub

fand

The Asparagus krebsianus- Senecio venosus High OQpen Shrub land is found in
the shallow drainage lines on the northeastern and southeastern slopes in the
southwestern part of the study area. The slopes are gradual and do not exceed
19°. The soil surface is covered with quartzite gravel and large rocks or boulders

are absent.
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This sub-community is represented by species groups G, H, |, O, S and T.
Speciesincluded in this sub-community corresponds with the Croton grafissimus -
Ancylobotrys capensis variation defined by Coetzee(1975). The absence of
species group F distinguishes this sub-community from sub-communities 1.5.
Trees are absent and the shrub layer is, excluding species group A, represented
by Asparagus krebsianus (species group G), Brachylaena rotundata (species
group H), and Rhus magalismontanum (species group O). Forbs in this sub-
community include Senecio venosus (species group 1), Coleocioa setifera, Pellaea
calomelanos (species group O), Anthospermum rigidum (species group S), the
sedge Bulbostylis burchellii and the lithophyte Selaginella dregei (species group
T). The dominant grasses in this high open shrub land are Cymbopogon validus
(species group O), Schizachyrium sanguineum, Melinis nerviglume, Diheteropogon

amplectens and Themeda triandra (species group T) .
1.7  Loudetia flavida - Tristachya biseriata Tall Closed Shrub land

This shrub land is situated in various localities on the northern section of the study
area. It occurs on the upper northeastern to southwestern slopes and crests with
an incline of between 6” and 36°. The texture of the subsoil varies from a sand to

sandclayloam (MacVicar et al. 1991).

The presence of species groups |, J, M, O, S and T characterise this sub-
community. The grass Tristachya biseriata (species group J) is pronounced in this
sub-community and cover-abundance values indicate that at least 25% ofthe area
is covered by this species. Species group J, including Tristachya biseriata and
Vangueria infausta represents a transitional species group between communities
1and 2. The herbaceous layer in this sub-community is furthermore represented
by the grasses Loudetia flavida (species group 1), Cymbopogon validus (species
group O), Andropogon schirensis (species group S) , Trachypogon spicatus,
Loudetia simplex, Schizachyrium sanguineum, Melinis nerviglumis, Diheteropogon
amplectens, Themeda friandra and Brachiaria serrata (species group T).
Conspicuous forbs in this sub-community are Senecio venosus (species group 1),

Coleocloa setifera, Pellaea calomelanos (species group O), Cyanotis speciosa,
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Tephrosia elongata (species group S), the sedge Bulbostylis burchelli and
Selaginella dregei (species group T). The species representing the shrub layer in

this sub-community is confined to the shruby species in species group A.
2. Eragrostis nindensis - Cyperus rupestris Short Open Grassland

The largest part of the summit plateau and the south western brim of the central
vlei area is covered by this community. It is situated onthe warm, dry northeastern
and southeastern gentle and relative flat slopes on the reserve. Excluding two

relevés, the slope do not exceed 15°. The scils are shallow with interspersed

sheet and quartzite boulder outcrops. The soils are characterised by an orthic A
layer with a high content of decomposed organic matter (Coetzee 1975) (Table 2).
The clay content of these soils is low and varies between sand and sandioam
(MacVicar ef al. 1991). | |

Coetzee(1975) recognised this community as a sub-community of the Coleocioa
setifera-Selaginella dregei plant community. However, the inclusion of the
Baviaanskrans data set resulted in different species groups and plant
communities. Species group O (Table 4), virtually absent from sub-community 1.1
and 1.2., is regarded as a transitional group between communities 1 and 2.
Speciesgroup K, L, Q and R (Table 4), diagnostic to community 2, are discernibly
absent in community 1 and resulted in the differentiation between communities 1
and 2.

Fifty-five relevés represent this community. It is characterised by diagnostic
species group K (Table 4). The grass species Eragrostis nindensis and the non-
grassy herbaceous species Indigofera comosa, Andromiscus umbraticola, Albuca
sefosa, Dicoma anomala and Khadia acupetala are diagnostic species for this
community. The lithophyte pioneer Selaginella dregei is also abundant is this

community and covers large areas of exposed sheet cutcrops.
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species in this variation are the grasses Tristachya biseriata (species group J),
Aristida aequiglumis (species group S), Diheteropogon amplectens, Melinis
nerviglumis, Trachypogon spicatus and Themeda triandra (species group T), and
the non-grassy herbaceous species Coleocloa setifera (species group O),
Bulbostylis burchelliiand Commelina africana (species group T). The shrub layer
is inconspicuous and limited to individual stands of Rhus magalismontanum

(species group O).
2.1.2 Themeda triandra - Aristida diffusa Short Open Grassland

The Themeda triandra - Aristida diffusa Short Open Grassland is situated on the
northeastern facing slopes in the southwestern section, as well as on the slopes
in the extreme northeastern regions of the reserve. The slopes are gentle with few

boulders and rocks. The soil is sandloam.

This variation is distinguished by the presence of species groups M, O, R, S and
T and the absence of species groups N, and Q (Table 4). This variation is not
characterised by a diagnostic species group. Species that are abundant include
the grasses Eragrostis nindensis (species group K), Aristida diffusa (species group
M), Aristida aequiglumis (species group S), Trachypogon spicatus, Schizachyrium
sanguineum, Melinis nerviglumis, Diheteropogon amplectens, Themeda triandra
and Brachiaria serrata (species group T ), the forbs Kalanchoe thrysiflora (species
group M), Coleocloa setifera, Aloe peglarae (species group O), Raphionacme
burkei (species group R), Cyanotis speciosa (species group S), and the sedges
Bulbostylis burchelli and Cyperus rupestris (species group T), all of which

occurred consistently in all relevés in this variant.
2.1.3 Fnthia pulchra- Selaginella dregei Low Sparse Grassland

This low grassland occurs on the gravel soils of the undulating plains that lie
below the northern summit plateau. It also occurs in the western regions of the
reserve, where it is localized to small secluded areas on the upper northeastern

aspect. Single relevés representing this variation was found on the southwestern

71



aspect of the central quartzite ridge. The slope is less than 15°. The subsoil
consists of quartzite gravel and small rocks. No boulders or large rocks are

present in this variant.

This variation is differentiated by the presence of diagnostic species group N,
consisting of the small xerophyte, Frithia pulchra, a plant endemic to the
Magaliesberg (Carruthers 1990). Coetzee (1975) regarded this variation as part
of the Cyperus rupestris- Eragrostis nindensis Grassland. Except for species
groups K and L, this variation is also represented by species groups N, O, Q, R,
S and T. Selaginella dregei were found to be growing in close association with
Frithia pulchra. Abundant grass species in this variation are Cymbopogon validus
(species group Q) , Aristida aequiglumis, Andropogon schirensis (species group
S), Melinis nerviglumis, Diheteropogon amplectens, Themeda triandra and
Brachiaria serrata, (species group T). The herbaceous layer is dominated by the
forbs Coleocloa setifera (species group O), Cyanotis speciosa, Anthospermun
rigidum (species group S} and the sedge Bulbostylis burchellii (species group T).
The shrub layer is limited to individual stands of Rhus magalismontanum (species

group Q).

2.1.4 Coleocloa setifera - Indigofera comosa Short Open Grassland

The Coleocloa setifera - Indigofera comosa Short Open Grassland variation is
found on the gentle hill slopes surrounding the northern section of the central
basin area. Except for two releves, the gradient does not exceed 10°. The soil is

coarse-grained sandioam. Boulders and rocks are absent.

Indications of similarity between variants 2.1.3 and 2.1.4 (Table 4) occur due to
the presence of species groups G, Q, R, S and T, but they are distinguished by
the absence of species group N in variation 2.1.4. No diagnostic species group
has been identified for this variation. Species abundantly present in this variation
include Eragrostis nindensis (species group K), Lopholaena coriifolia, Lapeirousia
sandersonii (species group L), Coleacloa setifera, Pellaea calomelanos (species

group Q), Aristida aequiglumis, Cyanotis speciosa, Andropogon schirensis
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group T).
3 Bulbostylis burchellii - Themeda friandra Short Open Grassland

This grassland is confined to the upper northeastern and southeastern slopes of
the southeastern valley of the study area. The soil is coarse-grained sandloam
with rocks and boulders occurring frequently. The slope varies between 15 and
35°.

No diagnostic species group are characteristic of this community. [t is
distinguished from the other communities by the absence of all species groups,
except the general species included in species group T (Table 4). Conspicuous
species includes the grasses Loudetia simplex, Schizachyrium sanguineum,
Melinis nerviglumis, Diheteropogon amplectens, Themeda friandra and Brachiaria
serrata, the sedges Bulbostylis burchelli and Cyperus rupestris and the

chasmophyte Selaginella dregei.
4 Tristachya biseriata -Protea caffra Short Sparse Woodland

This community is spread on the slopes of the valley between the summit and the
eastern range of quartzite ridges running through the reserve. The Tristachya
biseriata -Protea caffra Short Sparse Woodland is confined to the shallow
Glenrosa soils on the foothills and mid-slopes. The gradient varies between 3°
and 30°, except for three relevés on slopes of up to 40°. The soil texture are sand

loam to sand clay loam (MacVicar ef al. 1991).

The differentiation of this community in the study area is confirmed by the findings
of Coetzee (1975). He identified a Tristachya biseriata - Profea caffra woodland,
but regarded it as a sub-community in a larger phytocoen, the Loudetia simplex -
Aristida aequigiumis Woodlands, shrub lands and grasslands. This phytocoen
were divided in two, one occurring on deep litholitic soils and the second on
shallow litholitic soils and bouldery outcrops. In this classification the Tristachya

biseriata -Protea caffra Short Sparse Woodland is regarded as a transition
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\
between the shallow and deep soils on the reserve which explains the amount of

variation in the habitat features.

The grasses Tristachya biseriata (cover-abundance values 1%-75%), Loudetia
simplex (cover-abundance values 1%-50%) Themeda triandra (cover-abundance
values 1% -75%), Trachypogon spicatus (cover-abundance values 1%-50%) and
Diheteropogon amplectens (cover-abundance values 1%-25%) dominate the

herbaceous layer (Table 5).

Based on the presence and absence of species, seven sub-communities can be
identified (Table 5).

4.1 Blumea alata - Parinari capensis sub-community

This sub-community is Eocatéd on the eastern slopes of the central quartzite ridge
in the study area. The slope varies between 8 and 23°, with an eastern and north
eastern aspect. Shallow Glenrosa soils, with protruding quartzite are dominant in
this sub-community. An abundance of gravel was recorded in al the releves, with
smaller rocks occurring frequently and solitary rocks and boulders scattered
throughout the sub-community. The soil is sand clay loam (MacVicar ef al. 1991).
Species group B (Table 5) is diagnostic for this sub-community, including the forbs
Blumea alata, Conyza aegypfica, Dicoma zeyheri and Gazania krebsiana. This
sub-community is represented by the species in species groups E, F, I, N, §, X
and the general species in species group Y. Coetzee (1975) regarded relevés in
this sub-community as representative of the Cryptolepis oblongifolia-Protea caffra
variation of the Tristachya biseriata-Protea caffra woodland. Other abundant
species in this sub-community are the forbs Athrixia elata, Pearsonia aristata,
Bulbostylis oritrephes (species group E), Sphenostylis angustifolia, Helichrysum
coriaceum, (species group F) Cryptolepis oblongifolia (species group H), Kohoutia
amatymbica, Chamaecrista mimosoides, Tephrosia elongata, Chaetachantus
setiger, Diplacne biflora, Pentharidium insipidum (species group S), Parinari

capensis (species group X) and Becium obovatum (species group Y).
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grained texture. The soil is sandloam to sandclayloam and the slope varies
petween 16° and 40°.

Coetzee (1975) considered this sub-community as a variation of the Tristachya
biseriata - Protea caffra Woodlands. This variation occurs onthe southerly aspects
in the series of valleys between the summit areas in the reserve and the western
side of the Magaliesberg. The absence of species group C in this sub-community
distinguished it from the Indigofera burkeana - Rhynchosia totta sub-community

found further north on the central quartzite ridge.

No diagnostic species group has been identified for this sub-community (Table 5).
The presence of speciesgroups D, E, F, I, M, N, R, S and Y characterise this sub-
community. Prominent species are the forbs Anomatheca laxa, Ficinia filiformis
(species group D), Athrixia elata, Pearsonia aristata, the sedge Bulbostyiis
orithrephes (species group E), Helichrysum coriaceum (species group F),
Anthospermum rigidum, Pellaea calomelanos (species group H), Nidorella
hottentotica (species group N), Senecio erubescens, Thesium transvaalense
(species group R), Chaetachantus setiger (species group S) and Becium
obovatum (species group Y). Grass species dominant in this sub-community
includes Tristachya biseriata (species group A), Alloteropsis semialata (species
group D), Loudetia simplex, Panicum natalensis (species group N), Dihez‘eropogon
amplectens, Eragrostis racemosa (species group S), Themeda ftriandra,
Trachypogon spicatus and Brachiaria serrata (species group Y). Protea caffra is

the only tree species in the sub-community.
4.4  Cryptolepis oblongifolia - Loudetia simplex Tall Sparse Woodland

The Cryptolepis oblongifolia - Loudetia simplex Tall Sparse Woodland is located
on the north eastern slopes of the valley between the summit and the eastern
range of hills. The gradient range between 19° - 29°. The subsoil is coarsely-
grained with large rocks and boulders occurring frequently. The soil texture varies

from sandloam to sandclayloam (MacVicar ef al. 1991)
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Coetzee (1975) recognised a Cryptolepis oblongifolia - Protea caffra variation of
the Tristachya biseriata - Protea caffra Woodlands. The Cryptolepis oblongifolia -
Protea caffra variation identified by Coetzee (1975) contains the species in
species group B (Table 5), which are diagnostic of the Blumea alata - Parinari

capensis sub-community.

The presence of species groups E, F, I, L, N, Q, S, Xand Y are characteristic of
this sub-community. Dominant species are the small shrub Crypfolepis oblongifolia
(species group |) and the grasses Aristida aequiglumis (species group L), Loudetia
simplex, Panicum natalensis, Andropogon schirensis, Schizachyrium sanguineum
(species group N), Diheteropogon amplectens, Eragrostis racemosa (species
group S), Bewsia biflora (species group X), Themeda friandra, Trachypogon
spicatus, Brachiaria serrata and Melinis nerviglume (species group Y). Forbs
present are Sphenostylis angustifolia (species group F), Anthospermum rigidum,
Pellaea calomelanos (species group 1), Vernonia galpinii and Chaetacanthus

seliger (species group S).

4.5  Trachypogon spicatus - Sphenostylis angustifolia Tall Closed Grassland

This sub-community occurs in isolated locations on the northeastern brim of the
central basin and the summit of the hill in the northeastern section of the study
area. A common habitat factor of this sub-community is a northwestern to
southwestern aspect and slope that varies between 6° and 13°. Shallow, coarse-
grained soils of the Glenrosa soil form with few rocks and boulders underlies this

sub-community.

Prominent species in this sub-community are Sphenostylis angustifolia (species
group F), Cyanolis speciosa (species group L), Indigofera comosa (species group
M), Nidorella hottentotica (species group N), Tephrosia elongata (species group
S) and the sedge Bulbostylis burchellii (species group Y). The grass layer is
dominated by Tristachya biseriata (species group A), Aristida aequiglumis (species
group L), Loudetia simplex (species group N), Diheteropogon amplectens,

Eragrostis racemosa (species group S), Themeda triandra, Trachypogon spicatus
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and Brachiaria serrata (species group Y). A conspicuous feature of this sub-
community is the absence of trees, in particular Profea caffra which is diagnostic
for the Tristachya biseriala - Protea caffra community. This can be atfributed to
the fact that Protea caffra prefers cooler south facing slopes (van Wyk et a/. 1988;
Vogt 1982; van Gogh & Anderson 1988). This sub-community is further
distinguished from the other sub-communities in this vegetation community by the
absence of species groups B, C, D, Eand G. ltis characterised by the occurrence
of species groups FLLLM, N QS Xand.

4.6  Burkea africana - Setaria sphacelata Tall Open Woodland

This sub-community occurs in secluded areas with an eastern aspect on the
northern foothills of the Magaliesberg as well as in the central basin area. The
tree species Burkea africana and the shrub Ochna pulchra are the two diagnostic
species of this sub-community(species group G). This Tall Open Woodland is
further characterised by the dominance of Setaria sphacelata (species group T)
with cover-abundance values of 25% to 75%. Species groups I, L, M, N, Q, R, §,

X and Y are also present in this sub-community.

Two distinct variations are found in this sub-community. This distinction is due to
a difference in soil depth between the two variations, resulting in distinct
differences in species composition. Coetzee (1975) also distinguished two
variations of the Burkea africana - Ochna pulchra Woodlands. He ascribed this
distinction to a difference in soil depth, as well as a difference in aspect and

locality.

4.6.1 Combretum zeyheri - Trachypogon spicatus Tall Sparse Woodland

This variation is associated with the litholitic soils on the northern foothills of the
Magaliesberg. The aspect is east and the gradient varies between 15" and 31°.

The soil is coarsely-grained with a sandloam to sandclayloam texture. Large rocks

and boulders occur frequently throughout the variation.
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This variation can be distinguished from the former by the presence of species
group H, consisting of Combretum zeyheri and Faurea saligna. A significant
feature of this variation is the absence of Profea caffra, because this plant prefers
the cooler southern slopes of the Magaliesberg (van Wyk and Malan 1988; van
Gogh & Anderson 1988).

4.6.2 Burkea africana - Themeda triandra Tall Open Woodland

The Burkea africana - Themeda triandra Tall Open Woodland variation occurs on
the deep (>0.8m) sand loam Hutton soils in the central basin area. The slope is
gradual and the gradient does not exceed 4°. Aspect is mostly northerly, but varies

from northwesterly to northeasterly. No rocks or boulders are present.

This variant is further distinguished from the Combretum zeyheri - Trachypogon
spicatus Tall Sparse Woodland variation in the sub-community by the absence of
species group H (Table 5). It is characterised by species groups G, |, L, M, N, Q,
S, T, X and Y. Burkea africana is the dominant tree species with a cover-
abundance value of 25% - 75% (Coetzee 1975). The shrub layer is represented
by Ochna pulchra (speoies group G). Other prominent species are the forbs
Commelina africana, (species group L), Pygmaeothamnus zeyheri(species group

Q) and Chamaecrista mimosoides (species group S).

The structural analysis depicted of the woody component of the Burkea africana -
Themeda triandra Tall Open Woodland (Figure 9) indicates that the trees Burkea
africana, Combretum zeyheri and Protea caffrarepresent the >5.5 m height class.
The shrub stratum (< 0.75 m - 1.5 m) is dominated by Ochna pulchra, Diospyros
lycioides and Rhus rigida. |

Coetzee (1975) found however that the 5 - 8m tall Burkea africana trees covered
up to 25% of the relevés, whereas the smaller Burkea africana trees covered 25%-
55% of the releves. It contributes significantly to the captivating view tourists’
experienced when driving around the central basin. Game occurs regularly in this

area and the view of this open savanna with its flat topped Burkea africana is
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highly valued. The Burkea africana tree clumps need to be conserved and

maintained due to their aesthetic value in the reserve.
4.7  Aloe greatheadii- Themeda triandra Tall Open Woodland

This woodland represents the composite of vegetation on the deep Hutton soils
of the Tristachya biseriata - Protea caffra community. It is found on the foothills on
the southern side of the central basin area as well as on the plateau in the
northern regions of the study area. These areas are flat and the gradient is 3°.

The soil is finely grained with a sandloam texture. Aspect of the relevés is

northeast.

The presence of species groups K, L, M, N, P, Q, R, S, W, X and Y characterise
this sub-community. Dominant species are the grasses Sefaria sphacelata (cover-
abundance values 25%-75%) (species group T), Themeda friandra (cover-
abundance values 50%-75%) and Trachypogon spicatus (cover-abundance values
25%-50%)(species group Y). Forbs included are Indigofera hedyantha, Vernonia
natalensis (species group A), Aloe greatheadii (species group K), Albuca setosa
(species group M), Acalypha angusta, Ledebouria marginata, Crabbea hirsuta,
Rhynchosia nervosa (species group P), Pygmaeothamnus zeyheri (species group
Q), Kohoutia amatymbica, Hypoxis rigidula (species group S), Asparagus
suaveolens (species group X) and Becium obovatum (species group Y). Other
prominent grass species are Digitaria diagonalis (species group A), Urelytrum
agropyroides, (species group N), Cymbopogon excavatus (species group P),
Diheteropogon amplectens, Eragrostis racemosa (species group S), and

Brachiaria serrata (species group Y).
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5 Protea gaguedi - Monocymbium ceresiiforme Short Open Shrubland

Coetzee (1975) distinctly differentiated the existence of this community in the
study area, describing it as a variation of the Digitaria brazzae- Tristachya
rehmanni Short Open Shrubland. It is distinguished from the Tristachya biseriata -
Protea caffra community by the absence of species group A. This vegetation
community is restricted to the concave areas with deep soils on the lower slopes
of the summit plateau (Coetzee 1975) and the deeper soils on the southern slopes
around the central basin area. The gradient in this community does not exceed

5°. The soil texture of the A-horizon varies from sandloam to sandclayloam.

The community is dominated by Protea gaguedi - shrubs (Table 5), which is
restricted to the 0.75-1.5m height class (Figure 12). Species group J is diagnostic
for this community, consisting of Protea gaguedi and the grass species
Monocymbium ceresiiforme and Digitaria monodactyla. Coetzee(1975) alsofound
this association of species on the reserve. Other species groups in this
community are K, L, M, N, P, Q, R, S, W, X and Y (Table 5). Prominent forb
species in this community includes Aloe greatheadii (species group K), Indigofera
comosa (species group M), Nidorella hottentotica (species group N},
Pygmaeothamnus zeyheri (species group Q), Dicoma anomala (species group S},
Elephanthorriza elephantina (species group W), Parinari capensis (species group
X), Becium obovatum and Bulbostylis burchelfii (species group Y). The diagnostic
grass species are Monocymbium ceresiiforme, where as Aristida aequiglumis
(species group L), Loudetia simplex (species group M), Digitaria brazzae,
Tristachya rehmannii (species group P) and Eragrostis racemosa (species group
S) are prominent and Diheteropogon amplectens (species group S)(cover-
abundance values 1%-25%), Themeda triandra (cover-abundance values 1%-
25%), Trachypogon spicatus (cover-abundance values 1%-75%), Brachiaria
serrata and Melinis nerviglume (cover-abundance values 1%-50%) (species group

Y) dominant. No trees occur in this community.
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6 Indigofera comosa - Schizachyrium sanguineum Tall Closed

Grassland

Medium deep Glenrosa soils, restricted to northeastern facing slopes
accommodate this community. The slopes are gentie and the gradient does not
exceed 6°. The loamsand texture of the soil is caused by the coarse quartzite

substrate. Soil depth is limited ( =0.6m) and surface rocks or boulders are absent.

Schizachyrium sanguineum (species group N) (cover-abundance values 1% -
50%), Diheteropogon amplectens (species group S), Themeda triandra {(cover-
abundance values 0% - 75%) and Trachynngon spicatus (species group Y) are
the dominant species in this community (Table &). Other important grass species
are lLoudetia simplex (species group N), Diheteropogon amplectens and
Eragrostis racemosa (species group S). Forbs occurring in this community are
Nidorella hottentotica, Thesium cytisoides (species group N}, Pygmaeothamnus
zeyheri, Rhynchosia monophyila (species group Q), Chamaecrista mimosoides

(species group S) and Parinari capensis (species group X).
7 Plexipus hederaceus - Cymbopogon excavatus Tall Closed Grassland

This tall grassland are situated at the bottom of the central basin area. It is located
on the deep soils (1m +) of the north eastern slopes. The area is flat and the
gradient is between 3" and 4°. The loam sand to sandloam soils consists of finely-

grained sand.

Species group O, diagnostic for this community, includes the forbs Plexipus
hederaceus and Raphionacme hirsuta (Table 5). This community is characterised
by dense stands of tufted, perennial grasses, consisting predominantly of
Cymbopogon excavatus (species group P), Diheteropogon amplectens (species
group S), Themeda triandra, Trachypogon spicatus and Melinis nerviglume
(species group Y). Other prominent grass species include Digitaria brazzae

(species group P) and Eragrostis racemosa {species group S). The abundant forb
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species include Acalypha angustata, Ledebouria marginata (species group P),
Pygmaeothamnus zeyheri (species group Q), Vernonia galpinii, Kohoutia
amatymbica, Chamaecrista mimosoides, Conyza aegyptica, l[pomoea ommaneyi
(species group S), Efephanthorriza elephantina (species group W) and Becium
obovatum (species group Y). Individuals of Protea caffra shrubs occur in this

grassland community.
8 Tristachya leucotrix - Setaria sphacelata Tall Sparse Woodland

This woodland is associated with shallow Glenrosa scils found in the south
eastern part of the study area. This community is situated on the crests or
southern midslopes of the eastern range of hills. The slopes vary from flat { < 5%)

to moderate (20°-35°%). At least 10% of this community is covered with rocks.

This community is distinguished by the presence of diagnostic species group T,
consisting of Tristachya leucotrix and Sefaria sphacelata. The grass Tristachya
feucotrix is dominant, covering an average of 50% of the relevés. Other prominent
species are Themeda triandra, Trachypogon spicatus, Brachiaria serrata and
Melinis nerviglumis (species group Y) and the sedge Bulbostylis burchellii (species
group Y). The trees and shrub layer are inconspicuous and limited to scattered
individuals of Protea caffra and Burkea africana (Table 5).

Three sub-communities can be distinguished in this community according to

aspect:
8.1  Heteropogon contortus - Trachypogon spicatus Tall Open Woodland

This sub-community is confined to the east and north facing slopes. The
occurrence of boulders and large rocks varies from absent or rare to abundant on
the hillcrest in the southeast of the reserve. Splash erosion do occur in some of

the relevés.

This Tall Open Wocedland is differentiated from 8.2 by the absence of species
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group V(Table 5). The grasses Heteropogon contortus and Trachypogon spicatus
are dominant in this sub-community. Other prominent grasses include Themeda
triandra and Brachiaria serrata (species group Y). Forbs occurring in this sub-
community are Ruellia cordata (species group U), Elephantorrhiza elephantina,
Ophresia oblongifolia (species group W), Parinari capensis (species group X) and
Bulbostylis burcheliii (species group Y). The tree layer is inconspicuous and

scattered individuals of Faurea saligna (species group H) (Table 5) are found.

8.2  Ruellia cordata - Senecio venosus Tall Sparse Woodland

The sub-community occurs on the rocky norite slopes in the eastern region of the
study area. Aspect varies considerably in this sub-community and cannot be
considered as a diagnostic habitat feature. This woodland occurs on the summit
and the upper slopes of the eastern range of hills. Slope varies from flat on the
summit to a gradient of 30° on the slopes. The soil has a sandclayloam to sandclay

texture,

Dense stands of Tristachya leucotrix (cover-abundance values 25%-100%) is
enclosed in this sub-community. It is further differentiated from the other two sub-
communities by the presence of the diagnostic species groups V, including the
forbs Chaetacanthus costatus, Mariscus congesta and Polygala uncinata (Table
5). Grasses abundant in this sub-community are Setaria sphacelata, (species
group T), Heteropogon contortus (species group W), Themeda triandra,
Trachypogon spicatus and Brachiaria serrata (species group Y). Prominent forbs
include Sphenostylis angustifolia (species group F), Ruellia cordata, Thesium utile
(species group V) and Bulbostylis burchellii (species group Y). The tree layer is
inconspicuous and scattered individuals of Faurea saligna and Protea caffrain the
5.5 m height class are present (Figure 13). The shrub layer (0.75 m - 2.5 m) is
inconspicuous and represented by Englerophytum magalismontanum, Diospyros

lycioides and Rhus rigida.
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8.3  Trachypogon spicatus - Bulbostylis burchellii Short Sparse Woodland

The Trachypogon spicatus - Bulbostylis burchelli Short Sparse Woodland is
situated on the crests and upper western to northeastern facing slopes in the
south eastern regions of the study area. Itlies on sandloam to sandclayloam soils
with boulders and large rocks. The soil texture are coarse-grained. Splash

erosion was recorded in several relevés,

This sub-community is recognised by the absence of species groups U, V and W
(Table 5). No diagnostic species group has been identified for this sub-
community. The dominant forb species are Parinari capensis (species group X)
and Bulbostylis burchellii (species group Y), whereas the dominant grasses are
Tristachya leucotrix (species group T) and Loudetia simplex (species group N).
Other grass species present are Themeda ftriandra, Trachypogon spicatus and
Brachiaria serrata (species group Y). The tree layer is absent in this sub-

community.
9 Acacia caffra - Ziziphus mucronata Tall Closed Woodiand

Acacia caffra is a widely distributed species occurring in various habitats in the
Magaliesberg (van Wyk ef al. 1988; van Gogh ef al. 1988; van Vuuren ef al. 1970;
Coetzee 1975). In various habitats in the study area, this species dominétes
where it is associated with different other species groups. The Acacia caffra -
Ziziphus mucronata community is widely distributed throughout the study area. A
general habitat characteristic associated with this community is shallow to
moderately deep Glenrosa soil forms occurring on the rocky slopes and foothills
of the eastern range of valleys in the study area. However, some variations occur

in deep Hutton soils (>1.5m).

A gradient from a distinct open xeric environment to a closed mesic environment
can be detected in this community. The open xeric woodlands are confined to the
eastern and northern aspects, distinguished by species groups B, C and D (Table

6). The closed mesic vegetation is restricted to the foothills and drainage lines in
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the valleys and is distinguished by the presence of especially species groups T,
Uand W.

Evident from table 6, the woody component is very conspicuous in the Acacia
caffra - Ziziphus mucronata vegetation community. General species (species
group X) occurring throughout the cormmunity are predominantly woody species
and includes prominent species viz. Rhus leptodictya, Dombeya rotundifolia,

Maytenus undata, Euclea crispa, Pappea capensis and Combretum molle.

Eleven sub-communities and five variations were recognised based on soil depth

and aspect:
9.1 Cheilanthes viridus - Combretum molle Short Open Woodland

This variation is confined to the mesic habitat associated with the rocky western
to northeastern facing slopes on the foothills of the Magaliesberg. The gradient of
the slope varies between 24°and 26°. The soil is shallow and the texture of the

orthic A horizon is sand loam to sand clay loam.

Coetzee (1975) distinguished the Kalanchoe paniculata - Acacia caffra variation
inthe Eustachys paspaloides - Acacia caffra woodland that display a resermnblance
with the Cheilanthes viridus - Combretum molle Short Open Woodland sub-
community. The Kalanchoe paniculata - Acacia caffra variation occurs below cliffs

on the convex slopes on the western side of the Magaliesberg.

The diagnostic species for this sub-community is represented by species group
B (Table 8), consisting of Cheilanthes viridus, Tragia rupestris, Kalanchoe
paniculata and Crofon gratissimus var. subgratissimus. Other species occurring
in this sub-community are the forbs Pellaca calomelanos (species group N),
Thunbergia atriplicifolia (species group N) and Solanum panicoides (species group

R). The grass layer is represented by Eustachys paspaloides, Elionurus muticus
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(species group N} and Heteropogon contortus (species group R). Trees and
shrubs in this sub-community are Lannea discolor, Combretum zeyheri, (species

group S), Pappea capensis and Combretum molle (species group X).

8.2  Digitaria eriantha - Lippia javanica Tall Closed Woodland

The Digitaria eriantha - Lippia javanica Tall Closed Woodland is confined to deep
alluvial soils in the valley in the northeastern section of the study area. The soil

texture is sand clay loam and rocks and boulders are absent.

Coetzee (1975) differentiated the Digitaria smutsii - Acacia caffra variation in the
Eustachys paspaloides - Acacia caffra woodland. This variation is restricted to the
well-differentiated alluvial soils of the flats between the northeastern foothills of the
Magaliesberg (Coetzee 1975) and demonstrates similarities with the Digitaria

eriantha - Lippia javanica Tall Closed Woodland.

Diagnostic species group C distinguishes this sub-community from the other sub-
communities. It consists of the forbs Psiadia punctulata, Polygala hottentotta and
the grass Sporobolus fimbriatus (Table 6). Species groups J, N, Q, S, Xand EE
are also present in this sub-community. The tree and shrub layer are conspicuous.
A prominent tree species is Dombeya rotundifolia (species group X). Figure 14
illustrates the structure of the woody component in this sub-community. The <0.75
m height class dominates the structure in this woodland sub-cornmunity, with
Combretum zeyheri particularly prominent. The >3.5 m height classes is markedly

inconspicuous in this sub-community.
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9.4.1 Turbina oblongata - Phyllanthus glaucophylius High Closed Shrubland

This variation is found on westerly to southerly facing slopes on deep fine grained
Hutton soils. Rocks and boulders are absent. The clay content of the soil in this

variation is higher than the other two variations.

Species group F is diagnostic for this variation. This species group includes the
forbs Turbina oblongata, Phylianthus glaucophyllus, Senecio inornatus, Eucomis
clavata and Conyza podocephala, and the geophyte Eulophia ovalis. Other
species groups occurring in this variationare G, H, I, J, K. N, O, P, Q, S, X and
EE (Table 6). Prominent grasses in this variation are Hyparrhenia filipendula var.
pilosa (species group G), Digitaria diagonalis (species group H), Setaria nigrirostis
(species group J), Brachiaria serrata (species group O), Setaria sphacelata (cover-
abundance values 75% - 100%) (species group Q) and Themeda friandra (species
group S). Significant forbs are Aloe greatheadii, Rubia petiolaris, Hypoxis rigidula
(species group G), Kohautia amatymbica, Chaetacanthus setiger (species group
H), Conyza albida, Lantana rugosa (species group J), Becium obovatum (species

group K) and Vernonia oligocephala (species group N).
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9.6  Heteropogon contortus - Faurea saligna Tall Open Woodland

This open woodland occurs in the western regions of the study area. It is found on
slight to relatively steep slopes, varying from 3° to 40°. Aspect in this sub-
community is not consistent, but occurs generally on east facing slopes. Soils
varies from loamsand to sandloam (MacVicar et a/. 1991) with a coarse-grained

texture.

Rocks and boulders are frequently found throughout the sub-community. Erosion

does occur in small areas, although it is currently confined to splash erosion.

This sub-community is characterised by the presence of species groups O, P, Q,
R, 8, T, X and EE (Table 6). Dominant trees and shrubs occurring in this sub-
community are Acacia caffra, Ziziphus mucronata (species group A), Faurea
saligna (species group O), Asparagus suaveolens (species group S) and
Combretum zeyheri (species group S). The herbaceous layer is dominated by the
grass Heteropogon contortus (species group Q). Other grasses present are
Brachiaria serrata, Melinis nervigiumis (species group Q), Sefaria sphacé!az‘a
(species group Q) and Themeda triandra (species group S). Forbs occurring in
this sub-community are Senecio venosus (species group P) and Tagetes minuta
(species group EE).

9.7  Senecio venosus - Heteropogon contortus Tall Closed Woodland

The Senecio venosus - Heteropogon contortus Tall Closed Woodland is
associated with moderately deep Glenrosa soils on the foothilis and flat hill crests
of the southeastern regions of the study area. It is situated close to the current
main gate complex, on either sides of the road. This area is utilized by game and
sable have been recorded to use the open areas next to this sub-community
frequently. This Tall Closed Woodland is confined to clay soils on noritic parent
rock. The soils are finely-grained and large rocks are frequently encountered.

Aspect is northeast to southeast.
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The herbaceous layer is limited to specimens of the shade loving grasses Setaria
megaphyllfa (species group T) and Panicum maximum (species group EE) and the
forb Hypoestes forskaoli (species group X).

9.11  Olea europaea - Grewia occidentalis Tall Closed Woodland

This sub-community is situated in the low lying areas of drainage lines in the
southeastern parts of the study area. The shallow Glenrosa soil forms are fine
grained with a sand loam to sand clay texture (MacVicar ef al. 1991). Large rocks
and boulders occur seidom throughout this sub-community. it is situated on a
slight slope and the aspect varies from southeast to southwest. This sub-
community was recognised and described by van Vuuren ef a/. (1970) as the
Acacia caffra - Olea europaea var. africana variation of the Acacia caffra

community restricted to western facing foothills.

Species group U is diagnostic to the Olea europaea - Grewia occidentalis Tall
Closed Woodland sub-community. This species group contains the tree species
Olea europaea var. africana and the shrubs Asparagus cooperi and Maytenus
polycantha. Other woody species in this sub-community is Grewia occidentalis
(species group X) (Table 6). Species groups V, X, BB and EE is also present in
this sub-community is. Prominent species occurring in this sub-community are the
scrambling shrub Rhoicissus tridentata (species group V),Hypoestes forskaoli
(species group X) and the grasses Sefaria lindenbergiana (species group D),
Setaria megaphylla (species group T) and Panicum maximum (species group EE).
Although species group X is well represented in this sub-community, Rhus
leptodictyais absent. This is attributed to the preference of this species for open
woodlands in rocky areas (Palgrave 1990; van Wyk et a/.1988). It is seldom found
in moist areas. The woody species Acacia caffra, Ziziphus mucronata (species
group A), Maytenus polycantha (species group U), Combretum erythrophyilum,
Diospyros whyteana (species group V), Dombeya rotundifolia, Euclea crispa,
Fappea capensis, Rhus pyroides (species group X), Celtis africana, Zanthoxylum
capense (species group BB) and Diospyros lycicides (species group EE) are also

to be found in this sub-community. The occurrence of these species, and the
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11 Brachylaena rotundata- Englerophytum magalismontanum High Open
Shrubland

This small community is restricted to the moist narrow ravines on the plateau in
the northwestern section of the study area. The soils is of the shallow Glenrosa
form or exposed bedrock. This vegetation community is characterised by the
presence of diagnostic species group Y, Z and AA. Based on aspect this

vegetation community can be divided into two sub-communities:

1.1 Pittosporum viridiflorum - Halleria lucida Short Open Shrubland

This sub-community is associated with deep narrow ravines opening on the upper
northern slopes. Diagnostic species for this sub-community are Pittosporum
viridiflorum, llex mitis, Halleria lucida, Rothmannia capensis, Myrsine africana,
Cyperus albostratus, Secamone alpini and Scadoxus puniceus (species group Z).
This sub-community shows similarities with the Mimusops-Englerophytum-
Apodytes dimidiata variation as identified by van Vuuren ef al. (1970). This
variation occurs high up in the ravines on the northern slopes where the influence
of the cliffs is least (Vuuren ef al. 1970). |t also demonstrates similar
characteristics in terms of species composition than the Pittosporum viridifforum -
Halleria lucida Short Open Shrubland.

11.2  Ancylobotrys capensis - Tricalysia lanceolata Short Open Shrubland

This sub-community occurs in the upper regions of a ravine on the western facing
slopes on the plateau. The ravine is shallower in this region, and the influence of
the cliffs on either side of the ravine are less pronounced. This sub-community
shows an affinity with the Croton - Ancylobotrys capensis variation as identified by
van Vuuren et a/. (1970). Although not dominant in this sub-community, Croton
gratissimus var. subgratissimus were recorded in this sub-community (species
group B; Table 6). Setaria lindenbergiana is described by van Vuuren ef al. (1970)
as subdominant in this sub-community, which were also found in this classification

(species group D; Table 6). Other species associated with this sub-community
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Table 8:

Phytosociological table for the Plerdium aquiinum-

Miscanthus junceus Tall Closed Grassland and Aristida
junciformis-Arundinella nepaliensis Tall Closed Grassland

Community
Sub-community

Variation

Species

@ o W

o

~ W

W~

o owb )

Species group A
Pleridium aquilinum

Miscanthus funceus

Species group B
Phragmiles australis
Cyperus species

Gunnera perpensa

Species group C
Persicaria alfenuata
Buddleja seligna

Conyza wmifolia

Species group D
Aristida junciformis
Stiburus alopecurcides

Berkheya speciasa

Species group E
Pyenostachys reticulala
Helichrysum selosum
Achyrociing stenaplera
Imperala cylindrica

Commeling species

Species group F
Arundinetia nepalensis
Nidorella avrfculata

Vernonia hirsuta
















Ordination

From the final phytosociclogical tables a synoptic table, representing constancy
values for the different species in each vegetation community, was compiled. The
synoptic table illustrate the assaciation of the different vegetation communities
with each other. The synoptic table was used in an ordination to identify the
relation between the physical environment and the vegetation. The distribution of
the different vegetation units is illustrated along the axes of a scatter diagram of

the synoptic data set (Figure 22).

This diagram revealed an apparent discontinuity among these vegetation types.
A distinct moisture gradient is evident along the first axis of the ordination.
Communities associated with the drier environments on the plateau, hill slopes
and the open areas of the central basin are situated to the left of the diagram, and
the vegetation communities associated with the wet habitats along the vlei and

water streams are positioned to the right of the diagram.
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A moderate gradient in soil depth exists along the second axes of the scatter
diagram (Figure 22). Communities associated with exposed quartzite sheets and
shallow Mispah and Glenrosa soils occurring on the plateau and upper hill slopes
are situated to the top left of the diagram and communities occurring on the
meduim-deep to deep Hutton soils inthe central basin and small secluded pockets
in the valleys are distributed to the bottom left of the diagram. A weak gradient in
clay content is illustrated along the first axes. Clayish soils and associated
communities, mainly confined to the alluvial soils in the valleys are situated to the
right of the diagram, while communities associated with sandy soils are situated
to the left of the diagram. Deep Hutton soils with moderate clay content (15% -

25%) are positioned in the centre of the diagram.
Management Units

The broken topography and associated diversity of habitats and environmental
conditions resulted in the differentiation of 51 vegetation communities, sub-
communities and variations on the reserve. Four management units were identified
by using a DECORANA-ordination (Hill 1979a) (Figure 22), illustrating the

principal differences of the habitats on the reserve.
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The four management units distinguished in the synoptic table (Table 9) differ due

to distinct differences in soil depth, percentage clay and moisture content (Figure
22).

l. Selaginella dregei - Oldenlandia herbacea Open Shrubland
. Becium obovatum - Elionurus muticus Tall Grassland
1. Ziziphus mucronata - Rhus leptodictya Closed Woodland

V. Pteridium aquilinum - Miscanthus junceus Moist Grassland

Mlanagement unit I

Selaginella dregei - Oldenlandia herbacea Open Shrubland

The Selaginella dregei - Oldenfandia herbacea Open Shrubland management unit
comprise of the Englerophytum magalismontanum - Ancylobotrys capensis Tall
Open Shrubland, the Eragrostis nindensis - Cyperus rupestris Short QOpen
Grassland and the Bulbostylis burchellii - Themeda triandra Short Open Grassland
(Table 8) . Species group D, consisting of the pioneer Selaginella dregef and the
forbs Oldenlandia herbacea, Coleocloa setifera, the grass species Cymbopogon
validus, and the shrub Rhus magalismontanum is diagnostic of this management
unit. Species groups H, P, T and Z containing the grass species Schizachyrium
sanguineum, Melinis nerviglumis, Themeda ftriandra and Diheteropogon
amplectens, the forbs Anthospermum rigidum, Pellaea calomelanos, Senecio
venosus and Commelina africana are also conspicuous in this management unit.
The tree and shrub layer are confined to individual specimens of Englerophytum
magalismontanum (species group D), Zanthoxylum capense, Ancylobotrys

capensis and Tapiphyllum parvifolium (species group A).
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Synoptic table of the vegetation on Rustenburg Nature Reserve

Table 9

UNT4

MANAGEMENT UNIT 3

MANAGEMENT UNIT 2

MANAGEMENT UNIT 1

Species

UNIT 12

Species group A
Tapphylum parvifobum
Commelina erecta
Crassula species
Nuxia congesta

Chutea puichets
Canthium gitibani

Zonthoxykm capense

Ancylobolrys capensis

hispida
Cyperus sphaerospermus

Ochna puichca

corifoka
Euvphorbia schinzi

Plectrantus medagascariensis
Ficus ingens
caftra

Laperosia sandersoni
Anacampseros subvelinum
Helchrysum cevastioides
Brachiana nigropedala
Cymbapogon validus
Rhus magaksmontanum
Anistia dffusa

Indigolera mekinoides
Katanchoe thyrsifiora
Speciesgroup E
Pearsomis anistala
Vernonia sutheriandii
Speciesgroup F

Eragrostis stapfi
Frihia puicha

Speciesgroup B
Cyperus nypestris
Eragrostis indensis
Xerophyta viscosa
Speciesgroup C
Khadia acupetals
Ledebouna revokia
Euphorbia claveroides
Speciesgroup D
Selaginelia dregei
Coleoclos selilera

DrgRacia beazzae

Pygmseothamnus zeyheri
Raphionacme hirsula
Piexipus hederaceus
Siene burchel

Tristachya rehmanni

Ophresia oblongiioka

Speciesgroup G

burkei

R

ia marginata
Rhynchosia nervosa
Felicia muncata

Hyparrhensa filpenciia var. piosa
Burkea africana

Parinai "
Dichapetabum cymosum
Thesium cytisoides
Speciesgroup H

Aristida aequghmis
Albuca sefosa

Loudetia simplex
Cyanotis speciosa
Thesium lransvaalensis
Indigofera comosa
Speciesgroup |
Indigofera hedyantha
Helichey sum coriscetrn
Nolleha raniola
Cryplolepis oblongsfoky
Senecio erubescens
Rhynchosia moncphyfia
Butboslyls orirephes
Speciesgroup J

Rubia petiolaris

Conyza segyplica
Speciesgroup K
Acalypha angustata
Crabbes hirsula

Ant

Becwm obovalum - Ekonurus muticus Tall Grassland

MANAGEMENT UNIT 2:
Speciesgroup L

Beciumn obovalum
Edonuris muticus
Vermonia galini
Penlandium angustifoka
Kohoutia ameatymbica
Urelytrum angustiola
Aloe greathesdi

Protea caffra

Ruelta patula
Speciesgroup M
Eragrostis racemosa
Motnia caffrorum
Nidorelta hottentottca
Panicum natalensis
Speciesgroup N
Tristachya biseriala
Trachypogon spicatus
Speciesgroup O
Eustachys paspoloides
fpomoa bathycopos var bathycopos

lanicinus
Clematis oweniae

Thunbergia atripkcifolia
Turbina cblongata
Cussonia pank
Nidorefa

resediolia

ae

Speciesgroup P
Schizachyrium
Tephrosia elongata
Pellsea c:

Speciesgroup Q
Chaetachanthus setiger
Athrixia elala

Blumea alata

Conyza albida
Cymbapogon excavalus
Digiaria disgonaks
Helichrysum nudifolium

Oxals

burkeana
Vemonia nalalensis
Hypoxis nigidula

. .

Eragrostis curvula
‘Solanum panicoides

Teucrium trifiom
Hyparrhenia hirta
Solanum maurtanum
Setaria megephyla
Maytenus polycanthe
Asparagus coopeni
Maytenus heterophy ke
Rhus lancea
Rhus ngide
Lannea discolor
Lantena rugose
Diospyros whyteana

Hekchrysum setifoka
Heleropogon contortus
Rhynchosia fotta
Ligpia javanics
Vemonia
Speciesgroup S
Combrelum zeyheri
Speciesgroup U
Speciesgroup V
Acacia caffra
Speciesgroup W
Celis africans
Grewia occidentabs
Panicum maximum
Aloe Iransvaalensis
Berchemia zeyheri
‘Cynodon dactylon

Setaria sphacelala

Speciesgroup R

Indigofera

Ziziphus mucronala - Rhus leptodictya Closed Woodland

MANAGEMENT UNIT 3:

Speciesgroup X
Dombeya.

Euclea crispa
Pappea capensis
Achyranthes aspera
Hypoestes forskaok
Speciesgroup Y
Ziziohus mucronata
Rhus leplodictya

Tagetes minda

Di yeiok

Rhus pyroides
Sida dregei
‘Acacia karroo

Hermannia depressa

z

Commeiina sfricana

‘Combretum molle

Junceus Moist Grassland

UNT 4

Mischanthus nceus

Persicaria alferusla
Nidoreka aunculala

Buddeja sakgna

Pycnostachys reticulala
Gunnera perpensa

Commelina species







1991), consisting of coarse to finely-grained sand. This management unit is
situated on fairly mild gradients (3" - 67), except for one community situated on a
gradient of 3° - 30°. Conspicuous species in this management unit are the forbs
Becium obovatum, Pentharidium angustifolia, Vernonia galpinii Kohoutia
amatymbica (species group L), Pellaea calomelanos, Oxalis oblongifolia (species
group P), Senecio venosus, Chamaecrista mimosoides (species group T) and
Commelina africana (species group Z). Elionurus muticus (species group L),
Schizachyrium sanguineum (species group P), Eragrostis racemosa (species
group M), Melinis nerviglumis, Trachypogon spicatus (species group N), Themeda
friandra, Loudetia simplex (species group H), Brachiaria serrata (species group T)
represent the dominant grass species in this management unit. The tree layer is
relatively inconspicuous and confined to open stands of Protea caffra (species
group L), Ziziphus mucronata, Rhus leptodictya, Dombeya rotundifolia (species

group Y), Acacia caffra (species group V) and Faurea saligna (species group T).

The Turbina oblongata - Phyllanthus glaucophyllus High Closed Shrub land, the
Diospyros lycioides - Rhus rigida Tall Closed Woodland and the Hypericum
aethopicum - Acacia karroo variations of the Acacia caffra - Ziziphus mucronata
Tall Closed Woodland community are regarded as a transitional group between
the Becium obovatum - Elionurus muticus Tall Grassland and the Ziziphus
mucronata - Rhus leptodictya Closed Woodland management unit. This group
contains a variety of species conspicuous to both management units. Species
from species groups Rand T (Table 9) dominate the vegetation compaosition in this

group, which are well represented in both management units.

Management Unit lli:

Ziziphus mucronata - Rhus leptodictya Closed Woodland

The Ziziphus mucronata - Rhus leptodictya Closed Woodland consists of the
woodland and forest communities in the reserve. This management unit contains |
the Heteropogon contortus - Faurea saligna Tall Open Woodland, Senecio
venosus - Heteropogon contortus Tall Closed Woodland, Setaria sphacelata -

Themeda triandra Tall Closed Woodland, Euclea crispa - Panicum maximum Tall
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Closed Woodland, the Asparagus virgata - Celtis africana and Olea europaea -
Grewia occidentalis Tall Closed Woodland sub-communities of the Acacia caffra -
Ziziphus mucronata Tall Closed Woodland community, the Mimusops zeyheri -
Hypoestes forskaoli Tall Forest and Cynodon dactylon - Panicum maximum Tall

Sparse Woodland communities (Table 9) .

The Ziziphus mucronata - Rhus leptodictya Closed Woodland is found on the low-
lying slopes and low-lying areas of the eastern valleys in the study area. The soil
has a coarse-grained texture and large rocks and boulders occur frequently
throughout this management unit. The soils varies from medium-deep Glenrosa
soil forms on the slopes to deep alluvial soils on the pediments of the valleys. The

slopes vary from gentle to relative-steep with gradients of up to 37°.

The tree and shrub layer are very prominent and are characterises by the trees
and shrubs Ziziphus mucronata, Rhus leptodictya, Diospyros lycioides, Rhus
pyroides (Species group Y), Pappea capensis, Euclea crispa, Dombeya
rotundifolia,(species group X), Celtis africana, Grewia occidentalis (species group
W), Acacia caffra, Maytenus heterophylla, Rhus lancea, Rhus rigida, Lannea
discolor, Lantana rugosa (species group V), Combretum zeyheri (species group
T) and Combretum molle (species group Z). Dominant grass species in this
management unit are Melinis repens (species group Y), FPanicum maximum
(species group W), Setaria sphacelata, Heteropogon contortus (Species group R),
Themeda triandra, Brachiaria serrata and Setaria lindenbergiana (species group
Y). Noticeable forbs include Tagetes minuta (Species group Y), Hypoestes

forskaoli (species group X) and Commelina africana (species group Z).

Disturbed areas, orchards and old lands are also included in this management

init.

Management Unit IV:

Pteridium aquilinum - Miscanthus junceus Moist Grassland

The Pteridium aquilinum - Miscanthus junceus Moist Grassland management unit
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represents the moist habitats on the reserve, consisting of the Pteridium aquilinum
- Miscanthus junceus Tall Closed Grassland, including the Phragmites mauritanus
- Cyperus species Reedswamp, the Vernonia hirsuta - Pteridium aquilinum Tall
Closed Grassland and Pycnostachys reticulata - Buddleja salviifolia Tall closed
Shrub land, and the Aristida junciformis - Arundinella nepalensis Tall Closed

Grassland communities.

The soils in this management unit vary from deep, black clay soils of the
Willowbrook and Kroonstad soil forms underlying the reed swamp to deep Hutton
soils adjacent to the streams in the southern section of the central basin. This
management unit occurs on a high water table and certain communities in this

management unit are submerged.

Species diversity is low and confined to species associated with moist conditions.
Species group AA contains the dominant species occurring in this management
unit.  Conspicuous species are Pteridium aquifinum, Miscanthus junceus,
Persicaria attenuata, Nidorella auriculata, Buddleja salviifolia, Arundinella
nepalensis and Pycnostachys reticulata. The unique reedswamp in this
management unit consists of a homogenous stand of Phragmites mauritianus
(Table 9) .
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Weighted Key Species Method (Hurt & Hardy 1989), the Degradation Gradient
Method (Mentis 1983, Bosch & Gauch 1991), Multiple Benchmark Sites (Bosch et
al. 1987). Ordination procedures were also introduced to define and create an
understanding of the degradation process by using data representing known

compositional differences induced mainly by grazing.

No ecosystem has a fixed composition. It fluctuates in space and time, influenced
by changes in the individual components it consists of (Siegfried & Davies 1982),
To be able to quantify these changes, it is important that there should be an
understanding of the dynamics and responses of a system to different external
influences such as grazing and fire. Vegetation gradient analyses are useful to
determine plant species reactions to environmental parameters (Walker 1988).
Subjectively qualified information obtained by using ecologically-based techniques
does not provide a gradient along which a sample site can be positioned. Neither
does these techniques recognised multiple benchmarks that distinguished
different domains of attraction (stable conditions) that develops with the process
of degradation (Hurt ef al. 1991) or provide for the absence of “favourable” or
“decreaser” species in areas where the physical conditions do not allow them to
grow (Martens et al. 1990). During the process of degradation, the veld condition
may deteriorate to levels below the limits of resilience of that system and
biophysical transformations such as a degradation in soil structure and organic

contents can cause an irreversible change in the system (Bosch & Gauch 1991).

Managing for biological diversity should not aim at a fixed pattern, but at a general
range of possibilities. With the development of degradation models for each of the
vegetation units, quantifying the effect of existing management on a specific
vegetation unit will be possible. It also enables the user to determine the
ecological significance of a specific position on the gradient (Bosch 1989). By
evaluating this vegetation gradient according to parameters specifically pertaining
to the objectives of the reserve, eg. species diversity, stability and resilience of the
system, an understanding of the desired state of the vegetation system on the
reserve can be developed. Subsequent monitoring will reveal progress or

regression in the achievement of management objectives.
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gradients were confirmed by noting the positions of sites with known grazing

histories in the ordinations.

In refining the degradation gradient, sample plots with residuals larger than an
arbitrary 50% of the Euclidean length of axis 1 was considered outliers and
subsequently discarded from the data matrix (Bosch & Gauch 1991; Bosch &

Kellner 1981). The ordination was then repeated.

The responses of species to different levels of grazing impacts were modelled
using regression techniques. Species abundance curves on the degradation
gradient were fitted separately for each vegetation unit (Janse van Rensburg &
Bosch 1990). This was done to determine the ecological status of species under
different environmental and physical conditions, and to identify key species that
will be used in the interpretation of the degradation gradients in each vegetation

unit.

Resultls

The three data sets were located to new data sets in ISPD and an ordination for
each data set was conducted. Both RA and DCA was applied to the data. The

results of these ordinations are depicted in figure 25 (a, b & ¢).
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Variations on the residual axis could be due to various habitat factors, such as
clay content, soil depth, aspect, etc. as there still exists considerable variation in
this macro unit. It could alsoc be because of different compositions that have

developed during the process of change (Bosch & Kellner 1991)

Construction of a degradation gradient for the Becium obovatum -

Elionurus muticus Tall Grassland - Management Unit |l

The results of the ordination of Management unit It is shown in Figure 27 a, b and
c. Evident from the ordination is that the RA and standardized PCA {SPCA) tend
to arrange the survey sites to the left of the scatter diagram (Figure 27 b and c¢).
These ordinations also arranged a number of sites above the Maximum
Acceptable Residual value, making the further use of these ordinations
impossible. The Centered PCA (CPCA) (Fig 27 a) displayed an even arrangement
of the sites along both axes. This is explained in terms of the relative low diversity
acquired within each management unit, for which PCA is generally suitable (Bosch
& Gauch 1991) . The maximum residual value of the ordination of these sample
plots is 38.3.
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The first axis of the CPCA ordination (Fig 27 a) represents a degradation gradient
from left to right. The ungrazed plots are spatially distributed to the left of the
scattered diagram, while the plots in grazed areas are located to the right of the
diagram. The distribution of the plots along the first axis from ungrazed to grazed
are confirmed by notes made during fieldwork on the level of utilization of the plots
by game. No data on long term grazing pressures could be obtained and the
gradient is therefore only described as varying from ungrazed to grazed. Species
compositional data on the extremes of the gradient (severely grazed and
ungrazed) were also not available and thus the gradients only represent the
middle sector (moderately utilized to moderately unutilized) of a possible longer
degradation gradient.

Construction of a degradation gradient for the Ziziphus mucronata -

Rhus leptodictya Closed Woodland - Management Unit i

The results of the CPCA, SPCA and RA ordination in this unit is given in Figure
28 a,b & ¢ respectively. The results obtained with SPCA and RA (Fig 28 b and ¢)
in this unit are unsuitable for the construction of a degradation gradient. CPCA

(Fig 28 a) provided better results with a maximum residual value of 48.5.
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[t was noted that more variation occurs in this unit than the other two. This
variation can be attributed to dissimilarities in various habitat factors, such as clay
content, soil depth, aspect, which, from a practical management point of view, had

to be merged.

Identification of key species in different vegetation units

Regression analysis was used to establish the reaction of the individual species
to the process of change of vegetation due to herbivory. Gaussian models
provided the best fit for species abundance data on the degradation gradients.
Species with a low index of agreement (D-statistics; Wilmott 1982) were regarded
as non-responsive to the process of retrogression of vegetation caused by
grazing. These species cannot be considered as indicators of the probable
position of a site along the degradation gradient. The resuit of the ordination of
the species éccording to their response to different levels of grazing is illustrated
in table 10.
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Table 10

response 1o grazing.

ldentification of key species in the different vegetation units based on their

Category Species Management  Management Management
unit unit unit
1 2 3
D-stat D-stat D-stat
Decreasers Urelytrum agropyroides 0.768 - -
Fustachys paspaloides - - 0.566
Aristida junciformis 0.934 - -
Hyparrhenia tamba - - 0.819
Heteropogon contortus - - 0.925
Eragrostis lehmanniana - - 0.997
Eragrostis chioromelas 0.994 0.509 -
Brachiaria brizantha - - 0.94
Loudelia simplex 0.843 - ~
Melinis nerviglumis 0.562 - 0.994
Aristida transvaalensis 0.57 - -
Schizgchyrium 0.669 - -
sanguineum
Tristachya leucotrix 0.537 0.813 -
Bewsia biflora - 0.817 -
Aristida congesta - - 0.784
barbicollis
Triraphis andropogonoides 0.853 0.952 -
Eragrostis nindensis 0.668 - -
Digitaria enantha - 0.998 0.989
Setaria sphacefata - - 0.973
Themeda triandra - 0.994 0.961
Increaser 1 Aristida junciformis 0.926 - -
Bewsiza biflora 0.985 - -
Andropogon schirensis 0.998 - -
Setaria sphacelata 0.987 0.621 -
Tristachya rehmannii 0.736 - -
Eragrostis racemosa 0.668 - -
Schizaphyrfum 0.895 - -
sanguineum
Digitaria eriantha 0.974 - -
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Category Species Management  Management Management
unit unit unit
1 2 3
D-stat D-stat D-stat
Eragrostis curvila 0.979 - -
Andropogon schirensis 0.999 - -
Setaria nigrirostis - 0.613 -
Trachypopgon spicalus - - 0.944
Asclepias aurea - 0.791 -
Cymbopogon excavatus 0.591 - -
Heteropogon contortus 0.6566 - -
Panicum coloratum - 0.999 -
Hermannia depressa - 0.956 -
Eragrostis rigidior - - 0.989
Setaria pallide-fusca - 0.998 -
Elephantoirhiza - 0.5 -
elephantina
Hyparrhenia hirta - 0.994 -
Tristachya rehmannii - 0.781 -
Eragrostis chloromelas - 0.509 -
Urelytrum agropyroides - 0.828 -
Themeda triandra 0.835 - -
Increaser 2 Aristida congesta - 0.849 -
barbicollis
Aristida congesta congesta - 0.988 -
Diheleropogon amplectens - 0.469 ~
Cymbopogon excavatus 0.871 - -
Tagetes minuta - - 0.586
Eragrostis chloromelas - - 0.795
Hyparrhenia hirta - - 0.566
Parinari capensis - 0.956 -
Heteropogon contortus - 0.926 -
Eustachys paspaloides - (.888 -
Pogonarthiria squarrosa - - 0.928
increaser 3 Eragrostis racemosa 0.894 0.903 -
Indigofera melionades - 0.577 -
Cyperus rupestris - 0.585 -
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over-utifized.

@ Increaser 3:  Species that do not occur in well-managed veld, and
increases in abundance when the vegetation is moderately
to seriously over-utilized,

& Increaser4: Species that do not occur in well-managed veld, and

increases in abundance when the vegetation is seriously

over-ulilized.

The responses of these species are indicated in Figure 29, 30 and 31. A definite
pattern in the occurrence of certain species along the degradation gradient in the
different management units can be noticed. It is also evident from these analysis
that species responded differently to grazing impacts under different physical and
environmental conditions (Bosch & Janse van Rensburg 1987). Urelytrum
agropyroides, Eustachys paspaloides, Heterpogon contortus, Digitaria erfantha,
Themeda triandra, Sefaria sphacelata, Eragrostis curvula and Triraphis
andropogonoides can be classified into more than one category, indicating that
they react differently to grazing in the three different management units . Each
management unit also demonstrated a different set of key species indicating the
level of utilization of that particular management unit. Certain key species also

responded inconsistent to degradation between the different management units.

Also evident from these species response curves are the misperception that
species tend to react similar to grazing impact and that a generally accepted
ecological status can therefore be allocated to it (Vorster 1982; Tainton 1988;
Pauw 1989; van Oudtshoorn 1992; Smith 1992; Nel 1992). Brachiaria serralta,
Trachypogon spicatus, Melinis repens, Elionurus muticus, Panicum maximum,
Diheteropogon amplectens and Eragrostis chloromelas are species which have
historically been classified into very specific ecological classes, but did not show
any significant response to grazing impact in this study {D < 0.500). This confirms
that the broad standardization of species is of no real value in the objective
interpretation of monitoring results (Janse van Rensburg & Bosch 1980; Jordaan
1997)
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which relates to the objective of promoting and sustaining biological

diversity on the reserve.

MANAGEMENT UNIT | - Selaginella dregei - Oldenlandia herbacea Open
Shrubland

The results of the CPCA ordination for Management Unit | are displayed in Figure
32. The sites associated with more utilized veld is positioned to the right of the
ordination, while those associated with less utilized veld is situated to the left of
the ordination. The under-utilized sector of the degradation gradient is
characterise by a diversity of herbaceous species. Species diversity decreases

significantly along the degradation gradient.

Setaria sphaceiata, Tristachya rehmannii and Themeda triandra dominate the
species composition in the under-utilized sector of the degradation gradient. Inthis
management unit these species decrease along the degradation gradient, but
increases in abundance when the veld is not utilized. These species are classified
as Increaser | species (Janse van Rensburg 1987, Jordaan 1997), species that
increase in abundance when the veld is under-utilized. The high abundance of
species such as Themeda triandra and Setaria sphacelata in the unutilized sector

of the degradation gradient was also found by Bosch & Kellner (1991).

The lightly and moderately utilized sector is dominated by Aristida junciformis,
Loudetia simplex, Melinis nerviglumis, Aristida transvaa!eﬁsis, Triraphis
andropogonoides and Eragrostis nindensis. These species all prefer poor sandy
soils associated with shallow rocky slopes (van Oudtshoorn 1992) of the
Magaliesberg. These species decreases in abundance along the degradation
gradient and have been classified as Decreaser-species (Janse van Rensburg
1987; Jordaan 1997).

Species diversity decreases significantly along the degradation gradient in this
management unit (Figure 33). Except for the non-responsive species (D-stats <

0.5) Brachiaria serratta, Diheteropogon amplectens, Melinis repens, Cymbopogon

179



validus and Triraphis andropogonoides the species composition in the moderately
utilized, moderately seriously over-utilized and seriously over-utilized sectors of
the degradation gradient is limited to the forb Coleoclioa setifera. This species is
markedly absent in the under-utilized sector of the degradation gradient. It is
classified as an Increaser |V, a species that do not occur in well-managed veld,

and increases in abundance when the vegetation is seriously over-utilized.

Figure 33 displays the relation between the number of plant species in the sample
plots and its position along the degradation gradient. In this management unit
plant species diversity seems to be significant higher in the under-utilized sector
of the degradation gradient than in the lightly- to severly-utilized sectors. This
corresponds with the findings by Foran (1976) in the Dry tall Grassveld, Moist tall
grassveld and the Mistbelt.

Figure 34 shows the ordination of the sample plots, indicating the amount of
erosion. No significant erosion were recorded in this management unit. This is
due to the large areas of open bedrock and shallow soils underlying this
management unit and Coleocloa setifera, being a densely tufted perrenial (van
Wyk & Malan 1988), is seemingly able to colonize and stabilized bare areas of

bedrock effectively.
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MANAGEMENT UNIT 2 -~ Becium obovatum - Eljonurus muticus Tall

Grassland

The results of the CPCA ordination for management unit 2 are represented in
figure 35.

The sites associated with more utilized veld is positioned to the right of the

ordination, while those associated with less utilized veld is situated to the left of

the ordination.

Themeda triandra is a very distinct perennial species through-out this gradient. It
is abundant in the unutilized sector of this vegetation unit, but decreases
consistently in abundance to low frequencies in the utilized sector of the gradient.
Eragrostis chloromelas and Tristachya leucotrix, both tufted perennial grasses,
depicted similar response to increased levels of utilization, although these two
species occurred at lower frequencies. These three species were classified as
decreasers species. Digitaria eriantha and Bewsia biffora also reacted similar, but
occurred in frequencies of fess than 5% and can therefore not be regarded as a
significant indicator to the process of gradual retrogression or secondary
succession in this unit (Jordaan 1997) Triraphis andropogonoides displayed a
decrease in abundance with increased levels of utilization, but was only present

in three sample plots and are therefore discarded as an indicator.

Setaria sphacelata displayed the same downward trend, but disappears faster
than Themeda triandra when utilization levels are increased. These species are
classified as Increaser 1 species. Asclepias aurea is also confined to the less

utilized sectors of the gradient.

A number of unpalatable species increases in abundance along the vegetation

gradient as utilization levels increases. Certain species such as Bulbostylis
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burchellii, Eragrostis racemosa, Indigofera melinoides and Cyperus rupestris show
a gradual increase (Increaser 2 species) , while other species such as Loudetia
simplex and Cymbopogon plurinodes only appear in the moderate to severely
utilized sectors of the gradient (Increaser 4 species). Hermannia depressa
displays an intermediate reaction and are classified as an Increaser 3 species.
This increase in abundance of unpalatable species associated with moderate to
severe overgrazing was also found by Bosch & Kellner (1981) and can be
attributed to the fact that unpalatable grasses are only lightly grazed and therefore

stimulated and palatable perennial species are severely grazed (Trollope 1981).

Although species such as Aristida transvaalensis, Schizachyrium sanguineum,
Diheteropogon amplectens, Eragrostis curvula, Brachiaria serrata, Elionurus
muticus, Trachypogon spicatus, Cassia comosa and Melinis repens occurred in
meaningful numbers, (frequency > 5%), they did not show a significant response

to changes in vegetation due to different levels of utilization (D-stats < 0.5).

Figure 36 indicates the relationship between the number of plant species and the
level of ulilization in this management unit. No significant relationship exist
between the level of utilization and the number of plant species recorded in the
sample plots, but species seems to disappear when the veld is not utilized. This
was found by Foran (1976) in the Highland Sourveld.
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Figure 37 displays the arrangement of sample sites in this management unit along
the degradation gradient with the degree of erosion found in each site. No
significant erosion were detected in the under-utilized, lightly utilized and
moderately utilized sectors of the gradient. Fourteen percent of the sites in the
moderately seriously over-utilized sector revealed light (Scaled 2; 1=none and
4=severe) erosion. Thirty six percent of the sites in the seriously over-utilized
sector of the degradation gradient are moderately eroded (Scaled 3; 1=none and
4=severe). Light erosion were recorded in 18% of the sites in this sector. Further
degradation along this gradient lwiH encourage excessive erosion in this
management unit, which will impact negatively on the objective of ensuring
controlied and high quality runoff. In this regard the seriously over-utilized sector

of the degradation gradient needs to be avoided in the management of this unit.
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MANAGEMENT UNIT 3 - Ziziphus mucronata - Rhus leptodictya Closed
Woodland

The CPCA ordination for this management unit is depicted in Figure 38. The sites
associated with more utilized veld is positioned to the right of the ordination, while

those associated with less utilized veld is situated to the left of the ordination.

The under-utilized sector in this management unit, which is underlaid by deep
alluvial soils, are, as in the other management units, characterized by a high
abundance of Themeda triandra (also found by Nel et al. 1993) and Setaria
sphacelata. These two species displayed similar responses in all three major
habitat groupings on the reserve, being abundant in under-utilized veld and
inconspicuous in severely utilized areas. These two species respond inconsistent
in findings by Jordaan (1997). She categorize Themeda triandra as a Decreaser
in all but one land type (Land type 6018 - situated in the northern variation of the
Cymbopogon-Themeda Veld (Acocks No 48B) where itresponded as an Increaser
Il. The response of Setfaria sphacelata along the degradation gradient in her study
was much more inconsistent, from not present in significant numbers in certain
land types, to reacting as an Increaser |l in Land types 6042 (underlaid by
mudstone and sandstone) and 6024(underlaid by mudstone, shale and sandstone)
and a Decreaser-species in land types 6018 and 6002 (flat landscape on shallow
soils underlaid by dolemite and chert). In this management unit both species
react as Decreaser-species. This sector is further characterised by the presence
of other palatable species. Brachiaria brizantha, Eustachys paspaloides,
Hyparrhenia tamba, Hyparrhenia hirta and Heteropogon contortus (Nel et al,
1993) are prominent in this sector of the degradation gradient, decreasing in
abundance as the veld is progressively more utilized. The categorization of
Hyparrhenia hirta as an Increaser Il agrees with the results of Jordaan (1997), who

classified it as a Decreaser-species on deeper soils.

Two species, Trachypogon spicatus and Eragrostis rigidior, are abundant in the
under-utilized sector of the degradation gradient, but do not appear in the

moderately to severely utilized sectors of the gradient. Although Trachypogon
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Spicatus is regarded as an Increaser 1 (Bosch & Janse van Rensburg 1987; van
Oudsthoorn 1992; Smith 1992), Eragrostis rigidior is generally considered to be
an Increaser 2 or 3 (Pauw 1988; van Qudsthoorn 1992: Schulze 1892;). In this
management unit this species is strongly associated with the under-utilized sector
of the degradation g}radient, responding as an Increaser | as utilization levels are

increased.

The lightly-utilized to moderately-severe utilized sectors of the degradation
gradient are characterised by the presence of less palatable herbaceous species.
Eragrostis chloromelas and Pogonarthria squarrosa dominates the species
composition in these sectors. Other conspicuous species in these sectors of the
degradation gradient are Aristida cohgesta var. barbicollis and Tagetes minuta.
These species are all classified as Increaser Il species (Jordaan 1987), species
that increases in abundances when the veld is moderately to moderate-severely
utilized. The grouping of Eragrostis chloromelas in this category corresponds with
the findings by Nel ef al. (1893) in the Springbok Flats Turf Thornveld, and
Jordaan (1997) who classified it similarly for sand soils and as an Increaser Il on
shallow sand soils. Various authors categorize Aristida congesta var. barbicollis
( Bosch 1989; van Oudtshoorn 1991; Nel et al. 1993; Jordaan 1997;) and
Pogonarthria squarrosa (van Oudtshoorn 1991; Jordaan 1997) as either Increaser
It or Increaser llI-species. Tagetes minuta, aforb associated with disturbed areas
(van Wyk & Malan 1988), also responds as an Increaser |l species in this

management unit.

The moderate-severely utilized to severely over-utilized sectors of the degradation
gradient are dominated by Cynodon dactylon, a species known to colonises areas
that suffered from overgrazing (Gibbs-Russell ef al. 1981). In the severely over-
utilized sector, this species accounted for more than 90% of the composition, with
species such as Eragrostis chloromelas, Panicum maximum and Mariscus

congesta contributing for the rest.

Figure 39 indicates the relationship between the number of plant species and the

level of utilization in this management unit. A significant difference exist between

191



the number of species in the less utilized sectors of the degradation gradient and
the species numbers recorded for the severely over-utilized sectors. Maximum
species diversity is obtained when the veld is lightly utilized, but species seems
to disappear when the veld is severely over-utilized. This was also found by
Foran (1976) in the Highland Sourveld.

Figure 40 depicted the arrangement of sample sites in this management unit along
the degradation gradient with the degree of erosion in each of them. No significant
erosion were detected in the under-utilized and lightly utilized sectors of the
gradient. In the moderately utilized sector of the degradation gradient 33.3% of
the sites (n=6) revealed light (Scaled 2; 1=none and 4=severe) erosion, with the
same percentage showing moderate erosion. Forty-four percent of the sites (n=9)
in the moderately seriously over-utilized were lightly eroded. The extreme
degraded site onthe degradation gradient were moderately eroded. Althoughonly
two sites represent the seriously over-utilized sector of the degradation gradient,
erosion was detected in both sites. Allowing the condition of the vegetation in this
management unit to deteriorate to the level of severely over-utilized sector is in
conflict with the set objectives of ensuring controlied and high quality runoff. In
this regard the seriously over-utilized sector of the degradation gradient needs to

be avoided in the management of this unit.
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Application of degradation gradient analysis to monitor veld condition in

Rustenburg Nature Reserve

To determine the degree of success of a management strategy, critical parameters
must be regularly s'urveyed and compared with pre-determined goals. The only
mechanism to enable a manager to measure the degree to which goals are being
achieved, is by regular surveillance and comparing it against pre-determined
goals. Withoutthisitis impossible to judge the success of management strategies.
Through a process of adaptive management, the management of the reserve can
be altered or re-evaluated if proven not to produced the desired effect. Through
this process objectives are frequently re-evaluated and refined, which will result

in cost-effective management.

An understanding of the process of degradation provides information to interpret
the impact of management strategies on the vegetation. This information can be
used as a basis for evaluating the impact of a specific management strategy on

veld composition and trends (Bosch 1989).

The degradation gradients developed for each of the three management units will
be used as a basis for interpreting change in plants species composition over
time. These degradation gradients cutline the main attribute affecting the
achievement of ecological objectives in each of the management units, viz. ability
of the system to ensure sustained flow of quality water, which is depicted by the

ecological status of the veld, species diversity and erosion.

Inserting new samples in the degradation gradient for monitoring

purposes

A new sample can be entered onto the degradation gradient in the following two
ways (Jordaan 1997; Bosch & Kellner 1991; Bosch & Gauch 1991):
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around the elements that causes change.

Methods

Five monitoring sites were visually selected for each of Management Units 1 and
2 (Jordaan 1997). As aresult of the variation in Management Unit 3, 10 sites were
selected in this unit. An attempt was made to include veld in different
successional stages. These sites were permanently marked and their coordinates
were determined by means of a Global Positioning System. These sites were
surveyed as described earlier in this chapter and the results of each sample were
inserted into the data sets through the screen input option in ISPD. The site was
excepted as representative if it’s residual value were less than half of the

Euclidean length of the first axis.

The results of the analysis indicates that the residual value of all five sites in
Management Unit 1 are less than the Maximum Acceptable Residual value, which
is half of the Euclidean length of the first axis. This indicates that they are
representative of the vegetation in the management unit. Thefive sites are evenly

distributed along the degradation gradient.

In management unit 2, the residual value of four sites are less that the acceptable
value. The residual value of the fifth site is unacceptably high and can therefore

not be considered for this gradient.

The residual value of three sites in management unit 3 are more than the
maximum acceptable value and can not be fitted into the constructed models. The
residual value of the remaining seven sites are within the acceptable maximum

value.

Figure 41, 42 & 43 depicts the positions of new sites that was entered into the
ordination to test the validity of each model, and to evaluated the appropriateness

of the sites that was selected inside each management unit.
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A park manager's influence on the vegetation composition and structure is
generally very limited and confined to control over the fire regime and the type and
numbers of herbivores (Scholes & Walker 1993). Other more drastic management
intervention measures to be applied includes selective or non-selective removal
of woody plants to achieve open grassland, active rehabilitation of disturb or
denuded areas, active removal and treatment of alien plants and mowing of

grassiand to reduce vigour or to remove moribund material.

The elements impacting on runoff are best expressed through the water balance
(Bosch et al 1984):

P = (T+1l+Esw)*Q+S

where
P = gross precipitation
T = transpiration
| = interception
Eguy = evaporation from soil and water surface
Q = stream flow
S = change in scil moisture storage

and
Q (streamflow) = P -(T + 1+ Egun) - S

Figure 44 is a systems representation of the hydrological cycle at catchment fevel
(Wicht 1971).
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As little can be done to effect the gross precipitation, management actions must
focus on reducing transpiration, interception, evapotranspiration and changes in
soil moisture storage. Transpiration can be reduced by removing or reducing the
canopy, which will have other obvious negative impacts, i.e. increased run-off
speed with increased risk of erosion and its associated impacts. It does however
require the removal of alien vegetation with high water requirements, i.e.

Eucalyptus, Jacaranda, Salix babylonica and Populus.

Precipitation is intercepted by canopy cover and directly returned to the
atmosphere through evaporation (Bosch et al 1984). Studies inthe Western Cape
indicated the gross interception loss in a Finus radiata plantation to average 30%
of rainfall (Versfeld 1978) in Bosch ef a/ 1984). Schulze (1980) calculated values

for potential interception losses:

Veld type Interception loss (mm.day™)
Indigenous forest +3,2
Bush veld and Savanna 16-44
Fynbos 08-20
Grassland 12-26

Fire and herbivory will reduce interception losses, but the magnitude of the effect
will depend on a number of factors, i.e. post-fire recovery (Bosch ef al 1984) and
the long term effect of frequent fires and intensive herbivory on vegetation

composition and structure.

Water infiltration into soil depends on surface factors, such as initial wetness,
texture and structure, cover, topographical features and other physical
characteristics of the soil profile (Bosch ef a/ 1984). Factors such as structure,
organic content and cover can be manipulated to some extend through
management to improve or reduce water infiltration. By reducing the vegetation
cover or organic content of the soil through an indiscriminate burning programme

(very intense or frequent fires) or intensive herbivory, the structure and therefore
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water retention capabilities of the soil will be reduced, which results in increased
runoff speeds and a decrease in the rate of water absorption. It can also
increases soil evaporation, since the shading effect of vegetation is no longer

present and net radiation increases (Bosch ef al 1984).

The management of the vegetation on Rustenburg will be aimed at maintaining a
high canopy and basal cover in order to ensure high infiltration and percolation
rate. Within this limitation, it will also be managed to obtain a high plant species

diversity and reduced erosion.
GAME MANAGEMENT AND STOCKING RATE

The stocking rate of different game species in an enclosed park or nature reserve
is determined by the type and condition of the different available habitats as well
as the management objectives for the ranch (Trollope 1990). It must primarily be
a function of the grazing and browsing capacity of the veld, which in turn depends

on veld condition.

Prod/AU Prod/ha

Gane Production

Tmpby\ \
~
\ Game viewin

;=

Stocking rafe

The relation of production of animals against stocking rate

The stocking rate of game should vary in accordance to the management
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veld condition as a result of variable rainfall and management affect carrying
capacity of the veld continuously. Rainfall is considered a determining factor in
the production of the herbaceous layer in the arid and semi-arid areas, and as
carrying capacity is closely related to rainfall , it should be adjusted annually.

The principle of adaptive management, which will be applied in the management
of Rustenburg Nature Reserve, require continuous evaluation and adjustment of
management strategies as their impact on the system become evident. This
principle will also be applied in the management of game and in the refinement of
the stocking rate of the game. The impact of herbivory on cover and structure of
the vegetation will be evaluated against the primary goal of catchment
conservation and management. The rate and direction of change of monitoring
sites along a degradation gradient will dictate the impact of current stocking levels

on veld condition.

Optimal production of key animal species

If the general effect of stocking rate on animal performance is considered(Jones
& Sandland 1974), it is clear that, at low stocking rates production per animal unit
is at maximum. After a certain period, when competition for forage occurs,

production per animal unit decreases linearly to zero.

Conversely, at low stocking rates animal production per hectare is low, but
increases with an increase in stocking rate until it reaches a maximum after which
animal performance decreases to zero. If the objective of management is to
maximize production per animal unit (as in trophy hunting) a low stocking rate
should be applied. If the emphasis is on venison production, a stocking rate

should be applied that will maximize production per hectare.

Fairall (1985) constructed a population simulation model using biological data from
wild populations of impala to illustrate the effect of sex and age ratio manipulation
on productivity. A model population of 1000 animals was assumed to be the
economic carrying capacity of the environment and the population growth rate was
seen to be 13%. When the sex ratio was changed from 15%3¢ to 1% 109,
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productivity was shown to increase by 30%. If all individuals older than three years
were harvested, an increase of 138% was achieved. It must however be stressed

that this model is only applicable to impala.
The following are principles regarding optimal production:

Non-productive excess animals must be removed

Skewed sex ratios can have a negative influences on
production

Competition between animals for food and space should be
minimized if they are expected to perform optimally
Production per hectare is reduced if all potential habitat is not

in healthy state

Mentis (1981) classified ruminant and non-ruminant ungulates according to their

relative potential for defoliation and selective grazing:

¢ Bulk grazers: large animals which normally do not exercise a
high degree of selection, i.e. zebra, waterbuck, buffalo and
cattle.

L Concentrate/Selective grazers : Small animals which are
predominantly grazers, i.e. springbuck, red hartebeest, roan
antelope, sable antelope and oribi

¢ Mixed feeders: Animals that feeds both on grass and brows,
pods, leaves, forbs, i.e. eland, impala

¢ Browsers: Animals that feed mostly on leaves, flowers, pods

and fruits, i.e. kudu, bushbuck.

Mentis & Duke {1976), and Mentis (1977) suggest that the metabolic mass of
concentrate grazers should not be permitted to exceed that of bulk grazers in any

grazing unit.

Collinson & Goodman (1982) classified herbivores in Types 1 to 4 according to
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their impact on their habitat, their ability to change their habitat and the effects the

change have on other species:

Type 1: “ Animals that affect significant changes in the structure and

composition of their habitat; i.e elephant, zebra and buffalo

Type 2: Animals that tend to decrease because of the impact of Type
1 and Type 3 animals on their habitat. These are generally
low density species that are negatively affected by

competition, i.e. roan antelope, sable antelope and tsessebe

Type 3: Animals that increase as a direct result of the impact that type
1 species have on their environment. These are species

such as red hartebeest, springbuck, impala and oribi

Type 4: Game species that increase in numbers because of the effect

of Type 1 & 3 animals, i.e Kudu, Giraffe

Current performance of important game species and general discussions

Introduction

Game were introduced into the reserve in the early seventies. Various game
census techniques, ranging from drive counts to modified road strip counts were
applied. The data, collated in the game register, is very inconsistent and trends
are difficult to distinguish and explain. During the analyses of the data, the need
for astandardized, repeatable census technique become evident. A standardized
census technique for Rustenburg Nature Reserve was developed in this study and
is described later in the chapter. It was implemented in 1995. Count results have

since improved and comparisons between data sets are now possible.

Game nurnbers collected through annual censusses were analysed to provide an
indication of trends in the different game populations inthe reserve. These trends
provide the basis for future management of the various populations.

During the analysis of the count data on the reserve since 1985, two procedures
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to determined the rate of growth in game populations were applied to the data
sets. These procedures were used to “smooth - out’ fluctuations between
successive counts, due to inconsistent counting techniques and human error.
These two procedures produced growth curves, which when applied to the data
sets gives an indication of fit to the actual data, and also future responses and

growth in the population

The finite growth rate - the growth in a population between successive counts - is

determined by the following formula (Bothma 1995);

A = (N w)/N,

where A = finite rate of growih
N, = Population size in year {
Ny, = Population size in year t+1

The exponential growth rate can be used to determined the average growth rate
in a population where annual fluctuations is significant as a result of changing
environmental factors or count results (Bothma 1995). The exponential growth

rate is calculated as follows:

r = s Nt - (N} t/n
st - (=)

where r = average exponential growth rate
N = natural logarithm (base ¢) of each count
t = time
s = sum of
n jeed

number of counts

These two formulas were applied to the data and growth curves were produced,
which, when fitted to the actual counts, provided an indication of population

response and trends.
Discussion

Sable antelope have been classified as type Il herbivores (Collinson & Goodman

1982). Rustenburg Nature Reserve provide adequate habitat for sable antelope,
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provided protein and phosphorous deficiencies are addressed (Wilson 1975).
Sable antelope were introduced into the reserve in 1967 (Wilson 1975). Twelve
animals were brought into the reserve and the population increased very slowly
initially. The proportions of juveniles seen annually were higher to the proportion
of yearlings. chever, the number of adults, especially cows remained constant.
Wilson (1975) suggested a high mortality rate amongst this sex and age class,

although no carcasses could be found.

The actual counts of the sable antelope population in the reserve since 1985
indicates an average finite growth of 8.9%, and a exponential growth rate of 6.47%
over the 15 year period (Figure 45). The actual count figures over this period also
indicate a distinct period between 1990 and 1995 where the population trend
suddenly stabilized between 36 and 42 animals. The count for 1993 (n = 53 )
does not fit the population trend, due to sampling error and human factor. From
1996 the growth in the sable antelope population resumed at an increased rate of
17.9%. In 1996 a strategy was adopted to apply control burns at the end of the
growing season. (See Burning program). The rationale for applying late suimmer
burns was to ensure green flush during winter. Estes (1990) indicated that green
plants, forbs and foliage makes up 20% of their diet. Forage quality is dependant
on the removal of tall, dormant leave material within a month after the rains end
(Estes 1990). Observations by park staff (Crowther® & Goosen'® pers comm)
indicated that the sable antelope used these burned areas extensively during the

dormant season.

Michael Crowther, Former warden, Rustenburg Nature Reserve, currently Pilanesberg National Park, North
West Province

Magda Goosen, Warden, Rustenburg Nature Reserve
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Natural salt blocks were placed out for the use by the sable. Sable antelope
uses salt regularly (Estes 1990). Calf survival rates increased significantly. Atthe
current finite growth rate the sable population will reach a 100 animals in 2002.
Sable antelope is very sensitive to competition from other species (Wilson 1975),
especially zebra (Grobler 1974) and waterbuck (Du Toit 1992). They favour a
mosaic of open woodland and medium to tall grassland, in the mid-succession to
climax stage(Estes 1990). These species compete directly with sable antelope and
their numbers should be controlled at levels where they do not adversely affect the
performance of the sable antelope population. The habit.at requirements for sable
antelope, and the management of their preferred habitat are compatible with the
vegetation objectives of the reserve, viz. the maintenance of a resilient ecosystem
inside the reserve, capable of enduring excessive runoff and maximise absorption
of water. The sable antelope population should be managed at approximately
75% of ecological carrying capacity. It is recommended that removals only be
considered once the sable antelope number on the reserve has passed this level
significantly and a sufficiently sized group animals can be removed at once. As
a conservation organization, the North West Parks & Tourism Board should
encourage founder groups of these animals of adequate size (~ 15+) to be

introduced into areas where they do not occur.

Impala are predominantly grazers while the nutritional quality and palatability of
grasses are still at acceptable levels (Estes 1990; Pietersen et a/ 1993; Brown
1997). In the winter months and during droughts they will revert back to browse.
(Dunham 1981). Atwell & Bhika (1985) found that impala meet the requirements
of an optimal forager, as its dietary range of reflects selection for high protein
componenté. Studies by Beardall et af (1984) in Kruger National Park indicated
that they prefer the lower lying areas along drainage lines, with short grass and
generally more trampled and disturbed, under an open woodland (Estes 1990).
A further important feature is the indication of an ecological segregation between
impala and zebra (Beardall et a/ 1984). This segregation was also found by
Dekker et al (1996) in a study in the Northern Province of South Africa. The
situation on Rustenburg Nature Reserve confirm this finding. Impala are mainly

found on the edges of the Becium obovatum - Protea caffra Tall Closed
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Woodland in the central basin, and in the open areas in the south easterly valleys.
The population in the reserve has stabilized despite removals (Figure 46).
However, the accuracy of the aerial census for estimating impala numbers is
unknown, as is the precision. Aerial counts have the disadvantage that relative
inconspicuous animals are difficult to locate from the air, especially in densely
wooded areas (Collinson 1985). Counts must be replicated to detect variances

between the counts (Reilly et a/ 1998).

Eland are classified as mixed grazers (Buys 1990), selecting only high
quality food. They use grasses only when young, but revert back to browsing
when the nutritional quality of the grass decreases in the winter months (Melton
& Snyman 1989). This is also evident in Rustenburg Nature Reserve. Newbery
(pers.comm)'t observed eland causing extensive damage to the trees and shrubs
in the Becium obovatum - Protea caffra Tall Closed Woodland during the winter
months. In Rustenburg Nature Reserve they were observed browsing on woody
plants such as Acacia caffra, Ziziphus mucronata and Diospyros lycioides
(Newbery (pers.comm), personal observation). The eland population has
increased from 19 animals in 1985 to 67 in 1999, growing at an exponential rate
of 8,5% and an average finite growth rate of 14,1% (Figure 47). Although the
population is still growing exponentially, their impact on key vegetation features
in the reserve is becoming visible. At the current growth rate, it is estimated that
the eland population should reach a 100 animals by 2002. However, it is

recommended that the population be kept at 80 animals.

The waterbuck population in the reserve is increasing at a mean finite growth of
17.4%, and exponentially at 8.67%. The population stabilized at between 30 and
45 animals since 1997, and 15 individuals were introduced, bringing the current
population to 60 animals (Figure 48). An important component in the waterbuck
habitat is their association with water. This feature, in combination with cover and

open grassland are the main characteristics of waterbuck habitat (Estes 1990 ).

1 Newbery, RE. Field ecologist, Rustenburg Nature Reserve, Rustenburg
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They also prefer areas with tall grass and accumulated litter (Beardall ef al 1 984).
This is contradicted in a study by Wentzel ef a/ (1991). His studies indicated a
significant difference between the preferred areas of buffalo and waterbuck, with
waterbuck preferring areas with low phytomass in varying degrees of over
utilization. In the Zambesi valley they also occur on rocky slopes near the river
(Skinner et al 1990). In Rustenburg Nature Reserve they are associated with
areas of long grass in and around the reedmarsh in the central basin, and the
bottom lands in the southeasterly valleys. The herbaceous layer in the lowlying
areas of these valleys is dominated by Panicum maximum, a good quality grass
preferred by waterbuck (Skinner ef a/ 1990). As waterbuck is in direct competition
with sable antelope, their numbers should not be allowed to increase to levels

where they will impact on sable.

Zebra uses a wide range of habitats, from open areas with long grass (De Wet
1988; Wentzel et af 1991) to open woodland (Estes 1990). Although they are not
very selective for specific grass species, they, however, prefer long palatable
grasses (De Wet 1988; Dekker et al 1996) and will avoid unpalatable woody
species (Wentzel ef a/ 1991). Zebra is successful and prolific in Rustenburg
Nature Reserve, making up the bulk of the animal biomass on the reserve. The
population increases at a mean finite growth rate of 12,9%, and an exponential
rate of 9.66%(Figure 49). Burchell's zebra are classified as Type | herbivores and
they can, together with Type 1l herbivores cause drastic changes in the habitat,
which can be to the detriment of Type Il animals, i.e. sable and roan (Collinson &
Goodman 1982) and also impact adversely on the primary objective of Rustenburg
Nature Reserve. Zebra numbers on the reserve should be allowed to flux between
150 and 200 animals.

Red hartebeest occur in open grassiands and open woodland, avoiding dense
woodland {Estes 1990; Skinner ef al 1990). Kok (1975) have found that
hartebeest preferred the transitional zones between open woodland and grassland
in the Willem Pretorius Nature Reserve. Bull herds will move into thicker

woodland, allowing the females to use the grasslands and fringes of open
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woodlands (Kok & Opperman 1975). This segregation between the sexes in a
specific area is a possible mechanism to reduce intraspecies competition (Kok &
Opperman 1975). The trend in the red hartebeest population on the reserve shows
distinct inclines and'declines, and increasing to levels beyond the previous peak.
The poputation are growing slowly at a mean finite rate of 6.4% and exponentially
at a rate of 5.26%(Figure 50). They occur predominantly in the grassland in the
central basin andthe open Protea caffra woodlands on the northern plateau. They
do not compete directly with sable, but as a Type il animal (Collinson & Goodman

1982), their numbers should be closely monitored.

Springbuck prefer open plains in the arid parts of the country (Estes 1990). They
avoid mountainous areas, rocky hills, thick woodlands and areas of tall grass
(Skinner ef af 1980). They are generalist feeders, preferring more dicotyledons
than monocotyledons (Liversidge & Gubb 1994). This makes the reserve a very
marginal area for springbuck. This fact is reflected in the performance of
springbuck on the reserve. The population grew at a very slow mean finite rate
of 2.1%, and shows a negative exponential growth of -5.81%, indicating that the
population is heading towards extinction on the reserve (Figure 51). A weak
negative correlation (r? =0.35) exist between rainfall and springbuck numbers,
where springbuck numbers increased during dryer periods and decreased during
the wetter years. Managing habitat for springbuck on the reserve will imply a
strategy of transforming the status of the veld from climax and sub-climax to veld
dominated by pioneer grass species and forbs. This is not compatible with the
primary objective of the reserve, viz. catchment conservation. Springbuck should
therefore be removed from the reserve, or merely be managed as a species to

enhance diversity for game viewing. The latter option is recommended.

Kudus prefer the bottom lands and foot slopes of the eastern range of valleys in
the reserve. The trend in the kudu population in the reserve is difficult to explain,
and it is excepted that the population is a relative open population, moving in and
out of the reserve as the environment changes. The precision and accuracy of the
kudu counts is not known. However, the same complexities and problems in the

use of aerial counts in wooded areas are also applicable to kudu (Collinson 1985).
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Kudu is not regarded as an important species to be managed and seems to be
regulating their own numbers by moving in and out of the reserve. As residential
development moves closer to the reserve’s boundaries, this will have to be

reviewed.

Giraffe is essentially browsers (Oates 1972), but will also graze grass and shrubs.
They have a broad habitat preference ranging from dry savannas scrub to
woodland (Goodman & Tomkinson 1987). They avoid forests and open grassland
(Skinner et al 1990). Males tend to retract into densely wooded habitats which
promotes sexual segregation. Another important habitat requirement is a
horizontal or gently undulated surface. Giraffe avoids rocky hills and steep slopes
(Ebedes' pers.comm). Gerber (1989) attribute the steep and rocky slopes on the
reserve as a limiting factor in niche selection on the reserve. According to
Furstenburg (1991) the feeding selection of giraffe is determined by:

- Condensed tannins in browse material

- Palatability and moisture content of the feeding material

- Nutritional value of food

- Availability of feeding plants

- Physical defence agents on the feeding plants and anatomical

structure of plant material

- Structure of habitat

- General suitability of the habitat
Gerber (1989) found Acacia karroo, Acacia caffra and Rhus lancea to be the
important feeding plants of giraffe in Rustenburg Nature Reserve. The percentage
dry mass condensed tannin concentrations (DCTC) for the three species as
determined by Gerber (1989) were 25.03%, 17.16% and 22.78% respectively,
relatively high compared to other species favoured by giraffe in the reserve, i.e.
Ziziphus mucronata, Tapinanthus rubromarginatus and Diospyros lycioides.
Gerber (1989) also found that giraffe used R. /lancea significantly more than

Acacia caffra and A. karroo, despite its high DCTC. The reason she gave is that

12 Dr Hymie Ebedes; Specialist Extension officer and Veterinarian, Dept. of Agriculture, Onderstepoort,

Pretoria

226



R. lancea as an evergreen tree have more leaf material available than the other
two species.

Giraffe were introduced into the reserve in the late seventies. Their numbers
increased slowly to'14 animals in 1992. Four animals were removed in 1992. In
1993 six giraffe died over a period of two months during June and July. A post
mortem investigation did not reveal any conclusive reason for these sudden
mortalities. Bone pieces found in the rumen suggest osteophagia. This is an
indication of mineral deficiencies in their diet. According to Skinner et al (1990)
giraffe tends to revert to osteophagia in the dry season to gain a balanced ratio
of calcium and phosphorous in their diet. According to Ebedes (pers. comm)
giraffe is very susceptible to infection by Clostridium botulinum, causing botulism.
This bacteria occurs in carcasses. Further giraffe mortalities resulted in the
population currently being a single male. The reserve does not appear to have
sufficient habitat for giraffe. Giraffe is a very visual species and important for
tourist viewing. The economic implications of re-introducing giraffe into the

reserve and managing them intensively needs to be investigated thoroughly.

Roan antelope are very sensitive to changes in their habitat, be it changes in
vegetation structure or composition. They select open woodland with tall
perennial grasses, often growing in leached, nutrient poor soils (Joubert 1976,
Estes 1990; Dorgeloh ef al 1996), and close to flood plains or steams (Pienaar
1974). In the Weenen Nature reserve, Perrin and Taolo (1999) found that roan
antelope are selective feeders, feeding on only two or three grass species in the
reserve. They were also observed browsing on dicotyledons in the dry winter
months, a possible indication of insufficient grassland habitat (Perrih and Taolo
1999). Palatable perennial species, i.e. Themeda triandra were selected
throughout the year. Increaser | grass species Hyparrhenia species were only
selected in the late summer months. As these species became more stemmy,
unpalatable and low in nutritional value, they were avoided and Increaser I
species, i.e. Melinus species and Eragrostis species were selected (Perrin and
Taolo 1999). A study in Nylsvlei nature reserve indicated that roan selected newly
burnt areas (younger than six months) significantly (Dérgeloh 1998). According

to Nel (1992) roan antelope calves are very susceptible to infestation by ticks and
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cytoxcynose and the control of ticks is important in the survival of the calves.
Dorgeloh et al (1996) also indicated a significant correlation between
supplementary feeding and population growth. In two case studies high
population growth rates were obtained through intensive management. Animals
were fed with a combination of lucerne, antelope cubes and lick, and parasite and
predator control were implemented. Competitive species were removed or
significantly reduced. Roan were introduced into the reserve in 1899. Only four
animals were released. This population needs to be supplemented with at least
another 20 animals to make this repatriation viable. The protein and phosphorous
deficiencies (Wilson 1875) must be addressed through appropriate licks and
supplementary feeding. Both roan antelope and sable antelope are extremely
suspicious of any form of supplement block, but will take salt in the field. This

offers a way of supplementing minerals as well (Wilson 1975)

Monitoring

To be able to achieve the objective of maximum sustained yields, information on
the population dynamics should be collected. Monitoring of these populations will

have to be intensified and regular game censuses will have to be done.

Game censusses

To enable the managers to make informed decisions on game management
and habitat manipulation, it is necessary to know the number of animals in
a protected area and the trends of the different populations (Collinson
1985;Peel 1990; Reilly 1894, Bothma 1995; Reilly & Emslie 1998).

A comprehensive monitoring plan for game needs to provide for the
objective of game management in the area. It should also provide
management with the correct information, the way in which information on
the different species will be collected and the analysis and interpretation of

population trends.
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Reliable estimates of game numbers depends on accuracy and precision
(Peel & Bothma 1995). The results of a census are accurate when it
compares favourably with the real situation. Achieving accurate counts are
very difficult, as nobody knows exactly how many game are present on the
land. The precision is the variation within the counting technique applied,
I.e. the difference between successive counts. The smaller the variability,

the higher the precision.

Two approaches or strategies can be followed to determined the number
of game, depending on the size of the area and distribution of the animals
(Collinson 1985; Reilly 1994):

- Sampling strategy, where only part of the area is counted.
The actual number of animals is determined by extrapolating
it to the rest of the area

- Non sampling strategy where the total area is Counted,

assuming that all animals are spotted and counted.

The following criteria are used to select a census technique (Collinson
1985):

- Size of the area

- Game species to be counted

- Funds available

- Manpower available

- Objectivé of the count
In the development of a census technigque for Rustenburg Nature Reserve,
three counting techniques were compared with each other. Based on the
criteria for selecting a census technique (Collinson 1985), three techniques
were selected. These techniques were replicated to determine the
variation between them. Unless counts are repeated to estimate variance,
a management decision based on unknown variation in the technique can

lead to Type | or Type |l errors (Reilly & Emslie 1998).
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The objective with a game census programme for Rustenburg Nature

Reserve is:

- To obtain an accurate estimate of the population numbers and trends:

- Sable Rare and endangered species, valuable key species,
managed for maximum production, needs intensive
monitoring, herd composition must be known, sex and
age

- Roan Rare and endangered species, valuble key species,
managed for maximum production

- Waterbuck Key species, competing with sable, roan, need to
establish any negative impact on sable and roan species
immediately

- To obtain an accurate estimate of the population trends of the following species:

- Zebra

- Red hartebeest
- Eland

- Kudu

- impala

- To obtain an index of the populations of :

- Oribi

- Klipspringer

- Common reedbuck
- Mountain reedbuck

1. Method

Based on the above-mentioned criteria, a non-sampling census strategy
has been adopted on Rustenburg Nature Reserve. The size, variation in
habitat types, vegetation characteristics, topography and the distribution of
water on the reserve affects the dispersal of animals on the reserve
significantly. According to Collinson (1985) these factors will disqualify a
sampling strategy completely. Three non-sampling techniques, viz. drive
census, aerial census and a modified road strip counting technique were

evaluated to develop a suitable and reliable census technique.
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a. Drive census

Twenty-two observers were used to conduct a drive census. All
observers were briefed on the technique the day before the count.
A series of slides on the different game species in the reserve was
shown to the group. This was to ensure everybody are familiar with
the different game species. They were also briefed on the data
sheets that would be used, recording of data, radio procedures,
consolidation points, each persons’ position in the line and reporting
lines. A numbering system was used to check for any over-counts

or undercounts,

All observers were lined-up on the north-western boundary of the
reserve. The line then moved southwards, spreading gradually to
cover the “width” of the reserve, with an average maximum distance
of 300m between adjacent observers. The northern plateau, the
northeastern valley and the central basin were cover between
7:00am to 12:00am, and the southwestern valley were done in the
afternoon from 13:00pm to 15:00pm. All game crossing the line of
observers was recorded. Radio-communications and strategically
positioned lookout posts were used to prevent duplications or
undercounts. All recordings were consolidated at the end of the

count.

b. Aerial census

A four-seat Bell Jet Ranger lil with a pilot, a navigator/recorder
seated next to the pilot, and two observers seated in the back were
used. The reserve was divided into seven counting blocks, using
natural boundaries and similar habitats as basis for delineating
boundaries between counting blocks. Each block were
systematically search in 400m wide strips at a speed of

approximately 60km/h and an altitude of 60 - 100m. The helicopter
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is easily manoeuvrable to count the herds once they were spotted.
All animals were counted, and the counts of bigger herds were
confirmed. Information were recorded and consolidated at the end
of the'count. Counts were done in July after leaf drop. Data were

recorded on data sheets.
C. Road strip count

Using the existing road system, a route of 66km in length were laid
out throughout the reserve, Care were taken to ensure all habitats
in the reserve were covered sufﬁﬁ:iently within the constrains of the
existing road system. A motorcycle and one observer were used to
drive the route through the reserve, visiting high spots and counting

all game along the route.

Precision of the counts were reflected as the coefficient of variation,
ie. x/s were x is the average of the three counts, and s is the
standard deviation (Reilly & Emslie 1998).

2. Results

The numbers of animals counted during the three techniques represented
in Table 11, The aerial census could not be repeated because of cost
constrains, and the precision of this technique on Rustenburg Nature
Reserve could not be determined. Aerial counts are generally considered
to be precise rather than accurate (Peel & Bothma 1995; Bothma ef af
1990).

Despite the preparations, the drive census yielded poor results for most
species, except springbuck (CV =8.5%). The variation between the counts
for the other species were unacceptably high. The poor results can be
attributed to the skills level of the staff used during the count, their ability

to distinguished between different species, observer fatigue, attitude and
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visibility between adjacent observers,

Although the road strip count yielded more precise counts for common
reedbuck (CV = 0.25%), kudu (CV = 4.7%), sable (CV = 3.5%) and
springbuck (CV = 9.5%) numbers were generally much lower than the aerial
counts and the drive censusses, except for the sable. This is due to a lot

of dead ground that were not covered.
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Table 11: Results of aerial counts, drive census and road strip census of game on the Rustenburg Nature Reserve
Aerial Drive census Road strip count
Species Replicates Replicates cv Replicates cv
(Y Mean SD Mean sD

1 2 Mean — SD o 1 2 3 (%) 1 2 3 (%)
Bushbuck - - - - - 3 3 0 2 1.414 57.7 - - 1 1 0 0
Comimon reedbuck 4 - - - - 8 10 6 8 1.633 222 1 2 - 1.5 0.5 0.25
Eland 45 - - - - 36 28 58 4067 12.68 485 23 4 45 24 16.75 280.7
Giraffe 3 - - - - 3 2 3 2.667 0.471 231 2 2 2 2 0 0
Impala 23 - - - - 8 10 56 2467 2217 3017 | 14 23 15 1733 4028 162
Kudu 20 - - - - 12 26 12 16.67 6.6 425 5 4 9 6 216 4.7
Mount. reedbuck 49 - - - . 141 108 150 133 1806  17.8 21 33 18 24 6481 42
Oribi 2 . - - - 3 8 5 6333 1247 218 - 2 2 2 0 0
Red hartbeest 72 - - - - 78 56 108 8067 2131 39 76 59 63 66 7.257 527
Sable 36 - - - - 30 50 47 42.33 8.807 27 38 38 34 36.67 1.8856 35
Springbuck 22 - - - - 31 33 27 30.33 2.494 9.5 24 17 18 19.67 3.091 95
Waterbuck 12 - - - - 15 26 47 2933 1327 793 15 5 11 1033 411 168
Zebra 133 - - - - 127 118 169 138 2223 222 87 43 76 6867 187 3496
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A helicopter count on a farm in the Northern Province yielded a figure that were
closest to the control (Peel & Bothma 1995). This count was done on a farm with
similar topography and vegetation than Rustenburg Nature Reserve. The road
strip and drive census techniques used did not yield significant results at
Rustenburg Nature Reserve, except for springbuck , sable and common reedbuck.
Itis recommended that the helicopter count be use to census game on Rustenburg
Nature Reserve, and it be supplemented with ground data collected with the road

strip counts.

3. Frequency of counts

The following criteria to establish frequency of counts, were developed at a game

census workshop held in Pilanesberg National Park, North West Province™

- Where animals are harvested intensively, counts must be conducted
frequently to pick up numbers after each removal

- By only conducting counts every second year, harvesting models
can be complicated and confused

- At high stocking rates and use, annual counts are important

- At low numbers and low utilization levels, counts can be conducted
every second year

- Important and valuable species must be monitored as frequent as

possible (Sable, roan antelope, waterbuck)

13 Game census workshop, North West Parks & Tourism Board, held in Pilanesberg on the 12th May 1998
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The recommended census strategies for game on Rustenburg Nature Reserve

are:
Species " Census strategy
Sable, roan & Aerial census every second year, supplement data with ground
waterbuck observations annually, collect population dynamics data, i.e. sex

and age

Zehra, impala, red Use aerial census every second year, model population numbers
hartebeest, eland, for in between years using growth rate of populations
Oribi, Klipspringer, Use an index method to determine population trends

common reedbuck,
mountain reedbuck

VELD BURNING AS A MANAGEMENT PRACTICE

Fire is an important determinant in the structure and functioning of African
savannas(Scholes & Walker 1993). The impact of fire on these systems, depends
on, among others, the seasonality, fire frequency and intensity (Shackleton &
Scholes 2000).

Fire is an efficient means to manage predefined states of natural vegetation. Fire

can be used to:

- remove surplus vegetation and improve access by game,

- to remove moribund and/or unaccéptable grass material and improve the
nutritional value of the vegetation for grazing and browsing species,

- maintain or achieve plant composition as desired by management
objectives,

- reduce fuel load and thus the intensity of fires,

- aid in the control of live stock parasites,

- to recycle nutrients (Scholes & Walker 1993),

- stimulate out-of-season flush,
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- and to manipulate animal movement on a farm to promote the homogenous
utilization of the veld (Trollope 1989).

Frequency of fire has a marked effect on the woody structure. Studies in the
Kruger National Park, South Africa indicated that the density, height, biomass,
basal area and stem circumference decreases when fire frequency is increased
(Shackleton & Scholes 2000). However, Enslin et a/ (2000) stated that a longer
fire return-period does not necessarily enhance tree height. A longer fire return
period leads to increased built-up of fuel, resulting in high intensity fires and more
top Kill, and potentially affecting structure. Mid-summer bums, and fire exclosure
resulted in a reduction of woody plants less than 1.75m in height (Enslin et a/
2000). Research in the Eastern Cape has shown however that burns applied
during early summer, when the grass was actively growing, had a negative effect
on the productivity, basal cover and botanical composition of the grass sward
(Trollope 1989).

Trollope (1984) has stated that the interaction between burning and grazing after
fire probably has a greater effect on vegetation than any other aspect of burning,
and emphasised that serious damage can be caused by heavy grazing when

applied toc soon after a burn.

The effect of burning on vegetation depends to a large extent on the type and
intensity of a fire (Trollope 1978). Fires can be classified into three broad types
of fires:

A ground fire that burns below the surface of the ground

A surface fire that burns in the herbaceous layer, also referred to as a cool

fire

A crown fire that burns in the canopies, also referred to as a hot fire.

Depending on the objective of the burn, each type of fire can artificially be created
by manipulating the intensity of the fire. The intensity of a fire depends on the
amount of fuel available, air temperature, relative humidity and the presence of

wind. A ground fire is of no real importance to a wildlife manager, although ground
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fires have been recorded in Rustenburg Nature Reserve (Momberg, pers.comm'™).

Ground fires are not dealt with any further.

The intensity of fires can be manipulated through applying fires at specific
atmospheric conditions and fuel loads. When burning to remove moribund
méterial a cool fire is required to remove the material while doing the least
damage to the vegetation. Such a fire will be obtained when air temperature is <
20° C and relative humidity >50%. The minimum fuel load required to carry a fire
is at least 1500 kg/ha. These conditions generally prevail during the morning until
11h00 and in the afternoon after 15h30 (Trollope 1989).

When burning to eradicate and/or prevent the encroachment of undesirable
plants, a hot fire is required. For this type of fire the air temperature should be >25
to 30°C and the relative humidity < 30%. These conditions generally prevail
between 11 h0O and 15 h 30 (Troliope 1989). To obtain an intense fire that will
destroy the aerial growth of bush, a grass fuel load of >3500 kg/ha is required.

- Fire regime in Rustenburg Nature Reserve over the past 27

years

Fire has been used as a management tool in Rustenburg Nature Reserve for the
past 30 years. A block burning system was designed by Krynauw' in 1975 in
which the reserve were divided into 5 burning blocks. Each block were visited and
subjectively evaluated using the following criteria:

- Grass species composition and whether it was stable, dominated by

perennial grass species.
- Visual assessment of fuel
- Signs of moribund material

- Time since previous burn

14 M. Momberg, previous ranger Rustenburg Nature Reserve, now Resource Utilization officer, Pilanesberg

National Park, North West Province

= D.J. Krynauw, Previous Ecologist, currently lecturer at Faculty Agricultural Sciences, Dept, Nature

Conservation, Pretoria Technikon, Pretora
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Fire was mostly applied at the end of the growing season, after the first summer
rains and immediately before spring growth. Under these conditions, the recovery

of the vegetation is fast (Bosch ef af 1984).

In 1994, early winter burns were implemented in Rustenburg Nature Reserve. The
first fires of the burning season were ignited in April. Mid-winter and late-winter

fires were ignited depending on the size of the area already burnt during that year.
— Methods

Since 1972 each fire, controlled, lighting or accidental, in Rustenburg Nature
Reserve were mapped on a 1:10 000 topographical map. A 25ha grid map was
overlain onto a 1:10 000 map of the reserve (Brockett ef a/ in press). Each cell
was evaluated and an estimate of the percentage of the cell that burnt was
entered into a spreadsheet, where each cell represented a 25ha square. The
burnt area for each year was then calculated. The burn/unburnt of each cell were
calculated over the period 1972-1999 and the average fire intervals for each cell

were determined.
- Results

The fire regime of an ecosystem has four components (Scholes & Walker 1993):
— Frequency, reciprocal of the time between fires

- Intensity, rate of energy release

- Season of burning '

- Type of fire

Until the mid—hineties, most fires in the reserve were applied in the early spring,
after the first rains. This philosophy of early spring burns was applied in most
other savanna-areas. It was argued that this will cause most damage to trees, and
least damage to herbaceous (Scholes & Walker 1993). The impact of this
philosophy on the vegetation structure and composition is not clear, but from

research done in Kruger National Park (Shackleton & Scholes 2000, Enslin et a/
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2000) on the impacts of season of burning on the woody component, it can be

deducted that it should have had an effect on the woody structure in the reserve.

The results of the-analysis are depicted in figures 52 and 53. Figure 52
represents the percentage of the reserve burnt each year. The results indicated
that an average of 13.71% of the reserve burnt each year. However, the area
burnt each year increased slowly from 7.9% in the seventies to 19.6% in the
nineties. In 1989, 45.01% of the reserve was burnt. From 1981 to 1986 a very
conservative burning policy was applied, and less than 2% of the reserve was
burnt each year, except for 1983 when 2.11% was burnt. This was followed by a
period between 1987 to 1991 when more than 20% of the reserve were burnt each
year for five consecutive years. The conservative approach and small areas burnt
resulted in increased fuel loads and very high intensity fires were recorded
(Drotski, pers comm™, Krige, pers. comm'’). This was due to a less conservative
fire management policy been adopted and followed on the reserve since the mid-

eighties.

The fire interval, that is period between successive fires, for the reserve is 8.21
years. Certain cells have not been burnt for the past 18 years (Fig 53). These
cells are located on swallow bedrock, where fuel loads have not sufficient to carry

the fire.

ie Andre Drotski, previous warden Rustenburg Nature Reserve, now stationed at

Roodeplaatdam Nature Reserve, Gauteng Nature Conservation

i Frans Krige, previocus warden, Rustenburg Nature Reserve, now stationed at

Dullstroom, Mpumalanga Parks Board
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Appendix 1
A list of the plant species founded during the study
Acanthaceae

Thunbergia batriolicifolia E.Mey. ex Nees
Thunbergia neglecta Sond.
Chaetacanthus costatus Nees.
Chaetacanthus sefiger {Pers.) Lindl.
Rueliia cordata Thunb.

Ruellia patula Jacqg.

Crabbea hirsuta Nees.

Barleria pretoriensis C.B.Cl.

Hypoestes forskaoli (Vahl) R. Br,
Justicla anagalicides T. Anders

Adiantaceae

Adiantum c.f. Adiantum poiretii Wikstr.
Cheilanthes viridus (Forsk.y Swartz var. glauca (Sim) Schelpe & N.C Anthony
Pellaea calomelanos (Sw.) Link

Aizoaceae

Delosperma herbeurn (N.E.Br.) N.E. Br.
Frithia pulcra N.E. Br.
Khadia acutipetala N.E. Br.

Amarantaceae

Achyranthes aspera L.
Gomphrena celosivides Mart.

Amarvllidaceae

Haemanthus humilis Herb.

Boophane disticha Herb.

Crinum graminiccla Verdoormn,

Crinum bulbispermum (Burm.f.)Milne-Redh. & Schweick.
Scadoxus puniceus (L) Friis & Nordal

Hypoxis rigidula Bak.

Hypoxis obtusa Burch. ex Edwards

Anacardiaceae

Rhus zeyheri Sond.

Rhus discoior E.Mey. ex Sond.
Rhus lancea L.f.

Rhus leptodictya Diels

Rhus magalismontanum Sond.
Rhus pyroides Burch.

Rhus rigida Mill.

Lannea edulis (Sond.) Engl.
Lannea discolor (Sond.) Engl.









Ceasalpiniaceas

Burkea africana Hook.

Celastraceae

Maytenus tenuispina (Sond). Marias

Maytenus polycantha (Sond). Marias

Maytenus heterophylia (Eckl, & Zeyh. Y N.K.B. Robson
Maytenus undata (Thund). Blakelock

Chrysobalanaceae

Parinari capensis

Combretaceae

Combretum apiculatum Sond. subsp. apiculatum
Combretum erythrophyfium (Burch.) Sond.
Combretum molfe R. Br ex G. Don.

Combretum zeyheri,

Commelinaceae

Commelina africana L.
Commelina benghalensis L.
Commelina erecta L.
Cyanotis speciosa (L.) Hassk.

Convolvulaceae

Ipomoea bathycolpos Hall.f. var. bathycolpos.
Ipomoea crassipes Hook.

Ipomoea ommaneyi Rendle>

Turbina oblongata (E.Mey. ex Choisy) A. Meeuse.

Crassulacege

Cotyledon orbiculata L. var oblonga (Haw.) DC

Andromischus umbraticola C.A. subsp umbraticola

Crassula atba Forsk.var.alba

Crassula capitefla Thunb. subsp. nodulosa (Schonl)

Crassula lanceolata {Echl. & Zeyh.) Endl. ex Walp. subsp. transvaalensis (Kuntze)
Kalanchoe paniculata Harv,

Kalanchoe thryrsiflora Harv.

Cyatheaceae

Cyathea dregei Kze.

Cyperaceae

Cyperus albostriatus Schrad.
Cyperus rupestris Kunth.

Cyperus sphaerospermus Schrad.
Bulbostylis burchellii C.B. Cl.
Bulbostylis oritrephes (Ridl.y C.B. CL
Coleochloa setifera (Ridl) Gilly.
Mariscus congesta C.B. Cl.



Ficinia filiformis (Lam.) Schrad.
Kyllinga alba Nees

Dennstaedtiaceae

Pleridium aquilinum (L.) Kuhn.

Dichapetalaceae

Dichapetalum cymosum (Hook)) Engl.

Dipsacaceae

Scabiosa columbaria L.
Ebenaceae

Euclea crispa (Thunb.) Guerke var. crispa.

Euclea undulata (Thunb.)

Diospyros lycioides Desf. subsp. guerkei (Kuntze) de Wint,
Diospyros whyteana (hiern} F. White.

Ericaceae

Erica woodii H.Boll

Euphorbiaceae

Acalypha petiolaris Hochst.

Acalypha angusfata Sond. glabra Sond.

Euphorbia shinzii Pax

Clutia pulchelia L.

Croton gratissimus Burch, var. subgratissimus (Prain) Burtt Davy
Phyllanthus parvulus Sond.

Tragia rupestris Sond.

Fabaceae

Tephrosia elongata E. Mey. var elongata

Tephrosia longipes Meisn. subsp tongipes
Sphenostylis angustifolia Sond.

Ophrestia oblongifolia {E.May) H.M. Forbes
Mundulea sericea A. Chev,

Lotonis ¢alycina (E,Mey) Benth. var. hirsutissima Duemmer
Crololaria lotoides Benth

Rhynchosia monophylta Schitr,

Rhynchosia nitens Benth

Rhynchosia tofta (Thund.) DC

indigofera burkeana Benth. ex Harv,

Indigofera comosa N.E. Br.

Indigofera hedyantha Eckl. & Zeyh.

Indigofera melandenja Benth. ex Harv.

Pearsonia cajanifolia (Harv.) Polhill subsp cajanfolia

Flacourtiaceae

Kiggelaria africana L.



Gentianaceae

Chironia purpurascens (E.Mey.) Benth. & Hook.f. subsp. humilis (Gilg) Verdoorn.
Gunneraceae

Gunnera perpensa L.

Guttiferae

Hypericurm aethiopicum Thunb. subsp. sonderi (Bred) Robson.

Halorrhagidaceae

Gunnera perpensa L.

Hypoxidaceae

Hypoxis obtusa Burch. ex Edwards
Hypoxis rigidula Bak.

iridaceae

Moraea thomsoni Bak.

Schizostylis coccinea Backh. & Harvey.
Dierama medium N.E. Br. var. mossii Ne. Br.
Gladiolus crassifolius Bak.

Gladiclus edulis Burch. ex Ker.

Lapeirousia sandersonii Bak,

Anomatheca jaxa (Thunb.) Goldbl.
Anomatheca grandiflora Bak.

Labiatae

Leonotis microphylla Skan.

Pycnostachys reticulata Benth.

Plectranthus madascariensis Pers. Benth. var ramosior Benth
Becium obovatum (E. Mey. ex Benth.) N.E. Br.

Lamiaceae

Acrotome hispida Benth.,
Teucrium trifidum Retz.

Lentibulariaceas

Utricularia arenaria A.DC.
Lillaceae

Aloe greatheadii Schonl.

Aloe marlothii Berg.

Aloe mutabilis Pillans.

Aloe peglerae Schonl.

Albuca sp. cf. A. sefosa Jacq.

Aloe transvaalensis Kunize

Bulbine narcissifolia  Salm-Dyck
Ledebouria ovatifolia Jessop
Ledebouria marginata (Bak.) Jessop.
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Ledebouria revoluta {L.f.) Jessop.
Scilla nervosa (Burch.) Jessop.
Eucomis autumnalis (Mill.) Chitt. var. clavata

Loganiaceae

Strygnos pungens Solered,

Nuxia congesta R. Br. ex Fresen.

Buddleja saligna Willd.

Buddleja salviifolia (L.) Lam.

Loranthaceae

Tapinanthus rubromarginatus (Engl). Danser

Malpighiaceae

Sphedamnocarpus pruriens (Juss.) Szyszyl. var pruriens
Malvaceae

Sida cordifolia L.

Pavonia burchellii (DC) R.A. Dyer.

Hibiscus aetiopicus L. var. ovatus Harv,
Hibiscus calyphylius Cav.

Hibiscus engleri K. Schum.

Hibiscus microcarpus Garcke.

Hibiscus trionum L.

Mimosaceae

Acacia karroo Hayne

Acacia caffra (Thunb) Willd.
Elephantorrhiza elephantina  (Burch.) Skeels
Dichrostachys cinerea (L.) Wight & Arn. subsp. africana Brenan & Brumm.
Moraceae

Ficus ingens (Mig.) Miq.

Myrsinaceae

Myrsine africana L.

Ochnaceae

Cchna pulchra Hook

Olacaceae

Ximenia caffra Sond.

Oleaceae -

Olea europaea L. supsp africana (Mill)

Oliniaceae

Olinia emarginata Burtt Davy.,
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Onagraceae

Kohautja amatymbica Ecki. & Zeyh.

QOrchidaceae

Eulophia ovalis Lindl. subsp. bainesii (Rolfe) Hall.
Oxalidaceae

Oxalis obliquifolia Steud. ex Rish.

Pittosporaceae

Pittosporum viridiflorum Sims
Poaceae

Urelytrum agropyroides Hack.

Elionurus muticus (Spreng.) Kunth
imperata cylindrica (L. Raeuschel.
Miscanthus junceus (Stapf) Stapf.
Schizachyrium sanguineum (Retz.) Altz
Diheteropogon amplectens (Neesy W.D. Clayton.
Andropogon appendicufatus (Steud.)
Andropogon huillensis Rendle
Andropogon schinzii Hack.

Andropogon schirensis A. Rich.
Cymbopogon plurinodes Stapf.
Cymbopogon valfidus Stapf.

Hyparrhenia filipendula (Hochst.) Stapf var. pilosa (Hack.) Stapf.
Hyparrhenia hirta (L.} Stapf
Monocymbiumn ceresiiforme (Nees) Stapf.
Trachypogon spicatus {L.f.) Kuntze.
Heteropogon confortus (L.) Beauv.
Themeda triandra Forsk.

Digitaria diagonalis (Nees) Stapf.
Digitaria eriantha Steud.

Digitaria monodactyla (Nees) Stapf.
Digitaria tricholagnoides Stapf.

Brachiaria brizantha (Hochst) Stapf.
Brachiaria nigropedata (Munro) Stapf.
Brachiaria serrata (Spreng) Stapf.
Urochloa panicoides Beauv.

Panjcum maximum Jacq.

Panicum natalense Hochst.

Sefaria lindenbergiana (Nees) Stapf.
Setaria sphacelata (Schumach) Stapf. & C.E. Hubb,
Melinus repens (Willd) C.E. Hubb.
Melinus nerviglume (Franch.) Zizka
Tricholaena monache (Trin.) Stapf & C.E. Hubb.
Arundinelia nepalensis Trin.

Tristachya biseriata Stapf.

Tristachya leucotrix Nees.

Tristachya rehmannii Hack.

Loudetia flavida (Stapf) C.E. Hubb.
Loudetia simplex (Nees) C.E. Hubb.
Phragmitis mauritianus Kunth.

Aristida aequiglumis Hack.



Aristida congesta Roem. & Schult. subsp. barbicollis (Trin. & Rupr.) De Wint.
Aristida diffusa Trin. var. burkei (Stapf) Schweick.
Aristida junciformis Trin. s Rupr. subsp. galpinii (Stapf) de Wint.
Bewsia biffora (Hack.) Goossens

Alloteropsis sernialata (R.Br) Hitchc,

Tragus berteronianus Schult.

Perotjs patens Gand.

Sporoholus fimbriatus Nees.

Eragrostis capensis {Thunrb.} Trin,

Eragrostis curvula (Schrad.) Nees,

Eragrostis gummiflua Nees.

Eragrostis racemosa (Thunb.) Steud.

Eragrostis stapfii De Wint.

Eragrostis superba Peyr.

Harpochloa falx (L.} Kuntze.

Eustachys paspaloides (Vahly Lanza & Mattel.
Pogonarthria squarrosa (Licht.) Pilger.

Diplachne biflora Hack.

Cynodon dactylon Pers. Rich.

Triraphis andropogonoides (Steud.) Phillips.
Trichoneura grandiglumis (Nees) Stapf & C.E. Hubb,
Enneapogon scoparius Stapf.

Polygonaceae

Polygonum lapathifolium L.

Polygonum pulchrum Blume.

Oxygonum dregeanum Meisn,

Persicaria attentuata (R.Br) Sojak subsp africana K.I. Wilson

Portulacaceae

Talinum caffrum (Thunb.) Eckl. & Zeyh.
Anacampseros subnuda \Von Poelin.

Portulaca kermesina N.E. Br.

Proteaceae

Faurea saligna Harv.

Profea caffra Meisn.

Protea welwitschii Engl. subsp. glabrescens (Beard).
Protea gaguedi Gmel.

Ranunculaceae

Clernatis oweniae Harv
Clematis brachiata Thund.

Rhamnaceae

Berchemia zeyheri (Sond). Grubov

Ziziphus mucronata Wiild. subsp mucronata
Helinus infegrifolius (Lam.) Kuntze

Rosaceae

Rubus rigida J.E.Sm.



Rubiaceae

Tricalysia lanceolata Sond.

Rubia petiolaris DC

Vangueria infausta Burch

Oldenlandia herbacea (L) Roxb.
Rothmannia capensis Thunb.
Pentanisia angustifolia Hochst.
Vangueria infausta Burch.
Pygmaeothamnus zeyheri (Sond.) Robyns,
Tapiphyllum parvifolium (Sond.) Robyns.
Canthium suberosum Codd.

Canthium gilfillani (N.E. Br) O.B. Miller.
Anthospermum hispidulum E. Mey.
Anthospermum rigidum Eckl. & Zeyh,

Rutaceae

Zanthoxylum capense (Thunb.) Harv.
Santalaceae

Osyris lanceolata Hochst. ex Steud.
Thesium cf. costaturm AW, Hill
Thesium magalismontanum Sond.

Thesium transvaalensis Schitr.
Thesium utile AVV. Hill

Sapindaceae

Pappea capensis Eckl. & Zeyh.

Sapotaceae

Englerophytum magalismontanum Heine & J.H.Hensley.
Mimisops zeyheri Sond.

Schizaeceae
Mobhria caffrorum (L.) Desf.

Scrophulariaceae

Cycnium adonense E. Mey ex Benth.
Striga elegans Benth

Nemesia fruticans Thund. (Benth)
Halleria lucida L.

Sutera caerufea Hiern.

Sutera burkeana (Benth) Hiern.
Zaluzianskya katharinae Hiern.
Craterostigma wilmsii Engl.
Hebenstretia elongata Bolus.
Walafrida densiflora Rolfe.
Cycnium adonense E. Mey.
Striga elegans (L..) Kuntze.
Graderia subintegra Mast.



Selaginellaceae

Selaginella dregei (Presl) Hieron.
Solanacesae

Solanum giganteum Jacq.
Solanum incanum L.

Solanum panduriforme E.-Mey.,
Solanum refroflexum Dun.
Datura sframonium L.
Sterculiaceae

Dombeya rotundifolia (Hochst.) Planch.
Hermannia depressa N.Br

Thymelaeaceae

Triumfetta sonderi Ficatho & Hiern.
Tiliaceae

Grewia occidentalis L.
Ulmaceae

Celtis africana Burm.f.
Urlicaceae

Urera tenax N.E. Br.

Droguetia iners (Forsk.) Schweinf. subsp iners
Obetia tenax (N.Br.)
Velloziaceae

Xerophyta retinervis Bak.
Verbenaceae

Lippia javanica (Burm.f.) Spreng.
Verbena bonariensis L.

Lantana rugosa Thunb.

Plexipus hederaceus Sond.

Vitaceae

Cyphostemma lanigerum (Harv.) Descoings ex Wild
Rhiocissus tridentata (1.f) Wild & Drum. subsp. cuneifolia
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