





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
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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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