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Abstract

The purpose of this study is to address the paotibyological knowledge appropriate for effective
conservation management of the Avontuur properttherBokkeveld Plateau, Nieuwoudtville.

The vegetation composition, condition and plant camities present are detailed and described. A
total of 34 plots were located in the area, bothhenold lands as well as in the natural vegetation
The results indicate that despite having been foamed there is significant plant diversity on the
old lands. Vegetation patterns indicate that @ land degraded areas present on Avontuur have
not been recently generated, but rather appeave been caused by activities that took place
decades ago, most likely a combination of freqibembing and overgrazing. The natural

vegetation is highly patchy and soil charactersstice identified as being a key driver of vegetatio
structure and composition in the area. The distign of different plant communities indicates that
rehabilitation attempts are likely to have increhseccess if the appropriate species associatéd wit
the different soil conditions locally present canitdentified beforehand. Three broad characteristi
soil types with associated plant communities aeatified. Each contains a large proportion of
species which are not shared with the other spésy Consequently, it is important to recognize
that many species are in fact unable to move athese different soil units despite their
connectivity and proximity to one another. ThedsaRenosterveld bottomlands are highlighted as
being of greatest conservation value, while théestiarived hill-slopes are characterized as being
fairly to highly degraded. Due to the sensitivéuna of the degraded ecosystems present, livestock
grazing is not recommended as a land use in thealategetation or those areas where

rehabilitation, active or passive is to occur.
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1. Introduction

The Nieuwoudtville, area in the Northern Cape ofitBdAfrica, has been identified as an area of
exceptional biodiversity. The Bokkeveld Escarpmastthe area surrounding Nieuwoudtville is
known, contains more than 1600 species of whidbast 80 are endemic. The Avontuur property
in the northern Bokkeveld escarpment, was acquir@®07 by WWF-SA for conservation
purposes. The property was identified as a coasiervpriority as it contains significant areas of
intact vegetation with numerous endemic speciestaaido provides a crucial link between the
western and eastern edges of the Bokkeveld Platgach tracts of intact vegetation provide
corridors which enable the movement of flora anth&in response to pressures such as drought or
climate change. However, since there is littleseémg biological knowledge on the property, there
is little to inform the design of appropriate maeagent interventions that need to be applied to the
property in order to enhance its ecological fumatig. This purpose of this study is to address thi
paucity of biological knowledge by detailing therthl biodiversity and the ecosystem services
provided by the Avontuur property as well as prevadbaseline against which future management

actions on the property can be assessed.

2. Research Objectives

Lowland Renosterveld vegetation types have bedmyhigmpacted by agricultural activities and in
particular transformation for cereal cropping (Kempt al. 2000, Rouget et al. 2006). Less than
5% of several west and east coast Renosterveldategetypes remain. Although Nieuwoudtville
Shale Renosterveld has not been impacted to the satreme extent, only about 40% of the
original 16 000 ha remains (Rouget et al. 2006)e VFegetation type is also very poorly conserved
and apart from the Renosterveld on Avontuur, leas 200 ha of Nieuwoudtville Shale
Renosterveld is conserved on the Hantam NationtdrBcal Garden. Furthermore, Nieuwoudtville
Shale Renosterveld is not homogenous and seveataht&acan be identified associated with
various habitats and soil substrates (Helme 20@onsequently, this is a highly threatened
vegetation type and any remaining fragments aedlito be important from a conservation
perspective. The Nieuwoudtville-Roggeveld DoleRtenosterveld on Avontuur is also significant
in that it represents the northern-most extenhisf testricted vegetation type. Such vegetation
outliers may represent an important source of pyoles or refuge areas for climate change-

induced vegetation shifts.
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However, as is commonly the case on the Bokkevigtk&u, a large proportion of the
Tillite-derived soils on Avontuur have been ploudtier cereal croplands. In fact, approximately
600 ha of Avontuur has previously been cultivated anly about 180 ha of intact tillite-derived
soils remain (Helme 2008). The time since lastivation of the croplands varies significantly, and
various degrees of natural recovery are apparentmportant aspect of the future management of
Avontuur will thus be management aimed at encouaatiie reestablishment of the natural
vegetation on the croplands in order to enhancedhaectivity of the landscape and increase the
conservation value of these areas. The poterggétation cover of these croplands as
demonstrated by the composition of the remnanttetiga patches is thus also an important

variable that needs to be established.

The questions addressed by this study can thustheen as follows:
1. What is the current status of vegetative covemhenttansformed and intact renosterveld

parts of the property?

2. What are the current plant communities on the ptgpand how do they interact with one

another?

3. Methodology

Based on satellite imagery of Avontuur, a totaBéfsites for vegetation sampling were identified
(Figure 1). An equal number of sites were locateald lands and on natural vegetation. The sites
were distributed so as to ensure that spatial emesof the property was as comprehensive as
possible and also to ensure that the entire rahgetential habitats and environments present were
sampled. Apart from situating sites across therexf Avontuur, this also involved locating sites
on different aspects and in the different vegeta#ind soil units that were apparent on the high
resolution SPOT satellite imagery. On the old &rurtain plots were also located to ensure that
they fell within areas that have been identifieghatential corridors where rehabilitation effortslw

be focused (Helme 2008).

At each site, vegetation composition was sampledinve 10x10m plot, the corners of
which were marked for long-term monitoring purpossmg steel droppers hammered into the
ground. The data recorded at each site includgsharal description of the vegetation and habitat
surrounding the plot and the presence and extanpdrtant vegetation drivers such as soill

properties, porcupine activity and alien specigl.species present in the plot were recorded and
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their projected canopy cover visually estimatedthdugh the general location of the plot was
predetermined, the exact position and orientatias determined in the field. Consequently, to
ensure that the plot could be located and idedtifiethe future, the centre of each plot was
recorded in the field using a handheld GPS.

The data from all the sampled plots was then edtiette a species by plot data matrix for
analysis. The data for the old lands and natwegétation was analysed separately due to the large
difference in species composition between the altagetation and old lands and also to allow the
general patterns from the old lands and the nauegétation to be compared. The analysis
followed two main avenues. Firstly, each specias assigned to one of a number of basic growth
forms such as shrubs or geophytes, so that theeveetzontribution of each growth form to the
species richness or cover of the different plots @mvironments could be determined. Secondly,
the data from the old lands and natural vegetatias also subject the cluster analysis and NMS
ordination. The purpose of this latter analysis weaidentify similar vegetation communities and
the presence of compositional gradients withinsdm@pled plots. The different communities so
identified could then be mapped to establish theatial relationship and the conservation and
management implications of these patterns. Inrdadeharacterize each community, the five most
dominant species in terms of cover abundance wsoddentified within each community and their

contribution to the total cover calculated.

4. Results

The main difference, in terms of plant cover, betwéhe old lands and the natural vegetation on
Avontuur is the relative dominance of annuals amibal grasses on the old lands and an absence
of shrub cover (Figure 2). The pattern in spedi@mess, however, reveals that this pattern is
restricted to plant cover, and that despite thatgrecover of some growth forms on old lands,
species richness of all growth forms except angtasses is higher in the natural vegetation than
on the old lands (Figure 2). Species turnovelsis much higher in the natural vegetation and
twice as many species were recorded in the natagdtation as compared to the old lands (Table
1). The difference in total species richness watiqularly marked in geophytes, shrubs and
despite their greater abundance on old lands, & (lable 1). This demonstrates firstly that
cropping has a tendency to homogenize the vegetatid secondly, that shrubs, annuals and
particularly geophytes are the most negativelycadie by ploughing. The impact on geophytes is

of particularly significance as geophytes comptisemajority of species endemic to the Bokkeveld
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Plateau. The rank abundance curves for the natagatation and old lands (Figure 3) indicate that
some of the old lands on Avontuur harbor signiftdaindiversity and more than 30 species within a
plot are not uncommon. However, the mean speitdbseass of plots on the old lands was 26.53
species which is markedly lower than the mean df&2pecies per plot in the natural vegetation,

highlighting the greater species richness presetitd natural vegetation.

The cluster analysis and ordination of the pladsrfithe old lands revealed that four main
communities were present on the old lands (FiglwreT#e first community (G1) represents those
plots on the more sandy soils that occur to thd wiethe Grasberg road, while the second
community (G4), is allied to the first and consistshose plots in the north-western part of
Avontuur. The third community (G3) consists ofgb@lots in the central portion of Avontuur, east
of the Grasberg road and the final community (&pyesents those plots from the well vegetated
old lands in the eastern section of Avontuur. &#hces in growth form abundance within the
different communities are illustrated by Figurenbich shows that the first and final communities
contain the greatest woody shrub abundance andespézhness. The third community which
occupies the central portion of Avontuur contalms highest annual abundance and the lowest
abundance and species richness of most other gfomtis. This suggests that this area is probably

the most recently ploughed area and the leastadetnced in terms of natural vegetation recovery.

In terms of the dominant species within each comtyium the old lands, Table 2 reveals
that the different communities are largely domidatg different species and there are surprisingly
few shared dominant species. In addition, the diominant species comprised a large proportion
of the cover within each community, in two casestabuting more that 90% of the total cover.
These results highlight the fact that despite gdalegree of transformation, there is still a fot o
differentiation in the vegetation on the old larasoss the different parts of the Avontuur property
It also demonstrates the dominance of the diffepéart communities by relatively few species,
with most species being relatively low in abundand¢¢owever, most of the communities contained
at least two alien species among the dominantstiiting the role transformation plays in
promoting the abundance of alien species.

The cluster analysis revealed that a slightly fitiersion of the plots from the natural
vegetation was appropriate and five different ptaoxhmunities were identified within the plots
from the natural vegetation (Figure 6). The fastnmunity (G1) consists of those plots on the
sandy soils which occur in the north western pafrt&vontuur as well as in the low-lying drainage
areas of the eastern parts. The second comm@®yrépresents those plots on the dolerite-

derived soils along the southern boundary of Avonturhese first two communities are the most
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diverse and contain the highest annual and geopliyeesity (Figure 7). The third community

(G6) consists of plots typically on the moist ctgpes of the north eastern part of Avontuur, while
the final two communities (G4, G7) are similar teeanother and occur on dry exposed upper
slopes with shallow soils typical of much of thestean part of Avontuur. These last two
communities are dominated by woody shrub specidszhin particular is the most depauperate in
terms of geophyte abundance, which may be indieathhistorical poor management. When the
different communities identified by the cluster lyse are plotted on the satellite imagery, it is
clear that there is a high degree of spatial atredn the data and that plots from similar
communities tend to occur near to one anothercatiig the presence of strong physical controls
on plant community composition, both on the olddsias well as in the natural vegetation (Figure
8,9).

As with the old lands, the natural Renosterveldetagon on Avontuur is dominated by a
few species which comprise the bulk of the planec@Table 3). However, not surprisingly, the
majority of dominant species were woody and suctghrub species with a few abundant grass
and geophyte species. Again, there are very fareshdominant species between the different
communities, illustrating that the different comntigs identified are highly distinctive. There
were however some alien species among the donspactes, suggesting that those communities
have been fairly disturbed in the past. Takenwabkale, the general pattern indicated by the result
of the plots from the intact Renosterveld indidata the sandy pediments along the western parts
and along the drainage lines flowing to the eastaia the highest number of species and the
greatest abundance of endemic species. Thislesvedl by the dolerite ridge which also contains a
high number of species but not a large abundaneadagmic species. The remaining shale ridges
are generally quite degraded and contain relatiMelyspecies richness. The distribution of these

different habitats is depicted in Figure 10.

5. Evaluation and Analysis

1. What is the current status of vegetative covementtansformed and renosterveld parts of

the property?

The vegetation cover on Avontuur is generally gbitggh, both in the natural vegetation as well as
on the old lands. This is a positive result aviggetation cover is crucial in preventing erosion
and soil capping. The bare and degraded areasmires Avontuur have not been recently
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generated and appear to have been caused byiastthiait took places decades ago, most likely a
combination of frequent burning and overgrazingc®ery of these areas is hampered by barriers
to plant establishment, in particular severe sailping which limits or prevents any seed from
adhering to the soil surface, creates unfavouratilenoisture conditions and enhances water
runoff. Fine clay soils are particularly vulneraldb such capping when vegetation cover is low due
to the effects of raindrop impact on soil aggregaadility. This also accounts for the fact the t
vegetation in the areas of Avontuur with a higlyadantent are in a much poorer condition than the
vegetation on the more sandy soils such as thatéise of the Grasberg Road. The dolerite soils
are also less vulnerable to this effect, and tlyetagion on the dolerite soils of Avontuur can be

considered to be in a generally good conditionhwetatively few alien species present.

The average species richness of the NieuwoudtShigle Renosterveld on Avontuur was
just over 42 species per plot. This is markedydothan the mean species richness of similarly
sized plots from the Renosterveld south of Nieuviailld, which is in excess of 70 species per
plot. The lower species richness of the Renoskeiwe Avontuur may be the result of poor
management in the past which has impacted spechesss, or it may be the result of different
climatic conditions in the area. Some parts ofrdresterveld, particularly in the eastern seatibn
Avontuur, are extremely arid and the compositiofigguently transitional with Hantam Karoo and
few of the endemic species characteristic of Niawdtalle Shale Renosterveld are present. The
greatest species richness was encountered in theaheegetation west of the Grasberg Road and
the more sandy soils east of the Road. Such dRadgsterveld is highly valuable from a
conservation perspective as it has been targetedtdplands and very little of it currently remains
A number of endemic species are restricted todtigonal habitat including the RedData listed

Sparaxis tricolor Hesperantha rivulicolaMoraea verecundandEuryops virgatus

The old lands on Avontuur are in various stagesabfiral revegetation. Although the old lands
on the eastern extent of Avontuur currently contaengreatest shrub cover, this is largely of
Galenia africanaandElytropappus rhinocerotjdoth of which are undesirable in the long term as
dominant species. The potential for rehabilitatibhe currently less vegetated old lands to the
west of the Grasberg Road is however very highthisarea as well as the more sandy areas to the
east of the Grasberg Road, various desirable pelespecies can be seen reinvading the old lands.
Grazing should be withheld from these areas fdomg possible to encourage the further natural
reseeding of the old lands. Rehabilitation effarts also likely to be more successful on the more
sandy substrates as there is less of a barrieret genetration and seedling establishment. In

addition, as the sandy soils are better drainechand a poorly developed structure, ploughing has

drynet ,Vegetation of Avontuur®, ,Simon Todd" page 9



less negative effect on the ability of the natwedetation to return on the more sandy soils as
compared to the areas with high clay content whenke a tendency to seal and become compacted.
Nutrient enrichment caused by fertilizer applicatadso persists for a lot longer on the clay sasls

the nutrients are more easily leached from the uppielayers in a sandy soil. This latter effect

may explain the relatively low abundance of alieasges over most of the old lands in western

section of Avontuur.

2.What are the current plant communities on thepprty, and how do they interact with one

another?

The analysis of the data clearly demonstrates iftedegree of differentiation and patchiness
present in the vegetation of Avontuur. At leagefdifferent plant communities are present within
the natural vegetation. Each is associated witerdnt combinations of soil properties indicating
the dominant role soil characteristics play in deiaing plant community composition in the area.
This clearly has far-reaching implications for dagure rehabilitation attempts in the area. Even
within a relatively small area such as Avontuuré¢hare large differences in plant community
composition over distances of a few hundred metedsattempts to establish species which are not
matched to local soil characteristics are bourfdito Therefore it is highly recommended that
rehabilitation efforts should attempt to utilizeespes from the immediate area and identify the most
appropriate species for the different soil condisipresent.

Apart from the Fynbos, three basic soil types w&#bociated vegetation can be identified on
Avontuur. There is the dolerite-derived soil o ttocky outcrop along the southern boundary of
Avontuur, the sandy soils associated with the ttemmsbetween the Fynbos and Renosterveld as
well as the drainage lines to the east of Avontand there are the shale-derived clay soils of the
low ridges along the northern and eastern pardssohtuur. Each unit contains a large proportion
of species which are not shared with the othesamiits and the presence of each on Avontuur
greatly increases the overall habitat diversitgcsgs richness and conservation value of the
property. The vegetation of the shale-derived didges is the most degraded and will require the
largest effort to improve it from its current statéis therefore also important to recognize that
many species are in fact unable to move across thiferent soil units despite their connectivity
and proximity to one another. Management sholld ge&count of the small area many species are
thus restricted to.
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6. Conclusions

The sandy Renosterveld bottomlands are highligaseioeing of greatest conservation value, while
the shale-derived hill slopes can be characte@aedokeing fairly to highly degraded. The
degradation present is however seen as histoatdatirthan recent and extensive and pervasive
capping of the finely structured clay soils is itiked as the major impediment to natural
vegetation recovery in these areas. This effeltfpeisist even in the absence of grazing and so
active measures will be required to re-establistakle perennial vegetation on the bare and
washed areas present. Although grazing can hpesitive influence on plant vigor and ecosystem
processes, the role of grazing in the area is skrgro that of soil characteristics. In addition,
disturbances caused by wild grazers and porcuireekkely to be sufficient to maintain ecosystem
processes relying on these effects, at least ishlibe to medium term. Consequently, grazing is
not recommended as a land use in the natural wegeta those areas where rehabilitation, active
or passive is to occur. Finally, it is importantrécognize that many species are restricted to
specific habitats and soil types and are unabiedwee across the different soil units present on
Avontuur despite their connectivity and proximitydne another. Thus the concept of corridors for
the movement of biota must be taken in contextthadbility of each species to actually utilize
such a feature should be individually evaluatadthk long-term many species will need to be
managed in-situ as their potential for migratiod drspersal is highly limited by both biotic and

abiotic factors.
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8. Annex

Figures

Figure 1. SPOT satellite image of the north-eastern exdéAlvontuur, depicting the location of
the sample plots on the old lands (brown pointsl)the plots in the natural vegetation (green

points).
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Figure 2. The mean relative cover (a.) and species richfiessvithin the different plant growth
forms of vegetation within plots on old lands armdunal vegetation on Avontuur.

drynet ,Vegetation of Avontuur®, ,Simon Todd" page 14



** +

()

* o o
* o 4

Figure 3. Rank abundance curves for the old lands andalatagetation on Avontuur. The figure
indicates the range of species richness valuegipres the old lands and in the natural vegetation
and shows that species richness on the old langdmeelatively high and surpasses that in some

areas of natural vegetation.
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Figure 4.Cluster analysis and NMS ordination of plots omh lahds from Avontuur. Groups
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Figure 5.Cover (left) and species richness (right) of thferent plant growth forms within the

different plant communities on the old lands asidied by the cluster analysis. Colours

correspond to those used to define the differemtigs in Figure 4.
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Figure 7.Cover (left) and species richness (right) of tiecent plant growth forms within the
different plant communities in the natural vegetatas identified by the cluster analysis. Colours

correspond to those used to define the differemtigg in Figure 6.
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Figure 8. Satellite image depicting the different plant coumities on the old lands as identified by
the cluster analysis. Color codes for the diffe@mmunities correspond to those used in Figure
4.
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Figure 9. Satellite image depicting the different plant coamities of the natural vegetation as
identified by the cluster analysis. Color codestf@ different communities correspond to those
used in Figure 6.
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Figure 10. The conservation value and associated managesaesitivity of different units of the

intact Renosterveld vegetation of Avontuur.
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Tables

Table 1. The total number of species recorded within d#fifie growth forms in

plots on old lands and natural vegetation on Avontu
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Table 2. The cover and relative cover contribution of filve dominant species within each of the

four different communities identified on the olehtls on Avontuur. Alien species are marked with

as asterisk.
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Table 3. The cover and relative cover contribution of filke dominant species within each of the

five different communities identified on the int&®¢nosterveld vegetation of Avontuur. Alien

species are marked with as asterisk.
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