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4(%3)3 35--129

Lowland enosterveldis a relatively fertile, shalderived vegetation type fowh within the Fynbos

. A2YS 2F {2dz2iK ! FNAOIFIZT || 06A2YS S6KAOK A& NBO23yaAl
kingdoms. Due to the fact that renosterveld tends to be dominated by a handful of-leaadd
asteraceous shrub species, it createg thusion that it is a homogeneous habitat with low levels of
alpha diversity and species turnover. This is exacerbated by the widely accepted, although not proven,
hypothesis which states that currediay renosterveld is derived from a pristing gasshnd and that

the dominance of asteraceous shrubs is solely due to more than 300 years of mismanagement in the
form of overgrazing. This process of degradation is believed to have started with the arrival of the
European settlers who exterminated the largerds of freeroaming ungulates and replaced them with
livestock (sheep and cattle), which, through their selective feeding habits and their sedentary manner of
grazing, altered the system from a grassland to a shrublding debate over what renostervetattually

is, combined with a dearth of knowledge #o its ecological functionindnas meant that management
recommendations are largely based ancombination ofguesswork and inferences from studies in
adjacent and similar fynbos and karoo habitatsAdditionally, renosterveld has been severely
transformed for agricultural development, rendering iCaitically Endangeredegetation type, with 4

10 %of the oringial extentemaining.

In this thesis, | focus on lowland renosterveld in the Overhb@lgo referred to as South Coast
Renosterveld) Western Cape, South Africd investigate, through the use of soil carbmotope
analysesthe grassyshrubland vs. shrubby grassland debate and assess whethest the theory that
renosterveld is merely a deggled grassland has merit. | evaluate diversity levels at the alpha, beta and
gamma scales andontrast these with comparable Mediterraneatiimate vegetation types, while
consideringthe implicationsfor conservation planning for renosterveld in the Ovexhelhrough the

use of a simple model, | investigate whether it is possible to predict species extinction rates at the local
(patch) level.l then assess responses to grazing and fire, through a combination of controlled
experiments and random surveys,drder to assess nmagement requirements.

| found that South Coast Renosterveld was mdhnan-likely always a grasshrubland, and that
although data suggesiightlyhigherG, inputshistorically rensoterveld was never a purg @assland.

Alpha divesity was on a parjf not higher, than that of any other studied fynbos habitand is
comparable, if not richer, than its other Mediterraneahmate shrubland counterpartsSimilarly,

species turnoveacross habitat and landscape gradiemtss high suggesting that multiple renosterveld
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reserves will be crucial for the losigrm preservation of this habitat and associated ecological
processes

Renosterveld in the Overberg responds positively to fimegugh a significanincrease in flowering and
germnation in postburn vegetation, while ler renosterveld is lesproductive. However, | also
demonstrate that egular short burning intervals are not advisable for trésatively dry shrubland,

which isbetter suited to fire frequencies similar to, or lewthan, those incomparablefynbos habitats.

Grazing impacts did not manifest on plant efisity or cover, but did affect size and productivity of
speciesfavored by livestock, suggesting potential for leteym negative impacts with continuous
grazing.This study suggests that managing for the grass component alone will not have overall benefits

for the biodiversityand ecosystem functioning of this severely threatened vegetation typleus, this
dGdzReé R2Sa y20 O02yO0dzN) gAGKWYX 2R3y IQFI BMPFYid AT
Renosterveld as rangeland for domestic livestock production would be entirely compatible with the
O2yaSNBFUGA2Y 2F (GKAa OStR GeLIS yR Ala O02YLRYySyl
The future of renosterveld in the Overberg depends on the estailént of a network of reserves

which includes the full repertoire of management regimesicro-habitats and aspects, in ordeo
incorporate diversity at all level3his alone, however, will not be sufficient: a strategy which ensures
landowner buyin, through tangible incentives, will be crucial for the lelegm persistence of

renosterveld as a functioning ecological entity at the landscape level.
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In a changing landscape, there are always winners and losers (Muthama Muasya 2011).

BACKGROUND: A THREATENED FYNBOS SYSTEM

¢KS LX A3IKG 2-Fingliféetie, nataral haRit@ts is & gioldal conservation conundrum, as these

have always been the msb suitable for cultivation and have thus been heavily exploited since the
advent of largescale, extensive agriculture. Today, these are the most threatened ecosystems, due to

the high levels of fragmentation which impose a suite of negative effects enirdegrity of these

systems However, direct fragmentation effects are seldom the only negative influence on fragmented
habitats. Management effects can often override these, with different species and taxa responding
differently to diverse management ietventions. Thus, determining appropriate management for these
habitats is as crucial to reducing the direct fragmentation effects.

One fragmented system occurring in a very diverse landscammdésterveld a vegetation type found

within the Fynbos Biom of South Africa, generally located on eland shalebased, fertile soils.
Compared with adjacent fynbos habitats, it tends to have an overall grey appearance, due to the
dominance of asteraceous shrubs and in particular, the renostellgisopappus rimocerotis It is also

a grassier habitat and is richer in forbs, annuals and geophytes than the adjacent fynbos habitats
(Rebelo 1995). Renosterveld is renowned for its exceptionally high levels of geophyte diversity (Cowling
1983, Patersodones 1998)They I YS WwSy2a i SNBSSt RQ Aa RSNAGSR TNR)
OYSEFYAYy3a NKAYy20 YR WOSEtRQ oO0YSIEyAy3a @S3SalrdAzyos
unclear. It is generally believed that the vegetation was named after the Blank Rhich occurred in

0KS 2Sa0SNYy /I'LSs RdzS G2 GKS FIFOG GKFG SAGKSNI AO
resembled that of a rhino hide, or ii) that the rhinos occurred in this vegetation (Boucher 1980).
Renosterveld has been severdransformed, with >90% of it ploughed for agricultural development
(mostly grain and artificial pasture) (Kemgral. 1999, McDowell & Moll992).According to the SANBI

3 59! ¢ Qarhreatanadt Eodsystems of South Afriebout 12% of the originalxéent of all
renosterveld types in the Overberg still remainalthough other estimates are as low a$% (pers.

comm. Donovan Kirkwood}igs. 1a and 1b)Renostervelds listed a<Critically Endangerednd highly

prone to functional extinction. Theakility of renosterveld as a functioning ecosystem is influenced by a
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suite of factors, from those occurring as a result of significant shifts in management regimes to those

occurring as a result of significant fragmentation and habitat loss.
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Figuresla (above) andlb (below)demonstrate the amount of renosterveld that has been lost in the
Overlerg over the last £300 years. Figure 1a dendiesoriginal extent of renosteeld in the Overberg,
while Figure 1lshows the fragments remaining to date (qded from SANBI maps).

tKAa (GKSaAra O2yOSNya addzRASa 2F NBYy2aldSNBStR Ay
essentially refers to the Eastern half of the Western Cape, South Africa, and stretches from Botriver to

the Heidelberg regin (Figure 8 ® Ly GKS {2dziKSNy O2Fadlt NBIAZ2Yy 2°
comprising a range of coastal, lowland and limestbased fynbos types. In this region, farming

comprises grain crops, livestock, vineyards and indigenous flower crops (Raxta species), while
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commercial wildflower harvesting also provides an income for smaller local
. . STATS: REMAINING RENOSTERVEL
businesses. The Sonderend and Langeberg mountains straddle the northern
2021 cadastres (land parcels)
37 527 ha renosterveld

vegetation types. He&;, commercial forestry plantations are the major land j.e. 6% remaining

extent of the Overberg and these are dominated by mountain fynbos

use, while relatively large areas of fynbos are conserved by either governmentSpread across 12 296 fragments

agencies, or private landowners. Between the coast and mountains, the soilvarylng 1) SENCIGEIEND EES

. . L . o 72 fragments are-80 ha
becomes relatively fertile and rich in clay dexd from shale and it is here that

46 fragments are > 100 ha
renosterveld habitats occurred. 13 fragments are >200 ha
Renosterveld began to be transformed for crop farming soon after the first Two largest remnants are +800 ha
European settlers arrived in the Cape. Today, almost all remnant renosterveld(REF: SANBI GIS remnant layer).
is found on privatehowned land,making it very vulnerable to the deleterious
effects of management. The lostgrm effects of constant mimmanagement on these fragments are
poorly understood, but it is assumed they will be significant and, in some cases, cause irreversible

damage to the eological integrity of the veld.

Figure 2 Map denoting the study area, Overberg, Western Cape, South Africa.

Renosterveld in the context of the Fynbos Biome
¢CKS /LIS Ct2NRAadA0 wS3IAaAzy o/ Cwid A& NBGe@yeisi SR | a
MppnsE a@SNB HAno0LX A& (GKS NAROKSaid 2F GKS 22NI RQa
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plethora of issues, including infestations by exotic invasive plants, transformation for development and
agriculture and general habitat dexgglation associated with mismanagement (Rebelo 1992, Roeget,

al. 2003, Raimondet ald H 1 n ¢ dydbos Habitdiz@ml to be concentrated in mountainous and

coastal regions within the CFR and are generally associated with poor, acidic, sandyhesdsaré

typified by a dominance of proteas, ericas (heather) and restios (reeds) and assldipted and fire

dependent systems. However, in the lowlands of the CFR, vegetation changesadsterveld in

response to interactions between rainfall andlzange to relatively mordertile, clay and shalebased

azAafa YR NBtlIGA@Ste 26 NIAYyFlLIifod wSy2adSNBSER
AYRAOFG2NBEQ OLINBGSIaZ SNAOFA FyR NBadGA2aoubst yR (S
0St2y3aAy3a G2 GKS RIA&& Tl YAt eI (FB.Band fekenial ginge&s. WNB Y 2

It is still, however, considered part of the Fynbos Biome.

Figure 3Renosterveld, dominated by Asteraceous shrubs

Renosterveld is very ridn geophytes (Cowling 1990) and is most renowned for its spectacular spring
(August / September) flower displays, during which a grassy shrubland resembling an American
sagebrush habitat displays an exceptional array of bulb and annual diversity. Inghee@y four types

of renosterveld have been recognized (Mucina and Rutherford 2006): Wes@entral, and Eastern

Rlens Shale Renosterveld and Ridens Silcrete Renosterveld. All are |Stéttalty Endangere(SANBI

& DEAT 2009).

Fynbos systems (@fuding renosterveld) are exceptionally diverse, with high levels of very range
restricted, rare and endemic species. These naturally rare species are highly vulnerable to the

deleterious effects of fragmentation and are often poorly represented in remmafhus, in contrast

Page |6



with managing more homogenous systems elsewhere on the globe, management in fragmented fynbos
is extremely complicated, as high levels of diversity and endemism are associated with high extinction
risk and thus the need for aregpecifc management. Research has shown that even a fragment of only

a few hectares of renosterveld can contain exceptionally high plant diversity (Euais2013 Kemper

et al. 1999.). Thus, managing lowland fragments at the farm and landscape levelritaskehey are

to continue functioning as ecological systems.

Background: economiand social climate in relation to climate change

CFNX¥YAY3 Ay (K&ESHBSND S MB O WHNS ® ¥ Poomipfises aN&igh2 af daShNIJS f R
crops (wheat, hrley, canola, oats) as well as livestock (mostly sheep and cattle). Essentially, food crops
are planted on a rotational basis and alternated with lueeas artificial pasture for livestock. Almost all
crops depend on winter rain, while some lucerne carapsirrigated particularly for dairy cattle) (the
G§SN)Y WOI YLIQ N@fEestioiEof thezfarnh on WISy €p& d® pastures are grownaeh farm

is divided into these camps for magement purposes)ncreased frequency of sporadic winter drought
(affecting germination and growth and therefore productivity of grain crops and artificial pastures) and
late (early summer), heavy rains (sometimes having a detrimental effect on harvesting), have resulted in
some farms in the region experiencing seveigarcial difficulties (pers. obs.). In the context of a
weakening economic climate and fluctuations in the wheat price, nested in an already marginal farming
area further threatened by climate change (Lumsetral. 2009), landowners are anxious to mainta

hold on their farms and livelihoods. They may therefore be more prone to desperate and illegal
measures, which include turning virgin land into crop farming. In addition to this, food shortages for
livestock may force landowners into making poor, sktertn solutions for grazing, which may involve
ill-timed and frequent burning of vegetation, followed by immediate and heavy grazing. These practices

could result in irreversible damage to biodiversity, and the functioning of renosterveld ecosystems.

Theconservation importance of renosterveld and other lowland fynbos types has been acknowledged
for many years (Cowlingt al. 1986, Jarmin 1986, Rebelo 1995). Although very detailed and
sophisticated conservation plans have been developed (e.g. von éia@de2003), very little progress

has been made in actually implementing them and securing sufficient tracts of land to meet

conservation targets for critical habitats.
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o a4l Swellendam [

Experimental plots

Random plots
@ Soil samples

[=] Quartz surveys

Figure 4 Map denoting the extent of the different surveys carried out in this st(elperimental plots
(Chapters 3, 4, 5 &),/Random plots (Chapte8s 4, 5 & 7), Soil samples (ChaptgrmBd quartz surveys
(Qurtiset al. 2013 Appendix L

For example, the first maps which were intended for identifying conservation priorities iGFfRewere

compiled by Jarmin in 1986. Most notably, important renosterveld fragments were mapped with the
F2tft26Ay3 YSGOGIRFGLFY Wil NBSai YR o6Sadi NEBYIl AYAY:
communities on silcreté¢opped hills in the Bredasdofwellemam district. Many threatened plants
200dzNPQ ! YR WINITAYy3I FT2N aKSSLI) Aa GKS YIAYy dzass
O2y GAydzZAiy3aX AyidiSyaragsS aANITAy3d FyR FdzNIKSN SELJN ya
recognition of renostervé®®@ ' a WI  LINA2NRGE F2NJ O2yaSNBFiAz2yQ R
conservation action has taken place since. The GIS tools for accurate conservation planning in
renosterveld were developed more than 10 years ago (von ldasé 2003), and led tdhe generation

of rather ambitious fiveand twentyyear visions for the conservation of lowland renosterveld. Despite

these plans, to date, only a handful of farms have had Stewardship Agreements or Conservation
Easements (i.e. voluntary title deed restrons which declare the renosterveld as Nature Reserve)

placed on them, and most farms with renosterveld are not involved with conservation programmes of

any sort. Currentlay, managementelated threats to renosterveld appear to be: i) degradation thioug
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inappropriate grazing regimes, ii) degradation through inappropriate fire regimes and iii) conversion of

virgin land into croplandFig. 5)

Figure 5! f 1 K2dzZa3K aLJSOGF Odzf I NJ G GAYSaz (GKSasS WLI G0Kg?2
havereplaced the once diverse renosterveld systems which covered the fertile lowlands of the CFR and
supported significant populations of large game and other wildlife.

Whereas fynbos has been intensively studied from diverse perspectives, renostervélt peasly

known. This lack of knowledge hampers conservation efforts. In this thesis, | address some key
guestions relevant for selecting conservation areas of renosterveld and applying appropriate
management. Of necessity, | also address some basac@spf the system, including whether it was
historically a grassland invaded by shrubs following heavy grazing or a shrubland system analogous to

fynbos. The thesis layout is indicated in the chapter summaries that follow:

CHAPTER RENOSTERVELD: GRAFSYUBLAND OR SHRUBBY GRASSLAND?

What makes renosterveld management particularly challenging is that, despite the fact that this
vegetation type falls within a Biome that is fairly wa&llidied, there is disagreement amongst ecologists
about what renostereld actuallywas (and thereforewhat we are managintpr), as well as a dearth of
knowledge on what factors driveenosterveld functioning (e.dire, grazing or neither). Newton and
Knight (2004) suggested that, since the intensification of the use wfedtc livestock in the Western

Cape about 200 years ago, renosterveld has been severely transformed, essentially changing the system
FNRBY | WaKNdMzoe&e 3INraatlyRQ G2 F WIAINlraae aKNHzomfl yR
main factors contribted to this: i) the largescale extermination of indigenous grazing and browsing
herbivores and ii) the introduction of selective grazers in the form of sheep and cattle. i.e. The
replacement of a suite of herbivores, of different sizes and varying grarid browsing capacities, with

two highly selective grazers (domestic sheep and cattle) resulting in a shift from a system where grasses

were prominent, to a system generally dominated by unpalatable, asteraceous shrubs. An alternative
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hypothesis is thatOverberg renosterveld was always a shrubland dominated by Asteraceous shrubs
(particularlyElytropappuy as it is todayCurrentday renosterveld is highly variable (Fig. 6).

There is considerable anecdotal evidence suggesting a shift from Poaceadetacédae in the
hdSNbSNEQa f2¢6flyRa FYyR GKIG GKAAE &aKATUG 200dzZNNBR
published on the notable demise of the South Coast grasslands and the resultant increase in
ElytropappuE & GF G Ay 33X WXthat futurdafjes yhay Gee khis palt 6f Africh dnlirdytchanged

FYR RAFFSNBYlU FNRY 4K letinl 1886). 1A 5943) Smit S @f&rghdeddcdthed / 2 4 f
f2gtlyRa 2F GKS {2dziK /2l adGd 2y0S o0SAyddmijaycedy | a
Themedad 02 YY2yf e | 922NBNBE&BNBRRIZS (2 (GKS Kdz8 ONBI iGSF
species) (Cowlingt al.m oy ¢ 0 ® YR [ S@eya omMmpH D0 BASHESR (GKS wS)y
and noted, with reference to renost@&Stf RY a! f 1 K2dz23K (GKS NBy2aidSN odza
several shrubs and other composites, and many geophytes are associated with it. However, these do not
break the gre\d NS Sy Y2y2G2ye 2F GKAA (&L 27F Lbskngsb) 02 YYdz
attributed overgrazing as the likely cause for the spreadlytropappusand discussed the fact that

farmers were burning renosterveld in order to utilize the regrowth for grazing, but that in thetéong

this management policy only perpeties Elytropappus Several other historic accounts describing the

flora of the Cape certainly suggest the existence of a grassier lowland system than that present today
(Newton & Knight 2004).

Nearly three decades ago, Cowlieigal. (1986) published a pap which should have set the scene for
muchneeded research on renosterveld management. Unfortunately, very little appropriate work
followed this important paper. The authors made reference to their predecessors and supported the
hypothesis that soutittoad renosterveld (i.e. Overberg and eastwards) was historically dominated by
Themedatriandra and that Asteraceous shrubs (particulaByytropappusand Metalasia species) had

started to dominate the landscape as a result of severe overgrazing.

These studis do suggest that the lowlands of the Overberg were richer in palatable grasses than what is

seen presently. However, the European settlers (having first arrived in the 1650s) were not the first
pastoralists tending livestock in the region. The Kdain hd been present in the area for 2000 years

prior to the arrival of the settlers and were already manipulating the vegetation, through frequent
burning to provide fodder for livestock (Deacon 1992, Hoffman 1997). According to this argument, the
KhoiSan hadconverted renosterveld into a grassland system to promote feed for their livestock. Thus,

the argument goes, renostervelgias in fact a shrubland prior to the arrival of the Ki®an. This

argument also has merit. However, if the Khoi were regularly bgrnémosterveld and using the fresh
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new growth for grazing their cattle immediately these became available, they too might have damaged
the grass component and encouraged the spread of Asteraceous species, as this is far more likely to
occur when renostervd is continually burned and grazed, with no rest periods. If, however, the
nomadic Khoi people burned extensive areas while moving through with their livestock, they may well
have allowed the veld significant periods of rest and so increased, or at feasttained the grass

component. Thus, again, this issue is debatable: migrant herds versus resident persistent grazing as in

present day livestock farming could have had quite different impacts on the natural vegetation (Cowling
et al. 1986).

Figure6: within the Overberg alone, there is variation in community structure of different renosterveld
habitats: from left to right: a £ grassdominated renosterveld patch in Eastern Riens Shale
Renosterveld, an Asteracecsbrub and ggrass renosterveld peh in Eastern R{ens Shale
Renosterveld and a;@ominated renosterveld fragment in Central Rlens Shale Renosterveld. With such
Fy AYyYylFiS RAGSNARAGE 2F KFEIoAdlFdax Aa AdG LRaarofs$s
grassy shrubland orshrubby grassland?

Margaret Levyns was particularly interested in the RenosterBbdropappus rhinocerotigand its
distribution within the Fynbos Biome and beyond, as well as the ecological constraints on its
recruitment. In 1929, she published someexrments on the germination of Renosterbos under various
treatments: experimental plots comparing unburned, burned and cut vegetation revealed that
recruitment of renosterbos seedlings was zero in unburned plots, sparse and scattered in cut plots and
very high in burned plots, suggesting that fire is crucial for renosterbos to recruit. Experiments also
suggested that yeanld seed had a higher probability of germinating than fresh seed (Levyns 1929).
Levyns (1929) also acknowledged the vast differenceseniosterveld types and pointed out that
although other less conspicuous species are able to reproduce in renosterveld in the absence of
disturbance Elytropappugequires disturbance (preferably fire) in order to proliferate. She concluded
that renostervdd should be viewed asstagein succession and not as a climax vegetation type. For this

reason, she related frequent burning to the countwide spread ofElytropappus which keeps
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renosterveld at this stage in succession. However, in contrast to L@wns & dz3 3 Etiopappyiss G K | G
encouraged by frequent burning, most ecologists will agree that, although the species is unlikely to
recruit without fire, frequent burning will result in a dramatic decreas€&lytropappusand an increase

in perennial gasses. Cowlingt al. (1986) suggested that becauBéytropappudakes three years before

seed is set, if the management objective is to significantly reduce the species, one should burn
renosterveld every three years. The effectiveness of this tactt EFANXSR o6& [ Sgeéya
experiments which demonstrated th&tlytropappusseed remains viable in the soil for seven years, but
that it loses a significant amount of germination capacity after four years. Of course, this research
focused on only one sp@és and did not take the effects of frequent burning on renosterveld as a
systeminto account

In this chapter, | will use stable isotope analybig. 4 of soil carbon to test the theory that, historically,
renosterveld comprised a highe @rass corponent than is seen today and that not all renosterveld, at

all times, is dominated bysGhrubs and grasses.

CHAPTER 4S RENOSTERVELD A-BIREN SYSTEM?

Although renosterveld is included as a gype of the fireprone Fynbos Biome, its fire @ogy is very
poorly understood (although mature veld does burn readilyig. 7).In contrast to fynbos, very little is
known about the vegetative (sprouter vs. seeder), or reproductive responsessiffiralated vs. fire
intolerant recruitment) of renostervd species to burning. Crowirte systems, such as fynbos, are
known to differ in their fireadaptive traits from surface fire regimes characteristic of gfasied
ecosystems (e.g. Bond & van Wilgen 1996; Pagisals 2004; Bond & Keeley 2005; Keedtyal. 2012). If
renosterveld was originally a grassland invaded by shrubs following overgrazing, we would predict few
species with firestimulated recruitment and very few seeders (A@sprouters) since posturn
recruitment in grasslands is inhibited faigorous competition with grasses. If renosterveld seldom burnt
because it occurs in relatively arid climates relative to fynbos, we would predict thadejpendent
recruitment and associated fifiype life histories would be rare or absent. Howevefird was a regular
feature of renosterveld ecosystems, we would expect-$itienulated recruitment to be a common
feature of common species, as it is in fynbos (e.g. Le Maitre & Midgley 1992; Cetdin§997; Keeley

et al.2012). If species have anlgate dependence on fire to complete their life cycles, then fire would
have to be incorporated into renosterveld management. Since burning has attendant risks to people and
property, it is important to establish the extent to which species are dependenfire events for

recruitment. In this chapter, | will address the question: does renosterveld need fire? | test for fire
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dependence by observing vegetative responses (sprouting and sprouting) and reproductive
responses (flowering and seedling retmuént) in response to burning. | compare regeneration
responses in burned versus unburned aréag. 4Xo help determine whether species have an obligate

or facultative requirement for fire. In an ecosystem where the fire ecology is poorly understood,
examining the extent to which firadapted life history traits occur in the plant communities may be
useful in developing an understanding of the natural fire regimes under which that system functions

best, which is essential for management purposes (Kestlay 2012).

Figure 7.Fires burn readily through renosterveld. However the extent to which plant species in the
ecosystem are dependent on fire for recruitment is not known.

CHAPTER YNDERSTANDING DIVERSITY IN RENOSTERVELD AT THE EANDIOBRE

LEVEL.

Currently, there are 119 vegetation types described within the Fynbos Biome (Mucina & Rutherford
2006)c2F (GKS&SXI Hop NBE WNBy2aliSNWStRQ (eLlSaod ¢KSa&as
renosterveld (3), dolerite renosterveld (2Jlvium renosterveld (2), silcrete renosterveld (2) and
limestone renosterveld (1). As mentioned, in the Overberg region of the southwestern Cape, there are

four renosterveld types present: WesterrCentral and EasterrRens Shale Renosterveld and Riens
Silcrete Renosterveld. The key question related to the conservation of fragmented systems such as this
one, has always been: how many reserves are enough and do we need a few large ones, or are several

small reserves equally, or more, effective? (Cowlirigpo&d 1991).
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