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ABSTRACT

Various studies have been conducted on the determinants of herbaceous veggetgtasition and
structure in savannabut thee is still no consensus on the extent of the role playszhch This is
particularly so for disturbed savannas in communal rangeldihiis study aimed to investigatiee
relative influence of rainfall, catenal position and distance from villageoposition and structure
of herbaceous vegetaih in communal rangelasdf BushbuckridgeMpumalanga Province i&outh
Africa. The study used prexisting data collected in 20112 56 plotslocated acrossine villagesn
three rainfall zong Low (<600 mm), Medium (600-700 mm) andHigh (>700mm). In each zone,
the communal rangelands thiree villagesvere sampledin upslope and downslope positsoand
across threalistance(disturbancg categoriesof, 0-599 m, 6061799 m and >1800m relative to
nearestvillages. The compositionrelated measures investigated wesbsolute and relative
abundance of speciespresenpeci es r i ¢ hn e s dndex&dregive abonndlanceDdfi v e r
peremial and annual grasses, as well as categories of Wailist the herbaceous struotumeasures
usedweredistance inmeters measuredlong transect linéo perennialgrass tuftand grassbasal
cover. Both individual and interactive effects of thefall zone, landscape position, and distance
from village o herbaceous composition and structwere investigatedusing bivariate and

multivariate statistics

Both grass specieschnessa nd Si mp s o nrdex wé&eé sigaificanilythigher in the high
rainfall zone than in thiew and mediummainfall zonesPerennial grasses in all rainfall zones heavily
dominated the herbaceous layeith the mean percentage perennial gasgributionbeinglowest

in the high rainfall zonevhilst the low rainfall zone had the highe§the percentageomposition of
annualgrassesvashighest in the medium rainfall zone and lowest in the low rainfall zone whilst it
was intermediate in the high rainfall zoffdhe mean distance to perennial gragich is an index

of density of perenniajrasstufts, wassignificantly higher inthe high rainfall zonghanin the low
rainfall zonesThe mean percentage grass basal cover was higher in low rainfathzonhigh

rainfall zone.

The meanspecies richnes# the upslope and downslope catenal positires not significary
differentwhich was contrary to what waspectedMe a n S i BDipessity mdex was higher on

the downslope position than on the upslope catenal pasitiarelative abundancef perennial
grasses between the upslope and downslope catenal position was not significantly different. The

proportion of perennial grasses was more than that of annual grasses and other life forms sampled.



Neither mean distance to perenngahssnor basal cover diffred significanyl between catenal
positions It was established in this study that closest plots to villages had 22% more species than the
plots betweemmedium and far plotérom the villages.Near the villages 399 m),the species
richness was found tee higher than in th@edium 600-1799m) and(>1800m) distancecategories

The mearSi mps on6s Dinwaledissricd (gisturbandeg categories were found to be not
significantly differentThere was no significant difference in the percentage#nnial grass among

the disturbance gradiecétegoriesThe perennial grasses were consistently dominant over the annual
grasses along the disturbance gradidrts.distance to perenngiassndicated no difference across

all distance gradients. Percentage basal cover decreased with increasing distance from settlements.

The compositionand occurrence of grass species were associated with different environmental
gradientsstudied There wassignificant interactive effect due to a combination effect of rainfall,
topographical gradients and distance gradient on the distance to perennid@neser, the mean
distanceo perennialvas lower at distance and rainfall combinatitrough was ndatignificant.The
interactive effect on basal cover due to a combination effect of rainfall, catenal position and distance

gradient wasgound to benot significant.

Overall the herbaceous composition and structuremaestrongly impacted byainfall zonethan

by catenalposition The herbaceousomposition and structurgas affected by disturbance gradient
specifically onspecies richness and grass basal cover only, while there was no effechrops o n 6 s
Diversity Index, perennialgrasspercentage, ahdistanceto perennialgrassas measured along
transect line It was also established that there was association of species with environmental
gradientslt is recommended that future a multi-year study on the same variables that have been
studiedherebe undertaken in order to establishgterm trendson the effect of the gradients on
herbaceous vegetation. It must be endaiso that there bepresentativity of disturbance gradients
samples when designing sampling programitneill also be beneficial to establish the density per
village or stocking rates of different villages and the manageaspactof the stock and how it is
related to herbaceous composition and struc&uweh studies will provide further knowledge the

extent of human induced disturbance like grazing in the communal rangelands given a set of

environment gradients.
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CHAPTER 1

1. INTRODUCTION

1.1 Background

Savanna aresaid to be a tropical and seasonal ecosystem contardisgoniuous layer of trees
andcontirnuous layepof herbaceous plants including grasses, forbs and sedges, occurring in different
ratios (Khavhagali& Bond, 2008)Due to the interaction that the trees daheherbaceous layer

have to create a biomggvannasannotbedefined as grassland or foréStholes & Archer1997).

They occur in regionghat areassociated with climatand precipitationthat is spatially and
temporally variabldJeltschet al, 1997. More thanhalf of the African continents comprised of

the savannas which support a greatcentage of its people and anim@smestic and wild)with

the rangelands in particular having the grsateensity and diversity of livestodompared to any
ecosystem in the worlBankaran & Anderson, 2009n importantcharacteristiof the savana
ecosystem igs dynamicity Skarpe, 19911 The communal rangelands wherein 76% of rural people
stay comprises 70% of the savanna biome in South Africa. In these rangelands, resources and
activities that are crit i ochkproddctonm, fugwwadxdllectios we |
and use, construction materials and implements, wild foods, medicines and craft materials
(Shackleton et al., 2003).

In order to understand the relationship between vegetation attributémanitiey are influenced

by the environment there needs to be an understanding of the factors that influence vegetation
(Austin, 2005) Khavhagali and Bond (2008) highlighted that there is disihgreemendverwhat
precisely determines th&ructure and the distribution of savanndswever variousbiotic and
abioticfactorshave been identifietb being playing a rolandtheseinclude resourcecompetition

(e.g for nutrients ad wate}, fire, climate,and herbivory (Scholes & Archer1997 Joneset al,

2016. The determinantare categorized into primarg.gclimate and soil) and secondae;dfire

and herbivores) (Ainat al, 2013. Fire is not considered in this study due to its low intensity and
small spatial extent in heavily grazed communal laHdsnans play a direct and indirect role in the
alterationof the degérminants of savanna ecosystems, laanceinfluenced the structure and function

of savanna ecosystemSaoholes & Archer,1997). The vegetationstructureis attributed to
adapationsto theenvironment by biotic components and their influences on the abiotic components
(Sala& Maestre, 1998)Dalle et al. (2014) also highlighted the role that the abiotic factors of

topography, climate and saqilays in affectingregetation composition in rangeland&e primary
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determinats of climate and soil influence the moisture and nutrient availability and ultimately the
quality and quantityf vegetationfHopking 2000 Pandey &Singh 1992. Therefore, the amount
of moisure that is available at any point in time due to seasonal variation will have an impact on

the soil moisture available with the resultant impact on the vegetation production.

Soil moisture availability and its vertical and horizontal distribution detegmihe ratio of woody

and herbaceous vegetation as it determines its availabifitgids, and these variables, in turn, are
influenced by land usage and clim@@eeshears & Barnes, 199®)ue to its criticality as grazing
resource, grass is very important when compared to other components of the herbaceous layer like
forbs andsedgeg¢Matney, 2015).

Topographyis also an important variable that influences water availability or lossthanefore
determiresplantdistribution and diversity patterndowever ,its scale dependence and granary
mechanisms by which itperates are not well understo(@en Wu & Archer, 2005Moeslandet
al., 2013).When compared to abiotic variablesithropogenidactors play asery significant role
in affecting the vegetation composition, structure igfiinctioning(Grime,1979).Theinfluences
of naturaldisturbancesogethemith disturbances due to humamslandscape interactiohavenot
received enough attentiofLindermanet al, 2006) Disturbance gradientsn the communal
rangelandsaredue to walking distance from settlements and livestock grazing pattérols are
dictated toby herder behaviouand distancerébm waterpoints(Dube & Pickup, 200). Due tothe
spatial extentupon which the environmental determinaoperate and interagt thesavanna it is
unclear of their exact influence one vegetation patterr{€olganet al, 2012) Many ecological
studieshavehad aninterest in establishing what ealsiotic and abiotidactor playsin influencing
the structure and diversity of dogical communities along emanmentabnd disturbancgradients
(Andersonet al., 2011). Althouch there is consensus on thecial and economical importance of
the savannagheir functioning origin and nature are still not completely underst{®choles &
Archer, 1997 Jeltschet d., 2000).

There is a needo understandhe relationshipbetweenherbaceousegetation and environmental
determinantsn order to understanthe composition of particular plants species in the environment
within which it is studiedMucina, 1997). Human impacts are shieldey spatial variability in
topography, soil types, vegetation types and land use (Westsals 2007).Given the limited
studies that have been undertaken in understanding the interactive etf@ctgraphy, rainfall and

disturbance gradients herbaceougegetationn communal landghis studyseekgo address this
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knowledge gap by specifically focugimnthe communaéreas located within thBushbuckridge

municipality, South Africa

1.2 Aim, Objectives, Key Questions And Hypothesis

1.2.1 Aim of the study

The aim of this study is to investigate the individual and interactive effed@sédll, topographical,
and disance gradients on herbaceous vegetation composition and structure in a communal

rangeland landscape.

1.2.2 Objectivesresearch questions and hypotlgesi

Objective 1: To determine how herbaceous vegetation composition and structure differ along a

rainfall gradient in a communal rangeland.

Research Question
How do grass composition, species richness, species diversity and basal cover differ along a rainfall

gradient ina communal rangeland?

Hypothesis
There is higher herbaceous species abundance, species richness, species diversity and basal cover

in the high rainfall zone than in lower rainfall zone in the communal landscape.

Objective 2: To determine how herbaceousgetation composition and structure differ along a

topographical gradient in a communal rangeland

Research Question
How do grass composition, species richness, diversity and basal cover differ along a topographical

gradient in a communal rangeland?
Hypothesis

There is higher herbaceous species abundance, species richness, species diversity and basal cover

in lowland areas than in upland areas in the communal landscape.
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Objective 3: To determine how herbaceous vegetation composition and structigealifng a

disturbance gradient in a communal rangeland

Research Question
How do grass composition, species richness, species diversity and basal cover differ along a

disturbance gradient across a communal rangeland?

Hypothesis
There is lower grass species composition, species richness, species diversity and basal cover in areas
that are closer to the villages than areas further from the villages in the contamaisabpe

Objective 4: To determine the combined effect of raimfabpographical and disturbance gradients

on the herbaceous composition and structure in a communal rangeland

Research Question
How do grass species occurrence and basal cover differ across a communal landscape due to

combined effect of rainfall, topoguay and disturbance gradients across a comniandscape?

Hypothesis
There is a difference in grass species occurrence due to rainfall, topography and disturbance
gradients and higher basal cover on the downslope, high rainfall and less disturbed #reas i

communal landscape.

1.3 Literature review

1.3.1 Determinants oherbaceous vegetation in savasna

Ecological studies seghs one of the goglthe prediction of the spatial distribution and composition
of specie®ver the landscape (BridgeJohnson, 2000)arious theories have been developedr

the yeardo understand thecologicalrole thatsavanna determinan(biotic and abiotif play in
influencing and maintaining tree and grass satiothe savanngBucini, 2019 Augustine, 2008
Their correlation withvegetationis critical in understanding vegetati@omposition and structure
in a particularecological spac€éMucina 1997. In their review Scholes & Archer1997) have

highlighted hree models fo treegrass interactiondeing, niche separatiormode| balanced
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competition and idequilibriummodels

The interaction of tree and grassgsatially andemporally occurs by various ways with a number
of possible outcomeandno definitepredictivemodel Scholes & Archer1997. In amixed tree
grass systenm the savannérigure 1) theprimary determinants (fire and herbivory) and secondary
determinants (water and nutrient suppliegye specified byscholes and Walker (19938f being
vital in influencing thesavanna structure aridnction There is a relationship betwegeology
water and nutrien{Cole, 1982).Geology isunderstood tgredeterminalifferent vegetation that

can be found in a particular ecological ar@&segandet al, 2005).

Climate Soils
Subfropical location
High solar al Geomorphological Parent
radjation rantal history pholog material
High High Depth and

temperatures evaporation water retention
Warlm dry .':i'/
SEason 8

Available wateryhvailable nutrients —
Tree prgdudm’j/; Grass p#{:dl_l-u_’:ﬁm—
Tree bll mass Grasslhmass-
L 4
L » Fie Herbivory
Grazers < ||
Browsers

Tl N ./'..--"'"'J

Human influence

Figure 1. Key-driving variables for mixedree grass systems. Numerous factbasaffect the

abundance of grasses and woody vegetation in dry lands (Scholes & Walker, 1993)

1.3.1.1 Impact ofrainfall on herbaceous composition and structure

In the semiarid vegetatiorcommunities, rainfalplays a primary role in influencintpe structure,
compositon and functioning ofegetation communities (Belsky, 199Bentry, 1988Andersonet
al.,, 2007. In arid areas,the high variabilityof rainfall is correlatedwith inherentshortterm

availability of soil water as resource and therefore this becomes a keyifaltiog-term vegetation
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dynamics (Wiegnd & Jeltsch, 2000)The root nicheseparatiormodel as highlighted by Scholes
and Archer (2007holds that water is the primadeterminant that limitshe ratio of trees and
grasseslue to theidifferential access to iT.herefore, th@roportionof trees to grassesiigluenced
by the verticalsoil moisture differentialvithin set environmental conditionwith the amount of
treesincreasing as the amountsiil moisture increaséSankararet al, 2004).

Moistureis used as a stwgate for thgresence of waten the soil(Pausas & Austin, 2001n arid
and semiarid environmers, species richness has posdikelationship with water availabilityn a
Californian studyRicheson & Lum (1980jound positive logarithmic relationship between rainfall
and species richnesidler and Levine (2007glso found sinlar positive relationshipyhere it was
established on the effect 800 mm increase in rainfain speciegper n?. In another studyTraill

et al (2013) highlighted data to indicate a relationship leetwdiversity and productivityith an
asymptotic increase in speciéshnesswith increased rainfallThis effect could be due to rainfall
indirectly influencing the abiotic abiotic factorqAdler & Levine, 2007)An increase or decrease
in mean annuabrecipitation will have an effect on species composition in tbegterm
(Steemkamp & Bosch, 1996 Noy-Meir (1979)in emphasising the effect of rainfélas reported
that in the Negev regigrb000 years of grazing had had no significant effect on the vegetation
structure whereagluctuations in rainfall patterns dith thesavannaghere is variation imainfall
distribution (Ward et al, 2004 Sharon 1981 Prins & Loth, 1988) This canlead to patchy
vegetation patternéWard, 2005) Precipitation isusually one of the major driving force for
vegetatiorproduction andyrowthin the semiarid and arid areaandis generallyhighly correlated
with herbaceousegetation $nyman 1998 Klein & Roehrig,2006).

The composition of perennial and annual grasses in the-aethsavannaf southern Africa, is
controlled by availability of waterwith droughtcausing a decrease perennial grasseshilst
leading to increase in annual gras@igechrassteet al, 2002. Theincrease in annugrassess
attributed to the ability to maintain seed sources during drought armtopistic response to
favourable conditions (Bowers, 1987; Danin & Orshan, 1990)However, sgh shifts may be
temporary Hild et al, 2001).Annual herbaceous plants mostly have shallow roots and are therefore
more dependent than perennials on available water stored in the upper soils layers €&chenk
Jackson2002).In the longtermhese limitations magxplainthe advantage that perennialggiti

have on the annusin high soil moisture conditions.

Higher minfall hasbeen observed tmcreasegrasseguft diameter and reduce intertuft distance

(Buitenwerfet al, 2011), therefore implying positivéenfluence of rainfall ongrassbasalcover.
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Angass etal. (2010 also reported on the influence of rainfall on basal cdwea study by Moyo

et al (2011) it was established tha¢rbaceous vegetation production gmdssbasal cover were
episodic and closely linked teainfall. Hydrological processes together witlbiological and
atmospheric processes directly influences soil moisture availability which control processes such as
nutrient absorptionfranspiration and primary productioiNdgy-Meir, 1973. Soil moisture is
commonly recognized as) importantariablethat links rainfall to vegetation growtigmaliet al,
2011).Overall large precipitation evesiead to significanincrease irsoil moisture whilst less
rainfall leads to reduced water ingress into the @chwinning &Sala, 2004)In the areas that
havemore evaporation than precipitatiorater availability to plants is dependen edaphic and
local climate factorqCasper &Jackson 1997). The herbaceousegetationdensity is mostly
abundant at the wettgsartof the moisturegradien (Schenk &Jackson2002. The availability of
waterinfluences lBrbaceous productipwith less watearea havingless production compared to
areas with high availability of soil moistur&oil moisture iscritical in the physiognom and
physiology of plants and therefore afiedhe composition of species and their diversity
(Hettenbergerovét al, 2013).

1.3.1.2 Impact ofcatenal position on herbaceous vegetation compositiostaraure.

Savannas consist of catena sequences, which generally have distinct upland and bottomland
vegetation (Colgaet al., 2012; Parsonst al, 1997; Scholeg Walker 1993; Shackleton, 2000;
Witkowski& O6 Connor , 1996). Cat en aequesce, wkidisdocalisedd t o
on the slope, homogenous with regard to climate and geology (Rozek, 2aish)alvariation in

soil properties on hillslopes forms regular and repeated sloping patterns from crest to toeslope
(Milne, 1935).Thecatenhinfluenceon resource availability together with soiilaracteristics have

effect onvegetatiorresulting in diffeentiation in speciesomposition vegetation patterand their
adapationsto the local environmer{Offiong et al,, 2011;Parson®t al, 1997 Bohimanet al, 2008

& Costaet al, 2005. The upslope and downslope arebhave differing vegetatiorspecies
compositionShackleton200Q Fraseretal., 1987 Witkowski & O'Connot 1996) In theLowveld,

onfine textured soils, the dominant herbaceous layer is comprisegahafum maximunDigitaria

erianthg andAristida congestavhile brackish bottomlands supp@&porobolus nitens, Urochloa

mosambicensiandChloris virgata

Catenal position affestwateravailability andcontrolsits proximity to the groundwater table or
local drainage patterand alschave arinfluence on species richne$ozek, 2013; Acharyet al,
2011 & Lomolino, 2001 A study by Fujitaet al. (2009)also highlighted the positive effect of
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bottomlands on the species richness and negative effect on the uppefisérpes a difference in
nutrient availabilityin upslope and downslofstes,with the upslope areas containing less organic
matter and moistarthan downslope areas. This is due to the fact that the nutrients are mobilized by
water to the downslope are@dlot, 1990. Generally bottomlands havbeen foundo have higher
moisture content than thepland,a studyby Kirkmanetal. (200]) highlightedthe importancef
moisture as a limiting resouraad itseffect on species richness.Rozek 014),it was highlighted
that topography and soil parent material determines the soils and vegetatio€atsmhinfluence

on vegetation occurs directly and indirectly, by creabngpks in vegetation permanently and by
its influence on disturbance factors and succession pathi{Baymsoret al, 1998; Turner,1989).
The environmental variation within landscapes rbaymanifested in differing vegetati@patial
pattern(Jobbagy;1996).

The atenal differences in soils froopslope to downslope give rise to a succession of vegetation
types with differences in structdiend floristic pattern§Offiong et al, 2011).The downslope areas

in communal rangelands in Bushbuckridge, South Affigere found to have higher tuft density,
basal area and poor palatable species compared to upslopeéParsas$t al, 1997). Minchunas

et al (1989) previously reported on the greatelifference observedh vegetationcommunity

between catethgositions, particularly on the ungrazatas.

In a study by Penngt al (2013),it was found that vegetation pattern was oridntethe same
direction as topographic slo@mdit was furtherestablished thadownslope water accumulation
might play a role in vegetation pattern propertiBecause otopograpircal affects on soil for
example, slope, aspect and mitopography willaffect soil dought and moisture (Heydari &
Mahdavi, 2009)lt is important to fully understand the influence that catenal gradients have on
aspects such as vegetatigrasal patterns, plant life forms and species richness so as to enable
development of étter management options for vegetation biodiversity conservation and its
utilization (Renet al, 2012)

1.3.1.3 Impact of grazing oherbaceous vegetati@omposition and structure

Livestock grazing has substantially altered the composition and strucgiresssfands and savannas
throughout the world (Briske & NoeMeir, 1998. In many parts of the worldand ue and
management actionsggerastrong effect on vegetation cowand diversity patterns of ecological
communitiegHankeet al, 2014). As one othe land use types, grazing by domestic herbivores has

both notable and extensive pacts on plant communitieB ¢ &tal., 2001).
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The impacs of grazing orvegetation ar@ormally evidentat the population or speciesvel. The
differential andselective grazinglue toherbivoreson the composition and structure of vegetation
may favour spreading déssabundantut grazing tolerant speci¢Sternberget al, 2000). The
degree of impact due to grazing can be measureshdnsuringchanges in vegetatiospecies
composition or species diversity and covbat occur as result ofong term animal grazing
(Sankararet al., 2005).Therestill no clarity regarding the effect of grazingplant diversitydespite
extensive background on the subject (Haekal, 2014). On the other hand it was established by
Rutherfordet al (2012) that with high communal land utilizaticstue to grazinghere was no
significant changes in species richness when compared &itlaaeaere lightly utilized.

Grazing affed vegetation directly or indirectlyThe direct effect of grazingn vegetatioris by
trampling anddefoliation whilst indirect effect iby changesn growth conditions. Such effects
occurs on the plant physiological and morphological level as indicatédyime 2 (Torrano &
Valderrabano, 2004). The indirect effettimately reduces the vigour and presence of the dominant
speciegSternkerget al., 2000).

Direct effects (e ] Indirect effects
Grazing
A J l
Alteration of plant morphology Alteration of growth conditions
and physiology o — Soil properties
— Architecture - S — Microclimate
— Growth — MNutrient cycles

— Reproduction ‘

-

Alteration of competition -
interactions

v

Change in population dynamics
— Structure
— Composition

Figure 2: Relationship between direct and indirect effect of grazing on vegetation (Torrano &
Valderrabano, 2004)

The vegetationstructureis the three dimensional arrangement of plaomponents, individual
plants or species at fines scale atndarger scale through compositional and spatial arrangement
thatis affected by defoliation, tramplingnd excretdrom animals arriott & Carrere 1998).It is

in theleaf areas and basal amaere grazing affects tlvegetatiorstructure, alsolanges in growth

forms is indirectly due toherbivory (Sala,1988). The loss of vegetation cover as a result of
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overgrazing results in decreased forage for livestock (Machafkaa, 2005), anthcreasein
denuded area¥heeffectof grazing on grassasal cover as evidencbyEthiopianstudy @Angassa
et al, 2010) indicated thajrazing areaszhencompared to enclosed areas had reduced grass basal

cover.

Perennial grassagenerallydominate othetife forms and provide important ecosystem services
including being grazed by herbivores and in prevention of soil erosion (Zimmetnaan2009).

In areas that are under grazing perennial grasses tend to be replaced by annugMilcissesas

& Lauenroth, 1993)Thoughperennial plants ardoandant in grazing environmetitere is no much
informaion on their compensation mechanism (Mal & Crawley, 2005)In a study by Makhabu
and Marotsi 2012), it was reported on the increase in annual gmeser perennial grasses grazing
in disturbed sitedut subsequently gradually declin€dtherobservations haveeen madén the
species change in grazing gradients with a replacement of perennial grasses by annual grasses in
semtarid areas of East Africa armmbuthern Africa Lowveld, Mpumalanga) There was also
evidence of change in redian in tuft sizesreported( O 6 C o n nokatt, 1899;Halisonst al,
1997). Depending on their response to grazing, persistence or disappeafaoleats can be
categorized as increasers and decreasers (Waxlls2013).This classification of plants is based
primarily on their response to biotic factors (Guretzky, 20D&creasegrassspecies responshen
there ignsufficientor extensive disturbance, whilst incealsand increasell respectively increase
in abundance with minimal and heavy disturbance, whetteetalfire, grazing or by combination.
When selective grazing occurs it may lead to abundance in Increaser Il fpeteest al, 2015.

The impact of grazing influences initially the decreaser plant spéaliesved by an effect on
increaseplants Whengrazing pressure iacreasedpalatable perennial grassae reduced causing
a shift toless palatable perennials and annual grage&nSmith, 1999 Joubert 1997. In the
long term undercontinued grazinghe desirable plant species will be lost resultingnincrease

in invader species and bare grofhdn atlal, 2011).

The impact of livestock grazing on plant communities have been the subject of debate worldwide
(Hayes & Holl, 2003)Noy-Meir and S®ligman(1979) has reported that in the Negev region 5000
yearsof rainfall fluctuations had had an effect on vegetation structure when compared to.grazing
However, a studypy Serneel®t al (2007) found thathange in land use led to some response in
vegetation.The responses of ecosystems to livestock grazing that have been oleteevwdtere
includedesertificationywoody specieencroachmerdnd deforestatiofAsneret al, 2004).Various

factors that incude both biological and physical factavken interacting with herbivory have an
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effect on the ratio of woodlierbaceous vegetatig®ankey,2007). Increasedivestock densities
(stocking rate) resulted in changes in both land cover and vegetation prod(®toreelst al,
2007).

Ultimately, any changes that occur on the vegetation cover impact drakiece of energy, water,

and the geochemical fluxes arious spatial sdes. These changes will inevitably influence the
sustainability of natural resources and saegonomic activities (Vescoet al, 2002).In rural areas

in developing countrieshe natural environment is critical as a source of livelihoods for thegiespl
sustenance, in marginal aretheere is heavyeliance on land resourcéblunter et al, 201Q
Tabassunet al, 2013. These resources are udfedr peopl eds own direct
generate incoméiowever these are coming under increasing pressure for reasons such as poverty,
high human population densities, and the weakening of traditional authorities that have historically
been responsible for the control of access to natural resources in these partoahthy (Twine

et al, 2003).0One of the objectives of the study is intended to determine the indirect effect of humans

on the herbaceous vegetation through pastoralism.

1.3.2 Overviewof thecommunal landin the former homelands

The formerBantustans areashich comprises of almost a quarter of land in South Africa are
constituted mainly of communal rangeland@feseareasare where a large population of black
people were confined tfYawitch, 1988) as part of the then apartheijdo v e r n sepanate 6 s
develgment policy.During the apartheid era tlohiefs had contrabverthe use and protection of

the naturalresources and were afforded support by government through its agricultural officials
(Cousinset al, 2007).

The environmental statand historyof the formerBantustan areas was fundamentally different

when compared with the conservation areas under state control or with white owned farms that were
situated around the Bantustan ar@dsffmann, 2014)The communal landsave been exposed to
overgazi ng since the 19606s and the areas c¢l ose
goats that forage closer to the villages (Twenal, 2002).The communal grazing lands are freely
accessible and utilized by all farmers and are supporticatdé and other domestanimalsin a
continuous grazing system (Parsons et al., 1987@. conmunal lands ar&nown to havehigh

stocking rateof 2-4 times greater than threquiredrateand overpopulatiomogether with loss of

palatable spees due to overgrazingShackleton et al 2001; Shackleton, 1993; Meadows &

Hoffman, 2002; Rhodeet al, 2001). High stocking rate resuts in excessive trampling along
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footpaths and around water pointghich canworsen drought effesby increasing perennial grass
mortalityand resulting irchanges ispecies compositiaifalmer & Bernett, 203 'Connor, 1994;
O'Connor, 199b Other effects include erosion and decreased productivity. a result of
overgrazingn the communalands soil erosion isnow major concerrwith soil formation being

exceeded by soil logd/an der Merwe, 1995).

1.3.3 Vegetatiorcomposition structureand itsmeasures

Composition is the assemblage of plant speciedd#fate the vegetation in a particular ecological
spacgMartin, 1996).Together with the species assemblagesan be definetasedn the relative
abundancef specieger given area terms of relative cover, relative density, relative weight, etc.

The herbaceous layan the savanna includesnnual and perennial forbs and grass species
However, the annual species are usually inatié areagVon maltitz & Scholes2006).Species
diversity is one of the measures @dfological diversitythat takes ito account the community
measures of species evenness and richiiieasilton 2005).Species richnessieasurs the total

number of species in the community whilst evenngises an indication ohow evenly the
individuals in the community are distributed over the different spdéiegp et al, 1998). An
understanding of the patterns and processes in species diversity is critical for ecosystem function
and in conservations measures (Fraseaal., 2014) and this has always been of interest to the
ecologists. Species diversity measurement indices aim to describe general properties of
communities that enables comparison of different regions, tadadr@phic levels. Notwithstanding

their importancen environmentamonitoring and conservatiothere is still na&consensusnwhich

indices are moreseful(Morris et al, 2014).Simpson(@) and Shannon (HOG6) i ni
the commonly ustdi ver si ty i ndi ciethe congriomypusedinedssy index d e x
(Magurran 1991). It measures the probability that two individuals selected at random from a sample

belong to different species.

Generally, vegetation structure takes into account the composition of plant community based on
specific morphological characteristics (Martin, 1996)order to make a determination of the long

term plant productivity habitat statas assessment is maaie the planstructural stagegSchulz

et al, 2009). The sampling of vegetation isxdertaken to deteeind predictthanges in plants in
response to environmental change or management action. The vegetation sampling metrics include
amongst otheirequency obccurrenceDensity refers to theumbers of plantdhat can be measured

per unit aregHigginset al, 2010).1t therefore can be used to measure a variety of vegetation life

forms like,sedges, grasses (perennial or annual) and trees in a particular environment. The measures
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can be achieved Iyuadrats or plotless methodsequency describes the distribution patterns of a
species on a pladr within a stand, i.e., clumped vs. dispersEttifgaet al, 1998).It can be

calculated from data collected at multiple scales

1.4 Structure of the thesis

This thesis is presented five chaptersTo achieve the objectives outlined, this research report is

structured as follows:

Chapter ipresentsntroduction and literatuneeview, which includes subections ometerminants

of savanna vegetation angerview ofstate of the communal land in the former homelands

Chapter 2presents methodology, including description of the study aredada@nalysis (methods
that were employed to accomplish the objectives).

Chapter 3 offers results in difference in grass species richness, species diverdigsahdoveas

a result of rainfall, topography, disturbance gradients and the combiraienft

Chapter 4 offers discusion and interpretation of thhesults and relates them to findings from
other studies.
Chapter 5: based on the findings made this chapter affardusion and includes suggestions on

future studies.
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CHAPTER 2

2 METHODOLOGY
2.1 Study Area

The study area is located in tt®@mmunal rangelands of tlBushbuckridgd.ocal Municipality
(BLM), which issituated in the northern side 8buthAfricaé lowveld semtarid savannaegion

in the Mpumalanga ProvincéBLM forms part of Ehlanzeni districHistorically, Bushbuckridge
districtwas part of the former Bantustaelf-governing systerduring apartheid era the districts

of Mhala in Gazankulu and Mapulaneng in LeboWae area isharacterized by high pomtlon
density, poverty and landse practices typical of Africasavannarangelands such as cattle
overstocking and intensive harvestingfiotwood Giannecchiniet al, 2007 Shackleton, 2000).

As per 2011 census figures, it was estimated that at 5% of peopleliving within the
municipalityare black AfricanThearea consists of 65 settlements, varying in size from fewer than
100 homesteads tver 800, surrounded by some 1565%afi communal rangeland (Shackleton,
2004). The tenure systerm this regionas within all former homelandsystem iscommunal
Communal grazing landare supporive of cattle and other domestic livestockvith several
communalfarmers havingaccess to the same grazing area (Parsbas, 1997).The traditional
leaderswho are in authomnt over the landdetermine thdocal land use pattern§Shackleton &
Shackleton2000). The animalstocking rate is close to ecological carrying capacity at’@Q.8®
livestock units (LSU per hectare (hajParsongt al, 1997).Subsistence livelihoods are practiced,
and land utilization tends to be higher closer to the villages (Shaclkdetdn1994).Land uses in

the ar@ areaccounted as communal rangelands (64.7%), nature conservation (12.9%), plantation
forestry (10.8%),dry-land arable agriculture (6.6%), irrigated arable agriculture (2.2%) and
residential (2.8%) (Shackletat al, 1995).

Thestudy sitencludes 21 villages and over 11,000 households. Hownestudywas undertaken
in only ninevillages whichlie along a rainfall gradiergs shown in Tabl& with three villages per

rainfall zone.
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Figure 2: Map showing the study site and surrounding are&ushbuckridge, Mpumalanga
Province in South Africa.

2.2 Geologyand topography

The lowveld which extenddrom thefootslope of the Drakensbeegcarpmentn a regional scale
lies on averageB00m abovesea level(Venter & Bristow, 1986).The ara is characterized by

topography that is gently undulating (hills in the west) with the terrain become flatter toward the

east (Wesselst al, 2011; Shackleton, 2000 hearea is further chacterized by granite and gneiss
as dominat geologywith local intrusions of gabbr¢Venteret al, 2003). Granite landscapesre
known to havenutrientpoor soils (Wesselst al, 2011). The terrain morphologgf the lowvetl is
determined largely by geological structures and differences in resistance of vaciolasmations
against weatherinf/enter & Bristlow, 1986).The catenal sequenbas soils in the interfluves that
are dystrophic and shallowith those in théottomdopesbeingdeeper and claysgutrophic soils
and are often duplex in structure (Schole337).Hydrologically, the catenas are linked hillslope
soils with dynamic solute, particle and colloichobilization processeswith resultant soil
differentiation along their slopé&homoetal., 2011, Milne, 1935.
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2.3 Climate

The lowveld climates linked to the regional climate of tlsebcontinent, whickhenis influenced
by anticyclonic conditions systentBat movessemirhythmically over southern Africdrom the
wesern sideto east(Venter& Gertenbach1986. The regionis alsocharacteded by hot humid
summers(the rainfall season being Octob&pril) and mild winters(Madubansi & Shackleton,
2007; Shackletoet al, 1994).Rairfall occurs mainly in théorm of convectional thundershowers,
sometimes wittprolonged cyclonic shower§he annual mean rainfalingesfrom 1200 mm at
Drakensberg escarpment in tbevveld, reducing td50 mmonin the easbver alinear distance of
100km (Shackleton, 20001.he mean annual temperatuseapproximatelyncrease22 °C with a
decresingtrend from northeast to southwest.

The villages under study are stratified by rainfall zoneadisated in Table 1 below.

Table 1: Location of villages per rainfall zones.

Village Rainfall  Mean Annual Rainfall (mm)
Zone

Justicia, Lillydale B, Huntington (East) Low <600

Ireagh A, Ireagh B Medium 600700

Kildare A,B,C (Mid)

Xanthia, Agincourt High >700

Cunningmore B (West)

2.4 Vegetation

The natural vegetation &pen, deciduousavannavoodlandandis predominary granite lowveld,
even though theegion also contains gabbro grassy bushwetd legogote sour bushvelcina

& Rutherford, 2006 Rutherfordet al.,, 2006). The dminant tree genera awkcacia, Albizia,
Combretum, Grewia, SclerocargadTerminalia(Madubansi & Shackleto2007).Common plant
species on thgranite Lowveld ufands includeTerminalia sericea, Combretum zeyhandC.
apiculatumwhilst in the bottom slopes are characterisedAmacia nigrescens, Dichrostachys
cinerea and Grewidicolor (Rutherfordet al,, 2006) Thedominant herbaceouayer is comprised
of Panicum maximumbDigitaria erianthg and Aristida congestawhile brackish bottomlands
supportSporobolus nitendJrochloa mosambicensandChloris virgataon the fine textured soils.
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Terminalia sericeaoccursat seep lines where convex topography changes to conadthe,

Eragrostisgummifluaoccurringin the undergrowttiMucinaet al, 2006

2.5 Data Collection

25.1 Herbaceous VegetatioraBpled

The data used irnis study werecollectedduring February and March @&012from each village &

part of Sustainability in Communal Soeciecological SystemsSUCSES project. Theaim of the
project is taclearlyunderstand humans and the environnagignamic interactiong South Africas

rural areasRandom stitified sampling was undertaken based on rainfall zone and topographical
position, with pairingsample sites on the sampkdpe (one upland and one on the bottomlafd).
total of 100 points were sampled &ach of tle 56 plots Twenty plots were sampled in the dry east
zone(Justicia,Lillydale B, Huntington) with ten(10) plots on the upland and t€¢h0) plots on the
downslope positionEighteen(18) plots were sampled in the mesic zdikeaghA, IreaghB,
Kildare A, B, C) with nine (9) on the upslope and nine (9) on the downslope positions. Further
eighteen plots were sampled in in the moist wet zgdasnthia, CunningmoreB, Agincour) with

nine (9) plots each on the upslope and downslope positt@n®ach plotour line transecteach

25 m long radiatingout from the plot centrealongcardinalcompassearings were laidlhe GPS
coordinate of the central point was taken and staked with a metal rod to facilitate subsequent ease
of location.At eachmetre,the following were recordedwhether the point fell underherbaceous
canopy,on grasstuft base.andon leaf litter. However,for the purpose of teistudythe following
datawas collectedannualgrass,perennialgrass,sedge, herbyorb, woody forb or geophyte.
Frequenciesvereconverted to percent per sitdt eachmetrepoint, it was recordeavheherthe
nearestherbaceouglant was an annualgrass,perennialgrass,sedge, herbyorb, woody forb or
geophyteThegrass tufspeciesiearest to the metweas recordedlhe specieand distance to tuft

of nearest perennial grass tuft wasorded. Thelistance to nearest perennial grass was used as an
indexof densityof perennial grass tufts. The distance between random point to the nearest tuft is a
function of tuft density.The distance from eh plot to the nearest village waeasured by use of
GoogleEarth ruler tool Distance from village was used as a proxy feemsity of disturbancbky
humans and livestockassumed to be highest close to the village).
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2.6 Data Analysis

Statistical analysis was performed usirggsion 23 offi B M SBRS $tatistical Package for the
SocialSciencg. Measures of composition and sttwre were dependent variables.aifall zone,
topographical psition and distance from villagevere independent variable€omposition was
guantified by calculating percentage of anrgraksperennialgrasssedge, herby forb, woody forb
or geophyte per ploSpecies richness arimpsord Biversitylndexwas also calculateglerplot.
Measures of spatial structure was derived from calculatiotensity, whichwas drived from
distance measured to nearest tuft of nearest perennial gragpsod Biversity Index was used to
compare diversitindices across different environmental gradie®ispsond Biversity Index was
calculdged by using the following formula-=x ni ( ni T 1MS EkcHl wgs ude¢d tdo graph

the species abundance per rainfall and topographical zones.

ShapireWilk testswere done to determine normality of da@ne way Analysisof Variance
(ANOVA) with posthoc Turkey test was done to determine significaofcdifferences between
meansvhere data were normaVhere applicable log transformation was done formormaldata

so that ANOVA could be useth case where log transformation did not result in normatized,
Kruskalwallis was done.MannWhitney U was used to diffeentiate between pairthat had
significant means after Krusk@Vallis test. These statistical § were used to test for significant
difference in the mearsf composition percentage of annugtass,perennialgrass,sedge, herby

forb, woody forb orgeophyte;s peci es richness and anflimeapssod n 6 s
structure measures (perenngrhss tuft and basal covebptween rainfallzones and distance
gradients.T-test was used to compare meafiscomposition and structure measutegween
topographical positions where data were found to be norRaatorial ANOVA was used to
determine combined effect of rainfall, topographical and distance gradients on structure of
herbaceous vegetatioAlternatively, Mann Whitney U was usedhere data was found to be not
normal.Linearregression was used to explore relationshigvben species abundance anstance
gradient. The simultaneouseffect were explored for using multifactorial ANOVA for those

variablesthat were normally disturbed.

Canonical correspondence analysis mtivariate statistical methodhat comparescommunity
composition with knowrenvironmental variatiofter Braak, 1986)lt is a direct gradient analysis
that allows for arranging species along environmental varialitesestablish relationship of
environmental gradienendspecies compositiod he mmbination of environmental variables are

linearly arrangedagether withdistributions of the specieghere theyare maximally separated (ter
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braak, 198). Canonical correspondence analysigs accomplished using CANOCO version 5
computer programCANOCOS5 wasfurther used to conduct nanetric dimensional scaling ail

species data and tdjye species in rainfall and topographical gradients data.
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CHAPTER 3

3 RESULTS

The study investigated the individual and combined effect of raififedt,scaletopographicabnd
disturbancegradients on the vegetatiacompositionand structurein the communal land of
BushbuckridgeThe presentation of thresults isas per variousopics and this section commences
with the findings orthe compositiomndstructure oherbaceousegetation along rainfagjradient.

This is followed by the resultsf composition and structure of herbaceous vegetation along a
topographical gradient. Folving this, a presentation is made on the effect of disturbance gradient
on the composition and structure of herbaceous vegethtetly, the findings on the determination

of combinedeffect of rainfall,topographicaland disturbance gradients the comosition and

structureare prese nted.

3.1 Composition and structure along a rainfall gradient

3.1.1 Composition

Thehigh rainfall zonewhich isrepresented in this study bye villagesXanthia, Agincourt
Cunningmore \est) had higher species richnetean medium (mesic) and low rainfall zones
(Figure 3). The high rainfall zones had 17% more species than low rainfall zones and 33% more
species than the medium rainfall zofée following speciesvere found to be the top five most
abundant species in alhinfall zones Panicum maximunfdecreaser) Heteropogon contortis
(increasej, Digitaria eriantha (decreasey) Urochloa mossambicensis (Increaserand
Pogonarthria squarrosa (Increase(igure 3). Of the top fivemostabundant specigBanicum
maximumwas the most abundaiEpecies Rank 1in all rainfall zones whilstPogonarthia
squarrosaSpecies Rank 5) was the least abundaatl rainfall zoneslin the low rainfallzone the

top five abundant species accounted for at least 80% of all spsitieshemedium rainfall zones
accounting for 74% of the top five afidant species he top five abundant species accounted for
66% of all species the high rainfall zoneTherefore,the percentage of the top five dominant
species decreadavith an increase in mean annual rainfdlhe decreaser species accounted for
60% of the top five abundant specaesl the increasers species 40% species in the low rainfall zone.
Within the zones wittmedium rainfall the decreaser species accountedifer &f the top five
abundant species, whilst in the high rainfall zones the decreaser species accoutg&e dothe

top five abundant species. This shows that the decreaseespecreased with increase in mean

rainfall, whilst the increaser speciestieased with an increase in mean annaiafall.
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Figure 3: SpecieRankingAbundanceCurvesacross allow (A) (<600mm), medium(B) (600
700mm) and high{C) (>700mm) rainfall zonesn communal rangelands Bushbuckridge,

Mpumalanga Province in South Africa

Thefrequencydistribution ofall species fronMedium vs Low, Medium vs High and High vs Low
rainfall zones did not reveal any significant differend@sable 2). Similarly, the frequency
distribution d five top common species, nameBanicum maximumHeteropogon contortjs
Digitaria eriantha UrochloamossambicensandPogonarthria squarrosérom Medium vs Low,

Mediumvs High and High vs Lowainfall zones was not differe(ifable3).

Table 2: Two sample Kolmogorassmirnov (KS) comparisons afl species composition
distributions between rainfall zonescommunal rangelands of Bushbuckridge, Mpumalanga

Province in South Africa.

Rainfall Zones Kolmogorov-Smirnov(K-S) Test
p-Value
Low Vs Medium 0.476
Medium Vs High 0.593
Low Vs High 0.933
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Table 3: Two sampleKolmogorov+Smirnov (KS) comparisons ¢dp five commorspecies
composition distributions between rainfall zomesommunakangelands of Bushbuckridge,

Mpumalanga Province in South Africa.

Rainfall Zones Kolmogorov-Smirnov(K-S) Test
p-value

Low vs Medium 0.819

Medium vs High 0.819

Low vs High 1.000

The ordination diagrams afon-metric dimensional scalingdirect gradient analysis, shows that
the speciescomposition ofsampling plotdor theall and five most common species is influenced
by rainfall zonegFigure4 ). The plots areegregated by species abundaalmng the west (wet)

mid (medium)i east (dry) grdient (x axis).
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Figure 4: Non-Metric Dimensional Sding for poola@ species data (A) and top five commo
species across rainfalbnesin communal rangelands of Bushbuckridge, Mpumalanga Province in
South Africa GraphA: SpeciesSymbols:High RainfallZone ¢ ), Medium Rainfall ZongA ), Low
Rainfall Zone(= ) GraphB: Top five common Speciestigh Rainfall Zong(+), Medium Rainfall
Zone( ), Low RainfallZone(p ).

Meanspecies richness increased with increasing rainfall, zomtAnalysis of Variance (ANOVA)
showed that thergvas significantdifference between individual rainfalzones F(2;53=16.88,
p=<0.0QL (Figure5A). Posthoc analyses werendertaken and it was established that the mean
species richness in low and medium rainfall differed significapt) (038), so was between low
and high rainfall zonep&0.001). However, the mean species richregg/een medium and high

rainfall zonedid not differ significantly (p=0.07).ThemeanS i mp sDivergitysindex (Sl)across
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the rainfall zones was significantly differenE(2;53F 6.15 p= <0.001 It was significantly
different between low and medium rainfall zofes0.008 andbetweerow andhigh rainfall zones
(p=0.009, but not between medium and higdinfall zones(p=0.9) (Figure5B). It was relatively
higher inboth medium and higher rainfall zon#®nin the lower rainfall zoneThe results of
Kruskal Wallis test indicated that therasvsignificant differences in the mean rank ofgaeennial
grasspercentage composition across all rainfall zowe@)=10.4, p=0.006 It was significantly
different between low and high rainfall zor(es0.001)but not between medium and high rainfall
zones (p=0.106) and between low and med{pr0.123. The mearpercentage composition of
perennial grasses was highest in all rainfall zones when compared with all other plant life forms

(FigurebC), indicating the dominance of perennial grasses.

There was no difference in timean percentageompositionof annual grassescross all rainfall

zonesG @)=1.28p=0.53(Figure5C). No significantdifferencesn mean percentages composition

of annualgrassed wasbserved between low and medium rainfall zajpe$.323 as between low

and high rainfal(p=0.355 and between medium and high rainfall zone0(822. There was no
significant difference in the mean composition of the sedges between lomedidm rainfall

zones, but there was significant differences in the mean percentage composition of sedges between
low and high rainfall zones, and betwaaadium and high rainfall zones the high rainfall zone

the mean percentagemposition of the segks wasighest.Therewereno significant difference

in the mean percentage composition of herby and woody forb across all rainfall zones @igure
Similarly, the mean differenceén percentage composition of geophytes wetssignificantacross

rainfall zones (FiguréC).
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PerennialGrass (C), between rainfall zones (Low, <&0®; Medium,606700mm); High,>700
mm) in communal rangelands of Bushbuckridge, Mpumalanga Province in South Biiffeaent

lettersindicatesignificant differences between rainfall zones

3.1.2 Structure

The mean disince to perennial grassnongst the rainfaltoneswas not gynificantly different,

G @)=5.2 p =0.07. However, themean distance to perenngiassincreased with rainfallThere

was significant differencbetweenthe low rainfall zoneand high rainfall zon€p=0.03%, but not
between low rainfall and madn rainfall (p=0.102 or between mediurand high rainfall zone
(p=0.429 (Figure6A). There was significant differences in the mean percentage grass basal cover
across the rainfall zoneg§(2,53) = 5.78 p= 0.005 Mean percentage grass basal cowveas
significantly higher in the lowainfall zone than in the high rainfall zorfp=0.009 (more than

double), with that in the medium zone being intermediate between the two, and more variable.
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of Bushbuckridge, Mpumalanga Province in South Afrigifferent letters indicates significant
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3.2 Composition andstructure along a topographical gradient

3.2.1 Composition

The downslope catenal positions hEt%6 more species than upslope positiofse following
speciesvere found to be the top five most abundant species within the two topograaisitiains
Digitaria erianthga Heteropogon contortisPanicum maximumUrochloa mossambicensasnd
Aristida congesta(Figure 7). The order of specieabundanceanking was hwever different
between the two catenabgitions as depicted in FigureDigitaria erianthaandPanicum maximum
were the most abundant in the downslope and upstapenalpositions respectively.In the
downslopecatenal position thop five abundant species accounted for at least 52% of all species,
whilst in the upslope catenal positions ytheccountedfor 69% of all speciesTherefore the
percentage of the top fi\abundanspecies was higher in tlupslope than in théownslopecatenal

positions.
The decreaser species accounte®#86 of the top five abundant specasd the increasers species

46% species in thelownslope catenal positions. fhe upslopecatenal positionshe decreasers
species accountddr 64% of the top e abundant species composition whilst the increasers species
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accounted for only86% of composition This shows that the decreaser spec@spositionwas

higher in upslope positions than in the downslope catenal positions.
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Figure 7: Species Abundance Ranking Curves for downslope (A) and Upslope (B) positions

communal rangelands of Bushbuckridge, Mpumalanga Province in South Africa.

Thefrequencydistribution of all sampledspecies inupslope and downslope catenal position did not
reveal any significant differenceg3able 4). Similarly, the frequencydistribution of five top
common species, namdlygitaria eriantha Heteropogon contortjg?anicum maximugpiJrochloa
mossambicensiand Aristida congestafrom upslope and downslope catenal positions was not

different and therefore nasignificant (Tables).
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Table 4. Two sample Kolmogorasmirnov (KS) comparisons all and top five common
species composition distributions between topographical gradmecdsnmunal rangelands of

Bushbuckridge, Mpumalanga Province in South Africa.

Comparison Measure Kolmogorov-Smirnov(Ks) Test
Downslope p-value
and Upslope All Species 0.996
Top-Five Common Species 0.819

There was no clear pattern on gpeciecompositiondue to differences itopographical

positionsfor bothall sampledand top cormon five species data (Figugg
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Figure 8: All species data (A) and TojvE (B) species composition pepographical gradieni
communal rangelands of Bushbuckridge, Mpumalanga Province in South. Kieiz#o
environmental variable§Sraph A-Downslope ) Upslope ( ), Graph B- Upslope(§)
downslop€(j ).

There was no significant difference in the means of species richnéss upslope and downslope
positionst(54)=-0.18 p=0.86(Figure9A). Similarly, themeanSi mp s DiveityIndex between
the downslope and upslope catenal positiwas not significantly different(54)=-0.48 p=0.228
(Figure9B).
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The mean percentage perennial grasses composition between the downslope and upslope catenal
positionshad no significant differencé&J=323 p=0.26 (Figure 9C). Mean percent annual grass
composition was significantly higher in the upslope sités128 p<0.001, (Figure 9C). Mean

sedge composition was significantly higher in the downslope position than in the upslope position.
Similarly, the herby forbs composition wagnificanthigher in the downslope position than in the
upslopeposition. The upslope and downslopatenalpositionswere found to have nsignificant
difference in the mean percentage compositiobath mean woody forkand geophytegFigure

9C).
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Figure 9: Mean ¢SE) SpecieRi ¢c hne s s ( Miversitydhdex (ByanchP&rsentage
Composition(C) in communal rangelands of Bushbuckridge, Mpumalanga Province in South

Africa. Different letterandicatesignificant differences betweeatenal positions.

An independensamples-test was conducted to compare the means of distance to perennial of the
catenal positionsThere was no significamtifferencein the means aflistance to perennigrass
between theatenalpositions t(54)=-0.201, p =0.84(Figure10A). Similarly, there was no
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significant difference in the meansgrfasshasal covebetween the upslope addwnslope
catenalpositions U= 375,p=0.79,(Figure DB).

(A) (B)

Mean DISTANCE TO PERENNIAL
Mean % GRASS BASALCOVER

Downslope Upslope Downslope Upslope
CATENAL POSITION CATENAL POSITION

Figure 10: Mean(£SE)distance t@erennialgrass(A) andmean percentaggassbasal cove(B)
between Upslopand Downslop&atenal positiosin communal rangelands of Bushbuckridge,
Mpumalanga Province in South Afridaifferent letterandicatesignificant differences between

catenal positions.

3.3 Composition and structure along a distance gradient

3.3.1 Compo#gtion

Theplotsnearest to the village<599 m) had more specigethanthosebetween600-1799m and <
1800m from the nearest villagéhe nearest areas to thdlage had 22% more species thiwe
areadetweer00-1799m ard >1800m from the villagesThe following speciesvere found to be
the top five abundant species within the three distance gradi#gitaria eriantha Heteropogon
cortortis, Panicum maximupPogonarthria squarrosandAristida congestéFigurell). The order
of speciesabundanceanking was however different betweeneih distance gradienpesitions as
depicted in Figure ILbelow. For instancePanicum maximumvas the most abundant with species
ranking of 1 in the nearest plots to the villages wiiligfitaria erianthahad species ranking of 1
(one) in the mid(600-1799m) and furthest (<180) disturbance gradients (Figur&1The other
species had differérspecies ranking in different disturbance gradiefii® average percentage of
Digitaria erianthain all zones indicated that was the mostabundant speciewhilst Aristida

congestavas the least abundant spe@esaverage imall disturbancegones.
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In thenearest zonehe top five abundant species accountecatdeast 6% o all species, whilst

in themid-distance gradiernthe top five abndant species accounttt 72% of all species. Irthe

>1800m rainfall distance gradiettie top fiveabundant species account foP&2f all speciesThe
percentage of the top five abundant species was highest in tHe/89énh distance gradienthe

decreaser species accounted for 60% of the top five abundant species and the increasers species 40%
speces in theplots nearest to the villagds the 6001799m distance gradienie dereaser species
accounted for 6% of the top five abundant speciedjilst in the >1800m the decreaser species
aacounted for 66%f the top five abundant species. This shoat the decreaser spe@bsindance

increased with a disturbance gradient further away from thgesgla

When categorizing the species in terms of decreaser and increaser species the followsm@tpplie

the top five abundant species the percentage of palatable decreaser Bpateas) maximurand

Digitaria erianthacloser (38%) were more than of the unpalatable spetetsropogon Contortjs
Pogonarthia squarossand Aristida congesta25,3%). The composition of decreaser species
accounted for 60% of the top five abundant species and the increasers species 40% species in the
plots nearest to the villages. In the 6DM9m distance gradient the decreaser species accounted

for 63% of the top five almdant species, whilst in the >18@0the decreaser species accounted for

66% of the top five abundant species.

<599 m Distance gradient (A)
25
21.28% Panicum maximum

20
o
= 16.7% Digitaria eriantha
-;:15 16% Heteropogon contortis
=
=
-
w
o
S 10
o
r% 5,18 % Aristida congesta
=5 4.16% Pogonarthria squarrosa

5
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37
Species Ranking

40



600-1799 m Distance gradient (B)
30
25 25,08 %Digitaria eriantha
<3}
=]
=
g 20 19,999% Panicum Maximum
=z
o]
215
%)
= 10,65 % Aristida congesta
E 10 9,80 % Hetereporgon contartis
%
X g 5,38% Pogonarthria squarossa
0
12345 67 8 91011121314151617181920212223242526272829
SPECIES RANKING
>1800m Distance Gradient (C)
35
30 31% Digitiriaeriantha
9
Z 25
-
z
= 20
Jaa]
-«
8 15
8 129% Heteregon contortis
% 10 109% Panicum maximum
®
5% Pogonarthria Squarrosa
5 49 Aristida congesta
0 —————a
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
SPECIES RANKING

Figure 11: Species Abundance Ranking Curves for distance to vi(lapye599m, (B) 600-1799
m and(C) >1800m) in communal rangelands of Bushbuckridge, Mpumalanga Province in South

Africa.

There was overall significant differerec® the mean species richness in the distance gradients,
(2;53)=6.26 p=0.004 However, themean species richness was significantly higher2@®m

from the village than at 660799 m and >1800 m from the villag€igure 2A). It was significantly
different between %99 m and 600799 m(p=0.05)and betweel-599 m and >1800r(p=0.007)
but not between 600799 m and >1800 r(p=0.347) There was no significant difference in the
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means o5 mp s Divei®ityIndexacross all distance gradiends@)=1.13 p=0.57(Figure 1B).

Across all distancgradientsthe mean percentag®f perennialgrasses was not significantly
different,c 2)=3.93 p=0.14 Similarly, there difference in the mean pert¢ages of the annual
grasses did not differ significantlyn all distance gradientss @)=1.43 p=0.49. The mean
percentages &fedges, herby forbs, woody forbs and geophy&renot significantly differentThe
perennial grasses had the highest percentage composition in all rainfall zones when compared to

annual grasses and other plant life forms (Figure 12C).
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Figure 12 Mean(tSE)Speci es Ri ¢ hn e Dwersify milex (BS Parcpnsagen 0 s
Composition PerennialGrass Annual grasses§edgeHerby Forb, Woody Forb and Geophyte)

(C) amongdistance gradients of {899m; 6001799; >1800m)in communalrangelands of
Bushbuckridge, Mpumalanga Province in South Afrib#ferent lettersindicate significant
differences between distance geats.

In addition to the categorical analysksear regressioanalysisvas carried out to determine the
extentto which distanceo village canndividually predict speciegchness Simpson'Diversity
Index andperennial grass percentaégure 13). There was a significant negative correlation

between species richness and distance taeiljp<0.05), although theredictive paver was low
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dueto high variation in the data #R0.131).There was no sigficant linear relationshipetween
distance toperennialgrassande i t her
(Figure B).
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Figurel3: Scatter plotsand the corresponding regression lines and regression equations for the

relationship between the dependent varigldpecies RichnesSimpsond s

Di Wngexasd t vy

theindependent variablDistance to villagém) in communal rangelands of Bushbuckridge,

Mpumalanga Province in South Africa.

3.3.2

Structure

The mean distance to perenmgghsswas higher in the plots closest to the villages than the other

two distance zones, but this difference was not significa@) =1.34 p=0.51(Figure 8A). Mean

basal cover was significdpthigher in the plots far from villaggan at the nearesind midplots,

G @)=9.7, p= 0.008(Figure 4B). However, the di#rence in the mean basal cover was significant
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between €699 mand >1800 mg=0.007) and betweeB-599m and600-1799m (p=0.03) but not
between 60A.799m andL 800m (p=0.15) distance gradients.
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Figure 14: Mean(£SE) distanceo perenniagrass(A) and Gras basal cove{B) betweerdistance
gradients of (0-599m); 6001799; >1800m in communal rangelands of Bushbuckridge,
Mpumalanga Province in South AfricAifferent lettersindicate significant differences between
distance gradients.

A simple linear regression wassocarried out to determine the extéatvhich distanceto village
canindividually predict distance to perenngiassand grasdasal cove(Figure B). There was no
significant relationship between mean distance to peregraatand distance to villagélowever,
there was significant relationship between grbasal coverand distanceto village (F=9.297,
p<0.05).
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Figure 15: Scatter plots and the corresponding regression lines and regression equations for the

relationshipbetween the dependent variables (distance to peregaig grasasalcover) and

independent variable Distance to village {mfommunal rangelands of Bushbuckridge,

Mpumalanga Province in South Africa.

3.4 Combined effect of rainfall, topographical anddisturbance gradients on the

herbaceous composition and structure.

3.4.1

Composition

The Canonical Correspondence Analy{§i€A) was done to determine the relationship between a

combination of environmental variables and speoi@sposition (Figure@). The results from CCA

applied to the all environmental variables considered and 44 species indicated that Axis 1 accounts

for 7% ofthe observedariation in vegetation, whereas i@ accountgor 5.29%,whilst Axes3

and 4 accourior 3,22% All cumulative explaned variation is 17.08 (Table §. The permutation

test result®n all axes is F=2.andsignificantp value<0.002for all explanatory variables.

Table 5: Summaryresults otthe canonical correspondence analysis (CCA) for 56 plots sampled
communal rangelands of Bushbuckridge, Mpumalanga Province in South Africa.

Statistic Axis 1 AXis 2 AXis 3 Axis 4
Eigenvalues 0.1767 0.1335 0.0813 0.0395
Explained variation  7.00 12.29 15.51 17.08
(cumulative)

Pseudecanonical 0.8933 0.7972 0.7515 0.6452
correlation

Explained fitted 39.06 68.55 86.52 95.25
variation

(cumulative

45



The specieghat were highly associated withigh rainfallzone were amongst othegporobolus
pyramidalis Cynodon dactylorHyperthelia dissolute, Hyperrhenia filipendula aBchgrostisspp
(unknown speciggFigure B) and this species were also intermediately @ased with distance
gradients 60-599m thanwith 600-1799m and >1800n. Perotispatens, Trichneura grandiglumis,
Michcocloa caffra were strongly associated withupslope sites in the mesic rainfall zones.
Brachiaria deflexa, Elionorus muticus, Themeda triandifatagrostis superba, Eragrostis
trichophorawere strongly associated witldownslope catenal positiptow rainfall and distance
gradients of >1800m. Howevethe degreeof association of individual species wigarticular

environmentagradients wergaried

Figure 16: Canonical correspondenagalysis (CCA) ordint#on diagram depicting the relatisiip
of herbaceous species)(abundance and environmental factars) (56 plots 2012 datagein
communal rangelands of Bushbuckridge, Mpumalanga Province in South AltEp. to
environmental variables: L T downslope topographical position; U Upslope topographical
position; Lowi Low rainfall zone; Mesié¢ Medium rainfall zone; High High rainfall zone Full

names of plants aravailable in Appendix.1

3.4.2 Structure

The interaction effeabdf distance to perennigrassbetween catenal position and distance, catenal
position and rainfall zone, and distance and rainfall zone was found to be not significant. However,
there wasa significant interaction effechetween rainfaJltopographicalgradents anddistance
gradient on the distance to perennial grasbld §. Theinteraction effect on basal cover between

catenal position and distance, catenal position and rainfall zone, and distance and rainfall zone were
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