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ABSTRACT KEYWORDS
Small scale gold mining in Umzingwane like in other devel oping countries Small-scale mining;
has remained artisanal in nature and is the only livelihood option in the Speqes r!chngss;
current prevailing climatic conditions. This study examined the effects of Speqe; le?f Sity;
small scale gold mining on thefloristic composition of vegetationinward 14 Biodiversity.

and 15 within the period between February 2012 and November 2012.
Stratified random sampling design was used to assess and compare
vegetation characteristics under two strata; undisturbed (protected areq)
and small scale gold mined sites. Woody tree species diversity varied
significantly between a mined and undisturbed site (t-test, p < 0.05). The
results also indicated less significant differencesin grass species diversity
(p<0.05). Both tree species richness and diversity decreased due to small
scale gold mining while grass species were increased due to disturbance.
The significant differences in vegetation floristic composition indicated
that small scale gold mining operations reduce biodiversity thus; thereisan
urgent need to come up with sustainable policies to govern the ballooning
mining sector for sustainability of the future biodiversity.
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INTRODUCTION

Anthropogenic activities are regarded as magjor
causes of biodiversity |oss such asthe destruction of
vegetation cover which affectsanumber of ecological
processesessentid for lifeformswithintheecosystem.
Miningisonesuch activity that hasanegativeimpact
on theenvironment; such impacts may include habitat
fragmentati on and destruction which hasbeen regarded

asthemgor cause of biodiversity lossand subsequently
speciesextinction.

Smadll scaleminingisanimportant economic activ-
ity for most devel oping countriesthat islikely to disturb
vegetation cover and diversity. Itisusualy dominated
by rural communitieswho lack appropriateknowledge,
skill and equipment aswell aslack of accessto finan-
cid assstance?. Intheglobd arena, artisand and small-
scalemining are used i nterchangeable. Thisisbecause
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it hasbeen difficult to separatethetwo asboth operate
insmall groupsand use artisanal toolsfor operation.
International studieshavereveaded anincreaseinthe
number of small-scale minersmainly dueto poverty,
unemployment and food insecurity asclimateextremes
intengfy>,

In Zimbabwe smdl-scaeminingiscontrolled and
regulated by the Ministry of Minesand Mining devel -
opment in accordanceto the provisionsof theMines
and mineralsAct Chapter 21:05 of 1996. Accordingto
theannud report by the Mining Commission of Zimba-
bwe, there has been anoticeableincreasein the num-
ber of legaly registered small-scaeminesthat isesti-
mated to be at between 20000 and 30000. About
12000 small-scalemines have been registered for the
Bulawayo miningdistrict. Thisistheareaof concern
which coversboth M atabeld and South and North. The
loss of vegetation dueto mining activitiesisof great
concern to scientistsand environmentalists because
vegetation destruction and disappearance resultsin
biodiversity lossesof both floraand faunaspeciesand
consequently species extinction. Ogola et al > ob-
served anumber of environmental impactsintheMigori
district whereartisana mining is practising open cast
and underground operations. Theseincludewasterock
dumped randomly into heaps astailings, dredged out
and contaminated streams, disturbed vegetation and lit-
tered landscapesand opentrenchesvisiblefromadis-
tanceaswell asdeep pitsusud|ly filled with water dur-
ing rainy season. Plant growth onthewasteland isusu-
aly inhibited, and thisisattributed to piling of waste
dumpsand acid minedrainage™®.

Studieshave also revea ed anincreasein popula
tion pressure during non agricultural seasonsthat have
seen many peopl e engaging on gold panning for their
livelihoods?2®, This puts much pressure on the envi-
ronment interms of energy resources, thuslarge quan-
tities of trees are cut down either as firewood or as
timber causing massive deforestation and soil erosion.
Small scaemininginIndiaisalsofaced withsimilar
environmenta chalengesresultingfrom not only thede-
struction of the vegetation especially the trees and
grasses particularly at and near the areaof mining op-
eration, but they also dueto lack of Strategiesto regen-
erate environmental status or create greeneries®.
Myerg?, noted that loss of biodiversityisasignificant
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issueto scientistsand policy makersand studies have
shown that speciesare becoming extinct at thefastest
rateknowningeological history and most of these ex-
tinctionshavebeentied to human activitiesthat areeco-
nomicaly drivenlikemining.

Theliberdization of themining sector in Zimbabwe,
has seen an increasein the number of licensed small-
scale miners most of them mining gold. Recurrent
droughtsinthewestern part of the country haveaso
forced rurd communitiestoresort tomining for liveli-
hood. This has seen vast tracts of land being
indiscriminantly dugupinsearch of dluvid gold. Such
activitieshavepotentialy negativeimpactsontheenvi-
ronment and especially on vegetation cover and diver-
sity of both tree and grass species. In addition, most
gold panning activitiesareaongriversand thishasan
effect onriverinevegetation and thegenera water sys-
tems. Atagloba scae, economicactivitiesareregarded
asmajor cause of environmental degradation and sub-
sequently resultinlossof biologica diversity. Thus,
the concept of sustainable development isan attempt
tointegrate environmental policiesand development
srategiesin harmony.

Withtheproliferation of smal-scaemining activi-
tiesin Zimbabwe, alot of studies**4! have focused
attention on the impact of these mining activitieson
aguatic ecosystems and human health. However, less
emphasishasbeen put on terrestria ecosystems espe-
cialy themagnitude and extent of vegetation destruc-
tion and damage due to mining operations. In addition,
some studieshavefocused on theeffectsof large-scale
mining onterrestrial ecosystemsand the contribution of
small-scale mining hasremained unexpl ored. Human
induced changesin land cover influencesthe carbon
cyclewhichisessentia for thewholeecosystem. Itis
therefore, necessary to examine the effects of small-
scalemining on terrestrial ecosystemsand on overal
long term biodiversity. Therefore, the study sort to de-
terminethe magnitude and extent of vegetation distur-
bance dueto small-scale mining and the results may
aso contributeto theformul ation of asustainablemin-
ing policy inZimbabwe.

It waswithin the scope of thisstudy to addressthe
MDG 7, which seeks to ensure environmental
sustai nability through promoting anintegration of prin-
ciplesof sustainable devel opment into every country’s
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policiesand programmesand triesto reverse theloss
of environmenta resources. Itismorerelevant totarget
25whichlooksat the proportion of land areas covered
by forest asbiodiversity gene bank.

I mportanceof vegetation biodiver sity

Forestsplay anumber of vita ecological, culturd,
socio economic and environmentad functionsand these
are both anthropocentric and non-use values. Some of
theimportant rolesprovided by forest ecosystemsin-
cludeclimateregulaion, whichisthemoderation of glo-
bal climatein placeand time?-%, Forest ecosystems
also play asignificant roleas carbon sink and the pro-
duction of oxygen through photosynthesi %7, Forest
biodiversity isalsoimportant in watershed protection,
providesideal habitat for both macro and micro organ-
isms. Most importantly, forest ecosystems provide eco-
nomic benefitsto food production, raw materialsfor
other productsand genetic materiasthat are used for
the development of products. Tourism and recregtion
arearesult of biodiversty. Forest biodiversity aso pro-
videsculturd benefit for examplerain making and other
traditiond ceremoniesthat take placeunder certaintree
speciesd?¥, Assuch theneed to conservethebiological
diversity cannot be over emphasised particularly for
most devel oping countrieslike Zimbabwe which de-
pendson natural resourcesfor their economic and so-
cid development

Vegetation isakey aspect of the environment and
formsthebasisof dl lifeformsasaprimary producer’®
and playsacentrd roleintheregulation of biogeochemi-
cal cyclessuchascarbon cycleand water cycle. Plants
asprimary producersare essentid for atmospheric car-
bon fixation through converting aamospheric carbonto
organic compounds during photosynthesis. Thispro-
cess of carbon sequestration prevents the rel ease of
carboninto the atmosphere. Large amountsof carbon
arestoredin soilsand vegetation, which form natura
carbon sinkg®, Studieshavereveded that forestshold
about 40% of theworld’sterrestrial carbon stock®.
The other most important and immediate ecosystem
servicesprovided by theforestsarethe provison and
regul ation of water resourcesthrough the hydrological
cycle

Tropical forests ecologically act as heat and hu-
midity pumps, for transferring heat fromthetropicsto
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the temperate zones and rel easing water vapour that
comesback asrain“?, Soil genesisdependson avail-
ability of vegetation. Vegetation determinesthesoil char-
acterigicssuchassoil fertility, chemistry and other physi-
cal propertiessuch astexture and colour whichinturn
determinethecharacteristicsof thevegetationthat grows
aswell astheoverall productivity and their physiogno-
mic structure. Vegetation a so servesashabitatsfor both
micro and macro organismswithin the ecosystem and
also providesfood and shelter for these species*.

Humansa so depend onforestsfor their survival.
Vegetation providesfood and fruitsfor human consump-
tion. Most devel oping countriesrely on forestsfor en-
ergy intheform of firewood. Woody tree speciesare
also used for carving curios and making furniture. In
rural areas, farmers use wood for fencing purposes.
Forest ecosystems also provide cultural serviceses-
sentialy in aesthetic and spiritua benefits.

Having recognized the importance of forest eco-
systemsin human and environmental survival, stud-
ie9°1823261 haye shown that theworld’sbiodiversity is
dwindlingat andarmingrate. Accordingto FAO, (2010)
forestscover 31% of thetotal globa areaanditisesti-
mated that about 13 million hectares of forest were
converted to other usesin the past decade, an areathat
issadto bethesizeof Greece. Itisthus, the concern of
thisreport toinvestigatethe extent of biodiversity loss
duetosmal scaleactivities.

Causes of biodiversity loss

Historic lossesof biodiversity weretied downto
natural causes. Thereisaconsensusamong many pae-
ontologiststhat extra-terrestrial objects, like meteor-
itesand comets, played asignificant rolein past extinc-
tion events. For example, theimpact of a6-mile (10
km) wide meteorite near the Yucatan, Mexicoisoften
cited for the demise of the dinosaurg?®!. However the
current spasmisdifferent from the past experiences.
Thus, scientistsconcur that species are becoming ex-
tinct at thefastest rate knowningeologica history and
most of these extinctions have been tied to human ac-
tivity and theseinclude; habitat |ossand fragmentation,
over exploitation, introduction of invasive speciesand
the effects of climate change?°21%633, Myerd?, also
noted that tropical forests are central to the issue of
extinction because they sharetwo unique characteris-
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tics. First, they are exceptionally richin species, con-
taining at least half, and perhapstwo thirds of earth’s
speciesin just onetwentieth of Earth’sland surface.
Secondly, thefact that forestsare bel ng destroyed faster
than any other extensve biome.

Habit loss and fragmentation due to land use
changes

Humankind hasdramatically transformed much of
theearth’s surface and its natural ecosystems?. Loss
of habitatsand fragmentation isbelieved to bethemost
seriousthreet to biodiveraty mostly dueto massveland
clearancefor ‘agricultura purposenecessitated by rapid
population increase. Habitat | oss has a so been associ-
ated with mining and bush fires. Few habitats are de-
stroyed entirely. In most cases, habitatsarereducedin
extent and simultaneoudly fragmented; leaving small
piecesof origina habitat persstinglikeidandsinasea
of degraded |and assuch habitat fragmentationisagrave
threat to speciessurviva (Laurance, 2010).

Over- exploitation

Over exploitation especidly through timber logging
hasresultedinlossof speciesaswell asthereduction
of population below viableleve sleading to extinction.
It isestimated that between 5 and 7 million hectares of
tropical forestsarelogged annually, approximately 68
—79% of theareathat wascompletely deforested each
year between 1990 and 2005 (FAO, 2010). Examples
of exploited plant productsincludefruits, nuts, worms,
oil seeds, latex, resins, gums, medicina plants, spices,
dyes, ornamenta plants, and genetic materias.

I ntroduction of invasivealien species

Anlnvasivealien speciesisaspecieswhichisei-
ther intentional ly or accidentally introduced to ahabitat
it had not previoudy occupied, then establishesapopu-
lation and spreads autonomoudy“?. Speciesinvasions
arecons dered one of themain conservation threatsto
global biodiversity and have caused many speciesex-
tinctions. Thegreatest impactsof invasivespeciesare
their ability to modify entire ecosystems, because such
modificationsusually affect most of theorigindly res-
dent species.

Theintroduction of exotic (non-native) speciescan
disrupt theentireterrestrial ecosystems. Theseinvad-
erscan adversaly affect native speciesby eating them,
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infecting them, competing with them, or mating with
them(“2, Invasive speciestend to out-competethe na-
tive gpeciesand then dominate the habitatsfor example
the Lantana camarain Zimbabwe hasinvaded most
rangelands (FA O, 2010). In South Africa, fynbosveg-
etation was being threatened by the exotic speciessuch
astheAustralian Acaciaand Pine speciesthreaten the
survival of Restio, Erica speciesand Protea species™®
andthisresulted inthelossof native species.

Theeffect of climatechangeon biodiversity

Popul ations, speciesand ecosystems have been ob-
served to be responding to climate change?*?3. The
earthisbedieved to bewarmer now than it hasbeenfor
the past 40 million years Parmesan et al., 1999 (cited
in Parmesan 2006). Estimates suggest that 18% of the
speciesin Centrd America, Australia, SouthAfricaand
Europewill disappear dueto climate changeif thecur-
rent conditions persist for the next 50 yearg*33, The
major challengewith climatechangeisthat itisoccur-
ring so rapidly that the organisms do not havetimeto
adjust. Thisisfurther compounded by the prevailing
habitat degradation and fragmentation which givesrise
tothenew conditionsthat areoften suitablefor invasive
Species.

Itisalso believed that climate change has created
new environsinwhich present speciesarefailing to
adapt thus, are naturally eliminated. Changesin tem-
perature and preci pitation have affected thepeciestim-
ing, where some speciesare now flowering earlier than
usua®. Again, Climate changehas caused speciesdis-
tribution shifts. Specieshave changed their normal geo-
graphicdistribution following changesin climatic con-
ditions Speciesare said to be moving pole-wards. For
example, Butterfliesin Europe were observed to be
migrating northwardg®. Predictionsshow that ranges
will movenorth by 6.1 km per decade and spring will
occur 2.3 days earlier?, Parmesan et al. 1999 in
Parmesan®3, studied non-migratory butterfly species
and found that 63 % of the studied 35 species had
shifted their range north wards by 35 - 240 km. Spe-
ciesaredso adjusting their breeding seasonsin response
to the changing climatic conditiong®¥, Thus, most sci-
entists believethat thereisan urgent need to address
the speci esadgptation issuethrough implementing strat-
egies based on conservation biol ogy of adaptation.
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Global trendsin biological diversity

A number of specieshave beenreported either as
beinglocaly extinct or being threatened of extinction’?.
Theimpact and extent of biodiversity lossin Southern
Africaisof great concern becauseAfricaispredomi-
nantly dependent on biologica resourcesfor survival.
A lossof forest resourceswill no doubt have profound
effectson thequality and quantity of benefitsderived
fromtheforests. Biodiversty lossa so reducesthe eco-
system resilience making them more susceptible to
drought and pest and disease outbreak. Biodiversity
loss has been aresult of human development, for ex-
ample, speciesrich wetlands and forests have been
converted to farmlandsand plantationg®*®. Examples
of biodiversity lossincludeAngolawherethewildlife
population of the nationa parkswasreduced by 10 %
of their 1975 levelsin year 20009, The Chisongole
forest on mount Mulanje, in Malawi wasreduced from
38000 ha(in 1974) to 2500 hain 198419, It isagainst
thisbackdrop that environmenta sustainability becomes
akey aspect of biodiversity conservation. It requires
maintenance of thenatura capital. Asnoted by Smythe
and Dumanski“3, thismeansthat the sourceand sink
functions of the environment should not be degraded.
Thus, theextraction of renewable resources should not
exceed therate of regeneration and the ability of the
environment to assimilatewastes, whilethe extraction
of thenon renewabl e resources should be minimized so
asto avoid extinction of species.

The study thus, sought to test the hypothesisthat
small scaemining affectsthe vegetation speciesdiver-
sity andfor the purposes of thisstudy only thetreeand
grass specieswere anal ysed.

MATERIALSAND METHODS

Description of thestudy area

Thestudy was carried out in Umzingwanedistrict
of Matabeleland South Province (latitude 20° 15 O’
and 28°55! 0”). Within thislocation, the study focused
onward 14 (Mpisini) and ward 15 (Nyankuni) (Figure
2.1). Thedistrict covers an area of about 2820 km?
with atotal population estimated at 59569 peopl €.
Thedistrict liesinagro-ecologica region IV, whichisa
zoneof low agricultura potentia duetolow and erratic
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rainfal regimesranging between 450 - 650 mm annual
rainfall whilethe mean monthly temperaturesarerda
tively high at between 23 — 30 °C¥ (Chenje et al.,
1998). Theareaisdominated by soilsof low fertility
and areusualy moderateto very shalowin natureand
can beclassified under the Armorphic order aslitho-
s0l9%9. Lithosolsare soilsderived from siliceousgneiss
and mafic rocks and are sandy in texture. However,
there are some areas that consist of brown and red
clayscommon near riversand onaluvid plains.

Theareaisabout 1200 m above sealevel and con-
sstsof adissected high plateau. UmzingwaneRiver is
the mgor water source that passes through the area
wheremost of illegal gold panning isconcentrated!®.
Threebig dams, the Upper Ncema, Lower Ncemaand
Nyankuni damsthat supply the city of Bulawayo with
water arelocated adong Nyankuni River. Theareacon-
sstsof dry bush savannah typeof forestsdominated by
the Acacia speciessuch asA. albida, A. ataxacantha,
A. karoo, A. tortilisand A. xanthophloea. Other com-
monwoody speciesinclude Ziz phusmucronata, Euclea
crispa, Rhus pyroides, Brachystegia glaucescens,
Dichrostachys cineria, Terminalia sericea, Albiza
amara, Burkea africana and anumber of Combretum
speciessuchasC. imberbe, C. molleand C. hereroense.
The grass species are dominated by Heteropogon
contortus, Hyperrhenia filipendula and Elionurus
dactylon. Other prominent grass speciesarethosethat
thrive under disturbed conditionssuch asPogonarthria
squarrosa, Eragrostis viscoza, Eragrostis cylindri
flora, Aristida congesa and Grewia monticola. Spe-
cieslike Eragrostishicolour, Sooroboluspyramidalis,
Anthephora romosa, Cynodon dactylon and
Cymbopogon pospischili arecommon aong river val-
leysand mountain ranges?. Thegeology of theareais
dominated by maficrocksfor examplethegraniterock.
A mountainrangecaled Maungwane stretchesthrough
thewholearea.

Map of thestudy area
M ethodol ogy

Thestudy used adtratified random samplingdesign
to samplefor tree and grass species. In addition, the
study sitewasdivided into disturbed and undisturbed
area. Points were randomly generated amongst the
stratain aGlSenvironment. The 20 generated points
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were used asthe centre locations of the quadrats. In
each quadrat, individua tree speciesaswell asgrasses
wererecorded to assesstree species composition and
abundance. Ten quadrats of the 20 werelocated inthe
undisturbed areawhilethe other 10 wereinthedis-
turbed area. To samplethe grass speciesthe quadrats
werefurther subdividedintofive (1m* 1m) subquadrats.
Identification of tree specieswas aided by keys pro-
vided by Drummond® and Palgrave®. They werethen
confirmed us ngthebotanicdictionary for Africaby Wild
of (1965). Timberland“ was used to distinguish aca-
ciaspecieswhilekeyshby Muller?! were consulted for
grassspeciesidentification.
Deter mination of speciesdensity

Speciesdensity was determined by using the spe-
ciesdatacollected in each quadrat (Appendix 4.1 and
4.2) to cd culatethe average number of individuasof a
given speciesinrelationto thetotal number of samples
studied. Thishel pedtoinfer on themost abundant spe-
cieswithin each quadrat

n
iq
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Where; D=density
N =total number of individuals of agiven species
Q =sum of quadrats sampled

Deter mination of speciesfrequency

The determination of speciesfrequency wasdone
using species data collected from 20 quadrats (both
disturbed and undisturbed) sites. It wasused to deter-
minethere ative presence and absence of speciesina
givenquadrat. Rel ativefrequency wascal cul ated asthe
total number of quadratsin which species occurred/
Total number of quadrat studied * 100

Xq
RF = —

%@
Where

RF =rdativefrequency
¥q = total number of quadratsin which the species
occur
> Q=total number of quadratsstudied
Based on the % frequency, speciesare classified
into 5 classes as proposed by Braun-Banquet (1948)
asfollowing;

Rare -1 - 20%
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Seldom present -21 - 40%
Often present -41 - 60%
Mostly present -61 - 80%
Constantly present -81 - 100%

Deter mination of speciesabundance

Species abundance was determined by using the
same species data collected from al quadrats. It was
used to deducethemost occurring speciesaswell asthe
most preferred speciesfor use by the minersand was
computed astotal number of individua of aspeciesdi-
vided by thetotal number of quadratsof occurrence.
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Data analysis

All thedatawerefirst tested for normality before
analysis. All the statistical analysisweredoneusing
GenStat 14th edition®). Diversity analysiswas per-
formed using Paleontol ogical Statistical software pack-
agefor education and dataandyss(PAST) verson 1.91
by Hammer and Harper*#. Independent two samplet-
test wasused to test whether thereissignificant change
intreeand grass species diversity between disturbed
and undisturbed area. All thesetestswere considered
at 0.05% sgnificant levels.

TABLE 1.1: Speciescomposdtion in an undisturbed site

Name of tree species Total no. of spp Frequency (%) Spp Density/Quad  Abundance
Combretum molle 95 60 9.5 15.8
Combretum imberbe 27 30 2.7 9
Pterocar pus rotundifolus 13 30 13 43
Lannea discolor 8 20 0.8 4
Ozoroa reticulate 8 30 0.8 2.7
Burkea Africana 15 30 15 5
Pterocapus angedensis 3 20 0.3 15
Diplorhynchus conndyl ocarpon 12 30 1.2 4
Boscia angudtifollia 6 20 0.6 3
Terminaria sericea 28 40 2.8 7
Peltophorum africanum 11 20 11 55
Eucla crispa 30 40 3 75
Doryalis caffra 3 20 0.3 15
Dichrostachys cineria 20 40 2 5
Sapileum ellipham 3 10 0.3 3
Albiziaamara 22 30 2.2 7.3
Ziziphus mucronata 10 20 1 5
Acacia sieberana 21 20 2.1 10.5
Albizia gummifera 21 20 2.1 10.5
Commiphora caerulrea 13 20 13 6.5
Acacia caffra 6 20 0.6 3
Acacia karroo 58 50 5.8 11.6
Combretum hereroense 12 20 1.2 6
Bolusanthus speciosus 3 10 0.3 3
Pseudolochnostylis maprouneifolia 5 10 0.5 5
Sclerocarya birrea 3 10 0.3 3
Acacia nilotica 5 10 0.5 5
Cassia abbreviate 3 10 0.3 3
C. erythrophylum 8 10 0.8 8
Total 472 47.2

Combretum molle was the most abundant speciesin the undisturbed area with a 60% relative frequency followed by Acacia karroo

(50%), Dichrostachyscineria (40%) and Terminaria sericea (40%).
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Appendix 1: Speciescomposition in an undisturbed site

Undisturbed Quadrates
Total no. Of Total
Name of tree species 1 23 456 7 8 910 Tgtfaslpnpo. quad in which Quad_r ats Fre(:ﬁ)ency Density Abundance
Spp occur studied
Combretum molle 20 7 33155 0 0 0 0 15 95 6 10 60 9.5 158
Combretum imberbe 11 0 0 0 3 0 0 0 0 13 27 3 10 30 27 9
Pterocarpus rotundifolus 704 0 2 0O0O0O00O0 13 3 10 30 13 4.3
Lannea discolour 53 00O0O0O0O0O0O0 8 2 10 20 0.8 4
Ozoroa reticulate 3 02300O0O0O0O0 8 3 10 30 0.8 2.7
Burkea Africana 8 052 000O00O0O0O0 15 3 10 30 15 5
Pterocapus angedensis 2 01000O0O0O0DO0 3 2 10 20 0.3 15
Diplorhynchus conndylocarpon 7 1 0 4 0 0 0 0 O O 12 3 10 30 12
Boscia angustifollia 3 000O0O0O0O0TO0S3 6 2 10 20 0.6 3
Terminaria sericea 018 3 3 4 0 00 0O 28 4 10 40 28 7
Peltophorum africanum 0 3000O0O0B8O00O0 11 2 10 20 11 55
Eucla crispa 07 05 5130000 30 4 10 40 3 75
Doryalis caffra 021000O0O0O0O0 3 2 10 20 0.3 15
Dichrostachys cineria 053 00030090 20 4 10 40 2
Sapileum ellipham 003 0O0O0O0OO0O0O 3 1 10 10 0.3 3
Albizia amara 00087 00700 22 3 10 30 22 7.3
Ziziphus mucronata 0000307000 10 2 10 20 1 5
Acacia sieberana 0 00O0OO147 000 21 2 10 20 21 10.5
Albizia gummifera 0 00O0OO9 00120 21 2 10 20 21 105
Commiphora caerulrea 0 0000112000 13 2 10 20 13 6.5
Acacia caffra 0 00O0OOS5O0O0T10 6 2 10 20 0.6 3
Acacia karroo 0 000 014127 7 58 5 10 50 58 11.6
Combretum hereroense 003 0O0O0O0O9O0O0 12 2 10 20 12 6
Bolusanthus speciosus 0 00O0OO0OOOZ3O00O0 3 1 10 10 0.3 3
Pseudomaprouneifolia 0 000O0OO0OOOS5TO0D0 5 1 10 10 0.5 5
Sclerocarya birrea 003 00O0OO0ODO0O0DO0 3 1 10 10 0.3 3
Acacia nilotica 0 00O0OOOOOSH S5O 5 1 10 10 05 5
Cassia abbreviate 000OOOOOT O3 3 1 10 10 0.3 3
C. erythrophylum 00O0OOOOOT LS8 8 1 10 10 0.8 8
Total 66 46 61 40 29 71 33 43 34 49 472 47.2
consisted of sixteen (16) speciesintheareapracticing
RESULTS smdl-scdeminingand 20 speciesinanundisturbed Site.

Tree species composition

A total of twenty (20) quadrats were established
and 588 individual treeswere recorded in the study
sites. One hundred and sixteen (116) werefound on
the disturbed site and four hundred and seventy two
(472) wererecorded in an undisturbed area (TABLE
4.1) giving amean of 11.6 for the disturbed siteand
46.7 speciesper quadrat for theundisturbed area. This

Species occurrence was significantly different with
Sorensen (Bray-Curtis) smilarity of 0.0306 (F=0.4885,
DF =9, p=0.015). However, they are species that
occurredin both mined and undi sturbed sitesand these
include (Bolusanthus speciosus, Combretum
hereroense, Ziziphus mucronata, Euclea crispa,
Combretum imberbe, Acacia karroo, Lannea dis-
color, Dichrostachyscineria, Terminaria sericeaand
Pterocarpus rotundifoliu). These common species
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Appendix 2 : Species composition for small scale gold mined site
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_ _ Tota_l no. C_)f Total % _
Nameof treespecies Quadl 2 3 45 6 7 8 9 10 Total no. Of species quad in which Quadrat Frequency Density Abundance
Spp occur studied
Bolusanthus speciosus 2 0 0003 00O00O 5 2 10 20 0.5 25
Combretum hereroense 3 0 1000 2000 6 3 10 30 0.6 2
Ziziphus mucronata 6 2 0000 0020 10 3 10 30 1 3.3
Euclea crispa 14 2 0000 0000O0 16 2 10 20 16 8
Combretum imberbe 3 0 0002 0O0O00O0 5 2 10 20 0.5 25
Acacia karroo 3 1 6000 0304 17 5 10 50 17 34
Acacia abyssinica 0 5 0201 0040 12 4 10 40 12 3
Lannea discolor 0 5 1223 0002 15 6 10 60 15 25
Acacia nigrescens 0 0 2000 0200 4 2 10 20 04 2
Dichrostachys cinerea 0 0 1000 0O0O0O 1 1 10 10 0.1 1
Sapiteum ellipticum 0 0 0010 0001 2 2 10 20 0.2 1
Acacia fleckii 0 0 0020 0O0O00O0 2 2 10 20 0.2 1
Acaci tortilis 0 0 0002 0O0O00O0 2 2 10 20 0.2 1
Terminaria sericea 0 0 0000100020 12 2 10 20 12 6
Ozoroa reticulata 0 0 0000 3000 3 1 10 10 0.3 3
Pterocarpus rotundifoliu 0 0 0000 4000 4 1 10 10 04 4
Tota 31 151145111958 7 116 11.6
Appendix 3: Diversity indicesfor an undisturbed site
Diversity Index Quad1 Quad2 Quad 3 Quad4 Quad5 Quad 6 Quad 7 Quad 8 Quad 9 Quad 10 Mean
Individuals 66 42 57 37 29 61 38 43 41 53 46.7
Shannon_H 1975 1547 1525 157 1876 1695 1.325 172 157 1.685 1.6488
Simpson_1-D 0.8324 0.7392 0.6396 0.7495 0.8371 0.8019 06731 0.8112 0.7841 0.7989 0.7667
Evenness e*H/S 0.8004 0.7831 0.5104 0.8007 0.9328 09079 0.7526 0.9312 0.9611 0.8984 0.82786
Menhinick 1108 0.9258 1.192 0.9864 1.3 0.7682 0.8111 0915 0.7809 0.8242 0.96116
Margal ef 1909 1338 1979 138 1782 1.216 11 1329 1.077 1.259 14374
Equitability J 0.8987 0.8635 0.6939 0.876 0.9642 0.9461 0.8234 0.9602 0.9753 0.9402 0.89415
Appendix 4 : Diversity indicesfor a Small- scalemined site
Diversity Index Quad 1 Quad2 Quad 3 Quad4 Quad5 Quad6 Quad 7 Quad 8 Quad9 Quadl0 Mean
Individuals 31 15 11 4 5 11 19 5 8 7 11.6
Shannon_H 1532 145 1295 0.6931 1.055 1547 1.194 0.673 1.04 0.9557 1.14348
Simpson_1-D 0.7263 0.7378 0.6446 0.5 0.64 07769 0.6427 048 0.625 0.5714 0.63447
Evenness e*H/S 0.771 0.8528 0.7299 1 0.9572 0.9391 0.8253 0.9801 0.9428 0.8668 0.8865
Menhinick 1078 1291 1.508 1 1342 1508 0.9177 0.8944 1.061 1134 117341
Margalef 1456 1477 1668 0.7213 1243 1668 1.019 0.6213 09618 1.028 1.18634
Equitability J 0.8549 0.9011 0.8043 1 0.9602 0.961 0.8615 0.971 0.9464 0.8699 0.91303

congtituted 28% of thetotal speciesstudied.
Theresultson grass speciesdiversity showed no
significant differencein grass species composition be-
tween adisturbed and undisturbed area (t = 1.94, df =
18, p=0.069). Therewas higher speciesdensityina
disturbed area(n = 209/quadrat) compared to the un-

disturbed (n=205/quadrat).

Combretummolle wasthe most abundant species
intheundisturbed areawith a60% rel ative frequency
followed by Acacia karroo (50%), Dichrostachys
cineria (40%) and Terminaria sericea (40%).

Whileinthemined areaLannea discolor wasthe
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TABLE 1.2: Speciescomposition for a Small scalemining area

Name of tree species Total no. Zof spp % Frequency Spp Density/Quadr at Abundance
Bolusanthus speciosus 5 20 0.5 25
Combretum hereroense 6 30 0.6 2
Ziziphus mucronata 10 30 1 33
Euclea crispa 16 20 16 8
Combretum imberbe 5 20 0.5 25
Acacia karroo 17 50 17 34
Acacia abyssinica 12 40 1.2 3
Lannea discolor 15 60 15 25
Acacia nigrescens 4 20 04 2
Dichrostachys cineria 1 10 0.1 1
Sapiteum ellipticum 2 20 0.2 1
Acacia fleckii 2 20 0.2 1
Acaci tortilis 2 20 0.2 1
Terminaria sericea 12 20 12 6
Ozoroareticulate 3 10 0.3 3
Pterocar pus rotundifoliu 4 10 04 4
Total 116 11.6

TABLE 1.3: Distribution of Speciesfrequency classes

Number of
Number of species
0 )
% Class Class species in Undistur bed
in Mined area
area
1-20 A 11 18
21-40 B 3 9
41 - 60 C 1 1
61 -80 D 1 1
81 - 100 E 0 0
16 28

TABLE 4.4: Diver gty indicesrecorded for an areapractisng
SSM

Mean Diversity

Index - -
Undisturbed Mined

Individuals 46.7 11.6

Shannon_H 1.6488 1.14348
Simpson_1-D 0.7667 0.63447
Evenness e*H/S 0.82786 0.8865
Menhinick 0.96116 1.17341
Margalef 14374 1.18634
Equitability J 0.89415 0.91303

most abundant with arelative frequency of 60% fol-
lowed by Acacia karroo (50%) and Acacia abyssinica
(40%). Speciesdensity was observed to besignificantly
different between thetwo sites (t =-2.36, df =36, p=

0.02). It was higher for the undisturbed areawith a
total of 47.2 trees/ ha, with the highest valuefor the
sampleat 9.5 (Combretummolle).

Resultsin Table4.3indicateas milar frequency dis-
tribution between two siteswherefor both casesthe
highest number of speciesin classA (1— 20 %) fol-
lowed by the B class (21 - 40 %).However, results
indicate Acacia karroo asthemost dominant species
inboth steswhichisaclear indicationthat theareais
predominated by the Acacia species.

Tree species diversity

Therewasevident higher peciesdiversityinanun-
disturbed areathan theareawhere small scalemining
was being practiced. Theresultsindicated that there
wasasignificant differencein Shannon diversity be-
tween two sites (t = -4.34, df = 18, p < 0.001). The
mean Shannon diversity for theareaunder SSM mining
was 1.435 and 1.6480 for theundisturbed area. S mpson
diversity also recorded significant differencesat (t =
3.54, df = 18 p < 0.002) the mean for samplesin a
mined stewas 1.1434 and 0.7667 for theunmined site
(TABLE 1.3).

DISCUSSION

Effectsof small scalegold mining ontreeand spe-
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ciesrichness

Theresultsof the study indicated asignificant dif-
ferencein speciesrichness between an areapractising
small scaegold mining which recorded 16 speciesand
theundi sturbed having 28 tree speciesrecorded. It was
discovered that SSM reducesthe number of speciesin
an areathrough severe deforestation. Theseresultsare
consgstent withsimilar studiescarried by Gavin, (2002)
which noted asignificant impact of smdl scdegold min-
ing on vegetation in Ghanaand reported that 15000
hectaresof forest cover were affected by resdent SSM
activities. Thisdeforestationisnecessitated by theneed
for shelter, underground support props, panning dishes
andfor firewood asaresult mining clamsareasarel eft
amost bare of vegetation particularly trees. Obaraand
Jekings, concur with thesefindingswherethey reported
vast tracts of theforest having been deforested dueto
operationsof smdl scalegold miningin Ghana

Effects of small scale gold mining on tree and
grassdiversity

Thestudy haspresented strong evidencethat activi-
tiescarried out by small scaleminingin Zimbabweand
Umzingwanein particular reducetree speciesdiversity
and arelikely to causelong term environmentd distur-
bancesrel ated and consequences. Similar resultswere
observed by Chiwawa, who reported that small scale
mining wascaus ng mass vedeforestation and estimated
100000 hectaresof land wasbeing cleared annud ly and
aleged that thiswill no doubt reducebiodiversity. How-
ever, resultsasoindicated lesssignificant differencesin
grassspeciesdiversty. Thismay bebecausedisturbances
promaoteemergenceof pioneer grassesthat thriveondis-
turbed areas such asthe Aristida species, Heteropogon
speciesand Erogrostisspecies.

Effectson vegetation speciesabundanceand domi-
nance

Thedengty of treessignificantly varied between the
disturbed and undisturbed area. It was noted that the
speciesdensity wasmuch higher inan undisturbed area
than the disturbed for the obviousreasons being that
mining sitesare being stripped bare of vegetation for
various aforementioned reasons. Thiswas evidenced
by low speciesrel ative abundances (TABLE 1.1 and
1.2). Theresultsa so show that certain peciesaremost
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favoured for examplethe Combretum species. Itisas-
sumed that thisisduetoitsstrength and providesgood
energy if used asfirewood. While on theother hand,
species that dominate mined sites are those that are
lessimportant like Lannear discolor. Thiswasevi-
denced by very high densitiesfor Combretumspecies
inan undisturbed site. It can a so beinferred that other
specieslike Acaciathat areusualy might becleared to
pave way because most of these speciesarethornyin
nature and someare a so good for firewood account-
ingfor their low densitieswithinthemined samples.

Contrary toearlier researchin countrieslike Zam-
bia, Kenya, DRC and Ghana,**3141 |egalised small
scaegold miningin Umzingwane doesnot use mercury
to process gold but rather there are a number of li-
censed gold processorsthat ded withthelicensed small
scdeminers. It canbedleged that, thispracticeisstipu-
lated inther licenseconditions. However, thestudy dso
supportstheearlier worksthat contend that legal small
scaemining hasremained artisand innaturethat Smply
use mainly pick and shovel operations. Theseresults
are consi stent with findings by Chakravorty™, which
reported that SSM lacks machinery and thus, resort to
pick and shovelsto extract gold ore.

CONCLUSION

Theresultsof thisstudy show that Smal scalemin-
Ing cause s gnificant deforestation which decreasesthe
number of individual trees and species composition.
Thus, the study rejectshypothesisthat thereisno sig-
nificant changein speciesdiversity between amined
and un-mined area. Thestudy purportsthat if thesitua-
tionisleft unabated it canlead to severeland degrada
tioninthelongrun. Thestudy resultsalso demongtrates
that SSM hasinsignificant effectson grass speciesdi-
versity and richness; rather it promotestheregenera-
tion of pioneer grass species and the second succes-
sion shrubssuch as Dichrostachyscineriaand Euclea
crispa. The study also revealed that SSM activities
changethetype of vegetation from woodland vegeta-
tionto grassands.
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