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Abstract

Vegetative species diversity is under threat fremirenmental pressures, particularly climate
change. As the impacts of climate change vary fpdace to place, response of vegetative
species diversity to a changing climate also vaggethding on geographical location. The
response of vegetative species diversity undecdngitions in Zimbabwe is not well known.
This study assessed the impact of climate changesgetative species diversity under semi-
arid conditions of Masvingo province in Zimbabw&igwas achieved by determining climate
change trends over a period of forty years (197842Gand examining the relationship between
vegetative species diversity and spatially intesfed climate data. The absence of historical
diversity data prompted the use of remote sengingnible the assessment of spatial and
temporal changes. Thus, the Normalised differeregetation index (NDVI) was used to
assess vegetative species diversity changes afedlishing a positive relationship between
species diversity and NDVI. The mixed methods rededesign was used as the strategy of
inquiry. The non-aligned block sampling design wasd as the sampling framework from
which 198 sampling points were identified. Meteogptal data obtained from Zimbabwe
Meteorological Services Department (ZMSD) and tlagidhal Climate Data Centre (NCDC)
were used for climate change analysis. Data celiedhrough image analysis, direct
observations, questionnaire surveys and interviger® used to assess the impact of climate
change on vegetative species diversity. Resulisatel that all temperature and precipitation
variables have significant (p<0.05) trends overgbeod under study. However, the trend for
seasonal total precipitation was not significant declining. The significant trends indicate
that climate change occurred over the period ustigty. 93% of the respondents confirmed
having experienced the climate change phenomenasul® also show a significant
relationship between climate elements (precipitaiod temperature) and vegetative species
diversity represented by Shannon Weaver Index Niye so, there is a positive relationship
between NDVI and H. Vegetative species diversifyesented by NDVI decreased over the
period under review. The results indicate that atenchange has contributed to the decrease
of vegetative species diversity in Masvingo proenthus it is a force behind many other
factors contributing to biodiversity loss.

Xi



Key words

Title:

IMPACT OF CLIMATE CHANGE ON VEGETATIVE SPECIES DIVERSITY IN MASVINGO
PROVINCE, ZIMBABWE

Keywords:

Climate change, vegetative species, species diyersemote sensing, Normalised Difference
Vegetation Index (NDVI), Shannon weaver index, Sop index, mixed methods, Non-
aligned block sampling design, National Climated>@entre, Masvingo province.

Xii



Chapter 1 : INTRODUCTION

1.1. Background of the study

Evidence that climate change is occurring as aemprence of anthropogenic activities is quite
clear and well acknowledged by the vast majoritgaéntific opinion. The world’s population

is increasing and additional greenhouse gases (GBIGdeing emitted into the atmosphere
as humankind endeavours to cope with the growimgaahel for food and energy. Increasing
levels of GHGs influence the earth’s radiation betdand the earth-atmospheric system has to
adjust resulting in changes in the global clim&banet al.,2013; Scafetta 2010). Apart from
human activities, some natural processes such las aoergy variability, ocean currents,

clouds and albedo are thought to be significartiytigbuting to climate change (Bast, 2010).

Although there has been debate on what is causimgte change, there is general consensus
amongst several researchers that climate charageesult of both natural and human factors
(Gornitz, 2009; Bast, 2010; Scafetta, 2010). ftasenough to understand the causes of climate
change but its effects too, especially on ecosystante they play a pivotal role in the survival
of humanity through water purification, pollinatiasf flowers, decomposition of wastes,
maintaining soil fertility and perform various othfieinctions that ensure sustainability of all
support systems (MEA, 2005). Thus, there is pradigiscientific evidence that climate is
changing but there is no scientific certainty, esgéy in the southern African region, about its
effects on various ecological phenomena, vegetapeeies diversity included.

Global surface temperatures have increased BZGiBice 1900 (Scafetta, 2010). In Southern
Africa, records from various countries show anéase in temperature by over@over the
past 100 years (Chenje, 2000). Rainfall patternse Hseen altered and there is a general
decrease over the past 20 years (Chenje, 2000)qUésion is how has vegetation diversity
responded to these changes? Several scholars titedeto answer the question but the
multiplicity and variability of the approaches aresults point to the fact that the issue is still
veiled in obscurity (Schwallieat al.,2016; Bellarcet al.,2012; Waltheet al.,2002; Beaumont

et al.,2007, Beaumortt al.,2011; Pearson and Dawson, 2003).

The changing climate is beginning to have impadatt are threatening the conservation of
biodiversity in semi-arid regions. According to thecretariat of the Convention on Biological




Diversity (SCBD), the predicted effects of the ditic changes are generally known but their
magnitude is still little understood (SCBD, 2018h important body of literature has shown
that climate change is one of many possible stresso biodiversity. Hopkingt al. (2007)
proclaim that climate is a significant factor thaffects the behaviour, abundance and
geographical spread of species. In addition, ckmafluences the ecology of habitats and
ecosystems (Jewidt al.,2015; Cheret al.,2011; Parmesan, 2006). The changes attributed to
climate change are becoming more profound with tiffreis, climate change is interrupting
the conventional functions of the ecosystems hiyamicing species diversity either positively

or negatively.

Vegetative species diversity is essential for humalt-being because it provides a plethora of
benefits and services to humanity, such as foodjcimes, clean water, soil stabilization and

many others (Chenje, 2000; MEA, 2005; Perrings 020Recent studies have shown that this
diversity is under threat from climate change whpdses a challenge by exacerbating the
impacts of droughts, floods and desertification B®C 2010). Theurillat and Guisan (2001)

posited that there are basically three ways in whegetation responds to climate change. First
is that some species may adapt to the changingaidinbecond is that species migrate to
suitable environmental conditions and third is thatspecies will go extinct. These three ways
of how vegetation responds to climate change vaMeha profound effect on species diversity,

specifically richness and evenness.

At global level, human activities have negativelfeeted and will continue to affect species
diversity through,inter alia; land use and land cover change. However, clinch@Enge
exacerbates the influence of human activities. dureent rate of species loss through climate
change is greater than the natural backgroundfatinction. The Convention on Biological
Diversity (SCBD, 2010) identifies climate changeoa® of the main factors responsible for
the current loss of biodiversity. An internationabllaborative study on four continents
predicted that 10% of species would go extinct 89®because of climate change (Gigy
al., 2002a).There is evidence that climate change is alreaflyctaig vegetative species
diversity and will continue to do d@itay et al., 2002b; Hannalet al., 2002, Schneider &
Root, 2002; Stensett al.,2002; Waltheet al.,2002; Fischliret al.,2007)

Some studies have used species distribution médedsudy and understand the impacts of

climate change on individual species (Yatesl.,2010; Erasmust al.,2002). Yatest al.,
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(2010) noted that modelling all species rootedarious ecosystems is not feasible hence the
need to develop models that predict effects of alenchange on ecoregions, specific
environmental domains and distribution of commausitiThus, Hanseat al., (2009) and
Watsonet al., (2013) have studied effects of climate changecamegions while Saxoet al.,
(2005) have studied impacts on environmental dosdturthermore, Yatest al., (2010)
studied climate change impacts on geographicailligion of communities. There is need for
studies that focus on specific administrative ragim specific climate classes in order to guide
the designing and implementation of specific biedsity policy instruments and conservation
strategies so that communities continuously befreii the diversity of plant species. Groves
et al (2012) reinforce this idea recommending the needocus conservation efforts on
specific geophysical environments to maintain arrte species diversity. Similarly, Beier
and Brost (2010) advocate for the use of land $acéhese approaches would promote
conservation of diversity under current and futclimates taking into consideration that the
species making up the diversity may change ovee tymen their capacity to track suitable
conditions (Bellarcet al.,2012).

Ample evidence exists to the effect that ecologieattions are currently occurring in specific
species. The incumbent task is thus, to synthéisezburgeoning list of such observations with
a comprehensible body of theory that will facikagtrediction of the timing, location and
consequences of the changes. Such predictions eméible the understanding of the
consequences associated with the conservationustdirsable use of biodiversity and what
humanity need to do practically to maintain thogeteams in the best possible condition. It is
thus necessary to investigate the effects of centhtange on biodiversity at the ecosystem
level and to consider innovative emergent ecosystemmposed of new species assemblages

arising from differential rates of range shiftsspicies.

Research on ecosystem-level impacts of climategianstill in its infancy. Climate change
is distressing biotic interactions and provisioreobsystem services (MEA, 2005). The speed
and magnitude of these effects are generally unkndlew, nascent ecosystems are predicted

to appear, and the provision of services comprais@lready degraded systems.

Whilst literature seems to be available on the icigaf climate change on biodiversity around
the globe, justice to the topic in the semi-aridaar of southern Africa has not been done. In

particular, little has been done with regards tgetative species diversity. Several studies
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indicate the existence of spatial and temporal gbarn climatic conditions in Zimbabwe and
Masvingo in particula(Musiyiwaet al.,2014; Simbaet al.,2012; Unganai and Mason, 2002).
However, its impact on vegetative species divertsiy not been well studied and documented.
There is paucity of scientific data on the impédatlomatic changes on species diversity despite
a wide range of studies conducted to understandahe&e’smodus operanduith regards to
climatic change (Gitayet al, 2002b; Parmesan and Yohe, 2003). Understandintheof
relationship between vegetative species diversity dimate change will provide a platform
for devising strategies to enhance the resiliefi@osystems to climatic changes through the

adoption of species based adaptive and mitigatregegjies.

In Zimbabwe in general and Masvingo in particulehmate change impact on vegetative
species diversity has not been studied and theradtsbeen established a management system
to increase adaptation or resilience of local florais research seeks to fill the gap and
contribute scientific evidence of impacts of climahange on vegetative species diversity. The
critical questions for this study are: How much rala in ecosystem species might climate
change have influenced? How much change has odcame will occur in semi-arid
ecosystems due to climate change? Can sciencelyjagsess and model these changes by
using remote sensing? What strategies should benlace to enhance the mitigation and

adaptive capacity of ecosystems?

1.2 Statement of the problem

The challenge in Masvingo province, Zimbabwe id thegetative species diversity is under
threat from climate change, which is exacerbatedthgr factors such as land use practices.
The problem is accentuated by the fact that biagditysemanagement approaches in the face of
climate change are not effective enough to mairtteenmuch valued species diversity in the
province. Further to this, there is a gap in knalgke about the relationship between climate
change and vegetative species changes, knowledghiofi may help to craft relevant and
effective biodiversity management strategies. Iditazh, there is lack of capacity to assess
vegetative species diversity status in the provitgropose innovative solutions to the
challenges caused by climate change related hagaotisas droughts, floods and veld-fires.
The immediate solution to the problem is to und@erdtthe magnitude of climate change in the
province and the degree to which it has affectepbiagive species diversity. Furthermore, the
use of modern satellite remote sensing technologgudick biodiversity assessment becomes

imperative.




Climate change is one of the environmental problan&@mbabwe in general and Masvingo
province in particular (Musiyiwat al.,2014; Simbat al.,2012; Unganai and Murwira, 2010).
It has affected vegetative species diversity thhowxacerbating the effects of other
anthropogenic and natural factors. In some casdgectly influences the range, abundance,
composition and phenology of vegetative specieplihset al.,2007; Koskelat al.,2007).
The effects significantly compromise the abilityemfosystems to perform their conventional
functions of,inter alia, water purification, flower pollination, waste decposition, climate
regulation and fulfilling social and cultural needk humanity. The occurrence of climate
change in the province implies that vegetative gseoould be experiencing similar changes.
However, there is paucity of scientific evidencehlmw vegetation is responding to climate
change in terms of diversity. Consequently, therdgarth of ecosystem and species specific

mitigation and adaptation strategies in the proinc

Parmesaret al (2011) and Pereirat al. (2010) acknowledge the importance of predicting
biodiversity response to climate change positirgg thalerts science and policy to possible
impending threats, provide a means to reinforcei@gm of biological changes to climate
change and can enable the designing of pre-emgitizegies to reduce climate change impacts
on biodiversity (Bellareet al.,2012). Given the impending repercussions of cintétange on
vegetative species diversity, there is need toipytlace ecosystem and species specific
adaptation strategies to ensure that the envirohomtinues to benefit from the diversity of
species. This would only be possible if there isumderstanding of how the variety of

vegetative species responds to climate changetiover

Climate change impacts on biodiversity have becartieme for active research (Dillehal
2010; Gilmanet al 2010; Pereirat al 2010; Salamiret al 2010; Beaumongét al 2011,
Dawsonet al 2011; McMahoret al 2011). However, the use of satellite based reisensing

in such studies has been limited. This is despiefdct that remote sensing provides a rapid
and synoptic analysis of phenomena and has becommportant tool in quick decision
making. According to Bellarét al., (2012) there are a variety of approaches that baea
applied to project biodiversity under different sagos of global climate change to the extent
that there is no uniformity in the results whicle amconsistent, incompatible and difficult to
follow. Moreover, most of the studies have combifiedhl and faunal diversity that have been

characterised by methodological convolutions. Thetherefore, a gap in knowledge on the
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use of low cost modern tools that offer quick asedyor rapid decision making when studying
specific communities. This study, fills this gapdssessing the response of vegetative species
diversity to climate change under semi-arid coodsgi in Masvingo province of Zimbabwe
based on remotely sensed data.

1.3 Aim of the study
In order for human beings to maintain biodiversityeneral and vegetative species diversity

in particular and continue to benefit from its exptal, economic, socio-cultural and physical
functions there is need to understand how it isdpaiffected by climate change and related
hazards. This enables the designing of speciesfispataptive strategies. This study aims to
assess the response of vegetative species diviersitgnate change under semi-arid conditions
in Masvingo province of Zimbabwe, using remotelypsed data for quick species diversity

assessment.

1.4. Specific objectives
The specific objectives of the study include:

1. To determine climate change trends in Masvingo ipe®/over a period of 40 years
(1974-2014).

2. To examine the relationship between vegetative ispediversity and climatic
elements.

3. To assess vegetative species diversity throughiNtrenalised Difference Vegetation
Index (NDVI) calculated from remotely sensed data.

4. To evaluate changes in vegetative species diveasitynfluenced by climate change
over the period 1974-2014.

1.5 Research questions
1. What are the trends of climate change variablédasvingo province over the period

of 40 years (1974-2014)7?

2. What is the relationship between vegetative speatiesgsity and climatic elements?

3. What is the relationship between vegetative spatiegsity and NDVI?

4. What is the change in vegetative species divedsig/to climate change over a 40 year
period (1974-2014)7?

1.6 Significance of study
In view of the preceding, on-going and impendingnifecations of climate change on

ecosystems, as established and predicted by vamodsls, studies that assess the impact of
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changes in climatic elements on vegetative spetiversity merit attention (Bellaret al,
2012; Parmesaet al.,2011; Pereirat al.,2010; Botkinet al.,2007). The results would alert
scientists and decision makers to possible futhreats, working as a tool in biodiversity
conservation in this era of climate change (Bel&trdl.,2012).

There is a general consensus amongst climate stgetitat our understanding of the effects
of global climate change on biodiversity and itBellent levels of response is insufficiently
well developed (Bellarét al, 2012, Cabhill et al., 2012). At global level,gtstudy contributes

to the existing body of literature on the impactsctimate change on vegetative species
diversity at ecosystem level. It will contribute tiee understanding of climate-biodiversity

relationships.

Climate change is evident in Zimbabwe as alreadtgdtin literature (Musiyiwat al.,2014;
Simbaet al, 2012; Unganai, 1996). This study highlights thmpacts of climate change on
vegetative species diversity. Although there isst lof studies predicting the effects of climatic
change on biological diversity, little has beenelon measuring the magnitude of these effects
and detail the changes in vegetative diversityi@aerly in Zimbabwe. This study goes further
by determining how the phenomenon of climate chahge affected species abundance,

distribution and composition.

This study emphasizes on the understanding ofdlaionship between vegetative species
diversity and climate change in semi-arid areasviging a platform for devising strategies to
enhance the resilience of ecosystems through tbptiad of species based adaptive and
mitigation strategies. In this regard, the studgtobutes to the achievement of Sustainable
Development Goal (SDG) number 15 which calls fagemt and substantial action to halt
biodiversity loss and protect species from extorcidy nations. By managing and protecting
species diversity, we are building the capacitgadsystems to resist climate change and be
resilient to its impacts. It is in this regard thia¢ study also contributes to the attainment of

SDG 13 which advocates for urgent action to corshiaiate change and its impacts.

Biodiversity has remained as one of the centrahtfgeof ecology since many years. However,
after the 2012 Rio’s Earth Summit, it became thénrtteeme not only for ecologists, but also
for biologists, environmentalists, planners and mdstrators. As many countries, including

Zimbabwe, are party to the Convention on Biologbalersity (CBD), each nation has the
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solemn and sincere responsibility to record theiggeof plants and animals occurring in their
respective countries and assess the biodiversijygply and implement suitable management
strategies for conserving the biodiversity whiclofen described as the Living Heritage of
Man. It is imperative therefore to understand hbevttiodiversity is being affected by the long
term environmental changes that are taking plabes Tthis study will contribute through

provision of data on plant species being affectedlimate change in Masvingo Province.

According to the USNAS (2012), the fundamental iscgeof greenhouse gas-induced climate
change is simple and compelling but genuine anaitapt uncertainties remain. For example,
the response of clouds, ecosystems, and the Petfois remain unknown. This study seeks
to assess how ecosystems, with specific referemeedetative species, respond to climate
change to deal with some uncertainties as prediayeithe National Academies of Sciences.
By this, the study contributes to the body of hteire that addresses the some of the important

uncertainties in the world of science.

1.7 Study Area

MASVINGO
PROVINCE

70 0 70 140 Kilometers

Figure 1.1. Location of the study area (Masvingo Province
Source: Produced by autt




The study was conducted in Masvingo province, shiowigure 1.1. This area was selected
because it is one of the semi-arid regions in sautiAfrica where impacts of climate change
on vegetation species diversity have not been staetlied and documented. The province is
located in the south-eastern part of Zimbabwe, drandg Mozambique on the east and the
provinces of Matabeleland South to the south, Mid&ato the north-west and Manicaland to
the north east. The province is divided into seadministrative districts namely Masvingo,
Chiredzi, Chivi, Mwenezi, Gutu, Bikita and Zaka dbre 1.1). The area occupies the drier
Lowveld expanse in the south of Zimbabwe and egtént56,566 km?2 in area.

1.7.1 Physical environment

1.7.1.1 Climate

Masvingo Province falls under agro-ecological zolkesV and V according to Vincent and
Thomas (1960) classification system (Figure 1.2)e horthern parts of Gutu, Zaka; north-
western Bikita and eastern parts of the provindeufader region Il which receives rainfall
that ranges between 650 and 800mm per annum. Régichmates which receive below
800mm per annum and experience severe summer dsoagh found in the southern and
northern parts of Masvingo and Chivi, southerngaftZaka and Gutu and Bikita central. The
rest of Chiredzi, most of Mwenezi and some cemaals of Chivi and southern parts of Bikita
fall into region V which receives less than 450mimainfall per annum. Figure 1.2 is a map

of Masvingo showing the distribution of agro-ecaotaj regions (Vincent and Thomas, 1960)

However, Chikodzi and Mutowo (2012) noted that #ggo-ecological zones proposed by
Vincent and Thomas (1960) have since shifted deért@ate change. Throughout the province,
effective rainfall probability levels are very lofBernardi and Madzudzo, 1990; Makadho,
1996). The province experiences sub-tropical ckmwath distinct summer and winter seasons.
Rainfall is highly variable and uncertain makinge tiprovince prone to droughts and
inappropriate for rainfed agriculture (Mudzemgi al, 2013, Makadho, 1996). High rainfall is
received in summer between November and March aexdhges between 600 mm-800 mm,
annually. The province experiences very high terupees averaging 22. As a result of
changing and variable rainfall and temperaturessscthe province, climate classification has
been distorted and various physiological change® loacurred (Chikodzet al., 2012). On
that note, there is need for re-assessment of gsigal and socio-economic profile of the

province.
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Figure 1.2. Climate of Masvingo Province as defined by agro-ecologigiains
Source: Vincent and Thomas, 1960

1.7.1.2 Topography
The terrain is highly variable with gently undufagito rolling common rock out-crops and
dissections that contribute to the nature of tleendige system shown in Figure 1.3.

The drainage is dominated by the Save, MwenezidRamd Mutirikwi river systems. Rivers
and streams generally flow in the south-easterectdon and most of them feed into Runde
and Save Rivers which confluence at the edge optbeince in the south eastern side and
drain into Indian Ocean. Altitude ranges from 450tan1240 m. Major land features are
characterized by moderate slopes that are steep#reosoutheast than North West. Kopjes,
hills and mountain ranges are dotted throughpuptbeince. The province is characterised by
steep landforms such as inselbergs, castle kapjedas and mountains (Zhou, 2004).
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Figure 1.3. The drainage system of Masvingo Province.
Source: Produced by Author

1.7.1.3 Soils

All the districts have distinct soils whose chaeaistics are closely related to the geology,
climatic regime and topography (Thompson and Pyd/@88). Granitic rocks cover most parts
of the province forming major parent materials.ISare moderately shallow to moderately
deep or deep, coarse textured sandy soils andasishtisat range between coarse sand and
sandy clay (Zhou, 2004). According to the Zimbalswe# classification system, the soils are
classified under théersiallitic, siallitic families of the kaolinitic order (Zhou, 2004). The
province is characterized Isjallitic soils in the south-east Lowvelarthoferralitic soils in
Bikita area (Chenjegt. al 1998). Masvingo district is dominatedfeyrallistic soils. Moderate
to strongly leached soils with clay fractions (Memndo and Munthali, 2008) dominate Gutu
District.

1.7.1.4 Vegetation
The vegetation in Masvingo province is predominasihivannah bushveld dominated by
Peltophorum africanum and Acacia karawth continuous or discontinuous grass cover

depending on the soil moisture regime (Zhou, 2008jasslands are dominated by
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Hyparrhenia fillipendula, Themeda triandra and Hyjbelia dissolutgVincent and Thomas
1960)Vegetation species composition is mainly determibgdainfall pattern, topography,
soil type and human disturbance. Miombo woodlaradeidate the wetter parts while Mopane
trees, which are drought tolerant and sturdy, amend throughout the province. Thus,
Brachystegia spiciformjsand Julbernardia globiflora specieswhich comprise Miombo
woodlands (Campbedt al, 2000), make part of woody vegetation in the wathern part of
the provinceParinari curatellifolia can also be found in pure stand or in combinatidth w
Burkea Africanaand Terminalia sericeaand they are mainly found in well drained middle
slopes and on upland soils. However, few vegetamties of this type remains in its pristine
state due to clearing of land for agriculture esgcin communal areas. Undisturbed forests
can be found in commercial farmlands and designatktlife areas (Chenjet. al 1998). In
dry areas of the south-eastern Lowveld, woody $qgecies are dominated by the drought
tolerant MopaneGolophospermum MopajéaobabAdansonia digitatg Commiphoraspp,
Kirkia cuminateandAcaciatree species (Zhou, 2004; Chergeal, 1998). Continuous vlei or
dambo grassland savannah with scattered scrubdédsm$orm an important component of the
landscape as part of vegetation catena (Nharedaaia 1991).

1.7.2 Socio-economic profile

1.2.2.1 Population

Masvingo province has a total population of 1 488 @omprising approximately 697 992
males and 787 098 females (ZIMSTATS, 2012). Pomuriadensity is about 26 persons per
km?. The economically active age group comprises 73gmeraf the total population. Figure

1.4 shows the distribution of population acrosspi@vince both in urban and rural areas.

Most people in the province (approximately 90 petceeside in rural areas. The large number
of people living in the rural areas could be onetlid key determinants of vegetation
composition and distribution. The Karanga tribe,iclhis the most populous tribe in
Zimbabwe, dominates the province. They are a saobgypof the Shona speaking tribes that
also include the Zezuru, Manyika and Ndau (ZIMSTAZ812).
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Masvingo urban
Males 40 336
Females 47 550 Males 94 480

Females 108 603

Total 87 886

Total 203 083

Males 99 271
Females 111944

Total 211 215

Males 82 352
Females 98 948

Total 181 301

Males 75 879
Females 90 170
Total 166 049 [ Males 73 803
> Females 88 553
Total 162 356
Chiredzi Urban
Males 14 376
Males 77372 Females 16072

Females 89 621
Total 30448

Total 166 993

Males 132 879
Females 142 880

Total 275759

100 0 100 200 Kilometers
| — k 1. |
Figure 1.4. Population distribution in Masvingo province.
Source: ZIMSTATS 2012

1.7.2.2 Agriculture

Figure 1.5 shows the agricultural productivity mfmp Masvingo province. Most of the
province is unsuitable for crop production dueow frainfall received. The province is mainly
conducive for wildlife production and cattle ranot) and small stock farming. Nonetheless,
subsistence farming is the main economic activitye main crops grown include drought
resistance varieties of maize, cotton, sorghuntpopsorghum, finger millet, sunflower and
pumpkins (Murwira, 2000).
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Figure 1.5. Agricultural productivity map for Masvingo province
Source: Chikodzi and Mutowo (2012)

Table 1.1 shows agricultural zones and suitablwiges for each zone. Only 25 percent of
the land is suitable for arable farming. Most & tAnd in the province require supplementary

water through irrigation to enable productivity.

Table 1.1 Agricultural zones, their size and su@adztivities in Masvingo province

Zone Hectares Suitable agricultural activities

Suitable 1 390 782.75 Early maturing maize varsgtignter wheat, market
gardening, horticulture, floriculture.

Moderate 2792 404.89 Small grains e.g. milletpkap sorghum. Sugarcane,
cotton, citrus fruits, sweet potatoes, groundmatsnd nuts,
cassava

Unsuitable 1337 946.17 Extensive cattle and gamnging. Crop agriculture not

suitable even the most drought resistant
(Source: Chikodzi and Mutowo 2012)

The government has assisted in setting up songaiions schemes in the province to enable
arable farming for example, the Rozva irrigatiohesne in Bikita, Hippo valley estates in
Chiredzi, and Triangle use water from Lake Mutirikar irrigation purposes. In addition, the
Tokwe Mukosi irrigation scheme is currently beireydloped.
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1.7 Scope of study
1.7.1 Geographic scope

The study is confined to the whole Masvingo ProgiitcZimbabwe, located at 20.6282and
31.2626E, only excluding urban areas owing to the asswnpthat vegetative species
diversity in urban centres has been largely subfetd human modification other than to
climate change. Thematically, the study focusetherclimatological and biophysical aspects
within Masvingo Province. Remote sensing is themtapl used to assess the changes in
vegetation species diversity over time. This wasspwe after establishing a positive
correlation between vegetation species diversity ansatellite derived vegetation index
(NDVI). Downloaded satellite images covering a pdrfrom 1972 to 2014 for both the wet
and dry seasons were analysed. For the wet seasayes analysed were for 1972, 1987, 1998,
2006 and 2014. For the dry season, images anahysedfor 1986, 1998, 2006 and 2014. The
choice of years was mainly influenced by avail&pitif the images for analysis although the

author made sure that each decade is represented.

1.7.2 Conceptual scope

Over the past forty years, extreme climatic eventh as droughts, floods and heat waves are
reported to be increasing in frequency and sevgldgally (Johret al.,2013). The semi-arid
regions of southern Africa have been the most tdteand the region has been described as a
climate hot-spot (Shaet al.,2013). These recurring extreme events are affgetinevels of
biodiversity, from organism to biome levels (Parare2006; Bellaret al.,2012). Figure 1.6
shows the multiple components of climate changetheid link to biodiversity changes at all
levels. This brings to context the conceptual framrd for this study, which focuses on how

changes in temperature and rainfall influence difgeof vegetation species at ecosystem level.

Climate change has the tendency to decrease genatdisity through directional selection and
rapid migration (Meyers and Bull, 2002; Botket al., 2007). This affects ecosystem
functioning and resilience and consequently theerdity of species within the ecosystem.
However, Bellarcet al.,(2012) claim that a deluge of studies has focusemnpacts at higher
levels while genetic effects of climate change hasen examined only for a very few species.
There is therefore need for further studies to icEmsa wider spectrum of species to ascertain
the impacts of climate change components on gedetarsity under different geographic

conditions.
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Figure 1.6. Aspects of climate change and likely effects on differegislef biodiversity.
Adapted from Bellard et al, 20

Climate change, through its various mechanism amdponents, will directly and indirectly
affect interactions of species at community (loéeel (Gilmanet al 2010; Walther, 2010).

In essence, species will respond to climate chamjeectly through impacts on other species
they depend on. Koét al. (2004) buttresses the foregoing argument, progiéwidence from

a study of 9,650 interspecific systems where 6s3@ies disappeared following the extinction
of their associated species. Although a plethorstwdies (Thuilleet al., 2005; Van Vuuren

et al.,2006; Randiret al.,2009; Yang and Rudolf., 2010; Zisktal.,2011) has analysed the
impact of climate change on interactions of speriedifferent communities, no satisfactory
coverage has been done on the diversity of comiearand none has focused on vegetation

communities, especially in Masvingo province, Ziiowa.
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Bellard et al. (2012) argue that the main effects of climatengjgaon species diversity are
impacts on food and habitat on which the speciggenig on. Climate change will impact
negatively on water availability and soil fertilitthese in turn will affect vegetative
biodiversity components from the genetic to biomeels.

Climate change triggers phenological changes irtatiye species which consequently lead
to diversity alteration. Kierst al., (2010) and Rafferty and Ives, (2010) concur thiatate
change results in phenological shifts in floweramgl insect pollinators, producing misalliances
between plant and pollinator populations leadingextinctions of both the plant and the
pollinator with predictable consequences on thecsire of plant-pollinator networks. Further
modifications can be induced through interspecigtationships that modify community
structure and consequently diversity. Although sahv&udies (Lafferty, 2009; Walther, 2010;
Yang and Rudolf, 2010) have analysed the impactlwhate change on interspecific
relationship, they have not expressed the effedts iegards to biodiversity changes. Thus,
scientific studies coverage of this area is famfreatisfactory especially under semi-arid

conditions in southern Africa.

At the biome level of diversity, climate change wsps changes that may result in irreparable
biome shifts (Leadlegt al.,2010). A 5-20% shift of the Earth’s terrestriabegstems has been
predicted by the Millennium Ecosystem Assessmeala(@ al., 2005). Lapolaet al., (2009)
suggest that in tropical South America, large atddbe Amazonian forest could be replaced
by tropical savannahs. Alo and Wang, (2008) prejet northward and upward shift of alpine
and boreal forests at higher latitudes and altduatethe expense of low stature tundra and

alpine communities.

While satisfactory research has been done on dictzinge and biodiversity and a clear link
established between climate change and biodiversityponents as shown in the conceptual
framework (Figure 1.6), there is still need for eatetailed regional component specific
understanding of the climate change-biodiversitxuse In fact, there is a contextual,
geographical and temporal gap in knowledge thatexvith regards to the specific climate
change elements and their effect on specific bergity components. It is in this context that
this study contributes further information on h@nd term changes in temperature and rainfall
influence vegetative species diversity under semdi-eonditions. Figure 1.7 provides the

contextual framework covered by this study.

17



Climate change Biodiversity Biodiversity Level
components components
ﬁemperature \ ﬁynamics \ / )
+  Mean * Abundance
Extremes * Richness
Variability * Evenness
Seasonality Ecosystems
Ecosystem services -
Rainfall + Composition Species
Mean
Extremes Distribution
Variability * Habitat quantity and/
\ Seasonality / K quality \ /

Figure 1.7. Conceptual framework for the study.
Source: Bellard et al (201

As shown in figure 1.7, focus is on temperaturerandall related climate change components.
Ocean dynamics and GQ@atterns in the region are not going to be dissdissd the basic
assumption is that while these contribute to clen@tange, temperature and rainfall dynamics
are the most important determinants of climate ¢@t in the region of concern. While there

is a deluge of biodiversity components that caaffected by changes in the temperature and
rainfall patterns, the study focuses on issuese@lto abundance, richness and evenness of
vegetation species. Compositional aspects will Bss@overed as well as habitat quality and
guantity. Climate change affects various leveldiofiversity but the study focuses on the
ecosystem and species level.

1.7.3 Theoretical scope

The study was premised on three theoretical petispedo assess impact of climate change
on vegetative species diversity and the use of tersensing in the assessment. These are:
1. The metabolic theory of ecology (MTE) (Browhal.,2004) which states that temperature
affects metabolic processes. Metabolic processetude chemical reactions that
determine the state of a living organism. MTE sstgy¢hat the metabolic rate of an
organism is an essential rate that controls mos¢mied patterns in ecology (Westal.,
1997).Thus, any change in temperature will resulphysiognomic, phenological and
genetic changes in plant species.
2. The biomass-biodiversity hypothesis (Guo, 2006)ictvipostulates that high biomass is
correlated with high species diversity. Some redeas have reported a positive
correlation between the two (Loreau and Hector 260ctoret al 1999; Tilmaret al.,

1996) but others have reported a hump—shapedamthip where low levels of biomass
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coincide with low species diversity, intermediaterbass levels are associated with high
species diversity while high levels of biomass cale with low species diversity (van
Ruijven and Berendse 2005; Fargiaial.,2007).

3. The spectral variation hypothesis (SVH) (Palreeal., 2000) which is founded on the
postulation that spectral heterogeneity of remoselysed images is positively related to
the spatial variation within the ecosystems paldidy variation of plant species and

communities.

1.8 Thesis outline

The thesis is made up of five chapters:

» Chapter oneprovides a background, highlighting the researghfgam general to specific
and from global to local contexts. The overridimglgem, its location and possible solution
as well as the contribution that the study seeksadke is presented. The focus of the study
is also highlighted in this chapter through its ainad specific objectives, research questions
and the significance of the study. It also providdmckground description of the study area
and scope of the study.

= Chapter two provides a detailed review of theoretical and erogli literature on the issue
of climate change as a global phenomenon with ¢énthange trends and impacts on
ecological species diversity as observed at vargaagraphical scales. It further reviews
literature that is related to the stated objecti@ed research questions. The concepts of
remote sensing and its use in predicting speciesrsity are also discussed as well as
ecosystem climate change adaptation strategies fxoregional and context specific
perspective.

» Chapter three provides details about the epistemological andrantogical configuration
of the study, the research design, data colledimategies, instruments and procedures. It
also provides details about data analysis techsigsed in producing the research results.

» Chapter four presents data and discussion of research findings.

» Chapter five provides a summary of the thesis, conclusions raedmmendations for
sustainable biodiversity management under the témesy climate change and related
human activities. Suggestions are also providetutare research towards further enriching
the body of knowledge related to climate changeaittg on vegetative species diversity

under semi-arid conditions
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Chapter 2 : LITERATURE REVIEW

2.1 Introduction

Chapter 2 reviews literature to provide the thecatframework and empirical background to
inform the study. The reviewed literature covec®mprehensive spectrum of aspects, ranging
from the actual and projected changes in climatki@ninfluence on biodiversity particularly
plant species diversity at global, regional andaloscales. It discusses the theoretical
underpinning for each specific objective for thaedst Trends in climate change at global,
regional, local as well as in semi-arid regions @diseussed based on studies conducted by
various scholars. Current and projected changesoufiversity and specifically plant species
diversity as indicated in scientific studies anddels are also reviewed to put this study into
context. In addition, the usefulness of remoteisgoducts in general and vegetation indices
in particular, in estimating plant species diversstalso discussed based on studies done by a
diversity of researchers. A discourse on the mailogiical approaches used by various
scholars in climate change impacts and biodiversgyessments is provided to inform the
methodological framework adopted in this study.

2.2 Global climate change: Concepts and trends

Climate change relates to the long term continudhasge, whether decrease or decrease, in
the long term average weather conditions (Hamseh.,2011; Keely, 2011; IPCC, 2007a). It
occurs gradually over decades and cannot be aswettavithout scientific records (Keely,
2011). Furthermore, Keely (2011) proclaims thanelie has been changing in the past and it
will continue to do so due to changes in the Earéimvironment and there is nothing inherently
wrong with that. However, the current concern ansbregientists is that it is changing at a
faster rate than previously experienced in the 886,000 years (Keely, 2011). The rate at
which climate is changing is resulting in a plethof consequences on all facets of lifger

alia, biodiversity on which humanity depends on forvaral.

According to Barry and Chorley (2003), the realmathat climate was far from being constant
only came in the 1840s when indisputable evideridermer ice ages was obtained. Climate
has changed over the years to affect ecosystemstard forms of life. The study of past

climate began in the 1920s and more actively in X880s. Weather records span only

approximately the last hundred years (Barry andriéiip2003). However, proxy indicators of
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the past climates are used in obtaining paleo-ticnata (Barry and Chorley, 2003). Some of
the proxy indicators include tree rings, pollerbirg, ocean foraminifera and lake sediments
among others. Thus, ifr@lationshipis established between vegetative species diyaani
climate, plant species diversity could be usefuagsoxy indicator for climate change. If a
positive relationship is also established betwesnate sensing indices such as NDVI and
species diversity (Ustin, 2016; Cavender-Batesl.,2016; Gravest al.,2016; Revermanat

al., 2016; Wanget al., 2016a), then the impact of climate changes ontgasrsity can be

understood through the use of remotely sensed data.

It is valuable to first consider the nature of diie changes. The World Meteorological
Organisation (WMOQO) proposes thirty years as thedaed interval for climatic statistics
(Goose, 2015). However, for historical records gmdxy indicators of climate, longer,
arbitrary time intervals may be used (Barry and &y 2003). Tree rings and ice cores can
provide seasonal/annual records, while peat bogeean sediments may provide records with
only 100 to 1000-year time resolution. Hence sterrh changes and true rates of change may
not be identifiable. Climate change can occur wesal different ways (Browet al., 2012;
Barry and Chorley, 2003; Hare, 1979), which inclageabrupt shift in the mean of climatic
variables, a gradual change in the trend of thenm@exiodic variability and a progressive trend

in the mean (Barry and Chorley, 2003).

Global temperature records as from 1881 to datieatela considerable but irregular increase
of between 0.3 and 0% (Jones and Briffa, 1992). This trend is least attbpics and greatest
in the regions of high latitudes. Winter temperasuare the most affected. According to Barry
and Chorley (2003), the general temperature risenbabeen continuous and four phases can
be identified:
a. 1881 to 1920- No consistent trend but the mean arnfluctuation was within extreme
limits of 0.4C.
b. 1920 to mid-1940s- Warming to mean temperaturés43€.
c. Mid 1940s to early 1970s- The northern hemispheoted while the southern hemisphere
warmed. Oscillations were within extreme limitd@ds than 0%C.
d. Mid 1970s to 2000-There was noticeable general \Wwayraf around 0.5 except for
areas of the North and south pacific, North Atleniurope, Amazonia and Antarctica. In

some areas the warming exceed¥d. 1
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Based on balloon soundings, the global troposphemperature increase since 1950s has been
about 0.8C/decade, similar to that at the surface (Barry @hdrley, 2003). However, the
satellite records of tropospheric temperature sadesser rate of warming than the surface air
temperature: 0.050 +/- ®Q/decade versus 0.15 =/-0.05/ decade. The diffeszage mainly

in the tropics and subtropics and are not fullylaixgd (Barry and Chorley, 2003).

Available data shows that global temperatures @raae are increasing. The warmest years
on record were 1998, 2001, 1995 and 1990 (IPCC7200n the southern hemisphere there
has been an irregular warming of around®©.5ince 1930. The twentieth century global
warming was approximately 0.%5, which appears to exceed natural trends 83190 years

as estimated from statistical modelling (IPCC, 280Barry and Chorley, 2003). There is a
wide consensus that this warming is a result ofeiases in greenhouse gases, principally
carbon dioxide. The warming is associated with doesequences on man-made and natural
systems. Ecosystems and their functions have reot §gared. Bellaret al., (2012) projected
that plant species diversity may also alter duéh&se changes. It is therefore important to
understand the impact of temperature changes ajek in other climatic elements over time

on plant species diversity.

Climate change is the most significant environmlentellenge facing humankind today
(WCED, 1991, Weart, 2004). Although several thephave been propounded with regards to
the causes of climate change, it is generally adpleeand no longer a myth that, besides natural
climatic variability, human activities are signiiatly contributing to the earth’s climate change
process (IPCC, 2001, 2007b; Bellaetl al., 2012; Pereireet al., 2010; USNAS, 2014).
However, Bast (2010) argues that the assertion$itihmaan beings are causing climate change
are extreme due to the complexity of the climatdesy. There is a lot that is not yet known in
the climate system and several mechanisms are etotngluded in the climate models
considered by various scientists (Bast, 2010) pitesof this view, there is enough evidence
linking human activities to climate change. The N&ional Academy of Sciences (USNAS,
2014) agrees that climate change is a result optaxprocesses within the climate system but
it is now more definite than always, based on pratevidence, that humankind is the key
driving force behind the problem of climate changeveral scientists (Mirza, 2003;
Rosenzweiget al.,2001; Reason and Keibel, 2004; Reason, 2007; \Warbet al.,2005) are
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of the opinion that the increased frequency ofeartr events associated with climate change

may be attributable to increasing greenhouse gBS{@&missions through human activities.

The Intergovernmental Panel on Climate Change (IPZID7a) states that climate change
could be due to natural variability or as a resflthuman activity. The United Nations
Framework Convention on Climate Change (UNFCCC220dews climate change as a shift
in long term atmospheric conditions ascribed diyeot indirectly to human activities and
natural variability that alter global atmosphemergosition. For this study, whether climate is
caused by natural processes or human activitiesl t@uiof no consequence but the reality on
the ground is that climate is changing with evidenvironmental consequencieser alia,

ecosystems modification characterised by bioditedianges.

Climate change is depicted by several factors, sofmehich are observed and projected
changes in mean global temperatures and rainfallflde associated impacts, such as increase
in extreme weather events; melting of icebergsgigta and permafrost; sea level rise; and
changes in the timing and amount of rainfall. (Kjaetlal.,2006; Schneidegt al.,2007; Daze

et al, 2009; Brownet al., 2012). Yanda (2010) buttresses this view assettiag climate
change and variability are occurring as a resuttadfiral and anthropogenic processes altering
atmospheric composition which in turn changes tle¢egrological conditions and processes.
These changes have conveyed significant modificataf rainfall and temperature patterns,
which become evident through frequent droughts,siisils and floods. The IPCC (2007a)
avers that the mean temperature of the earth’scifias increased by 0.74°C since the late
1800s and proclaims that the temperatures areyliketise to 4°C by the year 2100 if the
current trend continues unabat&dich increase is too fast and intense in geologioal. Tol,
(2005) and Christensest al., (2007) are of the opinion that even if it gets &eotslight
increase from the current levels, it would be amease larger than any century-long trend in
the last 10,000 years.

These projected changes are part of the key patestious cycles of climatic perturbations
that might characterise the globe. Warming mightuocat a rate that is beyond human
imagination. Yohe and Schlesinger, (2002) and Agig2005) reiterated that the increase in
the use of fossil fuels in the quest for developnagid the fact that virtually all human activities
produce greenhouse gases will increase the contplexiclimate change problem and

intricately tie it with poverty and economic devetoent.
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Climate change has had a diversity of impacts erettological systems, including all forms
of species diversity. Both flora and fauna spetiage tolerance ranges for environmental
gradients such as temperature and rainfall. Iftdherance range is not reached or exceeded,
the species will not be able to produce and surviiés often results in ecosystem imbalances
that are associated with other impacts that magcafiuman beings directly and indirectly.
There is still paucity of scientific evidence in st@eveloping economies on whether climate
change has influenced the tolerance ranges of aggetspecies resulting in changes in
vegetative species diversity. The situation in dgsieg countries is exacerbated by low
adaptive capacity and poor technological developgpadfecting both economic growth and
environmental protection. While direct effects frafimate change vary widely across the
globe with some areas projected to get wetter, nuicdouthern Africa is getting drier and
hotter (Yanda, 2010). This aggravates the impaey®id the capacity of the ecosystems to

cope with the potential and known changes.

While climate change already poses significant ictgpaon the environment, affecting
ecosystem stability and agricultural productioreréhhas been little commitment to make
adaptation and resilience national priorities amaeng-Saharan African (SSA) countries
(Levina, 2006; Chagutah, 2010). In most cases,tatlap has been taking place at local level
through involuntary migration (Blackt al., 2011; Tacoli, 2009), as well as changes in the
sectoral structure of production, and changes apping patterns (Kotecha, 2010). The key
role of the government is to provide informatiargentives, and the economic environment to
facilitate such changes. However, there has gdpdraén very little effort to address climate
change impacts in most developing countries. THemebacks in adaptation are attributed to;
low scientific development and poor social and eooic infrastructures as well as Africa’s

fragmentation into small countries and ethnic ggywmd also poor business environments.

The realisation that there is overwhelming evidesickuman induced climate change which
is associated with dire implications on the globammunity led to the formation of the
UNFCCC. The convention was in response to evideheearming and related consequences
and the need to take immediate action (Schneital.,2007).
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2.3 Projected global climate change and impacts on biodiversity

In the absence of mitigation measures, the contiErease in emission rates is projected to
warm the globe by% in 2100 (World Bank, 2012). If the current ingean GHGs remains
unabated, the next few centuries will experiencenpunced warming. This will be
characterised by an increased recurrence of heatsyaevere droughts and huge floods,
accompanied by deleterious impacts on ecosystethsedated services (World Bank, 2012
MEA, 2005). As with the current situation, the insfgwill not be evenly distributed across
the globe. This means that different geo-climaéigions are likely to experience different
climate change impacts. The World Bank, (2012) gutyj that warming will be more
pronounced in the next centuries if the currenteaases remain unabated. Projections show
that extremely high summer temperatures are exgp@ctaany parts of the globe (World Bank,
2012). Extreme heat waves experienced in Russ2810, for example, are likely to become

new normal summer characteristics in’& varmer world (World Bank 2012).

The projected increase di@will have monumental impacts given that the effét a scenario

of 2.5°C warming are severe, with observable ecosystemgeisaexpected on every continent
(Heyderet al.,2011). Only small biome shifts in temperate amgital regions are expected
if temperature increase in limited t8Ccoupled with a slight decrease in precipitatioold
and tropical climates will experience considerati@nge if temperatures increase B¢ 3
while at £C, large scale biome shifts will occur and tempematnes will be substantially
affected. De Groogt al.,(2012) and Farlegt al., (2013) note that such changes would result
in extensive loss of biodiversity and reduced laogier. Climatic variables are significant

factors in influencing plant structure and ecosyst®emposition (Reet al.,2011).

The abrupt rise in global temperatures will resulmassive changes in various ecosystems
due to their failure to adapt to changed conditidiediversity shifts and species losses are
likely to be the order of the day. The World Ba@Kk12) reports that large scale species losses
and ecosystem changes have been associated withtelichange. Climate change will
exacerbate the impacts of other ecological stresleading to massive species extinctions,
declining species abundance, or widespread shiipecies and biome distributions (Leadley
et al., 2010; Campbelkt al, 2009; Inouye, 2008; MEA, 2005). Furthermordsiprojected
that major changes in ecosystem structure, spec@sgical interactions and shifts in species
geographical ranges with primarily adverse impaatbiodiversity will occur in future (World
Bank, 2012; Leadlewt al.,2010). It is estimated that about 20 to 30% ohpknd animal

25



species assessed to date are at risk of extirgtieno climate change and this will be exceeded
if warming continues according to projected tre(\erld Bank, 2012). Fischliet al.,(2007)
project losses in forest species due to droughkdfire and agricultural expansion whose roots

are in climate change.

In addition, Rahel and Olden, (2008) and Hellamahial., (2008) foresee the potential of
climate change in facilitating the spread of invasspecies with implications on biodiversity
and its functions. Similarly, Barnoskst al., (2012) proclaim that climate change has the
potential to catalyse abrupt shifts in ecosystehet thay cause significant biodiversity
changes. Wernbergt al., (2012) and Thibault and Brown (2008) buttress tesv adding
that the extreme climatic events will drive draro&tosystem changes. It is predicted that the
risk of wildfire occurrence will increase signifitdly due to climate change. This will lead to
significant biome shifts resulting in changes inmbcam fluxes and vegetation composition
(Barnoskyet al., 2012; Heyderet al., 2011; Lavorel and Garnie002). Furthermore,
Fernandez-Gonzale# al., (2005) reiterated that on the basis of curremb&te observations
and 2% century forecasts, poleward shifts of biomes oftagt00 km are inevitable. This
implies massive changes in vegetative speciesdityeat global level and consequent changes
in ecosystem functions which may directly or indihg affect human beings. Mountain-top
ecosystems may experience high levels of extinetrater the projected climatic scenarios (La
Sorte and Jetz, 2010). Species at continental exdgkat islands may fail to migrate and adapt

resulting in their massive extinctions (Hetfal.,2011; Campbellet al 2009).

The results of geographical shifts propelled bynelie change and related forces would be
found in reduced species richness and speciesvernn a study of 5,197 African plant
species, Midgley and Thuiller, (2011) observed ,t2at to 42 percent of the species could
mislay suitable ranges by 2085. In addition, contipetfor spatial dominance between plant
species and human agriculture in th& 2dntury has potential to prevent vegetation expans
and the consequence is extinction, which will leadbss of biodiversity (Zelazowslt al.,
2011).

Changes in the composition of biological speciggcHically vegetation species can lead to
structural changes of the whole ecosystem. For plagrthe increase in lianas in tropical and
temperate forests as observed by Philépsl., (2008), and the advance of woody plants in

temperate grasslands as proclaimed by Ratagtizak, (2012) and Blooet al.,(2008). Under
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such circumstances, graminae and herbaceous speaigsgo extinct. This may further

influence diversity of fauna as grass eating hentas will also be affected.

It has been noted that ecosystems and consequsp@tyes vulnerability to climate change
depends on the climate zone and type of the e@mys$ieydeet al.,(2011) propounded that
Boreal-temperate ecosystems are experiencing kcgke forest die-back due to heat and
frequent droughts. This has been observed in Martarican boreal forests (Allest al.,2010)
where heat and drought stress lead to increasei@lioat the brink of the forests. Retial.,
(2011) observed changes in plant functional rickneghe transitional zones between boreal
and temperate forest and also between boreal alad pomes due to climate change and
related environmental perturbations. Small chamyésrest species pose risks to biodiversity
as different plant types gain dominance (Scheiza.,2006).

The World Bank (2012) found out that humid tropiéafests are increasingly becoming
vulnerable to climate change. Under tR€ 4emperature increase scenario, the land area for
humid tropical forest is expected to reduce by apipnately 25% (Zelazowslet al.,2011).

For most species in these ecosystems, water alNi#ylals the key determinant of
environmental suitability. Thus, reduction in theaunt of water available will result in stress
and die-back. In India and the Philippines clos8d% of the total humid tropical forest niche

is projected to be susceptible to retreat underatle change (Zelazowsdd al.,2011).

Substantial scientific debate is ongoing over thk to Savanna and grassland ecosystems of
abrupt climatic change. This threat has been ¢ledsas a ‘possible planetary tipping point’
at 3.5-4.8C warming rate, which, if exceeded, would resul imajor biodiversity losses and
significant shrinking of major terrestrial carbanks which will result in further increase in
atmospheric C&concentrations (World bank, 2012; Kriegétral.,2009; Lentoret al.,2008;
Cox, et al., 2004;). However, there is substantial uncertaagyto the magnitude of risks of
abrupt warming in these ecosystems. This justiiesneed to carry out assessments of climate

change impacts on specific facets of biodiversitthe Savanna areas.

2.4 Climate Change in southern Africa
There is an ever accumulating evidence of climh#ange in southern Africa as assessments at
various levels are almost always indicating sigaifit changes. Long term trend analysis of

climatic variables such as temperature, rainfall @mapotranspiration as climate proxies have
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shown that climate change is occurring in the nediruger and Shongwe, 2004; Warburton
and Schulze, 2005; Mohammed, 2005; Warbuebal., 2005; Newet al.,2011; Chishakwe
2010; Archeret al 2010; Malisawa and Rautenbach, 2012). Remotersgadgirived evidence
and directly observed temperature and rainfallm@so southern Africa show a warming and
decreasing trend respectively over the past fevadles (Hughes and Balling, 1996; Unganai,

1996). Overall, the result shows a warming envirentiin southern Africa.

The warming trends are consistent with the gloteadds of temperature increase in the 1970s,
1980s and the 1990s (Kusangayaal., 2013. Temperature increased by overd&5n the
past 100 years (Smitkt al.,2001). Namibia is experiencing an increase of teatpee at a
rate of 0.02%C per year, and the Indian Ocean, which drives nofsthe atmospheric
phenomena over southern Africa has experienced ingrof more than °C since 1950
(NCAR, 2005). Increase in temperatures are assabwith a downward trend in rainfall which
is already very low causing severe droughts (NCAB05). Glantzt al (1997) reports that
over 15 drought events of significant severity wexg@erienced in the region between 1988
and 1992. Chenje and Johnson, (1996) and ChagR€@dl) echoed the same sentiments
claiming that in the early 1990s the region experéel rainfall that was 20% lower than that
of 1970s and significant droughts were experiemaéide 1980s, early 1990s, and in 2002. The
2015/16 El Nifno Southern Oscillation (ENSO) induadught is described as the worst
drought to affect the region in living memory asniipacted on the water, food and energy

security (Gizaw and Gan, 2016).

Besides the increasing temperatures and decresasinigll, SSA is experiencing climate
variability. Ziervogel and Calder (2003) found dbat the year to year variability ranges
between 30 and 35%. According to Davis and JoyB6dt1) the current climate in the region
is largely semi-arid, with high inter-seasonal arita-seasonal variability in precipitation. The
INGC (2005) postulated that extreme hydro climatients have been frequent features of the
early warning systems in the region. Davis and édyR011) aver that the rainfall of southern
Africa shows seasonal characteristics with thedstrgart of the subcontinent experiencing a
summer rainfall season usually starting in Octdbevember and tapering off in
February/March. Other studies (Tadrassal.,2003; Tadrosst al.,2005; Usmart al.,2005;
Tadrosset al., 2009; Crespoet al.,2011; Landmaret al., 2011) have shown variability in

season onset, cessation and dry spell frequendy spatially and temporally.
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2.5 Climate change in Zimbabwe

Studies have shown that climate is Zimbabwe igishifin a directional incremental mode,
with values of climatic elements significantly datig from the mean (Musiyiwa, 2014,
Rekacewicz, 2005; Unganai, 1996; Sindbal.,2012). There is an increase in the number of
hot days and a decrease in the number of cold @agsipitation is deviating from the mean
more frequently over the years. Unganai (1996) Ussirical instrument records and global
circulation models to study climate change phenamen Zimbabwe and found out that there
IS an increase in both minimum and maximum annesdperatures over several decades.

Figure 2.1 shows the changes in annual maximumeeatyres over time.
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Figure 2.1Zimbabwe annual maximum temperature variation between 1933 ar
Source: Unganai, 1993

The increase in minimum and maximum annual temperathave been associated with a
decrease and high inter-seasonal variability offedli Figure 2.2a shows national deviation of

rainfall from the mean while Figure 2.2b shows demin the number of cold and warm days.

Daily temperatures are predicted to have risen pyou0.8°C since the start of the century
translating to a 0.1°C rise per decade (Simbal.,2012). From 1900 to 1993, precipitation
declined by up to 10% on average, which is aboup&¥decade (Unganai, 1996).
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Figure 2.2. a) Zimbabwe rainfall deviation, and (b) changes in the number of coldandiays.
Source: Zimbabwe Department of Meteorological Service (ZMSD)

Zimbabwe lies in a semi-arid region experiencing donditions. In general, the spatio-
temporal climatic changes are considerably expeingrvariability in rainfall, shifts in rainfall
seasons and the recurrence of extreme weatherseidmganai, 2009). The warmest years in
Zimbabwe since 1987 are (90/91, 91/92, 92/93, 932a495, 97/98, 01/02, 02/03, 04/05,
06/07) (Russell 2008). These years are also mdrkagvere droughts.

Drought recurrence is exacerbating aridity in moivinces across Zimbabwe. This has
resulted in the shifting of agro-ecological zonBsogvn et al., 2012). There is a marked

progression in the deterioration of rainfall patteand crop production from region 1 to V.
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Brown et al (2012) report changes in parts of Mashonalandt \wesvince from agro-
ecological region Il to agro-ecological region Min the same note, some parts of the Midlands
province have shifted from region Il to region IFurthermore, the size of region I, which is
the wettest, has significantly been reduced (Bretval.,2012). Agro-ecological zone Il has
moved further east whilst region lll has shiftedthaards. The climate of Zimbabwe is
generally regionally differentiated but all regioage experiencing an increase in warmer
conditions and erratic rainfall patterns. Thesenges have been associated with significant
impacts on various sectors of the economy. TaldlesBows some of the projected sectoral

impacts of climate change in Zimbabwe.

The signing and ratification of the UNFCCC by thevernment of Zimbabwe is an
acknowledgement that climate change is regardedsasious issue in the country. However,
the challenge for the country is coming up witreefive adaptation and mitigation strategies
for specific sectors given the complex nature efggiloblem. This could be emanating from the
problem of lack of scientific understanding of tivegk between climate change and sector
specific variables. There is considerable litei@ton the impact of climate on other sectors
such as agriculture, water, energy and human hé@hhagutah, 2010; Simbet al., 2012).
However, only little has been done to understand egetative species diversity is affected.
This has led to a void in strategies to enhanceatlagptive capacity of natural vegetation
communities across the country. Whilst climate deamssues have been included in the
National Environmental Policy of Zimbabwe (Enviroantal Management Act 20:27), they

do not adequately address issues of its impacegetative species diversity.
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Table 2.1. Sector based impacts of climate chamgémbabwe

Sector

Projected climate change impacts

General

Predicted warming of around@ by 2080
Present southwest-northeast-east rainfall grasv@hibecome steeper

Agriculture

General vulnerability of communal agriculture tor@te change and
variability

Generally, maize suitable areas will decrease &0 2@hile cotton and
sorghum suitable areas will increase by 2080

In the south western parts of the country, sorganthmaize will become
increasingly vulnerable to climate change whild@owill become less
vulnerable

In the north central and eastern parts of the eguntaize, sorghum and
cotton will become less vulnerable

Water

Overall, surface water resources are projecte@ t@fuced significantly by
2080 irrespective of the scenario used.

North eastern and the eastern parts of Zimbabwprackcted to experience
surplus in surface water while the western andrsatparts of Zimbabwe
are projected to experience a drying up.

Runoff will decrease significantly in the Umzingvearshashe, Nata, and
Save catchments.

a

Health

The area under high to extremely high malaria rthrall tend to increase by
2080.
High malaria hazard will be concentrated in the Iging parts of the country
including the Zambezi valley, and the South-easteid.

Forestry and

Expected minimum pressure on plant diversity fastlaad worst case

biodiversity scenarios is 42%.
* Net Primary Production (NPP) will decrease fromc¢heent average
maximum of over 8 tons per hectare per year togust 5 tons per hectare
per year by 2080.
Rangelands | « This translates to decreased rangeland carryingoitgfor both livestock and
wildlife.
=  Southwest and north-western parts of Zimbabweextlerience more
reductions in NPP than in other parts of the cquntr
Human * Increased water scarcity
settlement
» With decreasing rainfall and rising temperaturemificant declines in
Tourism biodiversity are expected to occur in most partdhefcountry especially the

western regions where most of the park estateleaged.
Lower resilience of ecosystems to other globairemmental changes

P ==

Source: Murwira (Unpublishéd

2.6 Climate change in Masvingo province

Climatic changes being experienced at global, reji@nd national levels filter down to

provincial level (Musiyiweaet al.,2014; Simbaet al.,2012; Unganai, 1996). The province is

prone to frequent and severe droughts due to |laheamatic rains. Its average annual rainfall,

650 mm, is less than potential evapotranspiratREaT) which averages between 600- 1000
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mm per annum (Chikodat al., 2013). PET thus, exceeds rainfall in the provishewing

water deficiency and scarcity. The aridity indexarsund 0.2 -0.5 which denote a semi-arid
region (Chikodzet al.,2013). Simbaet al.,(2012) point out that the province has seen &flig
decrease in the amount of rainfall over years. Hanehere is a significant increase in inter

and intra-seasonal variability.

The long term changes in rainfall and temperatacktheir increased seasonal variability are
resulting changes in plant species changes infhotitan modified and natural ecosystems. For
example, Simbaet al., (2012) report the influence of climatic changesl ariability of

productivity of maize and other small grains. Whstame past research done in the province
concentrated on the impact on human modified etesys little has yet been done on the

impact on natural ecosystem with regards to veyetapecies diversity.
2.7 Definition of Biodiversity

The definition of ‘Biodiversity’ has been debated §uite some time. As a result, Swingland
(2001) had to conclude that there is no a univigrsagreed definition and the term is often
redefined according to the context and purposé@fauthor. It is agreeable however that the
world is endowed with an assortment and abundahloargy organisms both flora and fauna.
These organisms together are referred to as baabdiversity or in short biodiversity (Scholes
et al., 2012; Swingland, 2001). Biodiversity is categadisato genetic variation within
populations, the number, relative abundance angueniess of species and the variety, extent
and conditions of an ecosysteBiodiversity provides a variety of development ogipoities

to humanity (Schorest al.,2012). It is the basis for indispensable environtaleservices upon

which life depends. Thus, its conservation andasnable use are of critical importance.

At global scale, ecosystems are organised intadtial pattern (White, 1983), with increasing
species richness towards the equator (Mutke anthiB&y 2005). However, some seasonal
variations in biodiversity also occur where, foaexle, plant species richness increases in the
winter-rainfall Mediterranean climate regions of rit@rn Africa and the southern Cape
(Cowling et al., 1996). The subtropical deserts are generally ckeniaed by low diversity
where, for example a large area of the Sahara D&saréré, constitute only 20 plant species
in an area of about 200 000 knin between are the subtropical deserts, whiclgarerally

zones of lower diversity (Scholes al.,2012). In spite of the latitudinal distributioqmckets
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of rich biodiversity exist particularly in tropicahontane areas (Rahbek, 1995). Mountains
contain several centres of endemism for birds, maisiend plants (Fjeldsa and Lovett 1997,
De Klerket al.,2002).

Environmental conditions of an area, particulartev availability, determine the richness of
plants and animals (Mutket al., 2001). This explains the high richness of plantsl a
vertebrates towards the equator. However, Davial., (1994) observed some exceptional
cases in which harsh climates like the Namib Dessditthe Karoo in the west of South Africa
have an estimated 4500 plant species of which mabshem are endemic. Topographic
variations also play a significant role in biodisigy distribution. It is however important to
note that spatial patterns of diversity vary foifedient species. A case in point is the Cape
Province in South Africa where there is high pldittersity of global importance, but the
diversity of animal species is not significant. dddition, the Central Zambezian Miombo
woodlands located in Zambia, the Democratic Repudilihe Congo (DRC) and Tanzania has

high bird diversity, but not plant diversity.

A host of definitions for biodiversity shows thdtet term could mean different things,
depending in the context one uses. Under suchrasoeit is important to make use of a
working definition. Thompsoet al.,(2009) proposed that, in the simplest terms, ity
can be considered as the number of species incifispgea. Thus, by simply counting the
species in a community we are able to determinedigerse it is in terms of living organisms,
both flora and fauna. The Convention on Biologibalersity (CBD), defined biodiversity as
“the variability among living organisms from all soas including terrestrial, marine, and
other aquatic ecosystems and the ecological coraplek which they are part; this includes
diversity within species, among species, and ofystems(EASAC, 2005). A much broader
definition was propounded by Allen and Hoekstra9@9that biodiversity includes the
multiplicity of life at numerous scales of ecolagliorganisation, including genes, species,
ecosystems, landscapes and biomes. A more gemslatstanding of biodiversity is that it is

a description of biological richness of a specattosystem.

Some studies have considered functional redundas@n important component to consider
in biodiversity assessments (Thompsamal., 2009; Hooperet al., 2005). This is where
diversity is considered in terms of functions & gpecies. Some species simply disappear but

their functions will be performed by other remamispecies to the extent that ecosystem
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functions are not changed. There exist some fumatigroups within plant communities, which
are assemblages of species that perform the sale® iroa system such as pollination,
production and decomposition therefore providirduredancy to the ecosystem. It is important
to note that functional diversity is not essemiabrrelated with species richness (Hooeer
al. 2005; Diaz and Cabido, 2001). In many cases,ispéicat dominate ecosystem functions
are not the most populous in the system ([etaa.,2003; Hooper and Vitousek, 1997,). Thus,
it is important for biodiversity assessments taeksh the species that contribute significantly
in maintaining the ‘sanctity’ of goods and servipesvided by the ecosystem if management

or protection is the objective of the assessment.

Changes induced by climate change or any otheramwiental factor may result in changes
in functional roles for species. Species that hlawi#ed functional capacity may become
functionally dominant (Thompsoet al., 2009). They change from “passenger” species to
“driver” species. In most cases, this helps in &urfig the plant community or ecosystem
against significant alterations and enables remieg\Walker, 1995). Chapet al.,(1997) have
referred to this variable response as ‘functioredponse diversity’ which is critical in
determining the resilience of an ecosystem to dloneagaries and other environmental
perturbations. Significant ecosystem changes asdilple collapse occurs when there is loss
of functional species in the absence of redundéGbwpinet al.,1997). Hoopeet al.,(2005)
noted that there is a clear need for continuedarebeinto the relationship between species

richness and ecosystem stability.

Several studies (Thompsenal.,2009; Bodin and Wimen, 2007; Drewatral 2006; Hooper

et al.,2005; Loreatet al.,2001; Petersoat al.,1998; Walker, 1995) observed that the ability
of an ecosystem to resist changes depends on dhaical diversity of the system and the
capacity of that biodiversity to maintain the ecsisyn. Biodiversity controls most of the
ecosystem processes although the ability of spatiesabling and maintaining the processes
varies from one species to another (Deaal.,2003; Walker, 1995,).

In this study biodiversity is referred to in terofsthe variety of tree species within Masvingo

province. Although fauna species are very importdmg study focuses on vegetative species.
The standard metrics, including species richnesssréiate to the dominant plant species that
characterize a given plant community or ecosystentansidered. The study makes reference

to terms that describe the vegetation structurgkihedensity, complexity) (Thompsast al.,
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2009). Consideration of vegetation structure irs thiudy is based on the fact that climate
change and other environmental factors may simiéctthe structure and not the number of
species yet the ecosystem functions of those spéeiee been changed due to changes in

structure.

2.8 Vegetative species diversity

Plant species diversity is considered importarmtatermining societal values, determining the
aesthetic value of the environment and the valugoofls and services supplied (Tombatk
al., 2016; Naeem, 2009; Duffy, 2003). The preservatibecological functions, processes and
disturbance regimes are as important as presesp@gjes, their populations, genetic structure,

biotic communities and landscapes (Oran, 2016).

Vegetation is generally regarded as the foundabiobiodiversity due to its influence on
virtually all facets of any ecosystem (Naeetral.,2009). Most of the biophysical processes
and functions depend on vegetation condition, oictvlits variety plays the most important
role. In fact, vegetation is the key determinantesfestrial biodiversity. Vegetative species
diversity can be regarded as the variety of plpates; the genetic variety among the species,
communities, ecosystems and the landscapes in whah occur (West, 1995; Noss and
Cooperlider, 1994). Vegetation is a significant pmment of ecosystems due to its role as the
major reservoir of terrestrial biodiversity. In diloh, it contains about 50% of the global
carbon stocks (Thompsoat.al 2009; IPCC 2007b, FAO 2000). In light of this,eth
management of vegetative species diversity conggisignificantly to climate change

mitigation.

Species richness in an ecosystem is a functiotimftic conditions, edaphic characteristics
and other biotic factors (Ayyappan and Parthasgrdi®99; Malansomt al, 2017). As such,
species diversity, with regards to richness is &é#glin areas that receive significant amount of
rainfall whereas in arid regions species richnedsw. Tripathi and Singh, (2009) observed
that riverine forests have the highest speciesi@sh due to high soil moisture content in these
ecosystems. Climatic differences between contirgstsgreatly influence differences in plant
species richness. For example, plant species amairdand African continent range between
40 000 and 60 000. Of these species 35,000 arécfgeédo be endemic while richness for
South America is approximately 90 000 plant speriean area 40 per cent smaller (Frodin,
2001). Barthlotet al.,(2005) notes that parts of the Congo basin hawtenabe levels of plant
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species richness, compared to some Central Eurcgaesystems. This can be attributed to

major extinction events due to historic climateiatons (Daviset al.,1994; Wiens, 2016).

However, while Africa is dominated by arid and semd conditions that do not promote rich
diversity, it contains 5 of the 20 rich sites odupi diversity (Groombridge and Jenkins, 2002).
Barthlottet al.,(2005) postulated that there are over 3 000 @paties per 10 000 Krin the
Cameroon-Guinea, Madagascar, Capensis, MaputalandeRand, and Albertine Rift centres.
Groombridge and Jenkins, (2002) claim that more thaixth of the world’s approximated
270 000 plant species are endemic to Africa. Bettlelt al., (2005) aver that approximately
9000 vascular plant species occur in a 90,000 lga at the Cape Floral Kingdom, a global
centre of plant endemism. This assertion is suppdsy Goldblatt and Manning (2000) who
added that about 69 per cent of these speciesndmrgc. Daviset al., 1994) also point out

that Madagascar contains more than 12,000 plactespef which at least 81% are endemic.

In the southern African region, plant species diitgris high mainly in the six phyto-regions
namely the Flora Zambeziaca, Karoo-Namib, Capeigtioy Afromontane, Indian Ocean
Coastal Belt and the Kalahari-Highvelt transitionahe (Beenje, 1996). Pattersaral.,(2007)

put forward that the Flora Zambeziaca region hashilghest species richness in the region.
The region dominates greater part of Zimbabwe.dreatest endemism in Zimbabwe is found
in the eastern highlands particularly in Chimaniimdountains, Nyanga and Chirinda forest,
which forms part of the Afromontane region. Furthere, in Nyanga Mountains, there is
occurrence of vegetation with characteristics ef @ape Floristic region such as fynbos (fire
bush). Although the other phyto-regions do not edtato Zimbabwe, remnant species are
also found. This diversity of plant species is mgwd to be evolving with time due to the
influence of various factors, most of which areatetl to climate change (Patterseinal.,
2007). For example, invasion by alien species &éadsd the changes in species composition as
well as species richness and evennasacia mearnsiin the eastern highlandBinus patula

in Nyanga National Park arfésidium cattlensisn Chirinda forest have invaded indigenous
species as the environmental conditions become fawoairable for the proliferation of alien
species. Some indigenous species sudh adotcaandDichostrychus cinerare reported to
have invaded some degraded sites and pasture Bmasping the natural vegetation
(Richardson and Petr, 2006).
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In Zimbabwe, plant species diversity comprisesdtsewoodlands and grasslands. Forests are
found in the Eastern Highlands and they are matdytane while grasslands are mainly found
on high altitude areas in the same region as wgetiraserpentine formations along the Great
Dyke (Zhakateet al., 2016). Woodlands include Acacia, Biakiaea, Tertmwh@&ombretum,
Miombo and Mopane (Wild and Barbosa, 1967). Figi& shows the distribution of plant
species diversity across the country.
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Figure 2.3. Spatial variations in tree species diversity in Zimbabwe.
Source: Zhakata et al., 2016

Zhakateet al.,2016 report that changes in plant species diyeidibws the pattern of rainfall
and generally there has been a decrease with deggesnnual rainfall.

2.9 Global Climate change and biodiversity

Species distributions, phenology and species coitiposare being manipulated by global
climate change (Cheat al., 2011; Parmesan, 2006). Climate change, besidagmnting
species diversity directly, also exacerbates thgarhof other pressures such as fragmentation,
invasive species, overexploitation, habitat logdjupion and diseases (Jewet al, 2015;
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Mantyka-Pringleet al., 2012, MEA, 2005). It is projected that in the neentury, the
continuous increase in the concentration of canioride in the atmosphere, which is the
known principal cause of climate change, will beeditme greatest driver of biodiversity loss
(Heller and Zavaleta, 2009).

Climate influences the rate of photosynthesis @sgiration (Thompsoat al.,2009; Lawet

al. 2002; Woodwarcet al 1995) as well as other processes in vegetatiegiap through
elements such as temperature and moisture regveesime (Thompson et al, 2009). Climatic
conditions also influence makeshift processes winatie consequences on diversity, for
example, they determine occurrence of wildfire,bhary and species migration. The
implication of these climatic impacts on vegetatisnthat, as the global climate is changing,
vegetation ecosystems will change as a result odeded physiological tolerances (Madti
al., 2008, Kellomaket al.,2008, Oleseet al.,2007).

Vegetation ecosystems such as shrub-land, forestsgeassland are complex and have a
plethora of natural processes that respond autonsimto internal and external drivers. In the
case of climate change, for example, where the amoluwater declines in an ecosystem,
water availability becomes a limiting factor thabwid possibly affect the height and density
of the tree canopy (Berry and Roderick, 2002). gandicant change in climatic elements will
naturally change the diversity of vegetation ategen species and ecosystem level. For
example, some vegetative species may reach a thddséyond which morphology cannot be
changed. There are also associated changes inthmaht taxonomic composition of the
vegetation ecosystem (Stephenson, 1990). Extreegels may result in the replacement of
forests by savannas or grasslands. In additionpéesture increase may result in the

replacement of open taiga forest by boreal forg&tiomakiet al.,2008).

Changes in the global climatic elements, mainlyfedi and temperature have influenced and
will continue to affect a variety of plant speciesmmunities and ecosystems (Parmesan &
Yohe, 2003). The effects are taking different formiepending on the location and
characteristics of species, community or ecosystemwell as the magnitude of change in the
climatic elements. Human modifications also detemhe extent and form of change. In some
cases, the effects take the form of loss which teag to extinction of some species in an
ecosystem (Hughes, 2000; Walteénrl.,2002). In other cases, they take the form of esiosn

and relocation while in some instances, phenolbgiod physiological modifications take
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place (Hughes, 2000; Walthet al., 2002; Bellardet al., 2012). Alterations in biotic
interactions may also occur due to climate change this will have consequences on

biological diversity at all levels (Hughes, 2000).

Several projections (Petersenal.,2002; Thoma®t al.,2004; Thuilleret al., 2005 indicate
that these effects may be widespread in the fugndeaffect both fauna and flora globally. In
light of the fact that species differ in the manmewhich they respond to climatic vagaries,
these effects could be the key driver of biologdiaérsity changes. Huntley, (1990) and Webb
and Bartlein (1992) postulate that there is sufficient evidefroen the Quaternary showing
that plant species responses to past climate chliengebeen characterised by large-scale shifts
in geographical distributions of species. This g#8s®is supported by Araujet al, (2005)
who observed that plants have a tendency to seligxisting climate regimes. Thus, changes
in climate imply changes in plant species chargsttes. In fact, some authors (Woodward,
1987; Fernandez-Gonzalez, 1997) have observethiratis a relationship between vegetation
characteristics (e.g. structure, primary produttiand distribution), and climatic elements.
Climate classifications have attempted to fit vageh characteristics to values of some
climatic elements. The various classifications tencbincide in the importance of temperature

and rainfall variables on climatically fitting thigstribution of plants or vegetation types.

Changes in vegetative species diversity due toatknshange or any other factors will affect
functions and benefits derived from plant commusi{iChapiret al.,2007). Maintaining and
restoring vegetation species diversity’s resiliet@eclimate change is cited as a necessary
societal adaptation mechanism (Thompsbal.,2009; Millaret al.,2007; Chapiret al.,2007).
Resilience in this case is the ability to maintia species diversity status quo with regards to
composition, phenology, morphology and other charéstics of species within an ecosystem.
Thompsonet al., (2009) argue that, under non-catastrophic dishoés, forests are more
resilient to change than other types of plant comtres. Thus, they are resilient to
environmental changes, such as weather pattermsgdaredundancy at various levels among
functional species. Redundancy in this case rédetise overlap and duplication in ecological
functions performed by the diversity of speciesam ecosystem. Some plant communities
might be highly resilient but less resistant totipatar climate change related perturbations.
For example, grassland communities are highlyiesdibut less resistant to fire. Nonetheless,
some communities are both resilient and resistangxample, well established, primary old
forests (Dreveret al 2006; Holling, 1973). Thus, the magnitude of irtpaf climate change
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on vegetative species diversity will greatly belieficed by the level of resistance and

resilience.

2.9.1 Biodiversity responses to climate change

Owing to changes in the patterns of climate elesaha place, vegetative species may fail to
adapt to different environmental conditions and rttays fall outside its favoured climatic
niche (Bellarcet al.,2012). To survive, species are bound to produaptac responses, which
can either be plastic or genetic. Of significanpartance is understanding whether or not
species will be able to adapt quickly to matchrdp@d pace of changing climate (Laverggie
al., 2010; Salinet al.,2010). Whatever the adaptive responses, the wigrhechanisms are
either due to micro-evolution or plasticity (Betlaet al., 2012). Micro-evolution is when
“species can genetically adapt to new conditiomsuhh mutations or selection of existing
genotypes” (Salaminet al., 2010). Plasticity concerns the intraspecific deera in
morphological, physiological or behavioral quastiehich can occur within individual plants
on different time scales in a geographical areakiBcet al., 2007; Chevinet al., 2010).
Hoffman and Sgro, (2011) posit that plastic contfitn is more important than genetic.
Lavergneet al, (2010) argue that evolution can be very rapidesn in the case of introduced

species, for which selection-driven phenotypic gjeghave changed the invasive potential.
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Figure 2.4. Three directions of responses to climate change
Source: Bellard et al., (2012)
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The mechanism of response to climate change magensb important but what is critical is
that changes in species are occurring and it hats bleserved that the changes are taking place
along three distinct but non-exclusive axes as shiowFigure 2.2. Parmesan (2006) asserts
that the spatial and temporal changes are eassigreaéible and well documented responses to
climate change. ‘Self’ changes occur less visillythe physiology and characteristics of

species to adapt to the new climatic conditionth@ésame geographical frame.

2.9.1.1 Spatial Response to climate change

Vegetative species, just like all other types obldmical species can track suitable
environmental conditions in space and follow thémaddition, shifts may also occur to a
different habitat at the local or micro-environméntel where conditions are more favourable
(Bellardet al.,2012). This mainly occurs through dispersion. Resam (2006) notes that one
of the best documented responses of biologicaliepéa climate change is the latitudinal and
altitudinal shift of more than 1,000 species tragksuitable climatic conditions at regional

level.

2.9.1.2 Temporal response to climate change

Biological species can respond to climate changautih shifts in time. This may result in
phenological changes. Phenology is amongst thesitpeovasive responses to th& 2entury
temperature increases (Parmesan, 2006). Bbal., (2003) report a shift in fundamental
phenological events of 5.1 days earlier per decaee the past 50 years after a meta-analysis
of a multitude of flora and fauna species. The phagical changes can increase the species
capability to keep synchrony with cyclical enviroamtal factors but they can also be disruptive
leading to extinction. Temporal shifts also occusall temporal scale e.g. “with activity
patterns adjusted in daily activity rhythms to nmathe energetic costs of different climatic
conditions” (Bellarcet al.,2012).

2.9.1.3 ‘Self’ response to climate change

Species may move along the “Self” axis (Figure 818 to physiological alterations that allow
species to tolerate warmer or drier conditions. &&bural modifications may also lead to
“self” changes. As these changes vary from oneispeo another, the diversity of the
ecosystem is also being modified. While physiolagiesponses are often less obvious than
changes in space and time, they have been repdutény the 28 century climate change
(Johansen and Jones, 2011). However, phenotygiomsess reach a physiological limit in
extreme environments e.g. body/ structure size etabolic rate cannot increase or decrease

indefinitely under increasing extremity in enviroemal change (Chevit al.,2010).
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Species’ failure to adapt along one or severalhef three axes will result in extinction.
Important to note is the fact that under a changlimgate, both adaptation along the axes and
extinction will result in biodiversity changes. W)uhere is a plethora of changes in species
that may occur to cope with climate change. Bo#kial.,(2007) postulate that adaptation has
been superseding extinction so far, indicating thkitively few taxa went extinct following
climate change. However, Bellagtial.,(2012) posit that responses of many species alylik
to be incapable to stand the speed and magnitudarient climate warming and variability.

As presented in the foregoing discussion, biodityeesd climate change literature is showing
that, due to alterations in characteristics of alimelements, the globe is facing an irrefutable
biodiversity crisis, either through morphologicphysiological and phenological changes or
through going extinct. This implies loss of theusbknd benefits associated with the pristine
nature and status of biodiversity. The number efcgs that may disappear due to warming
has become a major concern. There is need formatekfurther understanding of the effects
of climate change on various forms of biologicdé lat different scales and geographical
locations to facilitate policy action that wouldseme support for climate change mitigation and

adaptive options.

2.9.2 Vegetative species diversity response to climate change

Plant communities respond differently to climatamfpe (Thompsoat al.,2009). Taxonomic
composition, ecosystem processes and vegetatiociste are dependent on the capacity of
the plant community to cope with the extent of d®nTo that extend, it is important to
consider the resilience of an ecosystem or plamingonity in trying to understand the impacts
of climate change on vegetative species diversiys, the impact is dependent on the type of
the community, its resilience to climatic disturbas and perturbations. Characteristics of a
plant community can be used to define its ecosysi@te. For example, a forest community
state is measured in terms of the existence ofdpeeies as the dominant component of an
ecosystem, together with the functional purposesthef species and the characteristic
vegetation structures such as the height, layetstams density at maturity.

Scientific literature has distinguished between dgiarering resilience” and “ecological
resilience” to climate change (Thompsetral.,2009; Gunderson 2000; Petersdral., 1998;
Holling 1973). Thompsoet al.,(2009) note that engineering resilience relatebeability of
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a plant community or ecosystem to assume it's maigipre-disturbance state with the
assumption that there is only one steady stateekample, in the event of a meteorological
drought the community will recover from drought iagts with minor or no changes in species
composition. On the other hand, ecological restierelates to the ecosystem’s capacity to
engross impacts before a threshold is reached wihemant community changes to a different
state. For example, in the case of a meteorologimalght, the plant community will be able
to withstand a protracted drought before being eaied into a different vegetation ecosystem
with different species types. The successive conityiumight however be able to provide

functions provided by the initial community.

Plant community or ecosystem state of interest determined by dominant floristic
composition and stand structure but it is also irtgy to consider the capacity of a community
to continue to provide ecosystem goods and serdespite the changes in composition and

structure due to climate change.

It has generally been observed that vegetativeiepécdstribution, phenology and ecosystems
composition are being altered by global climatengea(Jewitet al.,2015; Chenet al.,2011;
Parmesan, 2006). This has consequences on vegetitiersity at genetic, species and
ecosystem level (Bellardt al., 2012). Climate change will exacerbate the impdabtber
stressors such as over-exploitation, habitat losgsive species, pollution and disease
(Mantyka-Pringle,et al., 2012; MEA, 2005). In addition, Heller and Zavale{2009)
propounded that climate change, through increaskeviaels of carbon dioxide and other
greenhouse gases, especially methane and nitrades isxexpected to become the key driver

of biodiversity loss.

The impacts of climate change on vegetation spetiessity can occur directly through two
antagonistic effects (Fernandez-Gonzadtzal., 2005). The first one is warming, which
prolongs the period of activity and encourages tppmaductivity in cold regions. The second
one is the reduction in water availability, whichlwesult in the desiccation and disappearance
of some plant species, especially in arid and serdiregions. Thus, the effects are primarily
dependent on the climatic region within which sfiecspecies and ecosystems exist.
Fernandez-Gonzalezt al., (2005) highlighted this impact in Spain showingttthere is the
“Mediterraneisation” of the northern parts of llzgriPeninsula and the mountains and the

“aridification” of the southern half of Spain dwedlimate change.

44



Sensitivity to climate change relates to the extenwhich species are responsive to climate
stimuli (Gill et al.,2013). Some tree species thrive under high tenyeswhile others, if
exposed to high temperatures, will experience cadbarvation and hydraulic failure that may
cause species mortality. Plaeit al., (2012) reported on the mass mortalityRahus edulis
species in North America due to high temperatuines lied to carbon starvation. Under the
same conditions, there were no effects on populatad theJuniperas monospernmspecies.
Gill et al., (2013) reiterated that direct mortality of treesmore pronounced when the key
climatic elements (temperature and rainfall) corebifihus, an ecosystems’ species richness
could be a function of the sensitivity of individigpecies to climate change. The higher the
number of sensitive species the greater the degreediversity changes under the influence
of climate change.

Some vegetative species depend on temperatureotiuge seeds and prompt germination.
However, some species’ seed production and geriomas hampered by increase in
temperature. Clar&t al.,(2011) aver that temperature increases in nortd&# during spring
suppressed seed production in species from cegtirra, such aglagnolia, Ulmus, Pinus
and Fagus resulting in fewer seeds than in cooler sprirjsilarly, Maltitz and Scholes
(2006) claim that in Karoo national park, Southiédr species that depend on cooling periods
to germinate are negatively affected by spring viagnirhis also applies to species that require
freezing to start germination. Thus, the diversitthin ecosystems, especially with regards to
species richness and or evenness is dependeng gerikitivity of the reproduction system of

species to climatic vagaries.

In addition, certain vegetative species have loenathogical plasticity, for example, they are
less able to adjust flowering period in responséetoperature increase or decrease. Such
species fall to track climate change while thempetitors that manage to respond positively
thrive. This influence the abundance of certaircegsewithin ecosystems and therefore affect
species diversity (Williet al., 2008). Moreover, Rodriget al, (2000) is of the view that
climate change has recently been characterisechéyges in frost frequency which affects
some species’ flowering behaviour. Rodrigioal., (2000) notes that some tree species have

flowering parts that are prone to spring frostslstiothers are tolerant to the frost.
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Climate change is reported to have increased emyagssusceptibility to fire regimes. Some
species are more tolerant to fire than others. difference in adaptation to fire conditions
emanates from species variations in bark thickaedgost-fire recovery mechanisms. Brando
et al.,(2012) claim that vegetative species with thireldyarks are more vulnerable to fire than
those with thicker ‘insulating’ barks. Mckenzie afithker (2012) also observed that ‘re-
sprouters’ or species that store extra energyaim thots to enable recovery and regrowth after
fire outbreak are tolerant and more resilient imate change than those that store less energy.
Similarly, the ‘re-seeders’ or trees that produeeds after fire, according to Mackenzie and
Tinker (2012) are more fire tolerant than othermsr &xample, in Montana, USA, great fire
incidence increased the abundancePopulus tremuloidesnd Pinus contortawhile the
populations of other species declined significantly

A deluge of indirect impacts can also occur in gdographic regions depending on
environmental conditions. The most notable indiregpacts are derived from changes in
edaphic characteristics and fire regimes (Ferna@erzalez,et al., 2005). The interface
between climate change and other components oalgltvironmental change such as land
use dynamics, land cover modification and alteraibatmospheric composition constitutes
another imperious potential source of impactsdiditon, the other indirect impacts of climate
change on plant species diversity are realiseditiranteractions among species, for example,
through competition, asynchronies, herbivory, pestd invasions. Furthermore, Fernandez-
Gonzalezet al., 005) projected structural simplification of vedgata communities and the
widespread occurrence of local extinction of plgmtcies as some of the recognised impacts

of climate change.

Sensitivity to climate change related droughts esarbetween species within the same
ecosystem. Some vegetative species are more gensitincreased drought frequency and
severity than others. Sa@¢ al., (2012) and McDowelkt al., (2008) propounded that tree
species, for example, have two different mechanisitis which they tolerate droughts. One
group is more vulnerable to prolonged drought mkriehile the other is more prone to extreme
drought conditions. In times of drought, isohydspecies close their stomata to reduce
transpiration and desiccation (Sade al., 2012). This effectively works under extreme
droughts, but in the event of prolonged droughashbaen starvation will occur due to reduced
stomatal conductance, leading to mortality of sspblcies (McDowelkt al., 2008). On the
other hand, anisohydric species keep stomatal res, allowing transpiration and carbon

sequestration to continue. However, keeping stdmatas open poses a water loss hazard on
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these species and increase chances of hydradlicefan times of extreme drought (Saelke
al., 2012). Once more, the photosynthetic mechanismd by vegetative species determine
their vulnerability to climate change related deripds. Trees that use; €arbon fixation are
generally less drought tolerant than species uSingarbon fixation system. s£(plants open
stomatal pores and absorb carbon dioxide at negghiaing water loss during times of stress
(Sage and Kubien, 2007).

Climate change in some regions is characterisethgges in the rainfall patterns that exhibit
heavy downpours that may result in logging. Wabgiging by nature reduces soil aeration,
creating anaerobic conditions which may not ber&ésl by some vegetative species. Oxygen
starvation may lead to desiccation. However, tla@eesome species that are more tolerant to
waterlogging than others (Smi¢h al.,2001). The difference of tree species in tolegatuater
logged conditions result in ecosystem modificatisith regards to species richness and
evenness. Furthermore, some species rely on Hairgfiated cues to produce seed and
germinate. For example, in South East Asia, Sa#tial., (2006) identified the
Dipterocarpaceadamily which only flowers following lengthy periscdf wet conditions that
are succeeded by drought. Changes in the amoumaifall received will affect their

reproductive capacity and therefore diversity witréspective ecosystems.

Climate change has resulted in the proliferatioplant pests and diseases particularly in forest
ecosystems (Hushaw, 2015). Most species have besastptible to emerging diseases.
Differences in susceptibility to emerging climagéated diseases and pests result in changes in
vegetative species diversity. Parker and Gilbeéd04) argue that there is no clear evidence on
the characteristics of species that are more vabieito climate change related diseases but it
is likely that species that occur in small popualas and those with low genetic variation are
more sensitive to emerging pests and diseaseseXample, a mystery disease affected
Zimbabwe’s baobabs trees during the 2015-2016 itaddambondiyani, 2016).

The foregoing discussion has shown the differentharisms with which climate change
influences vegetative species diversity. As hiditkgl, sensitivity of species to different
climate change related variables leads to chamgdsersity. So, species may be sensitive to
one or just two of the climate change variablesweler, some species are sensitive to any
type of climate change. Specifically trees thatunaa small populations, species that are

dependent on other species for pollination are masierable to climate change. For example,
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the Joshua tre& (ucca brevifolpand the Shasta ground sloth have been unabigdodlimate
change and have gone extinct for many years ragpbc{Coleet al.,2011; Kennettet al,
2011).

There is need for global response to circumvenidbses of biodiversity caused by climate
(Fernandez-Gonzalezt al., 2005). However, for effective action, region sfieci
characterisation of the impacts on different typéspecies is necessary as it will identify
species and ecosystem specific adaptation stratefernandez-Gonzalezt al., (2005)
reiterated the need for future research to focuke main interconnected issues: monitoring
of current changes, species and community respotsaesimate change and predictive
modelling based on climate projections. This woséthction the adoption of mitigation
measures for the anticipated impacts. It is in Vi this research gap that this study aims to
assess the response of vegetative species divaesiglimate change under semi-arid

conditions.

Changes in the diversity of vegetative species utlgeinfluence of climate change point to
the ineffectiveness of the current biodiversity mg@ment practices. It points again to the lack
of effective species specific mitigation and adaptacapacities to climate change (Jewitt
al., 2015; Pressewgt al., 2007). Spatio-temporal shifts in species and estesys need to be
incorporated into biodiversity conservation plampitdnderstanding how climate change
impacts on species diversity contributes signifilyato the crafting of effective management
practices that promote the adaptive capacitiepetiss and ecosystems. In addition, sound
projections of future climatic impacts on specieg&bity are needed to guide adaptation and
conservation planning (Jewdt al.,2015)

2.9.3 Genetic diversity and climate change

The status of a plant community in terms of spec@mess or other measures of diversity can
be attributed to various levels of organisatiorbimidiversity but genetic composition of the
species is the key determinant (Thompseinal., 2009). Expressions of biodiversity,
particularly vegetative species diversity at difigrscales across a landscape is represented by
community diversity, species diversity in a vegetaarea, and molecular genetic diversity
within a species. The adaptive capacity and abibtyesist change under climate change
conditions of tree species are determined by thegss of natural selection which is based on
individual species that comprise populations athedzvel of ecological organisation
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(Thompsoret al.,2009; Muller- Starclet al.,2005). Diversity at each level has nurtured natura
regeneration of plant communities and enabled #daptation to climatic vagaries (DeHayes
et al., 2000). Genetic variance within a species is keth®natural selection of genotypes
within populations and species as they respondlaptato environmental changes (Schaberg
et al 2008; Reusclet al. 2005; Etterson, 2004; Burdon and Thrall, 2001rg8u and Lynch
1995; Peaset al 1989; Pitelka, 1988; Fisher, 1930).

The major determinant of adaptive capacity of ptaxmhmunities is tha-situ genetic variation
within each population of a species (Bradshaw, 1991he capacity to adapt is exceeded by
the rate environmental change, species are boutidgerse and others may be condemned to
extinction (Burger and Lynch, 1995; Lynch and Lanti@93). Genetic diversity regulates the
array of essential eco-physiological tolerancesjstance and resilience of a species. In
addition, it controls inter-specific interactionsat combine with dispersal mechanisms to
constitute the ultimate determinants of speciepaeses to climate change or any other
environmental perturbations (Halpin, 1997; Pestsal., 1989).

Davis and Shaw (2001) are of the view that plammainities in the past have responded to
changes in climatic variables through adaptatiosh rmngration. Thus, such response in one
way or another results in changes in the struauacerichness of species within a community.
It is thus a fact that climate change results igetative species diversity change. The level of
change is however dependent on species geneti@atbastics and the magnitude of

environmental change. The implication for thesenges is that changes in diversity may result
in changes in the ecosystem functions. Given thgomant role played by biodiversity to

support life on earth, there is need to come up gjfitecies specific adaptive mechanisms or
management options that will help to maintain speciiversity under a changing climate so

that humanity continues to benefit from the exgptmological diversity.

Vegetative species capacity to migrate for longasises through seed dispersal is particularly
important in the event of rapid environmental cteag a consequence of climate change.
Despite morphological dispersal syndromes that dioudicate adaptations for short distance
dispersal, the generality of species is capabl®mg distance seed dispersal (Cwynar and
MacDonald 1987, Higginst al.,2003). Thus, long distance dispersal may resutbimplete
change in species composition of plant communifiéss implies that no community has

immunity to species composition changes, it depeiods greater extent, on the severity of the
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drivers of change. Given that climate change ptextis indicate projected rapid increase in
temperatures by almost@ in the next century (World Bank, 2012), shiftspecies diversity

and consequently ecosystem functions and stahilight be inevitable. In this case, the need
for climate change mitigation efforts arises sd thare is control on the severity of the drivers

of change.

There is no significant difference between the nsodfedispersion, for example, Wilkinson
(1997) and, Higgingt al., (2003) found no significant difference between dvand animal
dispersed plants. All plants have the proclivitydog distance dispersal. However, a plethora
of factors determine migration. Higgins and Riclsard (1999) view long distance migration
as a function of habitat suitability. Thus, theeraf migration increases and becomes more
visible if the rate of change in habitat suitalilibcreases rapidly under scenarios of rapid

climate change.

The retreat of glaciers in the northern temperatestts resulted in massive dispersals of tree
species in the process of recolonisation. Howehere were incongruities between estimated
and observed migration rates due to underestimafitomg distance dispersal rates and events
(Cain et al 1998, 2000; Clark, 1998; Brunet and von Oheim@08). It is worth noting
therefore that climate change influences habitaalsility which then influences species
migration consequently affecting species diversitghe sending and receiving ecosystems.
However, there are concerns that tree species timgrand adaptation rates will be outpaced
by the projected global warming (Malcolket al, 2002; Collinghanet al, 1996; Dyer 1995;
Huntley, 1991; Davis, 1989). It is however arguatbiat the models used in the projections
refer to fundamental niches and generally ignoeeeitological interactions that also regulate

species distributions.

Millar et al, (2007) and Ledig and Kitzmiller (1992) concuaittin dealing with an unknown

future there is need for the use of diverse appremto management due to the fact that no
single approach can ever fit all situations. Tipislges to the management of plant communities
or ecosystems management strategies. In the envenatal science realm, conserving species
and genetic diversity addresses the need to beumepor all sorts of environmental changes

that might occur, and this is important to the apiof ecosystem resilience to climate change.
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Vegetative species adapt to change through didpmrpaopagation in the direction of a more
suitable environmental condition. Alternativelyeyhcan modify their gene frequencies in
favour of genotypes that are better adapted tehiamged environmental conditions (Reusch
et al., 2005; Burdon and Thrall, 2001,). Some vegetatpecies adapt through phenotypic
plasticity, if their genetic constituents entaibage of acceptable responses that are appropriate
to the new conditions (Nussey al., 2005). In addition, the adaptation process maylires
simultaneous occurrence of dispersal and genedrexyumodification. The two processes will
interact during the process of adaptation. For etamin vastly fragmented vegetation
communities, dispersal habitually promotes gene.flthis maintains within-population levels
of genetic diversity and prevents genetic diversitys that may occur within small and
fragmented plant populations (Thompsatnal., 2009; Farwiget al., 2008; O’'Connellet al
2007; Degeret al.,2006; Mosseleet al.,2004).

Dispersal occurs through various agents such asrywaind and animals (Thompse al.,
2009). Thus, climatic vagaries play a significaslerin the determination of dispersal agents
and their magnitude directly and indirectly. Thid wontribute in the modification of diversity

in plant communities. Cwynar and MacDonald (1983ed that seeds can disperse over long
distances within a short period of time. For examfpight-seeded vegetative species such as
conifers, specificallyPicea mariana, Pinus resinosand Pinus rigidahave the propensity for
travelling long distances over snow and ice froeirtbriginal population centres (Cwynar and
MacDonald, 1987). Ritchie and MacDonald (1986) @iréhe view that wind dispersal over
snow explains the long distance post-glacial migratof conifers such @cea glaucalt has

also been noted that long distance seed dispasdleenhanced by birds (Wilkinson 1997).

Long distance dispersal can only happen to lightled species. Heavy seeded species have
difficulties in travelling across landscapes. Faample, species found in mangrove and highly
fragmented environments such asdhbglans spp and Carya sfyave long distance dispersal
difficulties (Genget al., 2008). Conversely, other heavy seeded speciesasf@hercus spp
andFagus grandifolia areapable of fast and extensive dispersal givemptésence of certain
animal species (Bennett, 1985; Davis, 1981; Skellgb1).

Seed and pollen dispersal by plant communities shédpmaintain genetic diversity and
consequently long term resilience to manipulatigrcliomate change and related disturbances
over space and time. In other words, dispersalleaapecies to establish themselves in other
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climatically favourable environments. It is howeweportant to note that the occurrence of
dispersal, although it promotes genetic diversitypromotes changes in species richness in
other ecosystems. The impact of anthropogeniciieswcannot be overemphasized. Human
activities may change the landscape and gene poadsluce the capacity of genetic dispersal.

Fragmentation of habitats can potentially adveraéfigct reproduction amongst species.

Environmental scientists should also be concernéd tiwve phenomenon af-situ resilience,
based on genetic adaptation to fully understandaarthge the climate change-diversity nexus.
The concern is on the ability of a plant commurgtyecosystem to maintain itseff-situ
following a climate change related disturbance saagdrought, flood or fire. Thus focus is on
the role of genetic diversity as a factor in th@amty to adapt to a disturbance. Genetic
adaptation, in which vegetative species’ gene fegies are changed to stimulate growth and
reproduction in a changed environment, has shatti@mg-term components. Within a plant
community or ecosystem, individual plant speciespoad differently to environmental
changes due to genetic differences. To understanthrtpacts of climate change on diversity,
it is important to comprehend the different ratesvhich individual species and populations

respond to environmental changes.

Hamrick and Godt (1996) noted that trees are antadhgsnost genetically diverse organisms
in an ecosystem. This diversity underpins poputatgtability in climatically changing
environments (Gregorius 1996). Burdon and Thr&l0@® have demonstrated this concept with
respect to pest populations. Furthermore, Caettal (1997); Kullet al (1996) and Bazazz

al., (1995) demonstrated the concept with regardslaptation to potential pollutants and to
various other physiological stresses. Thompsbal., (2009) propounded that high genetic
diversity within a larger, local population, foraxple, the savanna biome populations allows
for a comparatively quick adaptive response to remvnental changes including those
influenced by climate change. Thus, it is expedteat the more genetically diverse the
ecosystem the less the impact of climate change.

As already alluded, in an ecosystem, species resgifierently to climate change and other
related environmental disturbances. The disparitiesurvival ability are due to natural

selection pressures and may result in the narrowafrgene pools to promote genotypes that
are best able to survive disturbances, such asatdinchange and related phenomena

(Thompsoret al.,2009). Some local plant communities contain siskgenotypes that are
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‘pre-adaptedto environmental changes (Jump and Penuelas, 2@4s and Shaw, 2001). In
an experiment, Bazaz# al (1995) demonstrated the potential Retula alleghaniensiso
respond to fluctuating levels of GOrhe experiments also show that genetic compleaty
the magnitude of genetic responses can be afféstatbnsity and competitive interactions
within plant communities. In addition, the experimteedemonstrated the general capacity for
resilience of plant populations to projected Q@reases (Berrangt al, 1989) based on the
existent levels of genetic diversity within popudas at any given time. It has been shown
through such experiments, however, that it is cliffi to predict the way in which species will
respond to human induced changes, or to otheramigntal changes in the future (DeHayes
et al, 2000; Bazazet al, 1995).

There are concerns within the scientific commuthigt the predicted changes in temperature
and rainfall across the globe are likely to occua irapid fashion that would not allow species
time and space to adapt (IPCC 2007a, MEA, 2005pJamd Penuelas, 2005; Davis and Shaw,
2001; Huntley 1991). Conversely, genetically dieespecies have the dexterity for rapid
evolution (Geber and Dawson 1993). Several spécies already repeatedly adapted to rapid
climate related environmental changes over geadbgiime by means of dispersal and genetic
changes. Geber and Dawson (1993), Huntley and Bir883), Davis (1983), Bernabo and
Webb (1977) noted considerable evidence of adaptati the geological and fossil record.
The adaptation has been demonstrated followinggastal and interglacial episodes, which
were characterized by rapid climate change (Hurdley Webb 1988).

Despite the overwhelming evidence and argumentpastipg the ‘environmental change-
genetic diversity’ nexus, there is common misapgension of the nature of genetic adaptation
in species with long generation times (Thompsnal., 2009). There exists a general
perception that the long-generation times of sopeeigs disadvantage them with regards to
rapid response to environmental perturbations. Hewat is apparent that plant species or
specifically trees, are not exclusively relianttbair generation time to rapidly adapt, but they
respond quickly based their inherent vast genatierslity. To this extent, Thompsaet al
(2009 p16) argue that “ddaptation to environmental changes of specids hitg generation

times were dependent on generation time, thereddoeiino trees left on Eafth

Climate change is postulated to be one of themlyiforces behind some major pest infestations
(Wainhouse and Inward, 2016; Hushaw, 2015; FAO02@&ukeneet al., 2007). In plant
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communities, pest infestations may result in rgmigpulation decline or collapse if genetic
changes are engineered by natural selection oexXiséing genetic diversity ah situ gene
pools. This may be reinforced by a prolonged preaaglving the development of genotypes
more gradually in the modes forced by natural $®le@ver many generations of successive
breeding and reproduction (Thompsatral.,2009).

Plant species that survive environmental changedisturbance related to climate change
interbreed and propagate (Thompsoal.,2009). As this happens, the gene frequenciesof th
surviving species will dominate. The changes inegaquencies are modified over time to
create populations that adapt well to the changngronment. Conversely, species with
naturally low genetic diversity may face challengasadapting to sudden changes in
environmental conditions. For example, populatiohghe red pine tree species in North
America are extremely vulnerableAomillaria spp. andSclerroderris lagerbergiwhich have
the potential to eliminate entire populations du¢he species’ low levels of genetic diversity
(DeVerno and Mosseler, 1997; Mossedeal., 1991, 1992,). This implies that diversity at all
levels is dependent on the genetic characteristicedividual populations since genetic
diversity has both direct and indirect influence diversity at species level while species

diversity also directly and indirectly influencesosystem diversity.

Thompsonet al., (2009) noted the need for complementarity betwgametic diversity and
species diversity. Species’ resistance and res#ieto climatic vagaries and related
perturbations is reliant on genetic modificatiorattapt to the changing conditions. Thus, the
agents of genetic modification such as insects, ltds and mammals play a significant role
in influencing the magnitude of impact of climateange on plant species diversity. Without
these agents, tree species may be restricted imaiiéty to adapt to change. For instance,
specific gene flow volume in a population may bguieed to reduce the negative impacts of
inbreeding and inbreeding depression of specibgimny fragmented landscapes. Cwynar and
MacDonald, (1987) observed that the threat of déntdaange on plant species can be reduced
by small and isolated populations at the marging @eographic range as they, in some
instances, serve as well adapted seed source®poitgtion migration under environmental
change. Such populations are assumed to have emped enormous environmental
challenges leading to physiological stresses ag dbevived beyond their eco-physiological
tolerances. Garcia-Ramos and Kirkpatrick (1997)tydated that such isolated populations

might have experienced genetic isolation and becadapted through natural selection. In
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addition, Thompsoret al., (2009) view these species as containing specigbtations that
augment their value as special genetic resourcesifiptation and resilience to climate change

and related environmental perturbations.

2.9.4 Factors affecting vulnerability of tree species diversity to climate change

The IPCC (2007b) postulated that climate changassociated with significant changes in
climatic variables and other atmospheric variablegh are predicted to stimulate biodiversity
changes across the globe. Changes in rainfall, éeatyre, fire patterns and carbon dioxide
concentration constitute significant changes inetim&ronmental conditions in which a variety
of species survive. A plethora of vegetative spebtigve already responded to the changing
environmental conditions by shifting their ranged$dllow more suitable conditions (Cheh

al., 2012). However, a considerable number of specesi@able to track favourable climatic
conditions or adapt to its vagarigssitu resulting in population declines and in some cases
extinction of various species and taxa (Bellatdl.,2012). The effect of climate change on
species and taxa is seldom unvarying. This imghes there are variations between species
and taxonomic diversity across ecosystems. Geal., (2012) are of the view that certain
species and taxa are more prone than others asila oédifferences in exposure to climatic
vagaries and biological variations between spediH. et al. (2013) put the factors of
vulnerability to climate change into 3 categoriesnely: Exposure, sensitivity and ability to

adapt.

2.9.4.1 Exposure of vegetative species to climate change

According to Gillet al.,(2013), the first necessary step in assessingatad climate change
on biodiversity is to assess whether climate changecurring at a specific location that would
result in species being exposed to direct and estliconsequences of climate change. If an
ecosystem or plant community is exposed, for exampl increasing temperatures, species
may variably respond through mortality, changeganetic frequencies or dispersal. @tlal.,
(2013) predicted a global increase in exposureesf species to high temperatures especially
in Northern America, Northern Eurasia, the TibeRdateau, Northwest Africa and Central
southern Africa. IPCC (2007a) predicted that ingbethern African region, temperatures have
increase by at least @ over a 100-year period. This has exposed vegetspiecies to climate

change that is affecting diversity at all levels.

Significant frost activity has characterised climahange in some regions, particularly the
temperate regions. Exposure of some tree specisdoent and severe frost action in the
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temperate regions causes frost damage to someesgaul the effect may influence changes
in diversity (Gillet al.,2013)

There is general consensus amongst the scienifitminity that climate change has resulted
in the increase in the frequency and intensityooést fires that influence the composition of
ecosystems. Thus, exposure of trees and otherategespecies to fires will make the species
more vulnerable to the effects of climate changk.eBal.,(2013) identified the Mediterranean
biomes, montane grasslands and shrubland, desdrtxarc shrubland and temperate
coniferous forests as highly vulnerable to frequerd intense fires. Furthermore, exposure of
tree species to droughts has resulted in the noatin of ecosystems within which they
survive. It has been proven that the current fragjaed severe droughts in southern Africa,
southern Europe, the Middle East and other parth@fglobe are associated with climate
change (IPCC, 2007a). Vegetative species that ancdirought prone areas are some of the
most vulnerable species to climate change. In @aldithere is a deluge of climate change
related pests and diseases that affect naturatategre (Wainhouse and Inward, 2016). It has
been noted that there is an increase in the frexyuend severity of emerging diseases and
pests in regions where temperatures have increasgdainfall declined (Gilet al., 2013).
Trees that are exposed to pests and diseasesasdogith climate change are more likely to

be affected with regards to species diversity cbkang

Overall, exposure to environmental perturbatiors®eiated with climate change is one of the
main factors that determine vulnerability of bicelisity to climate change. If plant

communities are located in areas experiencing ereonditions of climate change, they are
likely to be the most affected in terms of, for ewde, species losses that will affect
composition. Studies in Masvingo province (Singbal.,2012; Unganai, 2009) have shown
that climate change is occurring and there is diptigity of environmental changes associated

with it are taking place.

2.9.4.2 Climate change adaptive capacity of vegetative species

Vegetative species adaptive capacity relates todpacity of the vegetative species to change
adaptive qualities to suit new environmental candg within its existing location or their
capacity to track suitable conditions (Gat al., 2013). In that vein, tree species with low
capacity to reproduce are slower to adapt tham teenpetitors. What it means is that the slow
to adapt species will have low abundance whilss¢htivat can reproduce fast will dominate

the ecosystem thus causing changes in speciesesgerfitkeret al., (2008) postulated that
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trees with irregular reproduction such as conifed dipterocarp species and species that do
not grow fast over years face challenges in adgptirthanging environmental conditions and
change their geographical spread in response rttatdi change. This is mainly because low
reproduction provides slim chances for genetic geaand reduces frequency of dispersal

events.

Furthermore, species diversity is affected whenesepecies fail to adapt due to low genetic
diversity. Populations with low genetic diversitgve low evolutionary potential to react to
environmental changes. The projected climatic charaye likely to exceed the capacity of
several species to migrate and track the suitaintditons. Thus, species with low levels of
genetic diversity are less likely to cope with ertie conditions under projected exposures
under climate change (Altizet al., 2003). Related to this, species with low capatity
disperse their seeds for long distances do not tie/eapacity to occur in new habitats that
are friendlier. On the other hand, those with losgge dispersal mechanisms are able to find
new habitats. Gilet al.,2013 point out that trees that use ants for segmkbsal, for example,
may have a dispersal distance of 1 to 2 metresasAtbat mainly experience short range
dispersal are found in dry regions and other locatwith Mediterranean climates in Australia
and South Africa (Gilet al.,2013).

The structure of the ecosystem may significantipticbute to the adaptive capacity of
individual populations within the ecosystems. Fragitaed ecosystems or habitats, for example,
reduce the adaptive capacity of species. Fragmdmbdats inhibit dispersal processes to
favourable environments (Mantyka-Pringieal.,2011). Gene flow between sub-populations
is also inhibited under fragmented ecosystem cmmdit The situation worsens if climate
change further reduces the area of habitable nimbaitable (Mantyka-Pringlet al.,2011).

Besides fragmentation, some species occur in Highde ecosystems where they are unable
to disperse but succumb to climate change andeceklivironmental perturbations. Species
premised at the bounds of the existing altitudapace usually fail to track suitable conditions
and may be outcompeted by species arriving fronet@ititudes. Thus, their adaptive capacity
is low and this may influence the nature of planetsity at high altitudes under a changing
environment due to climate change. For examplek&geet al., (2008) indicated that the

forest biomes in Vermont, USA have been observeshiib with altitude in the aftermath of

changes in environmental conditions that also sme®d canopy mortality and increased
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invasion by species from lower altitudes. Chandelseosame magnitude and nature have been
witnessed in Spain (Penuelas and Boada, 2003)reNdthofagudorest in Australia (Read
and Hill, 1985). Mountain top species are spatilfiyted and have nowhere to go but to go

extinct.

Lastly, latitudinal factors may influence adaptatioapacity of vegetation species. Trees
‘trapped’ at certain latitudes may fail to dispeasel track favourable climatic conditions and
succumb to the changing environmental conditioresv Npecies migrating from other latitudes
may occupy and outcompete the native species. mbeedsing global temperatures are
predicted to be the driving force behind tree sgeanigrations towards the poles. In addition,

lversonet al.,2004 observed that there are shifts in speciegesam the north of USA.

2.10 Issues of scale and climate change impact

Thompsoret al., (2009) discussed the influence of scale on theaohpf climate change and
other disturbances on ecosystem resilience to éhand showed that plant communities are
subject to alterations that occur across diffetemtporal and spatial scales. Thus, the level of
impact of climate change, for example, on vegetasipecies diversity can be determined by
scale. Ecosystems may change successively aslaaiesmall-scale chronic perturbations or
they may change significantly at large-scales a@usevere disturbances (Thompsetnal.,
2009). Scaling is an important factor in deterngnthe impact of climate change on the
diversity of plant species. However, scale andieggle to change are often investigated for
different purposes. Holling (1973) reiterated thesilience studies usually emphasise on
mechanisms and causes of changes in ecosysters wfate scaling studies often examine
ecological phenomena assuming steady-state ecos/dtowever, resilience is dependent on
scale. Plant communities as well as their divemsigyequally temporally and spatially resilient
when ecological interactions influence reductiorttimimpact of climate change or any other
environmental disturbance over time. Resiliencehanges in diversity are achieved through

species functional redundancy, or by offsettindetigdnces among species.

In plant communities, biological diversity at spexievel has potential capacity to enhance
ecosystem resilience to large scale environmeittahge (Thompsoet al., 2009). At the
regional scale, species provide redundancy at Ergles that may lead to increase in resilience
if the capacity to migrate across the landscapsigter However, Thompscet al., (2009)

noted paucity in scientific literature on the copicet is in line with such lack of literature that
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this study seeks to interrogate the resilienceegfetative species diversity to climate change

at provincial level.

Determining biodiversity changes or its resilietgechange requires a temporal component
that is related to disturbance frequency. For prmunities, there is need to consider
resilience over many decades to centuries (Thompsah, 2009). In this study, vegetative
species changes are considered over a forty-yemdpé&lopper and Gioia (2004) postulated
that some present terrestrial ecosystems havespaidargely unchanged for thousands of
years but environmental changes in the form of afimmelements and other perturbations of

enormous magnitude eventually modify the diversftplant communities or ecosystems.

While climate change may appear to be a long tectof of biodiversity changes, specifically
vegetative species diversity changes, it causesptbkferation of short term large scale
disturbances that may abruptly and significantlyectf species diversity. Some plant
communities have the propensity for resilienceubpiofollowing a successional pathway that
relays the ecosystem to its pre-disturbance straicimd functional state. However, Thompson
et al., (2009) noted that this is particularly the caseftwests and other plant communities
dominated by small-scaled perturbations. A distnceamay be sufficiently severe to
reorganise an ecosystem into a state, which inshtwet term (i.e., decades), may have a
different resistance, but in the long term (i.enturies) may be equally as resilient as the
original state. Furthermore, in the very long-tetine, altered state of the ecosystem may simply

be part of a long-term dynamical process.

Ecosystems, forests or plant communities compra@keations of individual species. The
ranges for species across the regions reflect ghgisiological and ecological niches. In the
case of ecological niches, the individual speciggeha competitive advantage (Hutchinson
1958). Species with wide-ranging physiological eicdequirements are more resilient to
climate change. Similarly, species with a slenaetagical niche could be more resilient than
they appear, if changed conditions provide themhwah advantage at the expense of
competitors. In both situations, it applies onlspecies that are genetically suitable and those
that are able to migrate. If the population sianegic diversity and ability to migrate is affected
by any other disturbances, the possibility of sasfid adaptation to climate change diminishes
(Thompsoret al.,2009).
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2.11 Remote sensing and biodiversity assessment

The conservation of biodiversity has become a mafteoncern across the globe (Noss, 1991).
However, the complexity of biological diversity atiee size of ecosystems around the globe
complicate inventories for monitoring and managenpemposes. While traditional ways of
biodiversity monitoring have played a crucial rotee methods do not provide enough
information on biodiversity (Pettorelkt al, 2005; Barretcet al., 2006). This has largely
contributed to the paucity in scientific understiagdbf biodiversity and therefore designing of
inappropriate management tools and policies. Caresgty, most of the 20 Aichi biodiversity
indicator targets are unlikely to be met by 202@t€nsoret al.,2014). The development of
trait databases on thousands of vascular planiespeemain under-sampled (Kattgeal.,
2016; Diazet al.,2016). However, Remote Sensing (RS) holds muchmisefor mapping and
monitoring of biodiversity and may play a signiintarole in reducing the complexity if

effectively and appropriately used (Pettoretlal, 2005; Ustin, 2016).

RS involves observing the Earth’s surface withaihg directly in contact with it (Gillespie,
2001; Gould, 2000). Information can be obtainedualiee planet and human activities from a
distance revealing features, patterns and reldtipaghat may not be possible or affordable to
assess from ground level. Currently, there is agiebf remote sensing satellites and aircraft
instruments with observational proficiency in terofisemporal, spatial, and spectral resolution
(Ustin, 2016). Likewise, significant advancementmage processing algorithms has amplified
the prospects of characterising biodiversity atotes scales. Previous studies (Jorgenson and
Nohr, 1996; Leet al.,2002; Turneet al, 2003; Wanget al.,2010; Johret al, 2008; Skidmore

et al, 2015; Petroet al.,2015) have contributed to the understanding obtersensing use in
biodiversity monitoring. The availability of hisioal data in the form of satellite images
provides an opportunity for assessing vegetati@tisg diversity changes over time. It also
provides an opportunity for assessing how climainge is influencing biodiversity changes

over time.

RS and related technologies, as well as the growdatabases improve biodiversity
management proficiency and effectiveness acroswadiniel (Turneret al.,2003; McCormick.
2002; Stritfholtet al., 2006). The use of Remote Sensing (RS) in biodityersanagement
provides bases for projecting changes in multipefs of biodiversity over time, predicting
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spatial distribution of species, classificatiorspecies richness, monitoring factors that affect

future biodiversity distribution across the glolmelahange detection.

Remotely sensed data has revolutionised the profect biological diversity (Johet al.,
2008). Several studies have demonstrated an ireciieagrecision and confidence in using
remote sensing approaches in understanding thetyaffispecies and their interactions within
the ecosystems (Sedd al.,2004; Waringet al., 2006; Gavin and Hu, 2006; Skidmaeal.,
2003; Pettorelli, 2005). Sett al., (2004) studied the relationship between Landsaveid
NDVI and bird species diversity in space. In thatebh States, Waringt al.,(2006) discovered

a practical linkage between MODIS enhanced vegetatndex (EVI) and tree species
distribution. They observed that several terms \gf Huminate up to 60% of tree species
diversity. Skidmoreet al., 2015 show unimodal relationships between spedbdmness and
NDVI at regional scale. Skidmoet al.,(2003), also demonstrated that diversity is a tionc

of productivity, consolidating the productivity hygvesis which states that when resources are
abundant and consistent, species number per @aitvaill increase. It is, thus expected that a
reduction in rainfall implies a reduction in resces, affecting productivity and consequently

diversity.

NDVI has been shown to be related to plant as asglnimal diversity (Walkest al 1992). A
study in California (Walkeet al. 1992) found a positive relationship between pla#cges
richness to NDVI while in the Sahel region, Jorganand Nohr (1996) related bird diversity
to landscape diversity and biomass availabilitygdRS products as proxy indicators. Beix
al., 1989 and Prince 1991 observed that NDVI is cotedlavith Net Primary Production (NPP)
at broad spatial scales. The observation of diedationships from NDVI to NPP and NPP to
species richness encouraged Skidnatral., 2003 to investigate whether a relationship could

be established between NDVI and species richness.

Some species diversity studies used NDVI as a pfoxyroductivity as the independent
variable (Oindo and Skidmore, 2002). However, EckdnVegetation Index (EVI) has been
regarded as better surrogate of productivity amerdity due to its insensitivity to soil and
atmospheric effects. In addition, EVI adjusts tkd wavelength as a function of the blue
wavelength to minimise brightness related to sibdat (Hueteet al., 1997, 2002). Johet al,
(2008) used MODIS 16 day EVI to predict plant spediliversity in Inner Mongolia, China.

Using MODIS derived metrics, Jolat al., (2008) found positive, linear relationship between
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remotely sensed vegetation indices and diversit\alikes, specifically species richness. The

relationships improved significantly when speciebmess was divided by life form.

Several studies have assessed various diversigcasfrom different spectral, spatial and
temporal scales demonstrating the many ways intwlRi8 can address biodiversity concerns.
For example, Cavender-Baresal. (2016) detected phylogenetic variation in oakeg<i00-
2500 nm leaf level spectroscopy while Santvsal. (2016) analysed EVI Landsat data to
identify trends in oak productivity in relation tdimate. In another study, McManes al
(2016) demonstrated the capability of RS in distisging phylogenetic relationships in
tropical forest species. Gravest al (2016) used imaging spectroscopy for species
classification and addressed accuracy complicatbimabalanced training data. Furthermore,
Chadwick and Asner (2016) mapped leaf mass areaAjlLN¥bliar nitrogen, phosphorous,
magnesium, potassium and calcium using high spatia spectral resolution Carnegie
Airborne Observatory data while Revermaginal. (2016) used MODIS and Shuttle Radar
Topographic Mission (SRTM) data to map alpha diterdn a different study, Wangt al
(2016b) used a field spectrometer to assess ND¥®tisp richness relationships. Mockehl.
(2016) predicted species richness and Simpsone&rgity using spectral responses from an

imaging spectrometer (414-2500 nm).

Wanget al (2016a) also used imaging spectrometry to aggassland productivity based on
species richness and the Shannon Index. Garreutk (2016) evaluated grassland quality
using seasonal MODIS EVI and NDVI. Zhabal.(2016) demonstrated the potential of RS in
mapping foliar traits associated with ecosystenctionality. McManuset al (2016) observed

a relationship between foliar reflectance speatdhthe phylogenetic composition of in tropical
forests. Coopst al.(2016) projected forest species migration in taeift Northwest of North
America under climate change, and Zhab@l, (2016) characterised terrestrial biodiversity
using Photosynthetically Active Radiation (fPARNdging spectroscopy data was also used
by Barbosaet al, (2016) to identify sub-canopy invasive spedrssdium cattleianunmin

Hawaiian forests.

RS offers the opportunity for large area charastdions of biodiversity in a systematic,
repeatable and spatially exhaustive manner (Tueteal., 2003). RS has become a cost

effective source of information on biodiversity lmding wide spatial coverage of
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environmental information in a constant and timehanner. Constant monitoring of

biodiversity provides policy and research with resaey information for action.

RS directly uses space borne sensors to identligrespecies or land cover types and directly
map the distribution of species assemblages (&eat, 2001; Turneet al.,2003; Saatchet

al., 2008). Indirectly, RS approaches facilitate assgents of environmental parameters like
land cover, geology, elevation, landform and othedsich affect biodiversity distribution.
However, RS requires ground verification througbldwork to validate desktop work.
Fieldwork and interpretation of RS imagery form ediable and cost-effective analytical

framework for accurately assessing biological diitgr

Recent advances in sensor design have made ibfg&si RS to study individual species and
also focusing on broad patterns in variables ofliviersity (Kerret al, 2001; Turneset al.,
2003; Saatchet al, 2008; Rocchinet al, 2007). Mapping of forest characteristics, asagss
relationships between species, updating foresttinéss, mapping invasive species, assessing
biodiversity richness and spatial distribution pésies across the globe, occurrence of fires
and fragmentation and destruction of natural h&ébitan now be done through of RS. For
example, sensor such as Landsat, Advanced Very Ragolution Radiometer (AVHRR),
Moderate Resolution Imaging Spectroradiometer (M®RInd IKONOS satellite products are
being successfully used to study phenological caamg vegetation, land cover classification
and climate change processes that have impactahvbrsity (White and Nemani, 2006;
Turneret al.,2003).

Application of RS on land cover types depends @tspm, visible near-infrared and middle-
infrared region as reflectance differs from eactia®e such as soil, leaves, wood, ash, water
and snow. In vegetation, the canopy structure t&fehading which in turn strongly affect
reflectance from that canopy back to the sensottéRiet al, 2004). For example, tall forests
tend to appear darker than shorter forests beaHug®ater canopy shading with height. The
combination of these reflectance properties alloms to make differentiation between many
vegetation types with the use of satellite imagé&hjs is so because vegetation types are often
good indicators of land cover or habitat type. I8, RADAR and LIDAR active sensors are
useful for mapping forest characteristics includagge, density and biomass (Saatehal
2008; Kerr and Ostrovsky. 2003). RS also contriliat@roper assessment of forest quality

which is essential for biodiversity management. By sensed data has been used, for
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example, to assess forest intactness and largt fdceks, forest fragmentation area, location
of old growth area, location of plantations, chanigeforest pests and diseases, fire occurrences
and trends in invasive species (Buchaatal, 2005; Mooney and Cleland .2001; Saatthi

al. 2008; Riitterset al, 2004; Bonneasat al, 1999).

Forest intactness and large forest blocks are g#akenmaintain forest quality. As the demand
for forest products increases, there is a dangesofg some tree species if there is no remedy.
RS has been used in previous studies to monitesfantactness (Stritfhodt al, 2006). An
ecosystem with high level of intactness maintasrbibdiversity and ecosystem functionality.
The Global Forest Watch (GFW) has used moderatdutesn satellite to map and update
forest intactness products for Brazil and Canagar@oet al, 2006; Peterst al, 1997).

Forest fragmentation and destruction of naturalitaeshis reported as the most significant
driver in the global decline in biodiversity. Réts et al., (2004) created digital forest
fragmented maps from global land cover charactesi$GLCC) land cover maps where each
pixel value represents a forest fragmentation caefpr the surrounding 81 kinandscape.
Mapping forest fragmentations has been demonstrsed) Moderate- Resolution imagery
and ancillary data for entire countries such agedhBtates which could be applied to other
nations regardless of their size (Stritfhetital 2006; Riitterset al 2004).

Fire occurrences across the world’s landscapensidered as the most natural disturbance
agent in forested ecoregions. Monitoring of forBets is extremely important in forest
management, and RS is an effective means for nrargtres in near real-time (Barreé al
2006). AVHRR and SPOT satellites have been usethdp burnt areas. For example, in
equatorial Africa and southern Africa, MODIS and ARR products have been used to
monitor fires, providing information on ecologicptocesses such as carbon storage and
nutrient budget (Turnest al.,2003; Riitterset al. 2004).

Some studies make closer examination of fire oecwwe with the use of Landsat TM which
reveals the configuration and extent of variousesées (areas of high severity (magenta) to
areas untouched by fire (Green). This helps unaedsthe full impact of fire on biodiversity
(Steyaeret al 1997). In boreal forest, Landsat TM image hasiveidely used to show recent
fire event. From biodiversity perspective, mappioigareas where forest landscapes are

becoming more susceptible /prone to fires helpprovide spatially explicit guidance as to
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where regional biodiversity will be at risk espdlgiaf it is outside the range of natural

variability for a given region.

Invasive species are a threat to global biodivweesid ecosystems function as well as incurring
economic costs (Mooney and Cleland, 2001). Invaalien plants have been studied using
RS, to monitor their trends, distribution and idication of areas vulnerable to invasion. RS
has become an indispensable tool in environmetidies, effectively used to map species
dominating forest canopies, which include Surinanei®@y, Tamarisk, Maritine pine, Chinese
tallow and trumpet tree (McCormick, 2002). Bonneawal. (1999) were able to classify and
track hemlock forests infested by the hemlock woallielgid, exotic insect pests using RS.
Bryceson (1991) on the other hand used RS to tteelustralian plague locushorloicetes

termini flora) using Landsat TM imagery.

RS plays a crucial role in assessing phenologitahge in vegetation, particularly in dry and
sub-humid ecosystems, where temporal resolutiosatsllite imagery is used. Phenological
indicators, like the start of growing season, ehgrowing season, length of growing season,
date of maximum plant maturity can be determineith Wie use of NDVI. Periodic temporal
changes in vegetation phenology can be used tsifgla®rtain ecosystem types with known
phenological patterns (White and Nemani, 2006)fti&hi of phenological patterns over time

provides evidence of climate change.
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Chapter 3 : MATERIALS AND METHODS

3.1 Introduction

This chapter presents the various methods that weezl in the collection, analysis,

presentation and interpretation of data in thiglgt'he methods are discussed in line with the
aim, specific objectives, research questions amtequal framework presented in previous
chapters. Key aspects discussed include the rés@aradigm, research design, sampling
methods, reconnaissance surveys, field data colfechethods and procedures, document

analysis. These are discussed in the light of #tielity and reliability of methods used.

As the study assesses the response of vegetatigespliversity to climate change under semi-
arid conditions of Masvingo province in Zimbabwke tfollowing specific objectives were
spelt out: (a) determine the climatic trends in Miago province over a 40 year period; (b)
examine the relationship between climatic elemantsvegetative species diversity (c) assess
the relationship between vegetative species diyeesid NDVI calculated from remotely
sensed biophysical data, and (d) evaluate changegegetative species diversity from
vegetation indices maps over the 40 year periodaddress the stated aim and specific
objectives, a multiplicity of research methods wedopted. The methods were deemed
adequate in addressing the wider spectrum of keiablas to address the posed research

guestions.

3.2 Strategy of inquiry

In this study, a mixed methods design was adomedtestrategy of inquiry. The design uses
both quantitative and qualitative methods (Gray,1J0The quantitative approach is rooted in
the positivist paradigm (Collins, 2010) while theatjtative approach is grounded in the
phenomenological philosophy (Corbetta, 2003). Morg2008) postulates that the mixed
methods design emanates from the pragmatic sctidbboght and is being widely used by
researchers from various disciplines. Spradley @1.98ryman (1988) and Patton (1990) have
contributed significantly to the development ofstparadigm. The approach is also rooted in
the argument that knowledge is generated fromiéiesy circumstances and consequences and
not antecedent conditions as in the positivistqduphy (Sango, 2013). The choice of the
mixed methods design was based on the sense tisa#sithe strengths and similarities of both

gualitative and quantitative approaches. It absole weaknesses of each of the research
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paradigms by capitalising on the strengths of beth.example in the positivist paradigm, the
assumption that all changes can be perceived a&sult rof the relationship between two
variables (e.g. climate and species diversity) @owlt be accurate as correlation is not always
causality. This gap can be filled in by a phenonhagioal paradigm which tries to understand
the views and reactions of the people who have beracting with the environment over a
long period of time concerning the response of tetge species diversity to climate change

under semi-arid conditions.

Punch (2011) reiterates that the mixed method desghighly pragmatic and
convenient as it allows the researcher to use gaame and qualitative techniques either
interdependently or independently. Thus, it is lyafiexible and can be used in diverse
research projects. While quantitative methods foousthe collection of facts, qualitative
methods place prominence on the meanings derived the facts. Figure 3.1 shows the

methodological approach used in this study.
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Figure 3.1. The mixed methods approach as applied in this study

Source: Developed by Author
Plano (2010) avers that the choice of the mixedhods approach is dependent on a variety of
reasons. These includeter-alia; to analyse problems from different standpointdeaelop
and understand the meaning of a singular persgedtivmake use of both quantitative and
gualitative data to better understand a problemdevelop a complementary picture; to
compare, validate, or triangulate results; to piewvilustrations of context for trends; or to
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examine processes/experiences along with outcomeshis study, the mixed methods

approach has been selected to merge quantitatideqaalitative data to develop a more
complete understanding of the impact of climatengeson natural vegetative species diversity.
In addition, it is a way of validating the resultmanating from image analysis.

Thus, positivist and phenomenological approachese wembined under this study. As a
research paradigm, positivism is associated witdmsific theories and depends on quantifiable
observations that lead to statistical analysisa#t an “atomistic, ontological view of the world

as comprising discrete, observable elements andt®ewbat interact in an observable,

determined and regular manner”, (Collins, 2010kifRasts view success of natural science
recently as stemming from scientists’ refusal tdoggond what can be supported by empirical
evidence, particularly evidence emanating from fcabservation of phenomena.

The phenomenological approach seeks to undersiaaatyse and describe phenomena without
emphasis on quantitative measurements and stat{Bteavson, 2007). It focuses on qualitative
interpretation of people‘s perceptions and meanatigehed to phenomena (Lincoln and Guba,
2000). Contrary to positivism, the phenomenologiapbroach is more subjective than
objective. It provides space for interpretationpbenomena and associated changes such as
those observed in the assessment of climate chanpgets on vegetative species diversity as
opposed to strict quantitative measurements. LEEAYO) claims that the qualitative research
methodology is considered “warm” to the centrallgheon of research as it investigates issues
identified earlier in addition to interpersonalatbnships, meanings construction, experiences
and associated thoughts or feelings. With thisyélsearcher attempted to attain rich, deep, real
and valid data on climate change experiences anas$ociated responses of vegetative species

diversity in Masvingo province.

3.3 Vegetative species documentation and diversity assessment

Individual types of vegetative species were docusteand followed by diversity assessments
for the whole province. Documentation was done elected sampling plots, which were

deemed representative, initially in August 2013loleed by subsequent seasonal
documentations within the same plots to assessgelsarDiversity assessments were done

using the Shannon weaver and Simpson'’s diversitig@s.
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3.3.1 Plot size determination

The size of sampling plots can influence quality ddta collected through affecting
representativeness. It determines sampling densitg, and resources used in a study. In this
study, the species area method was used to detetimnsize of the sampling plots. This
method involves plotting the number of species ¢&®erichness) identified in plots of
successively larger size, so that the area enclogeghich one includes the area enclosed by
the smaller one. Thus 100?00 nt, 900 nf, 1600 n? and 3600 rhplots were successively
constructed to determine the optimum plot sizélastiated in Figure 3.2. Species richness for
each plot was recorded. In the 108, 400 nt, 900 nt, 1600 n? and 3600 rhplots, 5, 7, 12,

12, 12 species were observed respectively.

3600

1600

900

400

100

Figure 3.2. Plots used in determining the optimum plot size in the study
Source: Developed by Author

The data was plotted in a graph as shown in FigLg¢o determine the optimum plot size. The
optimum plot size is the one in which the numbespecies identified will not change with an
increase in the size of the plot size. As illugtdain Figure 3.3, the 900m2 plot was identified
as the optimum plot size. This falls within the aeumended range of 400-25007 ras
postulated by Sutherland, (1996).
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Figure 3.3. Species area curve used in determining the optimum plot size.
Source: Developed by Author

3.3.2 Sampling and data collection

A GIS based nested non-aligned block sampling niethas used to sample the study plots
from which vegetative species data were collecibéeé. method uses a grid as a basic template,
where sampling locations are randomly nested. Thikig a row and/or column that divides
space into a unit or units of equal size. This meéghermits multi-level assessment of variables
at varied scales (Chapungu and Yekeye, 2013; Urbdriiu, 2002). It takes into consideration
regions of obvious variations, reducing sampliraskas samples will be taken from each area
of geographical difference. The sampling was dame¢he map of Masvingo province using
the Integrated Land and Water Information SystdiW(E) software. The process involved 3

main steps.

Step 1 Grids of the same size were overlaid on the nid@asvingo province (Figure 3.4 a).
These grids were meant to divide the study area way that would allow samples to be
obtained from all areas of geographic differen@dkgrids covering more than 40% of the
province were selected. Each grid represents anfawen which samples were taken. This
makes the samples more representative as they albgeiographic areas throughout the study

area. A total of 22 grids were selected.
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Step 2 Grids selected in step 1 were further subdividéal smaller grids of same size (Figure
3.4 b) from which 3 were randomly selectesing the random point generator in ArcView GIS

(ESRI, 1992-1998)Thus, the number of selected grids increase®&to 6

Step 3 Grids in step 2 were further subdivided to corpewith smaller grids of same size

(Figure 3.4 c). Three smaller grids or sub cellserandomly selected from each larger grid
established in step 2. Thus, the number of selegtiel$ increased to 198. These were the
sampling points from which data was collected. Ftbese selected grids, plots of 30 m x 30
m were established. Figure 3.4 is an illustratibrih@ nested non-aligned block sampling

design used in the study.

! —

Figure 3.4. The noaligned block sampling design: a) The study area divided ang Igrids of san
size (b) The grids further subdivided into smaller grids of saneefisimn which 3 are randomly selec
and (c) Final sampling points after further subdivision and random selectogriofs.

Source: Developed by Author

However, inaccessibility of some randomly selegienhts was an impediment to collection of

data from all the 198 sampling sites. In some ¢abkespoints were located at mountain tops
with forest thickets that were difficult to work.im others, the points fell in the middle of Lake

Mutirikwi while in a few isolated cases access wagsied at private properties. Figure 3.5

shows the final sampling points in the study amed the points that were inaccessible due to
various reasons. It is noted that only 4.04 peroéttie sampling points were inaccessible and
the final sample constituted of 189 points (Seeeagpx Il for the list of points and their

coordinates).
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Figure 3.5. Final sampling points across the study area
Source: Developed by Author

The coordinates of the centres of the selectedsgndre fed into a Hand-held Global
Positioning System (GPS) receivers which were thed to navigate to the point locations at
approximately 10 meters error. Species countingasagiucted within the study units (30 m x
30 m plots). To avoid double counting and skipphgome species, the plots were subdivided
using a rope into smaller units that were easy wioemting species. Furthermore, within the
sampling plots, the Point Centre Quarter MethodQ@RK (Mitchell, 2007) was used to collect
various data used in assessing status of vegegtieaes diversity. The technique involved
the observer moving along a transect line in agtexdhined direction within the plot, recording
data at predetermined intervals. Figure 3.6 shdwesptot and transect lines constructed at

regular intervals of 6 meters from which measurdserere done.
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Figure 3.6. 30 x 30 m plots and transects used during data collection
Source: Developed by Author

All vegetative species within the confines of tistablished plots and quadrats were assessed
and quantified to determine diversity of specidse Tooted frequency approach (Chapungu
and Yekeye, 2013; Ludwig and Reynolds, 1988), wbatgtrees, herbs and grasses with roots
found within the confines of the plots and quadvatse counted, was used. 30 m transect lines
in each selected sampling plot were followed andsueements done at 6 m intervals. At each
sampling point the tree nearest to the transeetvias recorded together with the distance as

illustrated in Figure 3.7.

tree species transect line

sampling point

estimated distance of tree
species from sampling point

Figure 3.7. Transact line on which sample points were located and from whishnemments were done.
Source: Developed by Autt

Species identification and distinction within thletp were done by a plant botanist from the
Zimbabwe National Herbarium. The purpose was todjagainst attributing particular species

to the inaccurate species genera, double countinglapping of some species. All the species
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data collected within plots were recorded on daéets. This data was collected from the same
plots four times over a year to cover all seaseammer —November to March, Post Summer-
April to May, winter- June to August and Post wimt&eptember to October) to monitor
seasonal changes.

3.3.3 Sampling of graminae and other small species

In this study all vegetation strata were consideTduis, the assessment criteria for graminae
species was different from that of tree specieshWithe established plots, a radial arm was
designed to facilitate the capture of variationsmmall, particularly grass, species within the
900 nt plot. Using the radial arm as the sampling framdwvdata on small vegetative species
were collected from four quadrats: one from thetregrone from the north east, one from the
south east and the other from the north-west. Tigkedbetween arms was P2¢hile the length

of the arms was 12.2 m. To construct the radial aroampus was used to establish the azimuth
of the arms. At the end of each arm and at theegatl Mquadrat was designed as shown in
Figure 3.8.

Figure 3.8. The radial arm used to sample small vegetative species.
Source: produced by Author

Small vegetation species within the 1 m x 1 m qaedwere assessed to determine species
richness and evenness. The grasses and otherspeeikks were identified and the percentage

cover determined with the help of a plant botafimh the national herbarium of Zimbabwe.
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3.4 Satellite image downloading and processing

The images were acquired from online Landsat aechwia GloVis web-link
(http://glovis.usgs.gov/). The year for the finstagery was determined by the availability of
imagery with bands necessary to calculate NDVI. Sélection of years was also determined
by the availability of free imagery from the GloVageb link. The study however ensured that
the selected images are distributed across spe@atiades e.g. between 1970 and 1980, 1980
and 1990, 1990 and 2000, 2000 and 2010, 2010 &a2@ ROwvas also considered that there is
a gap of more than 8 years between the years. &hdsat images were acquired in digital
number (DN) format and calibrated to spectral nackaunits (W m-2 sr—im-1). The
algorithm developed by Chandetral (2009) specifically for calibrating Landsat imagand
the calibration coefficients were provided togetivith the respective Landsat image files as
metadata files as shown in Equation 4.1:

Ly =

. Lmax,—Lmin, ) . . .
(Qcalmax—Qcalmin (Qcal Qcalmln) t Lmln}\ [4-1]

Where LA is the quantized calibrated pixel valu@ca is the calibrated and quantized scaled

radiance in units of digital numbettsr,ninx is the spectral radiance @QCAL = 0, Lma>3 is the

spectral radiance Q CAL= QCALMAX,andQCALMAXis the range of the rescaled radiance
in digital numbers. The conversion from DN to spa&ctadiance was done by implementing
the Chandeet al (2009) algorithm using the Environment for Visaalg Images (ENVI)

software.

Landsat 8 Thematic Mapper (TM) imagery with spatgsolution of 30 m was for analysis of
NDVI. NDVI is an arithmetical indicator mostly uses a surrogate of plant biomass from
remotely sensed data (Rulineial.,2010; Kromkamp and Morris, 2006; Tucker, 1979)isTh
index uses the visible red band (0.4—+0m) and near-infrared (NIR) bands (0.75—{r) of

the electromagnetic spectrum (Ruliretaal., 2010; Tucker, 1979) to analyse remotely sensed
data.

The relationship between NDVI and species richmess examined to confirm the utility of
remote sensing in predicting vegetative diverdMipVI was calculated using the formula
shown in Equation 4.2 (Gao, 1996):

NIR-R
NIR+R

NDVI=

[4.2]
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WhereNIR andR are the reflectances of the near-infrardtR( 0.78—-0.89 m) and red band
(0.6-0.7) regions, respectively.

The greater the difference between the NIR andRégkreflectance the higher the biomass. In
this study, the hypothesis is that the higher tbenbss the greater the diversity of species. The
NDVI values range from -1 through 0 to 1, whereaie@ values are a sign that there is water,
zero symbolises bare soil while positive valuesaidpealthy vegetation. NDVI was used over
other indices because it has low sensitivity td ddferences, it is a function of a ratio,
therefore, it is less sensitive to solar elevatam] it is very sensitive to the amount of green
vegetation. Tables 3.1 and 3.2 show the paths, semsons and dates of the images acquired

for NDVI analysis for wet and dry seasons.

Table 3.1. Images downloaded for analysis of dagse NDVI

Tile Path Row Date (Dry season)
1986 1998 2006 2014
1 169 73 24/08/86 26/09/1998 30/07/06 6/9/2014
2 170 74 31/08/86 3/10/1998 21/07/06 29/09/14
3 169 74 24/08/86 26/09/1998 30/07/06 6/9/2014
4 170 75 31/08/86 19/10/1998 21/07/06 28/08/14
5 169 75 24/08/86 10/9/1998 30/07/06 6/9/2014
6 168 75 27/08/84 3/9/1998 7/7/2006 15/09/14
7 168 74 27/08/84 3/9/1998 23/07/06 15/09/14

Table 3.2.Images downloaded for the analysis of wet seadoviIN

Tile Path Row wet season
1972 1987 1998 2006 2014
1 169 73 8/12/1972 31/01/87 13/11/98 21/12/06 27/12/14
2 170 74 3/11/1972 6/1/1987 22/12/98 28/12/06 12/12/2014
3 169 74 8/12/1972 31/01/1987 15/12/98 21/12/06 11/12/2014
4 170 75 3/11/1972 6/1/1987 22/12/98 28/12/06 3/1/2015
5 169 75 8/12/1972 31/01/87 15/12/98 21/12/06 28/01/15
6 168 75 7/12/1972 8/1/1987 8/12/1998 14/12/06 4/12/2014
7 168 74 7/12/1972 8/1/1987 8/12/1998 14/12/06 4/12/2014

3.5 Rainfall and Temperature data

Rainfall and temperature data were obtained fromatines stations within and near Masvingo
province (Figure 3.9) which are run by the Meteogatal Services Department (MSD) of
Zimbabwe. Specifically, data for Zaka, Masvingo pairt, Chisumbanje, Buffalo Range and

Makoholi weather stations were used.
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Figure 3.9. Distribution of meteorological stations from which data wagebita
Source: Produced by Author

The dataset obtained from the MSDZ was incomplete. last records from the data were in
2010 yet the research needed data for a periochsmato 2014. Other data was then obtained
from the National Climate Data Centre (NCDC) whigmanaged under National Oceanic and
Atmospheric Administration (NOOA) programs for pgegng, monitoring and provision of
climate and historic weather data (www.ncdc.noag.gbhe NCDC had records spanning
throughout the period under assessment but nailifother districts except Masvingo. To use
both sets there was need for validation to asshether the two systems recorded similar data
from the same station. This was done through regnesanalysis of available data from the

two data sources.

Rainfall data validation was performed through esgron of data from the meteorological
department of Zimbabwe and that obtained from thaadal Climate data Centre. This was
done in order to use both sets of data since ncsonece had a complete set of bioclimatic
data. Spearman rank correlation coefficient analysvealed a strong positive (r = 0.95)
relationship between the two data sets with 0.9hasoefficient of determination. Figure 3.10
shows the regression results of MSDZ data by NCBi@.d
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Figure 3.10. Relationship between NCDC and ZMD meteorological records

Given the strong positive relationship betweentitwdata sets, the data from the two sources

were combined and used for the analysis of climngeange in the study.

3.6 Questionnaire surveys

Questionnaire surveys were administered in locatraanities at household level where the
natural vegetative species exist. It is generaligasstood that local communities are aware of
the changes that have taken place in their loealitiver time. Thus, a survey questionnaires
was used to gather information on the impact ofate change on vegetative species diversity.
This information complemented data obtained thragighct observation and remote sensing.
Adoption of questionnaire surveys as a tool foadatdllection was based on its robustness in
collecting both quantitative and qualitative datani subjects that have experienced changes
over time. Stimpson (1996) opined that questiomnaurveys provide snapshots of existing
conditions at specific localities. Mapira (2015)eavhat they remain one of the cheapest
methods to collect data that can be useful acragsus disciplinesk-urthermore, they are a
tool that are cost effective and can be used gelaample sizes based on a structured design
where the researcher poses specific questionsargléwv the study (Lincoln & Guba, 2000; lan,
1996).
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Questionnaire surveys contain close-ended and epded questions. Close ended questions
require objective answers selected from a proviidwhile open ended questions allow
respondents to express their views with high fldixyp The surveys used in this study
contained both types of questions and managedptureaquantitative data as postulated by
Bailey (2007) who observed the aptitude of questines to generate data acquiescent to
transformation into quantitative data that can balysed using statistical procedures. Thus,
answers to particular questions can be organisgdtbat parametric and non-parametric tests
can be computed.

The sampling criteria followed in the administratiof questionnaires was more or less similar
to the one adopted for vegetative species assessmehis case, a household in the final
selected plot location was randomly selected ttoguaate in the questionnaire surveys. A total
of 198 samples were planned but due to inacceisgibil some plots, a total sample of 189
guestionnaires was distributed. The response cathése surveys was 95.24%. The observed
reasons attributed to lack of 100 percent respoatee include,nter alia, busy schedules,
hesitancy to provide wrong information and genatancy.

3.7 Key Informant Interviews

Key informant interviews were conducted to infertaddrom important institutions and
individuals involved in the management of naturapetative species diversity and climate
change related impacts. Thus, the ministry of EBnmment, Water and Climate was regarded
as an important stakeholder in climate change @diversity issues. In addition, the Climate
change office of Zimbabwe and the Meteorologicavises Department (MSD) were regarded
important as well with regards to climatic pattemghe region. Furthermore, the Forestry
Commission of Zimbabwe and the Environmental Managg Agency (EMA) were regarded
as important to provide insight on vegetative speaiiversity dynamics over time. At
community level, traditional leaders were regardedkey informants due to their influence as
the custodians of natural resources. Members frben a@bove stated institutions and 7
traditional leaders, one from each district, watenviewed as key informants.

Sango (2013) put forward that interviews entailhgaing of verbal data from individuals

directly or indirectly affected by a phenomenon emadvestigation. The process involves
asking questions whose responses provide answéhe teesearch questions of the ongoing
study. Of the different types of interviews avaigglthis study used the semi-structured type

79



in which data collection process was flexible buth@ same time maintaining some structure
over the concepts being discussed. An interviewdgguivhich is basically a set of pre-
conceived questions, was used to guide the interpeocess. The process enabled the
interviewer to have a dialogue with the intervies/as postulated by Fontana and Frey, (1994).
Using the semi-structured interviews, the viewghefkey informants were fully characterised
based on their knowledge, expertise and experianiteregards to the impacts of climate

change on natural vegetative species diversity.

3.8 Data analysis methods
The data collected through various collection mdshaere analysed using different methods
and procedures based on the type of data and jbetiob being addressed. Both exploratory

and confirmatory data analysis approaches were used

3.8.1 Normality tests

Rainfall and temperature data, which constitutezl tttme series data, as well as vegetative
species data were tested using the Kolmogorov-Smitgst to ascertain whether they deviate
from normal distribution or not. This helped in e®hining whether the data satisfy
assumptions of parametric or non-parametric sizdistanalysis methods (Chikodzi and
Mutowo, 2014). Parametric tests are applicable wherdata assumes a normal distribution;
otherwise it is ordinarily sensible to use non-paetric tests (Lettenmaier, 1976; Hirsetal.,

1993). In this study therefore, non-parametriastiaal analysis methods were used.

3.8.2 Auto-correlation and Pre-whitening

Prior to trend analysis using the non-parametricnifMEendal test, meteorological and

vegetative species data was initially tested faoearrelation to determine the need for pre-
whitening. Auto-correlation is the correlation ofiae series with its past and future values
(Hamed and Rao, 1998). Its detection would reqineedata to be pre-whitened. Hamed and
Rao (1998) noted that geophysical time seriesratpiéntly auto-correlated because of inertia
or carryover processes in the physical system. @tisplicates the application of statistical

tests by reducing the number of independent ob8ensthereby increasing the chances of

detecting significant trends even if they are absed vice versa.

Pre-whitening is the process of removing undesgrahitocorrelations from time series data

prior to analysis. Thus, the data was pre-whiteimeBaleontological statistics (PAST 3.0)
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software using the Autoregressive Integrated Movwgrage (ARIMA) model (Hamed and
Rao, 1998). The ARIMA model performs time seriegéasting and smoothening and project
the future values of a series based entirely dnetsia. It takes into account trends, seasonality
cycles, errors and non-stationary aspects of a skttavhen making forecasts. It reduces
residuals to white noise in the time series heag®wring the possibility of finding a significant

trend in the Mann-Kendall test when actually thiereo trend (Von Storch, 1995).

3.8.3 Trend testing

The study tested if there was a significant changgrecipitation, temperature and species
diversity over a 40 year period (1974-2014) usimg Mann-Kendall (MK) trend test which
was proposed by Mann, (1945) and further develdyyd€endall (1975). The MK test is a non-
parametric method commonly employed to detect nmmotrends in series of environmental,
climate or hydrological data (Pohlert, 2016). Téstis simple, robust, can cope with missing
values, and seasonality and values below detelatnitin(Hirsch et al.,1993; Dietz and Kileen,
1981). An add-in of Microsoft excel, XLSTAT 2015 svased to carry out this test due to its
ability to take into account and removing the effgfcautocorrelations.

Using the Mann Kendall test, the null hypothesis, il that there is no trend in the series.
Thus, the data come from a population with indepenhdealizations and are identically
distributed. The alternative hypothesis, i$ that there is a trend in the series. Thusddta
follow a monotonic trend. The Mann-Kendall testiste is calculated using Equation 4.3:

S =Yri Xl g sgn (Xj — Xk) [4.3]

where S is the Kendall score. Sgn (x) = {1 if x80f x = 0, -1 if x <0} (Mann, 1945)

3.8.4 Interpolation

Species data collected from the sampling plots raeteorological data from the 5 weather
stations were first interpolated using the Thiegselygons approach in a GIS to ensure that
all areas are represented by species, temperatareaanfall data. The Thiessen Polygon
approach is one of the most common methods usdrydrometeorology for determining
average precipitation over an area when there g tt@n one measurement. The area of the

province was divided into several polygons, eactuadl a measurement point. Weighted
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average of the measurements was taken based siz¢ha&f each one’s polygon. The weighted

average was calculated using Equation 4.4:

P1A1+P2A2+P3A3.....PnAn _ Y-, P1A1

P = =
A1+A2+A3........An i, Al

[4.4]

whereP is the weighted average, P’s are measuremerntsg)’arare areas of each polygon.

The interpolated data was then used for regresaimalysis of vegetative species and
meteorological data to establish the relationshgiwken climatic elements and species

diversity.

3.8.5 Calculating Species diversity

Species diversity indices were calculated to assegstative species diversity throughout the
province. Species diversity indices are used toessmt the diversity of species within a
community. A diversity index is a mathematical measof species diversity in a specific
community. There are two main categories of indicesthe dominance and the information
statistic index. From each category we selectedspeeies index. Thus the Shannon weaver

index (H) and the Simpson’s reciprocal index (Sionp&/D) were used.

3.8.5.1 Shannon Weaver Index

Data on species abundance collected in the fielsl wsed to calculate vegetation species
diversity using the Shannon Weaver index (H) (Sbaremd Weaver, 1949), which combines
aspects of richness and evenness. It is an infmatatistics index which measure the
average degree of uncertainty in predicting to velpacies chosen at random from a collection
of S species andN individuals will belong (Ludwig and Reynolds, 1988his index was

calculated using Equation 4.5:

H=-); ,PilnP [4.5]

where Pi is the proportion (n/N) of individualsarie particular species found (n) divided by
the total number of individuals found (N), In igthatural log¥ is the sum of the calculations,

and s is the number of species.
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3.8.5.2. Simpson reciprocal 1/D index

Simpson's Diversity Index is a measure of divensitych takes into account both richness and
evenness. The term 'Simpson's Diversity Index'azdnally refer to any one of the 3 closely
related indices i.e. the Simpson index D, Simpsalex 1-D and Simpson index 1/D. In this
study Simpson Index 1/D was used because it ovexsdite problem of counter intuitive
nature of the other two indices. The lowest valihig index is 1. This figure implies that the
community assessed contains only one species. ifjherithe value of the index, the greater
the diversity of species within the community. Theximum value is the number of species
in the sample. For example if there are seven epétithe sample, then the maximum possible
value is 7. Formula 4.6 was used to calculate ditxer

1

Simpson's index 1/D = 1/25 -
i=1

[4.6]

Where P is the proportion (n/N) of individuals afeoparticular species found (n) divided by
the total number of individuals found (N, is still the sum of the calculations, and s is the
number of species.
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Figure 3.11. Relationship between Shannon’s H and Simpson’s 1/D

To guard against redundancy, the study checkdaritise of both diversity indices would not
produce the same results. This was done througtessign analysis of the two diversity
indices. Figure 3.11 shows the results of the @malAs indicated in Figure 3.11, there is a
significant £=0.0001;a= 0.05) relationship between Shannon weaver ingek &mpson’s

reciprocal index calculated from vegetation spedegs from the study sites. It is shown that,
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for about 96 percent of the times, we are able remipt Shannon’s Weaver index from
Simpson’s 1/D. Therefore, there is no need in shisly to use both diversity indices as they
produce similar results. The Shannon Weaver index pveferred as it is regarded as the most
robust method of calculating biodiversity.

3.8.6 Assessing the relationship between species diversity and climate variables.

The study sought to understand the relationshigvdsrt vegetative species diversity and
climatic elements under the semi-arid conditiondasvingo province. This would make it

possible to construe the effect of changes in dlonaariables on species diversity.

Temperature related variables such as temperafutee @oldest month, temperature of the
warmest month, monthly mean maximum temperaturespaonthly mean temperatures were
regressed against vegetative species diversityleddol using the Shannon Weaver Index
(SWI). Precipitation related variables such asniosthly mean precipitation, precipitation of

the warmest quarter, seasonal total precipitatioth ®tal annual precipitation were also

regressed against the SWI. Vegetative species ¢eedpritrees, shrubs and subshrubs.
Graminoids were considered separately to guarchageomputational problems posed when
calculating the SWI (H).

3.9 Conclusion

This chapter has illustrated and explained the austithat appropriately address the objectives
of the research. Strengths drawn from the mixedhau=t approach cannot be over-emphasised.
The first objective of assessing the trend in ctam@aver a 40year period (1974-2014) has been
addressed by collection of rainfall and temperature series data. The data was analysed
using the Mann Kendall trend tests to examine wdretie trends are statistically significant.
Information about changes in temperature and pitatign characteristics over the period
under review was obtained through questionnaireeygrand interviews. The second objective
of assessing the relationship between climatic efemand vegetative species diversity was
achieved through collection of vegetative specata th sample sites across the province and
meteorological data obtained from relevant depantraad website. Species diversity indices
were calculated. After interpolation of all varialdata, regression analysis was performed to
determine the relationships. The third objective esfamining the relationship between
remotely sensed data and vegetative species diveras addressed by the analysis of Landsat
imagery to obtain data through NDVI analysis. NOWbvided satellite based data which was
regressed with vegetative species diversity inddas. The fourth objective of evaluating
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changes in vegetative species diversity as infleérzy climate change between during the
period under review was achieved through analysimagery and NDVI maps over the same

period and inferring from communities and stakebddvho have been co-existing with the
concerned ecosystems.
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Chapter 4 : RESULTS AND DISCUSSIONS

4.1 Introduction

This chapter presents results and discusses findiiie assessment of response of vegetative
species diversity to climate change under semi-emitditions with reference to Masvingo
province in Zimbabwe. The results are a producvarious data collection and analysis
methods which include; field measurements and @htiens of vegetative species,
downloading, processing and analysis of Landsagj@nag interpolation and statistical analysis
of climate data obtained from the National Clim&tata Centre (NCDC) and Zimbabwe
Meteorological Department (ZMD), statistical an&ysf georeferenced plant species data
obtained from Zimbabwe National Herbarium and Bmt&ardens and questionnaire surveys
distributed to local people to obtain informatidyoat their perceptions of climate change and
its impacts on vegetative species diversity. Bathligative and quantitative data were collected

given the mixed research method design that wagtado

The results and discussions are presented follotiagorder of the specific objectives and

research questions presented in chapter one sinetyard, the chapter first presents the climate
trend covering a period of forty years (1974 — 20P4esentation and discussion of the climatic
trends, focusing on rainfall and temperature relat@iables serves to examine the existence
of the climate change phenomenon in the provintés Would justify the need to study its

impacts on vegetative species diversity. While satuglies (Chapungu and Nhamo, 2016;
Chikodzi and Mutowo, 2014; Simbet al., 2012) have already hinted on the existence of
climate change in some parts of the province,gtudy further examines the phenomenon at
provincial level using several bioclimatic variablifferent from those used by other authors

to confirm the occurrence of climate change.

In summation, the results show statistically sigaifit climate change in Masvingo province
over the forty years period under review. The miynthean, monthly mean maximum and
monthly mean minimum temperatures recorded betw®&d and 2014 indicate a warming
trend through time. The annual total rainfall retsoover the same period show a decreasing
trend and an increase in inter-annual variabilifjews from local communities confirm
statistical observations that the climate in thevprce is changing over time. Given the
influence of temperature and rainfall on plant ggegrowth, the changing climatic conditions
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have triggered phenological, compositional and maysharacteristics changes in vegetation
communities in the province. These results sandtienfeasibility of assessing changes in
vegetative species diversity as a consequencatigtgtally and qualitatively proven changing

climate.

Secondly, the chapter presents and discussessr@sulihe relationship between vegetative
species diversity and climatic elements. The pwpsdo determine whether various rainfall
and temperature related variables affect vegetapeeies diversity or not. Spatial rainfall and
temperature data was regressed against spatiabtiggespecies diversity data. Results show
significant correlations between climatic and vatjeh diversity indices. Thus, climate

variables data may be used in predicting vegetaipeeies diversity.

Third, the chapter presents and discusses resutteaelationship between vegetative species
diversity and remotely sensed vegetation indicggcifically NDVI with the aim of
considering RS in biodiversity assessment. Resutticate a positive correlation between
vegetative species diversity and NDVI. This enabksessment of vegetative species diversity

changes over time (since 1974) through analyssatilite data.

Lastly, the chapter presents results on the evaluaf changes in vegetative species diversity
between 1974 and 2014 due to influence of chamgasmnatic conditions over the same period.
NDVI maps are used to show the changes in speoiessdty over time. Significant changes

are observed on NDVI maps over the period undeewev

4.2 Climate change trends in Masvingo province from 1974 to 2014.

An analysis of time series temperature and raii@ia recorded over a period of 40 years was
performed to determine how climate change has itedagn species diversity in a semi-arid
environment. Temperature and rainfall are the niogtortant climatic elements used as
proxies for climate change detection (Warburton &ctlulze, 2005; Kruger and Shongwe,
2005; Warburtoret al., 2005; Newet al., 2011). These elements were used in this study to
determine the existence or non-existence of thmaté change phenomenon in Masvingo
province. The objective was to statistically andlgatively show that climate change has
occurred over the period under review. This enaddesssing the impacts on vegetative species

diversity.
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A total of 8 bioclimatic variables were analysedlfle 4.1), which also include, the trend

equation, the p value and a description of thedsen

Table 4.1. Bioclimatic variables explaining climateange in Masvingo province.

Climate Change Variable Trend Equation Vz;)l-ue Description of trend
Monthly mean max temperature y=0.0327x-38.399  D.0Gignificant change/ increasing trend
Monthly mean temperature y=0.0187x-17.651  0.002 ni8cgnt change/ increasing trend
Max temperature of warmest month y=0.863x-89.854 01D. Significant change/ increasing trend
Min temperature of the coldest month y=-0.0445x289. 0.043 Significant change/Declining trend
Total annual precipitation y=-4.7883x+10116  0.049gn8icant change/Declining trend
Monthly mean precipitation y=0.4203x+88534  0.046 grficant change/Declining trend
Precipitation of the warmest quarter y=3.4206x+7337 0.048 Significant change/Declining trend
Seasonal maximum precipitation y=4.4614+60021 (.32t significant/ Declining trend

& Trend not significant ai=0.05

Seven out of the 8 (82.5%) assessed variables alsoynificant trend in climatic variables that
explain that climate is changing (Table 4.1). Terapee related variables are showing a
generally increasing trend indicating that the atpiere is getting warmer with time. On the
other hand precipitation related variables are shgw declining trend implying a decline in

the amount of rainfall received in the province owae.

4.2.1 Temperature

Temperature data over the 40 years period wassethtg determine the statistical significance
of different temperature related variables. Biodim variables considered under temperature
include the monthly mean maximum temperatures, hipnmhean temperatures, maximum
temperatures of the warmest month and minimum teayes of the coldest month. These
variables are considered important as they determiajor climatic shifts over a long period
of time. Gwitiraet al., (2013) have shown that these variables are impespecially when

determining effects of climate change on plant gsediversity.

4.2.1.1 Monthly mean maximum temperatures.

Results from the Mann-Kendall trend tests showsdiedlly significant p= 0.001,0. = 0.05)
changes in monthly mean maximum temperatures irvidg@s province. The trend is shown
in Figure 4.1. The linear model presented showsierease in mean maximum temperatures
from 1974 to 2014.
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Figure 4.1. Monthly mean maximum temperatures from 1974 to 2014

The null hypothesis proposed in order to test thed is that there is no trend in the monthly
mean maximum temperature data while the alternatpethesis suggests that there is a trend
in the data. Formerly stated:
Ho: There is no trend in monthly mean maximum tenmipees from 1974 to 2014.
Hi: There is a trend in the monthly mean maximum &naoires from 1974 to 2014.
Where HO is the null hypothesis and H1 is the alieve hypothesis.

As thep-value (0.001) is lower than the significance lealpha (0.05), the null hypothesis that
there is no trend was rejected. The exact apprdiomamethod to the distribution of the

average Kendall tau shows that the risk of rejgdte null hypothesis while it is true is 0.14%.
Further trend analysis reveals that, over the detfw74 — 2014, the monthly mean maximum

temperatures increased by 0.330C per decade a/@etiod.

4.2.1.2 Monthly mean temperatures
Mann-Kendall trend tests reveal a significant (P6Q.0=0.05) trend in monthly mean
temperatures between 1974 and 2014. The trendvsrsim Figure 4.2. The linear model for

the trend shows that the monthly mean temperatncesased over the period.
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Figure 4.2. Monthly mean temperatures from 1974 to 2014.

The null hypothesis was that there is no trend ontmly mean temperatures whilst the
alternative hypothesis was that there is a tretiertemperatures. Formerly stated:

Ho: There is no trend in monthly mean temperatur@s ft974 to 2014.

Hi: There is a trend in the monthly mean temperatinoes 1974 to 2014.

Where HO is the null hypothesis and H1 is the alieve hypothesis.

The P-value (p=0.002) of the trend data is lowantthe significance level alpha (0.05). This
means that the null hypothesis that there is nadtie monthly mean temperatures between
1974 and 2014 should be rejected. The normal appeation to the distribution of the average
Kendall tau shows that the risk of rejecting th# hypothesis while it is true is 0.17%. Further
trend analysis reveals that, over the period 1972034, the monthly mean temperatures

increased by 0.2T per decade over the period.

4.2.1.3 Maximum temperature of the warmest month

Figure 4.3 shows the trend for maximum temperatdirthe warmest month. The warmest
month considered under this study is October. 8eleaf the month was based on a
preliminary analysis of temperature characterisifcal months over a thirty year period 1974-
2004.
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Figure 4.3. Trend for maximum temperature of the warmest month over a 3ieyiear

The Mann-Kendall trend tests reveal a significgmt0(011; a=0.05) trend in maximum
temperatures of the warmest month. The null hymaheras that there is no trend in the
maximum temperatures of the warmest month over3Beyear period. The alternative
hypothesis was that there is a trend in these teathypes. As the computgd value is lower
than the significant level alpha 0.05, the null biyyesis is rejected. The risk to reject the null

hypothesis while it is true is 1.07%.

4.2.1.4 Minimum temperatures of the coldest month

The study considered changes in the minimum tenyreisa of the coldest month as an
appropriate proxy indicator for climate change. Gwiet al.,(2013) shows this indicator as a
good predictor of plant species richness underaa@d climate. Figure 4.4 shows the trend
for minimum temperatures of the coldest month. Gblelest month was determined through

analysis of minimum temperatures of all months @/80 year period.

As shown in Figure 4.4, minimum temperatures of ¢b&lest month in the province are
decreasing significantlyp€0.043;0= 0.05) with time. The null hypothesis is that thes no
trend in the minimum temperatures of the coldeshtmavhilst the alternative hypothesis
posited that there is a trend. Given that the cdetpp- value (0.043) is lower than the
significance level alpha 0.05, the null hypothesisrejected. An approximation to the
distribution of the average Kendall tau shows thatrisk of rejecting the null hypothesis while
it is true is 4.33%.
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Figure 4.4. Trend of minimum temperatures of the coldest month (June) ovgear3teriod.

4.2.1.5 Perceptions on temperature changes between 1974 and 2014.

A qualitative analysis of temperature changes irsWlao was performed to confirm the
validity of quantitative claims presented in thizapter. This was based on views that were
gathered through qualitative instruments like goestaires and key informant interviews.
Figure 4.5 presents the views of local people actbg province and the percentage of
respondents for each view. As shown in Figure f&st of the respondents indicated that the
temperature related variables in the province &mnging over time. They either agree or
strongly agree to the fact that the temperaturesrareasing through observed changes in

temperature related bioclimatic variables such amthly mean maximum temperatures,
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Figure4.5. Perceptions of local people on long teemperature chanc.
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monthly mean minimum temperatures, winter tempeeatlsummer temperatures, minimum

temperatures of the coldest month and maximum testyoes of the warmest month.

It is observed that out of a total of 189 peopkenviewed, 55% of the respondents strongly
agree that the monthly mean maximum temperaturtbénthe province have increased. About
30% generally agree to this view whilst 15% wastrsuNone of the respondents indicated
that the monthly mean maximum temperatures areinooéasing with time. These views

confirm the statistical trend test results thatvslaosignificant change in the trend of monthly

mean maximum temperatures in the province.

Whilst only 2 percent of the respondents do noeagwith the view that monthly mean
minimum temperatures are increasing over time, wioste respondents (approximately 95%)
perceive monthly mean minimum temperatures to hageased between 1974 and 2014.
Approximately 58% of the respondents strongly agteat monthly mean minimum

temperatures have increased over the period wita&e in agreement with this view. Only

3% of the respondents indicated that they are umet &s they remained neutral.

Furthermore, as shown in Figure 4.5, local peopldion the increase in winter and summer
temperatures in the province. About 92% of thewadpnts indicated that they strongly concur
with the view that summer temperatures are incngashile the remaining 8% agree with this
view. For winter temperatures, 63% of the respotglstmongly agree that there is an increase
whilst about 27 percent agree with this view frameit experience and observation. 11%
showed neutrality to this view. In addition, acdagdto the observations from local people,
maximum temperatures of the warmest month haveased between 1974 and 2014. Over
90 percent of the respondents strongly agree whfiistagree with this perception. Only less

than 4% of the respondents indicated neutralitjpéonotion.

The study also investigated perceptions on thepatf minimum temperatures of the coldest
month over the period 1974-2014. Results showriadt of the respondents either strongly
agree or agree that there has been a decrease. 48%0f the respondents indicated that they
strongly agree that there was a decrease in thamonin temperatures of the coldest month
whilst 34% agree with this conception. However, 18fdicated that they neither agree nor

refute to this claim.
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In general, results have shown that none of thporesents have observed consistently
unchanging patterns in temperature regimes ofribvnce over the period under investigation.

These gqualitative findings confirm the quantitatiesults established under this study through
a quantitative analysis of meteorological dataiolefrom ZMSD and the NCDC.

4.2.2 Precipitation

Precipitation is an important proxy indicator fdintate change, widely used in several
analyses of climate change (Ngongondb al., 2011; Mazvimavi 2010; Kane 2009;
Sichingabula, 1998). In this study, precipitatttata for the period 1974 to 2014 was analysed
to determine the statistical significance in theatts of different precipitation related variables.
The variables considered under precipitation ingltalal annual precipitation, monthly mean
precipitation, precipitation of the warmest quarterd seasonal total precipitation. The
variables significantly depict climatic shifts oveldong period of time. Gwitirat al., (2013)
have shown that these variables are important edlyeawhen determining effects of climate

change on plant species diversity.

4.2.2.1 Total annual precipitation

Total annual precipitation is the sum of all préeifon received and recorded throughout the
year under consideration. In this study, the tatalual precipitation over a forty year period
(1974-2014) for Masvingo province was analyseddteanine the trend. Results show that
there is a statistically significant<£0.049,a4=0.05) trend (Figure 4.6). The trend line equation
shows that the amount of rainfall recorded throuwghbe year decreased with time over the

period.
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Figure4.6. Trend for total annuérainfall from 1974 to 201
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As shown in Figure 4.6, the total annual rainfat the province is decreasing with time. The
null hypothesis is that there is no trend in thaltannual precipitation between 1974 and 2014
whilst the alternative hypothesis is that thera tsend in the rainfall pattern. Formally stated:
Ho = there is a no trend in the total annual rairffalin 1974 to 2014 in
Hi: = there is a trend in the total annual rainfalhfr 1974 to 2014 in
Where H is the null hypothesis andilis the alternative hypothesis.

Results show that thevalue (0.049) is lower than the significance leaipha 0.05. The null
hypothesis should therefore be rejected. The askject the null hypothesisoivhile it is true
is 4.90%.

4.2.2.2 Monthly mean precipitation
The monthly mean precipitation from 1974 to 2014 waaalysed to determine if there is a
significant trend that would depict a changing @ts Results (Figure 4.7) show that there is

a significant p = 0.046,a= 0.05) trend in mean monthly precipitation oves geriod.
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Fiaure4.7. Monthlvy mean precipitatiofrom 1974 to 201:

As shown in Figure 4.7, there is a declining transhean monthly precipitation and the decline
is significant. In the statistical analysis, thél hypothesis was that there is no trend in thestim
series data of mean monthly precipitation. Theradtive hypothesis was that there is a trend
in the time series. Formerly stated:

Ho= There is no trend in the monthly mean preciptafor Masvingo

Hi= There is a trend in the monthly mean precipitafar Masvingo province
Where H is the null hypothesis andlis the alternative hypothesis.
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As the computeg-value is lower than the significance level alpla ©.05), the null
hypothesis is rejected and it is concluded thattigea significant trend in the monthly mean
rainfall over time. The approximation of the distriion shows that the risk to reject the null
hypothesis whilst it is true is 4.55%.

4.2.3.3 Precipitation of the warmest quarter

The warmest quarter is the three month period wieckives the highest amount of radiation
and consequently temperatures throughout the Yredne subtropical region in general and

Zimbabwe in particular, this period falls betweert@er and December. In this study,

precipitation data for the warmest quarter from4L8y 2014 was analysed to determine the
characteristics of the rainfall received. Mann-Kalhdrend tests reveal a statistically

significant £=0.048,a = 0.05) trend over the period (Figure 4.8).
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Fiaure4.8. Trend of precipitation of the warmest auarter from 1974 to

The trend in figure 4.8 indicates declining pretpon totals for the warmest quarter of the
year over time. In the statistical tests, the hypothesis is that there is no trend in the series
whilst the alternative hypothesis states that tiseeetrend in the series. Formerly stated:
Ho: There is no trend in the precipitation of the mvast quarter from 1974 to 2014
Hi: There is a trend in the precipitation of the wastrquarter from 1974 to 2014
Where H is the null hypothesis andlis the alternative hypothesis.

Results of the Mann-Kendall trend tests using fhr@imation method show that the p value

(0.048) is lower than the significance level £ 0.05). The null hypothesis was therefore
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rejected whilst accepting the alternative hypothe$he probability for rejecting the null

hypothesis whilst it is true is 4.80%.

4.2.2.4 Seasonal total precipitation

Precipitation data for the rain season from 19720®4 was analysed to determine the trend.
Figure 4.9 shows the results of Mann-Kendall tréests, which reveal that there is no
significant £=0.323;a = 0.05) trend in the series. However a graduallgliding trend can be
observed over time.
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Figure4.9. Trend in seasonal total precipitation from 1974 to .

In this analysis, the null hypothesis that thereddrend in the series was accepted given that
the P value (0.323) is greater than the signifiealevel ¢ = 0.05). However, there is a
noticeable decline in the seasonal totals althdbghrend is not statistically significant. The
decline may cause environmentally significant clesng the ecosystems. More so, it is
observed in the trend that there is an increagharinter-annual variability of precipitation
with time. These results confirm findings by otlethors who used seasonal total rainfall to
assess climate change phenomenon in southern Affima example, Mazvimavi (2010)
concluded that changes in seasonal rainfall aresiotly not statistically detectable but a
declining trend can be observed. Moreover, climatange could be explained by the

increasing inter-annual variability of rainfall aysed in the trend.

4.2.2.5 Perceptions on precipitation changes
The study analysed views of local people with rdgato their experiences with the
precipitation regimes obtaining in the provincegli¥e 4.10 shows how the respondents rated
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the precipitation regimes over the four decade®uadalysis. The higher the score, the higher
the amount of precipitation received during thectfedecade.

Score
»H

1974-1983
1984-1993

1994-2003
Period 2004-2014

Figure4.10. Changes in precipitation regimes over time as understood by local

A score of 10 indicates high amount of rainfall @@ed which was evenly distributed
throughout rainy season whilst a score of 0 meanmy kttle rainfall was received and its
distribution was not even. As shown in Figure 4th@,local people perceive the precipitation
amount received to be decreasing over time. Duhegoeriod 1974 to 1983, the respondents
indicated that the amount of rainfall was high statrted declining in the preceding decade and
the trend continued in the succeeding decadesteBpendents viewed 2004-2014 as the driest
period since 1974. These sentiments are in synh thié statistical results for various
precipitation related variables which show a dewetrtrend of precipitation over time.

Table 4.2 also shows descriptions of precipitatianables by local residents. About 73% of
the respondents indicated that they strongly aty@eannual rainfall totals are decreasing with
time. 20% indicated that they agree to this vievilevi?% were not sure. As shown in table 4.2,
all of the variables are shown to be decreasinfy trte according to most of the respondents
who either strongly agree or agree. A small fractioall cases indicated that they are not sure.

The respondents reported an increase in the sgwaerit frequency of droughts. Furthermore,
there is an increase in the intensity of floodsuodng in the province as reported by 98% of
the respondents who either strongly agreed or dgwath this view. In general, variable
descriptions by local people have shown that cknwdtange is occurring as indicated by the
long term changes in specific precipitation relatadables.
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Table 4.2. Responses of local residents on pratiit related climate change indicator variables

Variable description S A A D.K  Total (%)
Decrease in annual rainfall 73 20 7 100
Reduced length of the rainy season 95 5 0 100
Decrease in seasonal total precipitation 67 15 18 00 1
Decrease in precipitation of the warmest quarter 7112 17 100
Decrease in monthly average precipitation 33 55 12 100
Increase in drought severity over time 89 11 0 100
Increase in drought frequency 93 6 1 100
Increase in inter-annual variability 67 26 7 100
Increase in flood intensity 58 40 2 100

4.3 Vegetative species diversity and climate in Masvingo Province

Table 4.3. Results of regression of vegetativeispativersity by climatic variables in Masvingo

. . Regression Correlation T
R V | Val R? D t
egression Variables equation coefficient (1) p Value escription
SWI (H) and monthl ¥=-0.0007x" + 0.794 <0.001 | 0.6736 Z?vif:}i'aﬁ"étxy ;fixggetfatrl:gnthl
d momthly 1 5 1164x-3.0143 ' ' : y1s expia y y
mean precipitation mean precipitation
SWI (H) and V=-2E-05x2 + The variability of vegetation
precipitation of the Ny 0.734 <0.001 | 0.6455 | diversity is explained by
0.0214x-2.7324 s
warmest quarter precipitation of the warmest month
SWI (H) and seasonal Y=-2E-05x2 + 0.702 <0.001 | 0.5841 ;?vi\rl:}?aibslgy I(;]:;llgget:atslce)gsonal
1€ sea 0.0221x-3.1459 ' ' ‘ y1s expl y
total precipitation total precipitation
SWI (H) and total Y=-8E-06x2 + 0.703 <0.001 | 0.6261 Z?vif:}i'aﬁ"étxy gci;llgget:attls:al annual
ot 0.0111x-1.7054 ' ' ‘ Iy 15 exp Y
annual precipitation precipitation
SWI (H) and Y=0.5211x- The variability of vegetation
temperature of the - 0.834 0.706 <0.001 | 0.4979 | diversity is explained by
coldest month ' temperature of the coldest month
SWI (H) and V=0.0171x2 + The va'rla'blllty of vegetation
temperature of the -0.799 <0.001 | 0.6706 | diversity is explained by
0.9883x-12.105
warmest month temperature of the warmest month.
e marmm | 2000782 || o 06203 | diversty b expiained by menth
0.2377x +0.329 ' ' ' V1S exp Y y
temperatures mean maximum temperatures
SWI (H) and monthl Y=-0.337x2 + -0.126 <0.001 | 0.6943 ;?vi::i?aibslgy ;ﬁ:zget:at::gntm
Y| 13.137x-126.22 ' ' ' V1S exp y y
mean temperatures mean temperatures

NB: SWI=Shannon Weaver Index (H).

Results of regression analysis of vegetative spalikersity and climate related variables are
presented in table 4.3. Vegetative species diyeisitepresented by the SWI. In general, the
results show positive correlations between vegetatpecies diversity and all of the climatic

variables. For precipitation related variables, thenthly mean precipitation best explains
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vegetative species diversity while for temperatetated variables monthly mean temperatures

have the best coefficient of determination.

4.3.1 Vegetative species diversity and precipitation related variables

Results of regression analysis of SWI by precitatelated climate variables (mean monthly
precipitation, total annual precipitation, seasawéhl precipitation and precipitation of the
warmest quarter) are shown in Figure 4.11, wheaé tthe four precipitation related climate
change variables positively describe the diversityegetative species in Masvingo Province.
Results indicate that there is a positive corretatir=0.794) between SWI (H) and mean
monthly precipitation. It is observed that 67% efyetative species diversity is significantly

(p<0.001) predicted by monthly mean precipitatiogufe 4.11a).
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Figure 4.11 Regression of the Shannon Weaver diversity Index (H) by pretogoitrelated variabl:
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and (d) Total annual precipitation.
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From the regression equation of the two varialtfesdiversity of vegetative species increases
with an increase in mean monthly precipitation. ld@er, an increase beyond 80 mm mean

rainfall does not correspond with an increase metative species diversity.

Similarly, precipitation of the warmest quarter Exps vegetative species diversity in
Masvingo province (Figure 4.11b). There is a pwsittorrelation (r=0.734) between H and
precipitation of the warmest quarter (October tad&msber). About 65% of the diversity of
vegetation species is significantjy<0.001) predicted by precipitation of the warmesirter.
The results show that as precipitation of the watnogiarter increases, vegetative species
diversity also increases but an increase beyonth#8@ not associated with an increase in

species diversity.

In addition, seasonal total precipitation playsraportant role in determining the diversity of
ecosystems in Masvingo Province. This is showrhkypbsitive correlation (r=0.702) between
Shannon’s H and seasonal total precipitation. Eigufilc indicates that 58% of vegetative
species diversity is significantly (p<0.001) expkxl by seasonal total rainfall. Regression of
the two variables shows that as seasonal totaigit@ton increases, species diversity also
increases. Similar to other precipitation relatagiables, a continuous increase in seasonal
total rainfall does not correspond to continuousrease in vegetative species diversity.
Seasonal total precipitation above 450mm doesniioieince changes in species diversity.

Furthermore, total annual precipitation has beenshto influence species diversity as there
is a strong positive correlation (r=0.703) betwdentwo variables. It is shown in figure 4.11d
that about 63% of vegetative species diversity asingo province is significantlyp€ 0.001)
explained by total annual precipitation in the aiRagression of the two variables shows that
an increase in total annual precipitation correggowith an increase in the diversity of
vegetative species. However, an increase above m5@oes not support an increase in the

diversity of species.

4.3.2 Vegetative species diversity and temperature related variables

Figure 4.12 shows the results of regression of G¥yby temperature related climate change

variables. In general, the temperature variableta@xdiversity of vegetative species.
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Maximum temperatures of the warmest month in Magwiprovince ranged from 30 to 39C
during the period under investigation. Results sl@wstrong negative correlation (-0.799)
between the Shannon weaver index of diversity Hraagimum temperatures of the warmest
month. As shown in figure 4.12a, about 67% of vatjet species diversity is significantly
(P<0.001) explained by maximum temperature of taewest month. An increase in maximum
temperature of the warmest month is related tocaedse in vegetative species diversity. At

temperatures of 3€ and above, the diversity of species is extrerstly
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Figure 4.12Relationship between vegetative species diversityn(i&imaWeaver Index) and tempera
related climate change variables (a) maximum temperatiirtheo warmest month (b) minimt
temperature of the coldest month (c) mean monthly maximum tatopes andd) mean month|
temperatures.

Linear regression analysis shows that vegetatiweciep diversity can be explained by
minimum temperatures of the coldest month. FiguEld4 shows a positive correlation
(r=0.706) between the vegetative species diveesity minimum temperatures of the coldest
month. It is illustrated that about 49% of the agjge species diversity in Masvingo province
is significantly £<0.001) explained by minimum temperatures of thilesi month. The
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minimum temperatures of the coldest month in thevipce are ranging from 2@ to
approximately 9C. An increase in these temperatures is associaittd an increase in

vegetative species diversity.

Similarly, mean maximum monthly temperatures expfaant species diversity in Masvingo
province (Figure 4.12c). Results indicate thatrttemn maximum monthly temperatures in the
province range from PT to 30.8C. There is a strong negative correlation (r=-0) Bédween
these temperatures and vegetation diversity. Aswshofigure 4.12c¢, about 62 % of vegetative
species diversity in the province can be explaimgdnean maximum monthly temperatures.
Thus, an increase in mean maximum monthly temperatis associated with a decrease in

vegetative species diversity.

In addition, regression analyses results showwbgétative species diversity is a significant
(p<0.05) function of the mean monthly temperaturegearsemi-arid conditions of Masvingo

province. There is a hump-shaped relationship batvilee two variables. Thus, it is observed
that as the mean monthly temperatures increasetatege species diversity also increases.
However, further temperature increase beyond®@9i8 associated with a negative response

from vegetation diversity.

The study also assessed the views of people wgtrds to the changes in vegetative species
diversity in the province over the period underestigation following the perturbations in
climatic patterns. Figure 4.13 shows vegetativeciggediversity dynamics in Masvingo
Province as viewed by the respondents. Scorestdépitevel of a phenomenon as observed
by people residing in the province. A high scorea8iective of high level of a specified
phenomenon. It is observed that invasive speciemeiss has been increasing in the province
since 1974. There has been a sharp increase isiwevapecies from 1974 to 1987. This
increase slowed down afterwards. While there has la@ increase in invasive alien species,
indigenous tree species richness has been deqyetsrsteepest decline being observed from
1994 to 2014.
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Figure 4.13 Vegetative species diversity dynamics between 1974 and 20d¢iéwed by loci
people

Overall, it is shown that vegetative species ditgisas been on the decline over the period
under review. The decline is associated with chamgeurring in climatic elements (Figure

4.14). Respondents reported that they have obsehages in vegetative species diversity
and this change can be attributed to the changesriperature and precipitation regimes as

well as events such as extreme droughts, floodstiodg sporadic winds.

Figure 4.14 shows the perceptions of local peojille kggards to the effect of climate change
related variables on vegetative species diversitys shown that more than 80% of the
respondents concur with the view that the incréaserface and atmospheric temperatures in
Masvingo province contributes to the changes inetettye species diversity. Most of the
respondents (more than 90%) reported that fromn &éxgierience, the decrease in precipitation
over the period under investigation has signifiganesulted in the decrease in vegetative
species diversity. In addition, more than 50% & tespondents think that climate related
events such as floods, frequent droughts and ¥esgigwinds have significantly contributed

to the changes in vegetative species diversitiienprovince.

Views of local people are in concurrence with statal data which has shown significant

correlations between diversity and most of the atimelements.
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4.4 Relationship between NDVI and Species diversity

There is a significant (P<0.001) relationship betw@&DVI and SWI (H) (Figure 4.15). The
SWI is used to express vegetative species diversituding species of trees, shrubs, herbs
and tall graminoids.
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Figure 4.15. Relationship between NDVI and the Shannon Weaver Index (H)

Figure 4.15 shows regression analysis resultdridltisg a strong positive (r=0.79) correlation
between NDVI and vegetative species diversity. N@Xplains 64% of vegetative species

diversity. These results imply that NDVI can bedises a surrogate for vegetative species
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diversity. An increase in vegetative species diisorresponds with an increase in NDVI
but an increase beyond 2.3 of Shannon’s H is aatsativith a decline of NDVI.

4.5 Changes in species diversity between 1974 and 2014

Man Kendal trend tests show that there is a siggnifi (P=0.041q = 0.05) decrease in average
December NDVI over the period 1974-2014. HoweVee,ttend for average July NDVI is not
significant £=0.062,a = 0.05) but declining (Figure 4.16).
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Figure 4.16. Trends for average NDVI for December and July between 1974 and 2014

As shown in Figure 4.14 average NDVI for Decemhardhe period 1974-2014 is fluctuating
over time but there is an overall decrease in tlegae NDVI. The same fluctuating pattern
and a decreasing trend can be observed for July INDhée trends reflect rainfall patterns
experienced in the province with drought years hgthe lowest NDVI values. For example,
the 1982 and 1992 droughts are associated wittNID¥1 values of around 0.1. Years of high
rainfall have above 0.4 NDVI values. Figure 4.16w& ten-year interval changes in the month

of December NDVI over a 40 year period.
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Figure 4.17. December NDVI for different years depicting changes in sptbodesity

It is illustrated that there are general spatia ssmporal changes in NDVI over time. There is
a noted decrease of NDVI areas that previouslyhigiad NDVI values. In 1974, for example,
more than 50% of the province had NDVI of more tBahbut in 1984 the area had declined
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to approximately below 50%. The trend continuedsaui@014 with areas of negative NDVI
values increasing more than that of positive ND#lues. It should be emphasized that NDVI
fluctuations are inevitable due to annual vari@piln climatic elements but there is a general

decrease in overall NDVI over time as reflecteigure 4.15.

The decrease in NDVI implies a decrease in spefliegsity as established in this study. In
this case, NDVI is used as a surrogate of speciesgity. Despite remote sensing evidence,
respondents in the study area (92.3%) indicatetttiey have observed a decrease in the
diversity of species over time. They indicated ttetre are some indigenous species whose
population has declined significantly while othbese actually gone extinct due to changes in
the climate accompanied by land use practices saithesprovince. Amongst the most affected
species were herbaceous and graminoid speciesasiitaria penzii, Cynodon dactylon,
Eragrostis trichophora, D. penzilE. trichophora and Hyperthelia dissoluta, Urochloa
mozambicensis, Heteropogon contortlisee species such as thelbernardia globiflora,
Brachystegia spiciformisParinari curatellifolia Burkea Africana,Terminalia sericea and
Colophospermum Moparmveere reported to be affected through logging by momities. The
logging is presumed an indirect impact of climateartge constrained environment as
respondents confirmed that logging is generallyeoled as one of the adaptation mechanisms.
Furthermore, Yospiet al., (2015) observed human disturbance regimes interidictclimate
change to drive vegetation changes. Trees areosut @br sale as agriculture related income
generating activities become impossible due tceexér weather conditions driven by climate

change.

4.6. Discussion

4.6.1 Climate trends in Masvingo province

The statistically significant and human perceivedreéase in monthly mean maximum,
monthly mean minimum, warmest month maximum, sunmandrwinter temperatures between
1974 and 2014 implies that climate has warmed isWao Province. There has been an
increase of +/- 0.3 per decade in monthly mean maximum temperaturésaar/- 0. 29C
increase in monthly mean temperatures per decdds.affirms observations by Lu&t al
(2013) that there is a significant increase in terafures in the interior of southern Africa.

These temperatures are projected to increase %Gy (Bsing the Statistical Analogue
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Resembling Scheme (STARS) model) and by@.fusing the Regional Climate Model) by
2060 (Lutzet al.,2013).

Furthermore, the findings confirm general conclaosiof various separate studies (Chikodzi
and Mutowo, 2014; Simbet al.,2012; Mason and Jury, 1997; Unganai, 1996; Makdraes)
that the climate in Zimbabwe, specifically the $oeastern region, is warming as indicated by
significant increase in temperatures associated priblonged occurrences of dry spells. For
example, Chikodzi and Mutowo (2014) observed aremsing trend in maximum temperatures
at Alheit station between 1951 and 2001. In addjtilusangayat al (2013) posit that several
analyses through remote sensing and observed tataperecords concur that the southern
African region, in which Masvingo province lies, usdergoing a warming trend. Nest
al.,(2011), Warburtoret al.,(2005), Kruger and Shongwe (2004), Hughes andrigg{lL996),
Unganai (1996) in their analyses of observed metegical data concluded that the Southern
African region is under the influence of a risirggniperature regime with consequences on
environmental systems. In a study that analysegéeature data between 1951 and 2010,
Simbaet al., (2012) observed an increase in several temperatlated variables. This is in
line with the global warming trends which are urstieod to be resulting in climate change
(World Bank, 2012). The changing temperature regiraee likely to be associated with

ecological ramifications including plant speciegaisity modification.

More so, these findings support Sinddaal (2012)’s assertion of climate change in Masvingo
Province with observed increase in summer and wiateperatures. This has been accentuated
by an increase in the frequency and intensity af h@ves. The changes in temperature have
prospective influence on phenological and physiaclgigcharacteristics of vegetation species.
In some cases, the conditions become unbearabloioe species and they become extinct.
The increase in temperatures in Masvingo provineg the period under investigation could
have potentially increased evapotranspirationaateconsequently affected water availability
which, in turn have affected the niches for speafecies resulting in extinction or lack of
productivity. Bouweret al, (2007) and McCarthet al, (2001) noted that an increase in
temperature induces an enhanced evaporative denfacilincreases direct and indirect water
loss leading to significant environmental chandgsabaet al (2012) reiterated that high
evapotranspiration rate due to temperature incresssdts in stress on biodiversity. A change

in biodiversity could be both a direct and indireegult of the changes in temperature regimes.
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To that extent, the IPCC (2007b) predicts a 20-€@@gnt extinction rate of all plant and animal

species due to a warming climate.

Both quantitative and qualitative results from teigdy have shown a decrease in minimum
temperatures of the coldest month. This changetitotes climate change and it increases
inter-seasonal variability in temperatures. Climbtierature has hinted that climate change
results in extreme weather conditions. Thus, thieemely low temperatures during the coldest

month point to the existence of this climatologipaEnomenon.

This study has shown statistically significant dezlin most of the precipitation related
variables such as the total annual rainfall, pieaijpn of the warmest quarter and monthly
mean precipitation. However, seasonal total preatipn shows a declining but not statistically
significant trend. While the trend is not statialig significant, it contributes significantly to
biodiversity changes as noted by Gitgtyal (2002a) that ecosystem changes do not wait for
precipitation changes to be significant, a slighiftan climatic elements may result in huge
environmental consequences. Nevertheless, the ajgorercipitation trend related variables
indicate that the province is getting dry over tbeg term. This dryness is resulting in

significant modification of ecosystems since watlalys a pivotal role in ecosystem function.

Observations that there is a decline in precigtain the province confirm the argument that
there is climate change in Zimbabwe which is predido make the country dry (Makadho
1996). The trends in this study are characterisgdhigh inter-annual variability and
excessively dry spells. Respondents claim thaatheunt of precipitation received over time
is decreasing. They further reiterated the exigaiextreme climatic conditions and events
such as droughts, floods and strong winds, whiale weeviously non- existent and less severe.
This buttresses Mazvimavi (2010)’s claim that therdry is under the threat of climate change,
which is exhibited by the changing rainfall pateeand extreme and frequent weather events.
Mazvimavi (2010) also noted increased incidentdrofight and a decrease in rainfall across

all seasons in Zimbabwe.

In addition, the results confirm findings from v@us authors (Kusangays al.,2013; Simba
et al.,2012; Ngongondet al.,2011; Mazvimavi, 2010) that there is a declin@riecipitation
in southern African region, in which Masvingo pnoee is located. However, the precipitation
trends for most authors are not statistically bovi@nmentally significant. In Malawi,

Ngongondoet al (2011), observed statistically non-significant loleclining precipitation
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trends. Sichingabula (1998) shows a declining &dlitfend in southern Zambia while Simba
et al.(2012) report that there is high frequency of yedtls below normal rainfall in Masvingo
province, Zimbabwe. The high inter-annual variapibf rainfall, severe droughts and floods
observed in this study confirm Mazvimavi (2010)ssertion that rainfall in Zimbabwe has
high inter-annual variability. Kusangagaal (2013) noted that several studies in South Africa
confirm high inter-annual variability of precipitan. Kane (2009) showed that annual rainfall
has considerable year-to-year fluctuations (50-2008%e mean), while 5-year running means
show long-term fluctuations (75-150% of the mean).

Temperature and precipitation trends observed isvisigo in this study are consistent with
the global and regional trends. There has beenpavand trend in global and regional
temperatures. Gitast al (2002b) elucidate that there has been &30-4.8C increase in global
temperatures and these are also projected to sereather by 1.2 to 5.8°C by 2100.
Hopkinset al.,(2007) expounded that the mean surface tempesabane increased by 6B
since 1970. The changes in temperature influene@gds in precipitation (Koskekt al.,
2007; Gitayet al., 2002b; Bawa and Dayanandan, 1998) due to chamgesmospheric
circulation. A study by Koskelat al (2007) in Europe shows that average temperatungs ¢
increase by 2 -% over the next 50 years and cause considerablegeban regional and
seasonal patterns of precipitation. Thus, thereohserved changes in precipitation at the
global and regional scale with the southern Africagion experiencing a 5 — 20 percent
decrease in winter rainfall (Gitagt al.,2002a) and a 3 percent decrease in rainfall ieigtn
(NAS, 2014). These changes are projected to inflei@tl levels of biodiversity (Bellaret al.,

2012) across the continent.

Thus, the decrease in precipitation, whether s$i@dity significant or not, shown in this study

and confirmed by other studies is an indication phacipitation patterns are changing and this,
over a long period, constitutes climate changes Thange can modify several ecological
processes since water is one of the principal factbat drive ecosystem processes.
Biodiversity changes can be influenced due to cbamgecological niches driven by changes

in water availability.

In view of these findings, this study confirms there has been indeed a change in
precipitation and temperature patterns in Masvidgavince which is an indication that climate
has indeed changed over the period under review. drovides a warrant to investigate the

impact of climate change on vegetative speciegsityan the province.
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4.6.2 Climate change and vegetation diversity

This study endeavoured to understand the relatipnbletween climate variables and
vegetative species diversity. Results have indicdakat most of the precipitation related
climate variables considered under this study doutie significantly to the status of vegetative
species diversity in Masvingo Province. Thus, cleang these bioclimatic variables will result
in changes in vegetative species diversity. Themmneanthly precipitation and precipitation of
the warmest quarter have the highest influencesgetative species diversity. This observation
is supported by Gwitirat al.,(2013)’s findings which presented precipitatiortlod warmest
guarter as exceeding other precipitation relatetbfa in influencing plant species diversity,

specifically species richness.

The results further confirm several scientific pegidns (Tivy, 1993; Stohlgreet al., 1999;
Thomaset al 2004; MEA, 2005; Kazakist al., 2006; Montoya and Raffaelli, 2010) that
climate change will become a major threat of biaabdiversity particularly plant species
diversity. In line with the findings of this studgpskelaet al (2007) propounded that climate
change induced evolution is already taking plach wonsequent shifts in composition and
abundance of species in specific climate sens#éoasystems. Jolet al.,(2008) asserted that
the changes that occur in species composition aretsity are inevitable consequences of
climate change. Mindaet al.,(2016) observed a climate change induced absenderoiay
spruce and an increase in the number of beectanfir maple species which resulted in
biodiversity changes. More so, Montoya and Raff§2010) claim that there is ample evidence
indicating that ecological responses to climatengeaare occurring. Several studies) have also
shown that on many taxa in the Northern Hemispbpegies ranges are expanding northwards
and westwards due to climate change (Parmesah, 1999; Thomast al.,2001; Waltheet

al., 2002; Walther 2010.

The decrease in diversity as temperatures incrgapkes that some vegetative species’
tolerance decreases with an increase in maximumdsatures of the warmest month. These
results are consistent with current understandirtheeffect of temperatures of the warmest
month on plant species diversity (Gwiteaal., 2013) where a general negative relationship
between plant species diversity and temperatuexpected when temperatures go beyond
25°C (Gwitira et al., 2013). This is also confirmed by Sommet al., (2010) whose studies
projected a decrease in plant species diversitgmuad increase of temperatures by’@.8n
addition, (Rootet al. 2003; Edwards & Richardson, 2004; Parmesan, 2006grved that
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temperature increase associated with climate chargenpts spring advancement of
phenology. It is important to note that studies bagize that very high temperatures will result
in less tolerance of some species therefore aasera diversity. Otherwise, a general increase
in temperatures, which is less tharP@5has a positive correlation with vegetative speci
diversity (Gwitiraet al.,2013; Mindast al.,2016).

These results give credence to a study in Sierneadide by Calzadet al., (2013) which
observed that temperatures play an influential orlevegetative species diversity changes.
Korner (2003) made similar assertions reiterativad tlimatic changes aggravate disturbances
in the balance of the communities due to new migmatand modifications in the competitive
relations resulting in modified composition, rickeeand evenness of vegetative species.
However, Sarment@t al. (2010) and Yvon-Durocheet al. (2010) presented a different
scenario in which ecosystem processes are affdgtedimatic warming independent of
changes in biodiversity. Using the metabolic theofyecology(Brown et al 2009, both
studies reveal that climate change may affect noditab of species without influencing biotic
interactions and diversityThis is, however, contrary to observations in tkigdy where
warming is projected to influence biotic interaatcand biological diversity. In fact, this study
confirms the metabolic theory of ecology which peghat the metabolic process of an
organism determines the most observed pattermsen@system. Warming affects metabolism,
thus, it determines the most fundamental biologiatd and consequently biological diversity.
In this regard, Petchegt al (2010) developed a theoretical model founded gpassitions
from metabolic theory and foraging biology and caded that increasing temperatures have
enormous effects on food web properties such ashemome, with supplementary

consequences on plant species population staaniycommunity dynamics.

Long term changes in climate variables constitliteate change. Thus, the effect of climate
variables on vegetative species diversity impleg & change in climate will lead to a change
in species diversity. Koskekt al (2007) assumed that an increase in temperatuceshan
consequent alteration of precipitation patterns ld/aniodify the environmental conditions to
which ecosystems are adapted and expose them tpewste/and diseases. This will result in
changes in vegetative species diversity. The exgstef climate change in Masvingo province
and the relationship between climatic variables egktative species diversity shown in this
study implies that vegetation species are goinguiin an evolutionary process which may

alter composition, phenology, physiology and dmttion of vegetation species. Hopketsal
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(2007) noted that shifts in suitable climatic cdiwtis for individual species will lead to

changes in abundance and range.

In this study, it is further observed that climak&nge indirectly impacts on vegetative species
diversity. This is due to the knock on effectsarfd use changes influenced by climate change.
For example, in Mwenezi, Chivi and some parts oir€tizi, there is wanton and selective
logging of theColophospermum Moparieee species for sell as a means of insurancastgai
climate change induced economic hardships. Mo#t@tommunities in Masvingo province
are agro based and they rely on rainfed agricufimrsurvival. The climate change induced
severe and frequent droughts will force communtted other means of survival and selling
of wood is among them leading to selective loggituch results in changes in vegetative
species diversity. Hopkiret al (2007) confirm this observation and claim thatrect impacts

of climate change on biodiversity are significasiearesult of climate induced changes in land
use. IPCC (2007b) weighs in propounding that clenettange leads to changes on many
aspects of biodiversity and also disturbance regisueh as fire, pests and disease frequency
and intensity which further exacerbate ecosysteamgés with regards to vegetative species
diversity. It is certain that climate change walsult in biodiversity changes but the change
may be negative or positive contingent to the matof other prevailing environmental

conditions including edaphic factors and anthropeg@trusion.

It is also noted that climate change does not a@a@ndependent of other environmental factors.
Thus, anthropogenic activities, edaphic charadtesignd natural events have contributed to
the changes in vegetative species diversity in MasvProvince. In line with this observation,
Van Dobben and Slim (2012) also observed that ¢éntdange in association with soll
subsidence in Ameland Island resulted in biodivershanges. While several factors work in
conjunction with climate change in influencing vedee species diversity, it should be
emphasized that there is ample scientific evidesimaving that climate change has directly
and indirectly dominated as the key driver of mastlogical processes including changes in

biodiversity.

The decrease in precipitation over the long tersnstaown in this study, constitutes climate
change. Precipitation provides the required waiepfant growth and most species require it
to reproduce. Water scarcity driven by a decreaiee amount of precipitation over the period
under study has resulted in some species’ climatielops to shift and others to fail to

reproduce. This prompts physiological and phenchlgichanges, drying up of species,
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migration and consequently biodiversity changes Tésultant net effect is a decrease in
species richness and evenness. A change in diversitostly driven by differences in species
level of tolerance to environmental changes. Initaaig changes in environmental gradients
result in the modification of interactions among #pecies through competence asynchronies,
herbivory, pests and invasions. It is thus the tposiof this study that a decrease in
precipitation, whether significant or not, is asated with a decrease in vegetative species

diversity under semi-arid conditions.

In addition, results of this study show that plapecies diversity responses to a decrease in
precipitation are not simply additive and their donational dynamics are not linear, as
reviewed by Walther (2010). Plant species are @b components rooted in complex
networks of interactions. However, in spite of seomplexity, there are general patterns in
the way species interrelate across different enmients (Montoyaet al 2006; Bascompte
2009). These patterns regulate the dexterity oftpecies to recuperate from climate related
perturbations. They too determine the magnitudplariit species extinctions on the residual

species within the interaction system.

It has been established in this study that theordgnts concur with statistical results from
direct field measurements that climate changedsed resulting in changes in plant species
diversity. Specifically, it is shown from the peptens of the respondents that vegetative
species diversity in the province is decreasingeunthe influence of climate related
perturbations. Results indicate that the decremgeecipitation in conjunction with an increase
in temperatures is associated with the proliferatibinvasive species and extinction of some
indigenous plant species. Thus, the warming clinbextels to support the spread of invasive
species. The current study observed the momesfoaad of the Cherry pia(tana camara)
species in Chivi, Chiredzi and Mwenezi districtsl #8 isolated existence in the other districts.
In addition, the Jointed CactuSguntia Aurantiacaand theDichrostachys Cinereare widely
spreading in Gokomere rangelands to the north afifigo city. Some sporadic occurrences

of Cactus Rosedpuntia fulgidg, wild Oats Avenafatu@ are also observed in the province.

Respondents reported that these species are begr@mmenace as their populations are
increasing enormously resulting in the extinctibmative plant species. The invasive species
are proliferating due to the favourable climatioditions created by climate change. Some of
the invasive species have the propensity for modifysoil chemical properties, creating

conditions that are not conducive for growth ofestipecies. Nhokovedzo (2013) notes that
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theLantana Camarancreases the soil's pH to levels that make itosgible for other species

to grow. The resultant effect is a decrease in tatiye species diversity. This problem has
been seen to be prevalent in Chiredzi and Chivridis where thd.antana camarapecies
has dominated in most of the farmlands, and preteateas. In addition, tH2ichrostachys
Cinereais invading some rangelands and out-competing dhidaceous species in Masvingo
province. This has resulted in the decrease indoexdus species richness across the province,

particularly in Gokomere rangelands to the nortiMagvingo city.

The observed decrease in native plant speciesoitihe findings from Mudzengt al(2014)
that the spread of invasive species reduces thergiy of plant species, particularly the
herbaceous species. In a study that assessed plaetiof Lantana Camaraon herbaceous
species diversity, Nhokovedzo (2013) also obsethatl there is a decrease in herbaceous
species diversity ihantana Camaranvaded ecosystems. Thus, climate change hasibettt

and indirect effect on vegetative species diverdiy promotion of the spread of invasive

species indirectly promotes reduction in biodivigtsi

The current study also posits that vegetative ggetiversity in Masvingo province is not only
affected by a reduction in precipitation and amease in temperatures. Several other climate
related disturbances are contributing to the oleskdecrease in vegetative species diversity.
For example, flood events that have been a keyactenistic feature of the hydrological system
in Masvingo province have affected some speciedjcptarly herbaceous and graminoid
species that do not have deep root systems. Feredsssociated with significant erosion and
deposition of alluvial soils and boulders. In thegess of erosion, vegetation with shallow
roots is wiped out while those with deep roots @da@enaged. Deposition on the other hand
covers small vegetation resulting in death of sepexies. Herbaceous and graminoid species
such ag?ogonarthria squarrosa, Hyparrhenia Filipendula,igtida spp, P. maximum, D. penzii, H.
dissolutaandR. repensvere reported to be susceptible to climate chamyeced flooding.Persistent

flood activity may result in the extinction of sorsgecies.

4.6.3 Remote sensing and vegetation diversity

This study addresses the question whether NDVIbmamised to project vegetative species
diversity. In other words, the relationship betwa¢bVI and SWI (H) was assessed to
determine the usefulness of RS in estimating végetapecies diversity. This would be
helpful in the process of biodiversity monitoringdareporting over time. In addition, it would

be possible to ascertain the impacts of climatengbaor any other ecological disruption on
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vegetative species diversity. Results show that NEA# a positive linear asymptotic response
to vegetative species diversity. Given the cag®/Ncan be used to explain vegetative species
diversity. These findings endorse the productigitg biomass-biodiversity hypotheses (Lasky
et al.,2014; Fargionet al.,2007; Van Ruijven and Berendse, 2005), whichedtaat in the
presence of adequate resources, biomass of specieases and the species become more
specialised, permitting the proliferation of moggesies per unit area. Thus, low levels of
biomass (represented by NDVI) coincide with lowdksvof species diversity; intermediate
levels are associated with high levels of biodikgrwhile with very high biomass the levels

of diversity begin to decline.

Furthermore, the results are consistent with thex®al Variation Hypothesis (SVH) (Rocchini
et al., 2010; Palmeet al., 2002) which envisages a direct correlation between diffees in
reflectance of remote sensing imagery with envirental heterogeneity and beta diversity. In
other words, the hypothesis avers that spectrarbgeneity is related to spatial ecological
heterogeneity and thus to vegetative species diiyef$e positive correlation between vegetative
species diversity and NDVI found in this study het confirms assertions by Roccheti al.,
(2010) that spatial variability obtained from ree@ensing imagery can be used as a proxy for
species diversity. Thus, environmental heteroggneit among very important factors that
determine biodiversity provided that areas witthhidheterogeneous environments can host more

vegetative species due to their high number oflabia niches.

The results are also in agreement with observatrons other studies (Mutowo and Murwira,
2012a; Oindo and Skidmore, 2002; Skidmetal.,2003; Walkeet al.,1992) which confirm
the feasibility of using remotely sensed data torese biodiversity. Skidmoret al., (2003),
for example, reiterated that in the last decade¥ Nias been related to the distribution of both
plants and animal species. They found a positilioaship between NDVI and biodiversity.
The uniqueness of this study is that it considatialant species without taxonomic separation
and that it was focused on semi-arid conditions.tk@nother hand, Mutowo and Murwira
(2012b) found a correlation between SAVI and treecges diversity and also between the
standard deviation of NIR radiance and tree spelessity. In the last decade NDVI has been
related to the distribution of both plant and arisecies diversity. Walkegt al. (1992)
correlated plant species richness to aggregatedIND®alifornia, while Jorgensen and Nohr
(1996) related bird diversity to landscape divgreihd biomass availability in the Sahel.
However, empirical evidence shows that higher pctidily can be either negatively or

positively correlated with species richness.
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4.6.4 Changes in diversity between 1974-2014

Climate change driven decrease in NDVI and consatuspecies diversity observed in this
study is consistent with the negatively skewed desgpy distribution of the standardized
anomalies of vegetation indices found by Jehml (2013) in a study across the Mongolian
plateau which examined vegetation response to tdirolaange over a decade. Plant species
adapt, migrate or die in response to climate chg@hfgeurillat and Guisan, 2001). These three
ways of how vegetation responds to climate chanidjehave a profound effect on species
diversity, specifically richness and evenness. déerease in diversity observed in this study
could be a result of migration of some speciestdudrying conditions or extinction of some
species. Some studies have shown that plant spaeste extensively in response to climate
change (Woods and Davis 1989, Sykes and prent®6, IKullman, 1996). Pitelkat al,
(1997) observed a modelled migration of speciesoup kilometre per year coinciding with
climate warming in the Holocene. Thus, such migraiover time will result in changes in

species composition and other diversity relatedatttaristics.

The decrease in diversity over time could be alrestinction driven by invasion by foreign
species that are easily adapted to the changimgat#i Such invasion will suffocate the
indigenous species and they will die off. The pgeration of invasive species such as the
Lantana camarabDichrostachys Cinerea and Eicchornia Crassijpeshe province can be attributed
to the changing climate as these species spreast watm conditions. For example, water hyacinth
(Eicchornia Crassip8s if cleared can resurface and invade water sesfagthin 15 days under warm
conditions. Consistent with the findings from tktsidy, Pitelkeet al., (1997) and Mack (1986) aver
that the cheat grasBriomus tectorum ), driven by climate changspreads over 200 000 Kim about

40 years, replacing native plant species. Moredrafant migrations are likely to be seen in thernea
future in response to the accelerated climate ahéfagieyet al.,1996, Grabheret al.,1994). This will

be accompanied by land use change driven modiicsibf species diversity as also stated by Stohlgre
et al.,(1998).
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Chapter 5 : CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

5.1.1 Climate trend between 1974 and 2014

The aim of this study was to assess the impactdimiate change on vegetative species
diversity in Masvingo province. This aim could rat addressed without substantial evidence
of the existence of climate change in the provifteis, first objective of this study was to test
whether there is a significant trend in climatiaigbles that substantiate the existence of
climate change between 1974 and 2014 in the previfin inquiry into meteorological data,
guestionnaire survey responses and interview trgmscrecorded from local community
experiences and conventional indigenous knowleélged the conclusion that there has been
significant climate change in the study area dutimg period under review. Climate trend
evidently manifest in the form of progressive wargiidecreasing precipitation and increasing
frequency and severity of climate change relateshesvsuch as droughts and floods. In general,

there has been further *aridification’ of the pnose over the study period.

It has quantitatively emerged that temperaturetedlavariables such as monthly mean
maximum temperatures, monthly mean temperaturesimmian temperatures of the warmest
month and minimum temperatures of the coldest maighificantly changed over time.
Quialitative analysis confirm the results with aajes percentage of respondents reporting high
seasonal variability and increase in temperatuves ttime. The patterns of climatic variables
show a generally warming trend with an increasalitemperature variables except minimum
temperatures of the coldest month which are deicrgagth time but perpetuating a warming

trend.

The study also concludes that there is a significhange in precipitation related variables
over the period with total annual precipitation witg a significant decrease while monthly
mean precipitation and precipitation of the warmmenth following suit. However, seasonal
total precipitation did not show a significant tdebut the pattern shows a decline. Reports
from questionnaire surveys and interviews indig¢htd climate change related phenomenon
such as droughts, floods and strong winds have ineegasing in severity and frequency over

time.
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These conclusions confirm the scientific opinioattthe global climate is generally changing
and these changes vary from place to place depgrminspecific geographical factors. In
theory, biological species are susceptible to caang the environment. They either change
their phenology in order to adapt or mitigate atldie, resulting in compositional changes.

Given the scientific evidence of changing climatariables, it can be concluded that climate
change indeed took place in Masvingo Province tdwerreviewed period and it could still be
occurring. Basically, there is further “aridificat” of the province. It is therefore worth the
while to investigate its impacts on vegetative sgggediversity in the province to guide the
designing of policies and strategies that addit@ssenhvironmental concern at provincial level

and learn lessons for policy adoption at national i@egional levels.

5.1.2 Relationship between vegetative species diversity and climate

The second objective was to assess the relatiohgtipeen vegetative species diversity and
climate parameters. This enabled the understanafinige effects of a changing climate on

plant species diversity. However, taking into cegnice the fact that correlation does not
always mean causality, the study used a multi-ntetipproach to establish the cause-effect
relationship between climate and vegetation. Taosanalysis of extrapolated meteorological
data, vegetation species data, as well as views fjoestionnaire surveys and interviews
culminated in the conclusion that vegetative spgedigersity is significantly correlated with

both precipitation and temperature related climaigables. Spatial and temporal changes in
climatic elements have resulted in, among otheecgdf structural simplification of plant

communities, localized extinctions and invasionshwionsequential changes in vegetative

species diversity.

It is the conclusion of this study that vegetatspecies diversity denoted by the Shannon
weaver Index (SWI) is influenced by precipitatiaiated variables such as mean monthly
precipitation, precipitation of the warmest quarssasonal total precipitation and total annual
precipitation. Thus, the decrease in these pretipit parameters reduces the amount of water
available for the proliferation of some climate siéime species resulting in their desiccation
and extinction. Some herbal and grass speciesdlasesuccumbed to the effects of flooding

and droughts. The net resultant effect is lossalbgical diversity.
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Furthermore, vegetative species diversity is sigaiftly correlated with temperature variables
such as maximum temperature of the warmest morghnmonthly maximum temperatures,
mean monthly temperature and minimum temperaturdefcoldest month. In most of the
temperature related variables the analysis showatl &s temperature increases, diversity
decreases. However, for minimum temperature ofthaest month an increase in temperature
is correlated with an increase in diversity. Widgards to mean monthly temperatures, an
increase in temperature is positively related wraase in diversity when temperatures are
below 19.8C, further increase in temperature is associatéuavwlecline in vegetative species

diversity.

Thus, the study concludes that vegetative spediessity is affected by precipitation and
temperature variables. In other words, speciesrsityeis influenced by climate. Therefore,
climatic perturbations directly and indirectly inéince vegetative species diversity through the
modification of environmental conditions that aretable for the production and health of
specific species. This has resulted in a plethbspecies responses, such as a change in range,
abundance or in the timing of life cycle events aadsequently a change of diversity patterns.
The study acknowledges the direct and indirect otgpamanating from other factors such as
edaphic changes, fire regime changes and landhasees. However, it is noted that climate
change plays a contributory role to changes ithalte changes and thus remains an important
factor affecting the decline in vegetative spediegrsity in Masvingo Province.

5.1.3 Relationship between NDVI and vegetation diversity

The third objective was to assess the suitabilityemnote sensing products with specific
reference to NDVI in evaluating vegetation diversithis enabled the assessment of diversity
changes over time without the arduously collecfget®s data. Thus, an analysis of Landsat
images spatial data and field collected speciesm@gresented by the SWI led to the conclusion
that NDVI is significantly related to vegetativeespes diversity under semi-arid conditions.
The analysis was based on the spectral variatiqgmothgsis and the biomass-diversity
hypothesis theoretical frameworks. This conclusiomplies that we can use NDVI to
investigate diversity status of ecosystems undai-aeid conditions. In this study, it was used

to assess the impact of climate change on vegetspigcies diversity.
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5.1.4 Changes in species diversity between 1974 and 2014

The last and fourth objective was to assess thadtgf climate change on vegetative species
diversity through considering temporal changes bMNas a surrogate of diversity. This was
based on the previous conclusions that NDVI isetated with vegetative species diversity. It
was observed that there is a significant trend DVNduring the rainy season. However for
the dry season the trend is not significant butidieg. Thus, the declining trend during the
dry season and the significant declining trendrpthe rainy season indicate that there is a
reduction in species diversity over time as thmate warms. It was observed that the impacts
of climate change on vegetative species diversityccurring through complementary effects
of warming and reduction in water availability. Thesultant effect is the modification of
interactions (e.g. competition, asynchronies, vy, pests and invasions) among species. It
is therefore the conclusion of this study that elienchange is resulting in the decrease in

vegetative species diversity over time as depibtedhanges in NDVI.

Overall, the study demonstrated that climate chaedeces the diversity of vegetative species
under semi-arid conditions. Remote sensing canesstadlly be used to project and monitor
changes in vegetative species through NDVI analy$isvever, it should be cautioned that
because this study focused on semi-arid conditeonrgs therefore, the model may not be
applicable under different climatic conditionssitecommended that further studies be carried
out to consider vegetative species responses wadi@us climatic conditions. More so, this
study did not factor out the contribution of anghwgenic activities on species diversity
changes. Thus, an assumption was made that ang@ojsoforces are indirectly linked to
climate change. Therefore, the impact presentethig study is rather contributory than
attributory. There is need for further researchaolhtonsiders other factors contributing to

diversity changes in semi-arid regions.

5.2 Recommendations

The repercussions of climate change as shown sdfidy are evidenced by changes in
vegetative species diversity over time. This wulither cause ecological changes within the
ecosystems due to the modification of interactiatiggns. The consequences are the loss of
ecosystem balance and this will directly and inttlgeaffect humanity given its dependence
on ecosystems. Based on key findings of this rebeaeveral recommendations are suggested

and could be considered by the ministry of EnvirentnWater and Climate, Climate Change
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office, Environmental Management Agency, Mutiriksub-Catchment Council, Forestry
Commission and Zimbabwe, National Parks and WadAtithority and various environmental

organisations working in semi-arid areas. Thesemeendations include:

1. There is need to fully understand climate chandateé ecosystems modifications
through recording species diversity condition regyl study the processes within the
ecosystems and identify possible species spedifptation mechanisms so that the
current diversity is maintained and improved. Thjgproach should be applied in
different climate regions as effect of climate ojp@may be regulated by prevailing

climatic conditions.

2. Reducing changes in biological diversity is anininé&ional goal reaffirmed by the Aichi
Targets for 2020 by Parties to the United Natiod®) Convention on Biological
Diversity (CBD) after failure to meet the 2010 tairgHowever, there is no large scale
harmonized observation system for delivering regulemely data on biodiversity
change. This study has shown the potential of rersehsing in the quest to understand
vegetation diversity response to climate changegusandsat imagery. This could be a
giant step towards coming up with a regional anehévally global observation system
to monitor vegetation diversity. There is needftother research using satellite images
with higher spectral, spatial and temporal resohutfor more accurate predictions.
Specifically, satellites equipped with spectral s#s which help to distinguish and
record plant species based on their specific bimated properties (chlorophyll,

cellulose, leaf water content or protein contetdt,)avould be recommended.

3. The hyperspectral satellite Environmental Mapping &nalysis Program (EnMAP),
scheduled for launching in 2018, will provide higrectral resolution image data and is
expected to significantly improve the identificatiof species and plant communities. If
all goes according to plan it is recommended to tee EnMAP in biodiversity
monitoring as it will be capable to measure proesesnd perturbations in ecosystems
over large areas. The use of the freely availabMAP data will go a long in biodiversity

research and conservation.

4. Furthermore, this study has shown that NDVI cancessfully be used in assessing
vegetative species diversity over time under a giman climate. However, subtle
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differences due to canopy density in the infra@ed red bands are not highlighted in
the ratio-based indices. The subtle differencesbeamproved by using power degree
of the infra-red response. Future studies shouldider the use of Advanced Vegetation
Index (AVI) which is more sensitive to forest deégsand physiognomic vegetation

classes. This may improve the coefficient of deteation between species diversity and

vegetation indices.

. In view of the criticality and prominence of biodngity to humanity, there is need for
institutions responsible for the management of remwmental resources to be fully
capacitated with regards to the monitoring of ctenehange aftermaths on vegetative
species diversity. This would prevent the possiséinctions, invasions, structural
simplifications and migration of important speciesthin and from local plant
communities. The ability to monitor climate chamgkated impacts is dependent on well-
equipped institutions in terms of remote sensimajstoskilled workforce and adequate
resources to regularly collect field data for Idegm analysis of changes. Thus, field
studies must be regular as they are indispensableviluating and interpreting remote
sensing data. Field-work is necessary for validatemote sensing derived products as
well as important for identifying ecological potgnstress behaviour and the adaptability

of species and plant communities.

. Worldwide, there is a plethora of methods usedssess biodiversity and this has led to
a deluge of overlapping and contradicting conclusioThere is need for uniform
methodology and standards for measuring biodiwersitstitutional collaboration is
essential as there is need for a multidisciplinapproach in understanding climate
change and its influence on future biodiversityolBgists, ecologists, geographers and
remote sensing specialists need to collaboratengive complex nature of biodiversity

issues.
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Appendix 1: Observations and Measurements Guide

0 1
(Land use initial, 2-digits number, district Inljia

OBSERVATIONS GUIDE: IMPACT OF CLIMATE CHANGE ON NAT URAL

VEGETATIVE SPECIES DIVERSITY

1. Initial position

UTM Datum WGS84

Final position

UTM Datum WGS84

X X
Y Y
Error Error

Elevation (3 data)

Elevation (3 data)

Reason of change of position

2. Site description

3. Level of human
disturbance High Medium Low None
4. Major landform level sloping Steep Composite
5. Landform
designation Plain med gradient mountain high gradient mountain valley
Plateau medium gradient hill high gradient hill Narrow plateau
Major major
depression med gradient escarpment | High gradient escarpment depression
Low gradient
foot slope ridges high gradient valley
Valley floor Mountainous highland
Dissected plain
6. Main Land primarily Primarily non vegetated artificial bare
cover class vegetated area area Cultivated/managed surfaces areas
7. Dominant
vegetation type trees shrubs Graminoids forbs other:
8. Wood leaf type and
phenology 1. Broad leaf 2. Needle leaf 3. Allophytic (aphylous)
1. Evergreen 2. Deciduous 3. mixed
9. Woody cover rating | 1. absent 2.<15% 3. 16-65% 4. >65%
10. Woody cover
spatial distribution 1. Continuous 2. Fragmented stripped
11. Woodland type 1. Natural 2. plantation 3. Orchard 4. other
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12. Vegetation strata
description

13. General vegetation
distribution

1. continuous

2. scattered
clustered

3. scattered isolated

14. Veg. cover>4%

1. Yes

2. No

15. Herbaceous cover
type

1. Graminoids

2.Non Graminoids

16. Herbaceous cover 1. absent 2. <15% 3. 16-65% | 4. >65%
rating
17. Herbaceous height 1. 030 2. 3199 3. 100_199 | 4. 200_300
(cm)
1. Yes 2. No
18. Herbaceous annual?
19. Grassland type 1. Natural 2. Lawns 3. Parkland 4. Paddock
20. Environmental | Level of climate change impact Remark
Site aspect
No Negligible | Significant| Severe | N/A
Impact | impact Impact Impact
Herbaceous
Forest | diversity
Tree diversity
Graminoids
diversity
L0 0] 14 1=T 01 PP
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Name of vegetative species identified

Description (native/non native)

Av. height

DBH

No.

A.R.

Total number of species

DBH=Diameter at breast height,

A.R=Abundance ranking
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Appendix II: Sampling Plot Locations

Plot number | District Lat Lon Plot number | District Lat Lon Plot Number | District Lat Lon Plot number | District Lat Lon
1 Gutu | -19.2964 | 30.9267 26 Gutu | -19.6343 | 31.2174 51 Bikita | -20.0671 | 32.2093 76 Zaka | -20.4639 | 31.4237
2 Gutu | -19.2988 | 30.9721 27 Gutu | -19.6689 | 31.2293 52 Bikita | -20.1254 | 31.9274 77 Zaka -20.475 | 31.3593
3 Gutu | -19.3302 | 30.949% 28 Gutu | -19.704 | 31.1707 53 Bikita | -20.1187 | 31.9781 78 Zaka | -20.4973 | 31.2924
4 Gutu | -19.4705 | 30.8809 29 Gutu | -19.752 | 31.7788 54 Bikita | -20.1664 | 31.9344 79 Masvingo | -20.4941 | 31.0059
5 Gutu | -19.5078 | 30.8793 30 Gutu | -19.7846 | 31.7637 55 Bikita | -20.1502 | 31.6301 80 Masvingo | -20.4449 | 30.9991
6 Gutu | -19.5297 | 30.9203 31 Gutu | -19.759 | 31.7288 56 Zaka -20.1668 | 31.5759 81 Masvingo | -20.4985 | 30.9628
7 Gutu | -19.4882 | 31.2031 kY] Gutu | -19.7477 | 30.7802 57 Bikita | -20.1977 | 31.5338 82 Chivi | -20.4942 | 30.5156
8 Gutu | -19.4452 | 31.1531 33 Gutu | -19.7688 | 30.7423 58 Bikita | -20.2876 | 32.2192 83 Chivi -20.53 | 30.4877
9 Gutu | -19.4841 | 31.139 34 Gutu | -19.7647 | 30.768 59 Bikita | -20.2464 | 32.2103 84 Chivi | -20.5931 | 30.5374
10 Gutu | -19.5955 | 30.7581 35 Masvingo | -19.9559 | 30.789 60 Bikita | -20.2465 | 32.175 85 Chivi | -20.7186 | 30.7129
1 Gutu | -19.6059 | 30.76 36 Masvingo | -19.9572 | 30.7558 61 Masvingo | -20.1687 | 31.2507 86 Chivi | -20.7166 | 30.7608
12 Gutu | -19.5937 | 30.7732 37 Masvingo | -19.9417 | 30.7755 62 Masvingo | -20.2064 | 31.1863 87 Chivi -20.7948 | 30.7363
13 Gutu | -19.3505 | 31.2018 38 Gutu | -19.915 | 30.9958 63 Zaka -20.249 | 31.2575 88 Masvingo | -20.718 | 31.067
14 Gutu | -19.3571 | 31.1917 39 Masvingo | -19.8823 | 31.5212 64 Masvingo | -20.1958 | 30.7956 89 Masvingo | -20.8276 | 31.0761
15 Gutu | -19.3727 | 31.2182 40 Masvingo | -19.9384 | 31.2221 65 Masvingo | -20.1954 | 30.7238 90 Masvingo | -20.7694 | 31.0692
16 Gutu | -19.4407 | 31.3707 4 Gutu | -19.9631 | 30.9487 66 Masvingo | -20.2227 | 30.8049 91 Chiredzi | -20.7121 | 31.3588
17 Gutu | -19.4279 | 31.3408 42 Gutu | -19.9761 | 31.0091 67 Chivi -20.0872 | 30.3381 92 Chiredzi | -20.6809 | 31.421
18 Gutu | -19.4604 | 31.3407 43 Bikita | -19.9739 | 31.2311 68 Chivi -20.125 | 30.304 93 Chiredzi | -20.7413 | 31.4353
19 Gutu | -19.5381 | 31.5749 44 Bikita | 19.8723 | 31.4894 69 Chivi -20.1722 | 30.3155 9 Chiredzi | -20.6743 | 31.7011
20 Gutu | -19.5649 | 31.5523 45 Bikita | -19.9149 | 31.512 70 Chiredzi -20.5 32.2069 95 Chiredzi | -20.6855 | 31.785
21 Gutu | -19.5862 | 31.5884 46 Bikita | -19.9307 | 31.9193 71 Chiredzi | -20.4911 | 32.1515 9% Chiredzi | -20.7191 | 31.7395
yy) Gutu | -19.6453 | 31.3989 47 Bikita | -19.9575 | 31.8525 72 Chiredzi | -20.4933 | 32.178 97 Chiredzi | -20.8555 | 32.0429
3 Gutu | -19.624 | 31.3414 48 Bikita | -19.912 | 31.8572 73 Chiredzi | -20.4419 | 31.8201 98 Chiredzi | -20.8711 | 32.1178
24 Gutu | -19.6807 | 31.4219 49 Bikita | -20.0392 | 32.2057 74 Chiredzi | -20.4889 | 31.8106 99 Chiredzi | -20.9407 | 32.0601
25 Gutu | -21.3525 | 31.8344 50 Bikita | -20.0984 | 32.213 75 Chiredzi | -20.4598 | 31.746 100 Chiredzi | -20.9319 | 31.7183
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Plot number | District Lat Lon Plot number | District Lat Lon Plot number | District Lat Lon Plot number | District Lat Lon
101 Chiredzi | -20.9363 | 31.651 126 Mwenezi | -21.3224 | 30.5445 151 Mwenezi | -21.2703 | 31.381 176 Mwenezi | -21.9486 | 30.9342
102 Chiredzi | -20.934 31.579 127 Mwenezi | -21.2929 | 30.8787 152 Mwenezi | -21.3609 | 31.382 177 Mwenezi | -22.0033 | 30.9464
103 Chiredzi | -20.9558 | 31.2624 128 Mwenezi | -21.2615 | 30.8623 153 Mwenezi | -21.3156 | 31.3834 178 Chiredzi | -21.6783 | 31.4645
105 Chiredzi | -21.0117 | 31.2191 130 Mwenezi | -21.4865 | 30.2305 155 Chiredzi | -21.2774 | 31.5906 130 Chiredai | 217109 | 315132
106 i | -20. ! 131 Mwenezi | -21.4652 | 30.1944 156 Chiredzi | -21.3123 | 31.5593 —
Chivi_| 208971 | 309193 Lect 181 | Chiredzi | -21.7516 | 317085

107 Chivi | -209239 | 30912 132 Mwenezi | -21.5113 | 30.1817 157 Chiredzi | -21.2413 | 31.7444 —
: 182 Chiredzi | -21.769 | 31.6634

108 Chivi | -20.9487 | 30.9646 133 Mwenezi | -21.4405 | 30.4361 158 Chiredzi | -21.1853 | 31.7545 ~ P pevp—

109 Mwenezi | -21.0668 | 30.8537 134 Mwenezi | -21.4616 | 30.46 159 Chiredzi | -21.2133 | 31.7557 S 787 6233
110 Mwenezi | -21.1001 | 30.7984 135 Mwenezi | -21.5036 | 30.4656 160 Chiredzi | -21.0992 | 31.7732 184 Chiredzi | -21.3926 | 31.7782
111 Mwenezi | -21.1138 | 30.8535 136 Mwenezi | -21.6384 | 30.5532 161 Chiredzi | -21.0783 | 31.7907 185 Chiredzi | -21.3926 | 318431
112 Chiredzi | -21.1464 | 32.1295 137 Mwenezi | -21.6432 |  30.6 162 Chiredzi | -21.1004 | 31.8231 186 Chiredzi | -21.4321 | 31.8169
113 Chiredzi | -21.1891 | 32.1296 138 Mwenezi | -21.6532 | 30.639 163 Mwenezi | -21.4878 | 31.0393 187 Chiredzi | -21.3349 | 32.0955
114 Chiredzi | -21.1601 | 32.0713 139 Mwenezi | -21.4834 | 30.7423 164 Mwenezi | -21.495 | 31.0967 188 Chiredzi | -21.3884 | 32.0807
115 Mwenezi | -21.1041 | 30.3854 140 Mwenezi | -21.4636 | 30.7004 165 Mwenezi | -21.5134 | 31.0642 189 Chiredzi | -21.3616 | 32.0894
116 Mwenezi | -21.1023 | 30.4407 141 Mwenezi | -21.5239 | 30.727 166 Mwenezi | -21.6211 | 30.9588 190 Chiredzi | -21.5289 | 31.9274
117 Mwenezi | -21.1474 | 30.486 142 Mwenezi | -21.7879 | 30.7328 167 Mwenezi | -21.6015 | 31.0151 191 Chiredzi | -215183 | 31.9775
118 Mwenezi | -21.0622 | 29.9571 143 Mwenezi | -21.8271 | 30.743 168 Mwenezi | -21.6107 | 30.9863 19 Chiredzi | -21.5592 | 319162
119 Mwenezi | -21.1137 | 29.9444 144 Mwenezi | -21.8142 | 30.6995 169 Chiredzi | -21.4759 | 31.359 193 Chiredz | 22,0021 | 312573
120 Mwenezi | -21.1584 | 29.9243 145 Mwenezi | -21.6331 | 30.7743 170 Chiredzi | -21.5188 | 31.3126 190 hired | 22,068 | 313310

121 Mwenezi | -21.3168 | 30.0793 146 Mwenezi | -21.6204 | 30.7534 171 Chiredzi | -21.5213 | 31.3626 —
195 Chiredzi | -22.0907 | 31.2663

122 Mwenezi | -21.2791 | 30.133 147 Mwenezi | -21.5886 | 30.8212 172 Mwenezi | -21.7461 | 31.1069 —
. _ . 19 Chiredzi | -22.2108 | 31.2318

123 Mwenezi | -21.3308 | 30.1492 148 Mwenezi | -21.2951 | 31.1124 173 Mwenezi | -21.7822 | 31.1268 —
124 Mwenezi | -21.2681 | 30.4656 149 Mwenezi | -21.3355 | 31.0957 174 Mwenezi | -21.8038 | 31.0166 197 Chiredzi | -22.2293 | 311885
125 Mwenezi | -21.3243 | 30.4819 150 Mwenezi | -21.3566 | 31.1406 175 Mwenezi | -21.9437 | 30.8903 198 Chiredzi | -22.2623 | 31.2115
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Appendix III: Household Questionnaire Survey

QUESTIONNAIRE ID RES CONTACT
(LAND USE INITIAL, 2 DIGIT NUMBER, DISTRICT INITIAL) (OPTIONAL FOR FOLLOW UP SURVEYS

HOUSEHOLD QUESTIONNAIRE SURVEY

Introduction

My name is Chapungu Lazarus, a student from theedsity of South Africa (UNISA). | am carrying
out a research which is part of requirements tosvdhe fulfilment of my studies for DPhil in
Environmental Sciences. The research is purelyeanadbut it is sincerely expected that the findings
will sift to the local, national and regional pglicnakers as a body of knowledge that will help in
decision making, planning and management of vegetatpecies diversity in the face of
environmental modifications driven by climate changhe broad objective of the study is to assess

the impact of climate change on vegetative spatiessity in Masvingo province.

The success of this study depends on your participas an important source of data. In that regard
| kindly seek your support and cooperation throggaring part of your valuable time to respond to
this questionnaire document. Kindly note that tigloaut the entire process, the responses you give
are virtuously for academic purposes and will leated with highest confidentiality to protect your

rights and privacy.

SECTION A: BACKGROUND INFORMATION

1. Age in years 2. Gender 3. Marital status 4. Education level
16-24 Male Single Primary

25-39 Female Married Secondary
40-49 widowed Tertiary

50 and above Other (specify

5. For how long have you resided in this villagéizk appropriate box).

[ 0-10 years

ii 11-19 years

iii 20 years or above

156



SECTION B: CLIMATE CHANGE EXPERIENCE

6. Are you aware of the problem of climate change?

Yes

7. If your answer in 6 is ‘Yes’, how much climateange have you experienced in your area in

terms of:

a. Mean temperature increase? a) No|ne

b. Mean annual rainfall?

c. Minimum seasonal temperatures? a) None

No

a) Npne

b) Little

c) Much

(b) Littlel

¢) Much

b) Little

c) Much

d. Maximum seasonal temperatures? a)None

e. Length of the growing season? a) Npne

Others: Specify

b) Little

c) Much

b) Little

c) Much

8. In terms of mean temperature, how do you deschib changes you experienced in the last
20 — 40 years in the area?

a) None

b) Increase

174

C) lease¢

d) Not sure

9. In terms of mean rainfall, how do you described¢hanges you experienced in the last
20 — 40 years in the area?

a)None

b) Increase

c) Decreage

d) Not qure

10. How do you describe rainfall variability in yoarea between years?

a) None

b) LitE

11. How frequent is your response in 10?

a) None

c) HiE

b) ra

€

c) higf

\

157

d) very hil%




12. How do you describe rainfall variability in yoarea within rainy season?

a)Nong b) Little C) Hiqh

13. How frequent is your response in 127

a) None b) rafe c) high d) very hi|§

14. How often do you experience drought conditiongour area?

a) None b) Once every 10 years c) Twice every 10 years

d) More than twice every 10 years e) Almost every year

15. How do you describe the frequency of droughtdd@mns in your area?

a) None b) Low C) ModeratE d) High

16. How do you describe the severity of the drowgimditions in your area?

a) Not sever]e b) Less severe | c) Moderately sevefe d) High severity

17. How often do you experience floods in your @rea

=

a) Rare b) Ofter c) Very oftel

18. Overall, what is your experience with regarisate change in your area?

SECTION C: VEGETATIVE SPECIES CHANGES OVER 20-40 YEARS

19. Have you observed any changes in natural viegetaver the past 20-40 years?

a) Yes b) No

20. If yes, what kind of changes do you obseieR all appropriate.

a) Increase in invasive species.

b) Decrease in the number of some indigenous specie

¢) Extinction of some species
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d) Increase in the number of some indigenous specie

e) Others (Specify)

21. Describe the changes in herbaceous cdvek.all applicable

a) Change in morphology b) Chaimgeompositio

—

c) Change in coEer

d) Change in phenology

22. Describe the changes in tree coVerk all applicable.

a) Change in morphology b) Changeompositio

—

c) Change in coyer

d) Change in phenology

23. What could be the driver(s) of changes in vatgai?Tick all applicable

a) Changes in climatic pattefns b) humdiviies

c) Others (SPECITY) e et e

24. If you ticked b) in 23. What could be the reatmr human activities to drive natural vegetation
changes?

a. Agricultural activities

b. Harvesting tree species for selling.
c. Harvesting for domestic purposes
d. Other Specify

25. Do you think climate change is contributinghwdships and unemployment in your area?

Yes No

26. To what extend do you think Climate Changeltesu changes in the variety of vegetation
species?
a) None b) Littl¢

A\1”4

c) Moderate d) Great

27. Kindly list natural vegetation species thatddecreased in number in your area over the past
20-40 years.
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28. Kindly list natural vegetation species thatdacreased in number in your area over the past
20-40 years.

29. Overall, what is your comment about climatengfgaand its impact on vegetative species

diversity?

The END
Thank you so much for your participation in this\a&y. Your contribution is greatly valued.
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Appendix IV: Computed H and 1/D indices

g 9
S S
¢ H 1/D
E
District Lat Lon number Pi Pi2 Log Pi Pi Ln pi
Gutu -19.296 30.927 2 a 3 0.375 0.140625  -0.9808293 -0.367811 0.66 1.88
b 5 0.625 0.390625 -0.4700036 -0.2937523
8 0.53125 -0.6615632
Gutu -19.299 30.972 3 a 2 0.2222222 0.0493827  -1.5040774  -0.3342394 1.06 2.79
b 3 0.3333333 0.1111111  -1.0986123 -0.3662041
c 4 0.4444444 0.1975309 -0.8109302 -0.3604134
9 0.3580247 -1.0608569
Gutu -19.33 30.95 2 a 0.25 0.0625 -1.3862944  -0.3465736 0.56 1.60
b 6 0.75 0.5625 -0.2876821 -0.2157616
8 0.625 -0.5623351
Gutu -19.471 30.881 2 a 2 0.6666667 0.4444444  -0.4054651 -0.2703101 0.64 1.80
b 1 0.3333333 0.1111111 -1.0986123 -0.3662041
3 0.5555556 -0.6365142
Gutu -19.508 30.879 6 a 4 0.2 0.04 -1.6094379 -0.3218876 1.58 4.08
b 2 0.1 0.01 -2.3025851 -0.2302585
c 8 0.4 0.16 -0.9162907 -0.3665163
d 3 0.15 0.0225 -1.89712 -0.284568
e 1 0.05 0.0025 -2.9957323  -0.1497866
f 2 0.1 0.01 -2.3025851 -0.2302585
20 0.245 -1.5832755
Gutu -19.53 30.92 5 a 3 0.2727273 0.0743802 -1.299283  -0.3543499 1.55 4.48
b 2 0.1818182 0.0330579  -1.7047481  -0.3099542
c 2 0.1818182 0.0330579  -1.7047481  -0.3099542
d 1 0.0909091 0.0082645  -2.3978953  -0.2179905
e 3 0.2727273 0.0743802 -1.299283  -0.3543499
11 0.2231405 -1.5465987
Gutu -19.488 31.203 7 a 2 0.0952381 0.0090703  -2.3513753  -0.2239405 1.79 5.31
b 5 0.2380952 0.0566893  -1.4350845  -0.3416868
c 6 0.2857143 0.0816327 -1.252763  -0.3579323
d 1 0.047619 0.0022676  -3.0445224  -0.1449773
e 2 0.0952381 0.0090703  -2.3513753  -0.2239405
f 3 0.1428571 0.0204082  -1.9459101 -0.2779872
g 2 0.0952381 0.0090703  -2.3513753  -0.2239405
21 0.1882086 -1.794405
Gutu -19.445 31.153 6 a 4 0.2 0.04 -1.6094379 -0.3218876 1.66 4.65
b 2 0.1 0.01 -2.3025851 -0.2302585
c 7 0.35 0.1225  -1.0498221 -0.3674377
d 2 0.1 0.01 -2.3025851 -0.2302585
e 3 0.15 0.0225 -1.89712 -0.284568
f 2 0.1 0.01 -2.3025851 -0.2302585
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Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

-19.484

-19.596

-19.606

-19.594

-19.351

-19.357

-19.373

-19.441

-19.428

31.139

30.758

30.76

30.773

31.202

31.192

31.218

31.371

31.341

5

12

20 0.215 -1.6646689
3 0.25 0.0625 -1.3862944  -0.3465736
2 0.1666667  0.0277778 -1.7917595  -0.2986266
4 03333333 0.1111111 -1.0986123  -0.3662041
3 0.25 0.0625  -1.3862944  -0.3465736

12 0.2638889 -1.3579779
4 0.5 0.25 -0.6931472 -0.3465736
4 0.5 0.25 -0.6931472  -0.3465736
8 0.5 -0.6931472
1 0.0833333  0.0069444 -2.4849066 -0.2070756
3 0.25 0.0625 -1.3862944 -0.3465736
2 0.1666667  0.0277778 -1.7917595  -0.2986266
6 0.5 0.25 -0.6931472  -0.3465736

12 0.3472222 -1.1988493
3 02307692  0.0532544 -1.4663371 -0.3383855
1 00769231 0.0059172 -2.5649494  -0.1973038
2 01538462  0.0236686 -1.8718022  -0.2879696
4 03076923 0.0946746  -1.178655 -0.3626631
1 00769231 0.0059172 -2.5649494 -0.1973038
2 0.1538462  0.0236686  -1.8718022  -0.2879696

13 0.2071006 -1.6715953
3 0.2 0.04 -1.6094379 -0.3218876
2 0333333 0.0177778  -2.014903  -0.2686537
4 02666667 00711111 -1.3217558  -0.3524682
5 03333333 01111111 -1.0986123  -0.3662041
1 0.0666667  0.0044444  -2.7080502  -0.1805367

15 0.2444444 -1.4897503
2 03333333 01111111 -1.0986123  -0.3662041
3 0.5 0.25 -0.6931472 -0.3465736
1 0.1666667  0.0277778 -1.7917595  -0.2986266
6 0.3888889 -1.0114043
3 03333333 01111111 -1.0986123  -0.3662041
2 02222222 0.0493827 -1.5040774 -0.3342394
1 01111111  0.0123457 -2.1972246 -0.2441361
3 03333333 01111111 -1.0986123  -0.3662041
9 0.2839506 -1.3107837
2 0.4 0.16 -0.9162907 -0.3665163
1 0.2 0.04 -1.6094379 -0.3218876
2 0.4 0.16 -0.9162907 -0.3665163
5 0.36 -1.0549202
3 0.1 0.01 -2.3025851  -0.2302585
1 0.0333333 00011111 -3.4011974 -0.1133732
2 0.0666667  0.0044444 -2.7080502  -0.1805367
4 01333333 00177778  -2.014903  -0.2686537
3 0.1 0.01 -2.3025851  -0.2302585
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1.36

0.69

1.20

1.67

1.49

1.01

1.05

2.42

3.79

2.00

2.88

4.83

4.09

2.57

3.52

2.78
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Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

-19.46

-19.538

-19.565

-19.586

-19.645

-19.624

31.341

31.575

31.552

31.588

31.399

31.341

12

8

2 0.0666667  0.0044444 -2.7080502  -0.1805367
3 0.1 0.01 -2.3025851  -0.2302585
3 0.1 0.01 -2.3025851  -0.2302585
2 0.0666667  0.0044444 -2.7080502  -0.1805367
1 0.0333333 00011111 -3.4011974 -0.1133732

0.1 0.01 -2.3025851  -0.2302585
3 0.1 0.01 -2.3025851  -0.2302585

30 0.0933333 -2.4185613

2 00769231 0.0059172 -2.5649494  -0.1973038

00769231  0.0059172 -2.5649494  -0.1973038
1 0.0384615 0.0014793 -3.2580965 -0.1253114
3 0.1153846  0.0133136  -2.1594842  -0.2491713
2 00769231 0.0059172 -2.5649494  -0.1973038
4 01538462  0.0236686 -1.8718022  -0.2879696
3 01153846  0.0133136  -2.1594842  -0.2491713
3 0.1153846  0.0133136  -2.1594842  -0.2491713
2 00769231 0.0059172 -2.5649494  -0.1973038
1 0.0384615  0.0014793 -3.2580965 -0.1253114
1 0.0384615  0.0014793 -3.2580965 -0.1253114
2 00769231  0.0059172  -2.5649494  -0.1973038

26 0.0976331 -2.3979365
1 0.0625  0.0039063 -2.7725887  -0.1732868
1 0.0625  0.0039063 -2.7725887  -0.1732868
3 0.1875  0.0351563 -1.6739764 -0.3138706
1 0.0625  0.0039063 -2.7725887  -0.1732868
2 0.125  0.015625 -2.0794415 -0.2599302
2 0.125  0.015625 -2.0794415 -0.2599302
3 0.1875  0.0351563 -1.6739764 -0.3138706
3 0.1875  0.0351563 -1.6739764  -0.3138706

16 0.1484375 -1.9813325
3 0.3 0.09 -1.2039728 -0.3611918
4 0.4 0.16 -0.9162907 -0.3665163
1 0.1 0.01 -2.3025851  -0.2302585
2 0.2 0.04 -1.6094379  -0.3218876

10 0.3 -1.2798542
2 02222222 0.0493827 -1.5040774 -0.3342394
3 03333333 01111111 -1.0986123  -0.3662041
3 03333333 01111111 -1.0986123  -0.3662041
1 01111111  0.0123457 -2.1972246  -0.2441361
9 0.2839506 -1.3107837

14 1 1 0 0

14 1 1 0
4 0.2 0.04 -1.6094379 -0.3218876
1 0.05 0.0025 -2.9957323  -0.1497866
2 0.1 0.01 -2.3025851  -0.2302585
4 0.2 0.04 -1.6094379 -0.3218876
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2.40

1.98

0.00

2.00

HHHHE

6.74

3.33

3.52

1.00

6.90



Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

Gutu

-19.681

-21.353

-19.634

-19.669

-19.704

-19.752

-19.785

31.422

31.834

31.217

31.229

31.171

31.779

31.764

2 0.1 0.01  -2.3025851 -0.2302585
3 0.15 0.0225 -1.89712 -0.284568
2 0.1 0.01  -2.3025851 -0.2302585
2 0.1 0.01  -2.3025851 -0.2302585
20 0.145 -1.9991638
3 0.25 0.0625 -1.3862944  -0.3465736
2 0.1666667 0.0277778  -1.7917595  -0.2986266
2 0.1666667 0.0277778  -1.7917595  -0.2986266
3 0.25 0.0625 -1.3862944  -0.3465736
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066  -0.2070756
12 0.1944444 -1.7045514
6 0.3 0.09 -1.2039728 -0.3611918
0.2 0.04 -1.6094379 -0.3218876

1 0.05 0.0025 -2.9957323  -0.1497866
2 0.1 0.01  -2.3025851 -0.2302585
2 0.1 0.01 -2.3025851 -0.2302585
3 0.15 0.0225 -1.89712 -0.284568
2 0.1 0.01 -2.3025851 -0.2302585
20 0.185 -1.8082096
3 0.2 0.04 -1.6094379 -0.3218876
4 0.2666667 0.0711111  -1.3217558  -0.3524682
2 0.1333333 0.0177778 -2.014903  -0.2686537
3 0.2 0.04 -1.6094379 -0.3218876
3 0.2 0.04 -1.6094379 -0.3218876
15 0.2088889 -1.5867847
2 0.5 0.25 -0.6931472  -0.3465736
1 0.25 0.0625 -1.3862944  -0.3465736
1 0.25 0.0625  -1.3862944  -0.3465736
4 0.375 -1.0397208
2 0.0952381 0.0090703  -2.3513753  -0.2239405
4 0.1904762 0.0362812  -1.6582281 -0.315853
3 0.1428571 0.0204082  -1.9459101 -0.2779872
5 0.2380952 0.0566893  -1.4350845 -0.3416868
3 0.1428571 0.0204082  -1.9459101 -0.2779872
4 0.1904762 0.0362812  -1.6582281 -0.315853
21 0.1791383 -1.7533076
1 0.0769231 0.0059172  -2.5649494  -0.1973038
4 0.3076923 0.0946746 -1.178655  -0.3626631
3 0.2307692 0.0532544  -1.4663371  -0.3383855
5 0.3846154 0.147929  -0.9555114  -0.3675044
13 0.3017751 -1.2658568
5 0.25 0.0625 -1.3862944  -0.3465736
3 0.15 0.0225 -1.89712 -0.284568
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1.70

181

1.04

1.75

1.85

5.14

5.41

4.79

2.67

5.58

331

5.88



Gutu

Gutu

Gutu

Gutu

Masvingo

-19.759

-19.748

-19.769

-19.765

-19.956

31.729

30.78

30.742

30.768

30.789

10

2 0.1 0.01  -2.3025851 -0.2302585
4 0.2 0.04 -1.6094379 -0.3218876
1 0.05 0.0025 -2.9957323  -0.1497866
3 0.15 0.0225 -1.89712 -0.284568
0.1 0.01  -2.3025851  -0.2302585

20 0.17 -1.8479008
4 0.1904762 0.0362812  -1.6582281 -0.315853
3 0.1428571 0.0204082  -1.9459101 -0.2779872
4 0.1904762 0.0362812  -1.6582281 -0.315853
2 0.0952381 0.0090703  -2.3513753  -0.2239405
2 0.0952381 0.0090703  -2.3513753  -0.2239405
1 0.047619 0.0022676  -3.0445224  -0.1449773
0.0952381 0.0090703  -2.3513753  -0.2239405

3 0.1428571 0.0204082  -1.9459101 -0.2779872
21 0.1428571 -2.004479
1 0.05 0.0025 -2.9957323  -0.1497866
3 0.15 0.0225 -1.89712 -0.284568
2 0.1 0.01  -2.3025851 -0.2302585
4 0.2 0.04 -1.6094379 -0.3218876
2 0.1 0.01  -2.3025851 -0.2302585
3 0.15 0.0225 -1.89712 -0.284568
1 0.05 0.0025 -2.9957323  -0.1497866
4 0.2 0.04 -1.6094379 -0.3218876
20 0.15 -1.9730014
3 0.1111111 0.0123457  -2.1972246  -0.2441361
4 0.1481481 0.0219479  -1.9095425  -0.2828952
2 0.0740741 0.005487 -2.6026897  -0.1927918
1 0.037037 0.0013717  -3.2958369 -0.122068
3 0.1111111 0.0123457  -2.1972246  -0.2441361
2 0.0740741 0.005487 -2.6026897 -0.1927918
4 0.1481481 0.0219479  -1.9095425  -0.2828952
3 0.1111111 0.0123457  -2.1972246  -0.2441361
3 0.1111111 0.0123457  -2.1972246  -0.2441361
2 0.0740741 0.005487 -2.6026897 -0.1927918
27 0.1111111 -2.2427781
3 0.15 0.0225 -1.89712 -0.284568
3 0.15 0.0225 -1.89712 -0.284568
4 0.2 0.04 -1.6094379 -0.3218876
1 0.05 0.0025 -2.9957323  -0.1497866
2 0.1 0.01 -2.3025851 -0.2302585
3 0.15 0.0225 -1.89712 -0.284568
2 0.1 0.01 -2.3025851 -0.2302585
2 0.1 0.01  -2.3025851  -0.2302585
20 0.14 -2.0161537
5 0.3846154 0.147929  -0.9555114  -0.3675044
2 0.1538462 0.0236686  -1.8718022  -0.2879696
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2.00

1.97

2.02

1.63

7.00

6.67

9.00

7.14

4.33



Masvingo

Masvingo

Gutu

Masvingo

-19.957

-19.942

-19.915

-19.882

30.756

30.776

30.996

31.521

11

9

9

10

1 0.0769231 0.0059172  -2.5649494  -0.1973038
2 0.1538462 0.0236686  -1.8718022  -0.2879696
2 0.1538462 0.0236686  -1.8718022  -0.2879696
1 0.0769231 0.0059172  -2.5649494  -0.1973038
13 0.2307692 -1.6260207
6 0.2142857 0.0459184 -1.540445  -0.3300954
2 0.0714286 0.005102  -2.6390573  -0.1885041
3 0.1071429 0.0114796  -2.2335922  -0.2393135
1 0.0357143 0.0012755  -3.3322045 -0.1190073
2 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.0714286 0.005102  -2.6390573  -0.1885041
3 0.1071429 0.0114796  -2.2335922  -0.2393135
4 0.1428571 0.0204082  -1.9459101  -0.2779872
1 0.0357143 0.0012755  -3.3322045  -0.1190073
2 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.0714286 0.005102  -2.6390573  -0.1885041
28 0.1173469 -2.2672445
5 0.2941176 0.0865052  -1.2237754 -0.359934
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
2 0.1176471 0.0138408  -2.1400662  -0.2517725
2 0.1176471 0.0138408  -2.1400662  -0.2517725
3 0.1764706 0.0311419  -1.7346011 -0.3061061
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
17 0.1626298 -2.002883
5 0.15625 0.0244141 -1.856298  -0.2900466
4 0.125 0.015625  -2.0794415  -0.2599302
2 0.0625 0.0039063  -2.7725887 -0.1732868
4 0.125 0.015625  -2.0794415  -0.2599302
5 0.15625 0.0244141 -1.856298  -0.2900466
3 0.09375 0.0087891  -2.3671236  -0.2219178
2 0.0625 0.0039063  -2.7725887 -0.1732868
4 0.125 0.015625  -2.0794415  -0.2599302
3 0.09375 0.0087891 -2.3671236  -0.2219178
32 0.1210938 -2.150293
9 0.2903226 0.0842872  -1.2367626  -0.3590601
4 0.1290323 0.0166493  -2.0476928 -0.2642184
3 0.0967742 0.0093652  -2.3353749 -0.226004
2 0.0645161 0.0041623 -2.74084  -0.1768284
3 0.0967742 0.0093652  -2.3353749 -0.226004
1 0.0322581 0.0010406  -3.4339872  -0.1107738
2 0.0645161 0.0041623 -2.74084  -0.1768284
3 0.0967742 0.0093652  -2.3353749 -0.226004
3 0.0967742 0.0093652  -2.3353749 -0.226004
1 0.0322581 0.0010406  -3.4339872  -0.1107738
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2.00

8.52

6.15

8.26

6.72



Masvingo

Gutu

Gutu

Bikita

Bikita

Bikita

-19.938

-19.963

-19.976

-19.974

19.8723

-19.915

31.222

30.949

31.009

31.231

31.489

31.512

11

31 0.1488033 -2.102499
8 0.3478261 0.120983  -1.0560527 -0.3673227
1 0.0434783 0.0018904  -3.1354942  -0.1363258
3 0.1304348 0.0170132  -2.0368819  -0.2656803
1 0.0434783 0.0018904  -3.1354942  -0.1363258
1 0.0434783 0.0018904  -3.1354942  -0.1363258
2 0.0869565 0.0075614 -2.442347 -0.212378
3 0.1304348 0.0170132  -2.0368819  -0.2656803
4 0.173913 0.0302457  -1.7491999  -0.3042087

23 0.1984877 -1.8242474
5 0.1470588 0.0216263  -1.9169226  -0.2819004
3 0.0882353 0.0077855  -2.4277482  -0.2142131
4 0.1176471 0.0138408  -2.1400662  -0.2517725
4 0.1176471 0.0138408  -2.1400662  -0.2517725
5 0.1470588 0.0216263  -1.9169226  -0.2819004
3 0.0882353 0.0077855  -2.4277482  -0.2142131
4 0.1176471 0.0138408  -2.1400662  -0.2517725
2 0.0588235 0.0034602  -2.8332133  -0.1666596
4 0.1176471 0.0138408  -2.1400662  -0.2517725

34 0.1176471 -2.1659765
3 0.2142857 0.0459184 -1.540445  -0.3300954
2 0.1428571 0.0204082  -1.9459101  -0.2779872
3 0.2142857 0.0459184 -1.540445  -0.3300954
1 0.0714286 0.005102  -2.6390573  -0.1885041

0.1428571 0.0204082  -1.9459101  -0.2779872
3 0.2142857 0.0459184 -1.540445  -0.3300954

14 0.1836735 -1.7347645
4 0.2857143 0.0816327 -1.252763  -0.3579323
1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101  -0.2779872
4 0.2857143 0.0816327 -1.252763  -0.3579323
3 0.2142857 0.0459184 -1.540445  -0.3300954

14 0.2346939 -1.5124512
5 0.2083333 0.0434028 -1.5686159 -0.326795
2 0.0833333 0.0069444  -2.4849066  -0.2070756
4 0.1666667 0.0277778  -1.7917595  -0.2986266
3 0.125 0.015625  -2.0794415  -0.2599302
1 0.0416667 0.0017361  -3.1780538  -0.1324189
2 0.0833333 0.0069444  -2.4849066 -0.2070756
3 0.125 0.015625  -2.0794415  -0.2599302
4 0.1666667 0.0277778  -1.7917595  -0.2986266

24 0.1458333 -1.9904785
3 0.1034483 0.0107015  -2.2686835  -0.2346914
2 0.0689655 0.0047562  -2.6741486 -0.184424
4 0.137931 0.019025 -1.9810015 -0.2732416
1 0.0344828 0.0011891  -3.3672958 -0.1161136
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1.82

1.73

1.99

5.04

8.50

5.44

4.26

6.86

9.45



Bikita

Bikita

Bikita

Bikita

-19.931

-19.958

-19.912

-20.039

31.919

31.853

31.857

32.206

6

9

9

11

3 0.1034483 0.0107015  -2.2686835 -0.2346914
2 0.0689655 0.0047562  -2.6741486 -0.184424
4 0.137931 0.019025  -1.9810015 -0.2732416
2 0.0689655 0.0047562  -2.6741486 -0.184424
1 0.0344828 0.0011891  -3.3672958 -0.1161136
0.137931 0.019025 -1.9810015 -0.2732416

3 0.1034483 0.0107015  -2.2686835  -0.2346914
29 0.1058264 -2.3092984
3 0.2 0.04 -1.6094379 -0.3218876
4 0.2666667 0.0711111  -1.3217558  -0.3524682
2 0.1333333 0.0177778 -2.014903  -0.2686537
1 0.0666667 0.0044444  -2.7080502  -0.1805367
0.2 0.04 -1.6094379 -0.3218876

2 0.1333333 0.0177778 -2.014903  -0.2686537
15 0.1911111 -1.7140875
1 0.047619 0.0022676  -3.0445224  -0.1449773
3 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.047619 0.0022676  -3.0445224  -0.1449773
3 0.1428571 0.0204082  -1.9459101 -0.2779872
2 0.0952381 0.0090703  -2.3513753  -0.2239405
4 0.1904762 0.0362812  -1.6582281 -0.315853
3 0.1428571 0.0204082  -1.9459101  -0.2779872
1 0.047619 0.0022676  -3.0445224  -0.1449773
3 0.1428571 0.0204082  -1.9459101  -0.2779872
21 0.1337868 -2.0866739
3 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.047619 0.0022676  -3.0445224  -0.1449773
2 0.0952381 0.0090703  -2.3513753  -0.2239405
2 0.0952381 0.0090703  -2.3513753  -0.2239405
2 0.0952381 0.0090703  -2.3513753  -0.2239405
3 0.1428571 0.0204082  -1.9459101  -0.2779872
2 0.0952381 0.0090703  -2.3513753  -0.2239405
3 0.1428571 0.0204082  -1.9459101  -0.2779872
3 0.1428571 0.0204082  -1.9459101 -0.2779872
21 0.1201814 -2.1526879
2 0.0487805 0.0023795  -3.0204249  -0.1473378
4 0.097561 0.0095181  -2.3272777  -0.2270515
5 0.1219512 0.0148721  -2.1041342  -0.2566017
3 0.0731707 0.005354  -2.6149598  -0.1913385
5 0.1219512 0.0148721  -2.1041342  -0.2566017
4 0.097561 0.0095181  -2.3272777  -0.2270515
2 0.0487805 0.0023795  -3.0204249  -0.1473378
4 0.097561 0.0095181  -2.3272777  -0.2270515
3 0.0731707 0.005354  -2.6149598  -0.1913385
5 0.1219512 0.0148721  -2.1041342  -0.2566017
4 0.097561 0.0095181  -2.3272777  -0.2270515
41 0.0981559 -2.3553638
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1.71

2.09

2.36

5.23

7.47

8.32

HHHH



Bikita

Bikita

Bikita

Bikita

Bikita

-20.098

-20.067

-20.125

-20.119

-20.166

32.213

32.209

31.927

31.978

31.934

10

4 0.1481481 0.0219479  -1.9095425  -0.2828952
0.0740741 0.005487 -2.6026897 -0.1927918

1 0.037037 0.0013717  -3.2958369 -0.122068
5 0.1851852 0.0342936 -1.686399  -0.3122961
4 0.1481481 0.0219479  -1.9095425  -0.2828952
3 0.1111111 0.0123457  -2.1972246  -0.2441361
4 0.1481481 0.0219479  -1.9095425  -0.2828952
2 0.0740741 0.005487 -2.6026897 -0.1927918
2 0.0740741 0.005487  -2.6026897  -0.1927918
27 0.1303155 -2.1055612
3 0.1363636 0.018595  -1.9924302 -0.271695
1 0.0454545 0.0020661  -3.0910425 -0.1405019
2 0.0909091 0.0082645  -2.3978953  -0.2179905
4 0.1818182 0.0330579  -1.7047481  -0.3099542
3 0.1363636 0.018595  -1.9924302 -0.271695
3 0.1363636 0.018595  -1.9924302 -0.271695
1 0.0454545 0.0020661  -3.0910425 -0.1405019
0.0909091 0.0082645  -2.3978953  -0.2179905

3 0.1363636 0.018595  -1.9924302 -0.271695
22 0.1280992 -2.1137191
4 0.16 0.0256  -1.8325815 -0.293213
2 0.08 0.0064 -2.5257286  -0.2020583
4 0.16 0.0256  -1.8325815 -0.293213
3 0.12 0.0144  -2.1202635 -0.2544316
1 0.04 0.0016  -3.2188758 -0.128755
2 0.08 0.0064  -2.5257286  -0.2020583
3 0.12 0.0144  -2.1202635 -0.2544316
2 0.08 0.0064 -2.5257286  -0.2020583
1 0.04 0.0016  -3.2188758 -0.128755
3 0.12 0.0144  -2.1202635 -0.2544316
25 0.1168 -2.2134059
4 0.2222222 0.0493827  -1.5040774  -0.3342394
0.1666667 0.0277778  -1.7917595  -0.2986266

1 0.0555556 0.0030864 -2.8903718 -0.1605762
2 0.1111111 0.0123457  -2.1972246  -0.2441361
3 0.1666667 0.0277778  -1.7917595  -0.2986266
2 0.1111111 0.0123457  -2.1972246  -0.2441361
3 0.1666667 0.0277778  -1.7917595  -0.2986266
18 0.1604938 -1.8789675
2 0.1428571 0.0204082  -1.9459101 -0.2779872
0.2142857 0.0459184 -1.540445  -0.3300954

1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101  -0.2779872
2 0.1428571 0.0204082  -1.9459101 -0.2779872
3 0.2142857 0.0459184 -1.540445  -0.3300954
1 0.0714286 0.005102  -2.6390573  -0.1885041

169

1.88

2.01

7.67

7.81

8.56

6.23

6.13



Bikita

Zaka

Bikita

Bikita

Bikita

Bikita

-20.15

-20.167

-20.198

-20.288

-20.246

-20.247

31.63

31.576

31.534

32.219

32.21

32.175

14 0.1632653 -1.8711604
4 0.1818182 0.0330579  -1.7047481  -0.3099542
2 0.0909091 0.0082645  -2.3978953  -0.2179905
3 0.1363636 0.018595  -1.9924302 -0.271695
4 0.1818182 0.0330579  -1.7047481  -0.3099542
3 0.1363636 0.018595  -1.9924302 -0.271695
2 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0454545 0.0020661  -3.0910425 -0.1405019
3 0.1363636 0.018595  -1.9924302 -0.271695

22 0.1404959 -2.0114764
6 0.3333333 0.1111111  -1.0986123  -0.3662041
1 0.0555556 0.0030864 -2.8903718 -0.1605762
2 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.0555556 0.0030864 -2.8903718 -0.1605762
3 0.1666667 0.0277778  -1.7917595  -0.2986266
2 0.1111111 0.0123457  -2.1972246  -0.2441361
2 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.0555556 0.0030864  -2.8903718  -0.1605762

18 0.1851852 -1.8789675
2 0.2 0.04 -1.6094379 -0.3218876
1 0.1 0.01  -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585
2 0.2 0.04 -1.6094379 -0.3218876
3 0.3 0.09 -1.2039728 -0.3611918
1 0.1 0.01  -2.3025851 -0.2302585

10 0.2 -1.6957425
4 0.2 0.04 -1.6094379 -0.3218876

0.15 0.0225 -1.89712 -0.284568
1 0.05 0.0025 -2.9957323  -0.1497866
3 0.15 0.0225 -1.89712 -0.284568
2 0.1 0.01  -2.3025851 -0.2302585
1 0.05 0.0025 -2.9957323  -0.1497866
2 0.1 0.01  -2.3025851 -0.2302585
3 0.15 0.0225 -1.89712 -0.284568
1 0.05 0.0025  -2.9957323  -0.1497866

20 0.135 -2.0854684
6 0.2307692 0.0532544  -1.4663371  -0.3383855
3 0.1153846 0.0133136  -2.1594842  -0.2491713
5 0.1923077 0.0369822  -1.6486586 -0.3170497
2 0.0769231 0.0059172  -2.5649494  -0.1973038
4 0.1538462 0.0236686  -1.8718022  -0.2879696
1 0.0384615 0.0014793  -3.2580965 -0.1253114
3 0.1153846 0.0133136  -2.1594842  -0.2491713
2 0.0769231 0.0059172  -2.5649494  -0.1973038

26 0.1538462 -1.9616663
4 0.3076923 0.0946746 -1.178655  -0.3626631

170

2.01

1.88

1.70

2.09

1.96

7.12

5.40

5.00

7.41

6.50

4.33



Masvingo

Masvingo

Zaka

Masvingo

Masvingo

Masvingo

-20.169

-20.206

-20.249

-20.196

-20.195

-20.223

31.251

31.186

31.258

30.796

30.724

30.805

2 0.1538462  0.0236686 -1.8718022  -0.2879696
3 02307692  0.0532544 -1.4663371 -0.3383855
1 00769231  0.0059172 -2.5649494  -0.1973038
3 02307692  0.0532544 -1.4663371 -0.3383855
13 0.2307692 -1.5247074
4 0.1538462  0.0236686 -1.8718022 -0.2879696
5  0.1923077 0.0369822 -1.6486586  -0.3170497
3 01153846  0.0133136  -2.1594842  -0.2491713
4 0.1538462  0.0236686 -1.8718022 -0.2879696
2 00769231  0.0059172 -2.5649494  -0.1973038
2 0.0769231  0.0059172 -2.5649494  -0.1973038
2 00769231  0.0059172 -2.5649494  -0.1973038
3 0.1153846  0.0133136  -2.1594842  -0.2491713
1 0.0384615 0.0014793 -3.2580965 -0.1253114
26 0.1301775 -2.1085542
7 03684211 0.1357341 -0.9985288  -0.367879
0.1052632  0.0110803 -2.2512918  -0.2369781

1 00526316 0.0027701  -2.944439  -0.1549705
3 0.1578947  0.0249307 -1.8458267 -0.2914463
2 0.1052632  0.0110803 -2.2512918  -0.2369781
1 00526316 0.0027701  -2.944439  -0.1549705
1 00526316 0.0027701  -2.944439  -0.1549705
2 0.1052632 0.0110803 -2.2512918 -0.2369781
19 0.2022161 -1.835171
4 0.4444444  0.1975309 -0.8109302  -0.3604134
1 01111111  0.0123457 -2.1972246  -0.2441361
1 01111111  0.0123457 -2.1972246  -0.2441361
2 02222222 0.0493827 -1.5040774  -0.3342394
1 01111111  0.0123457 -2.1972246  -0.2441361
9 0.2839506 -1.427061
5  0.4545455  0.2066116 -0.7884574  -0.3583897
1 0.0909091  0.0082645 -2.3978953  -0.2179905
2 01818182  0.0330579 -1.7047481  -0.3099542
1 0.0909091  0.0082645 -2.3978953  -0.2179905
1 0.0909091  0.0082645 -2.3978953  -0.2179905
1 0.0909091  0.0082645 -2.3978953  -0.2179905
11 0.2727273 -1.5403058
7 0.4666667 0.2177778 -0.7621401  -0.3556654
2 01333333  0.0177778  -2.014903  -0.2686537
1 0.0666667  0.0044444 -2.7080502  -0.1805367
2 01333333 0.0177778  -2.014903  -0.2686537
1 0.0666667  0.0044444 -2.7080502  -0.1805367
2 01333333  0.0177778  -2.014903  -0.2686537
15 0.28 -1.5226999
3 0375  0.140625 -0.9808293  -0.367811
1 0.125  0.015625 -2.0794415  -0.2599302

171

211

1.84

1.43

1.54

1.52

1.49

7.68

4.95

3.52

3.67

3.57

4.00



Chivi

Chivi

Chivi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

-20.087

-20.125

-20.172

-20.5

-20.491

-20.493

-20.442

30.338

30.304

30.316

32.207

32.152

32.178

31.82

2 0.25 0.0625 -1.3862944 -0.3465736
1 0.125  0.015625 -2.0794415 -0.2599302
1 0.125  0.015625 -2.0794415  -0.2599302
8 0.25 -1.4941751
4 03333333 01111111 -1.0986123  -0.3662041
2 0.1666667  0.0277778 -1.7917595  -0.2986266
1 0.0833333  0.0069444 -2.4849066 -0.2070756
2 0.1666667  0.0277778 -1.7917595  -0.2986266
1 0.0833333  0.0069444 -2.4849066 -0.2070756
1 0.0833333  0.0069444 -2.4849066 -0.2070756
1 0.0833333  0.0069444  -2.4849066  -0.2070756

12 0.1944444 -1.7917595
6 02857143  0.0816327  -1.252763 -0.3579323
3 0.1428571  0.0204082 -1.9459101 -0.2779872
2 0.0952381  0.0090703 -2.3513753  -0.2239405
1 0047619 0.0022676 -3.0445224 -0.1449773
3 0.1428571  0.0204082 -1.9459101 -0.2779872
2 00952381  0.0090703 -2.3513753  -0.2239405
1 0047619  0.0022676 -3.0445224  -0.1449773
1 0047619 0.0022676 -3.0445224 -0.1449773
2 0.0952381  0.0090703  -2.3513753  -0.2239405

21 0.1564626 -2.0206599
6 0.3 0.09 -1.2039728 -0.3611918
2 0.1 0.01 -2.3025851  -0.2302585
2 0.1 0.01 -2.3025851  -0.2302585
3 0.15 0.0225 -1.89712  -0.284568
2 0.1 0.01 -2.3025851  -0.2302585
1 0.05 0.0025 -2.9957323  -0.1497866

0.1 0.01 -2.3025851  -0.2302585
2 0.1 0.01 -2.3025851 -0.2302585

20 0.165 -1.946839
5 0.5 0.25 -0.6931472 -0.3465736
3 0.3 0.09 -1.2039728 -0.3611918
2 0.2 0.04 -1.6094379 -0.3218876
2 0.2 0.04 -1.6094379 -0.3218876
1 0.1 0.01 -2.3025851  -0.2302585
3 0.3 0.09 -1.2039728  -0.3611918

16 0.52 -1.9429909
3 0.6 0.36 -0.5108256 -0.3064954
2 0.4 0.16 -0.9162907 -0.3665163
5 0.52 -0.6730117
1 0.25 0.0625 -1.3862944 -0.3465736
2 0.5 0.25 -0.6931472 -0.3465736
1 0.25 0.0625  -1.3862944  -0.3465736
4 0.375 -1.0397208
1 0.3333333  0.1111111 -1.0986123  -0.3662041

172

1.79

2.02

1.95

0.67

1.04

0.64

5.14

6.39

6.06

1.92

1.92

2.67



Chiredzi

Chiredzi

Zaka

Zaka

Zaka

Masvingo

Masvingo

Masvingo

-20.489

-20.46

-20.464

-20.475

-20.497

-20.494

-20.445

-20.499

31.811

31.746

31.424

31.359

31.292

31.006

30.999

30.963

2 0.6666667 0.4444444  -0.4054651  -0.2703101
3 0.5555556 -0.6365142
3 0.75 0.5625 -0.2876821 -0.2157616
1 0.25 0.0625 -1.3862944  -0.3465736
4 0.625 -0.5623351
3 0.1875 0.0351563  -1.6739764  -0.3138706
2 0.125 0.015625  -2.0794415  -0.2599302
4 0.25 0.0625 -1.3862944  -0.3465736
3 0.1875 0.0351563  -1.6739764  -0.3138706
3 0.1875 0.0351563  -1.6739764  -0.3138706
1 0.0625 0.0039063  -2.7725887  -0.1732868
16 0.1875 -1.7214023
4 0.2352941 0.0553633 -1.446919  -0.3404515
1 0.0588235 0.0034602  -2.8332133  -0.1666596
2 0.1176471 0.0138408  -2.1400662  -0.2517725
3 0.1764706 0.0311419 -1.7346011 -0.3061061
3 0.1764706 0.0311419 -1.7346011  -0.3061061
1 0.0588235 0.0034602  -2.8332133  -0.1666596
2 0.1176471 0.0138408  -2.1400662  -0.2517725
1 0.0588235 0.0034602  -2.8332133  -0.1666596
17 0.1557093 -1.9561875
5 0.3571429 0.127551  -1.0296194  -0.3677212
0.1428571 0.0204082  -1.9459101  -0.2779872

1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101  -0.2779872
2 0.1428571 0.0204082  -1.9459101 -0.2779872
2 0.1428571 0.0204082  -1.9459101  -0.2779872
14 0.2142857 -1.668174
1 0.5 0.25 -0.6931472 0.25
1 0.5 0.25 -0.6931472 0.25
2 0.5 0.5
1 0.2 0.04 -1.6094379 -0.3218876
2 0.4 0.16 -0.9162907 -0.3665163
2 0.4 0.16  -0.9162907 -0.3665163
5 0.36 -1.0549202
2 0.2 0.04 -1.6094379 -0.3218876
3 0.3 0.09 -1.2039728 -0.3611918
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01  -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585
2 0.2 0.04  -1.6094379 -0.3218876
10 0.2 -1.6957425
1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101  -0.2779872
1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101  -0.2779872
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0.56

1.72

1.96

1.67

0.50

1.05

1.70

2.01

5.33

6.42

4.67

2.00

2.78

5.00

7.00



Chivi

Chivi

Chivi

Chivi

Chivi

-20.494

-20.53

-20.593

-20.719

-20.717

30.516

30.488

30.537

30.713

30.761

10

3 0.2142857 0.0459184 -1.540445  -0.3300954
2 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101 -0.2779872
14 0.1428571 -2.0075563
4 0.2666667 0.0711111  -1.3217558  -0.3524682
2 0.1333333 0.0177778 -2.014903  -0.2686537
1 0.0666667 0.0044444  -2.7080502  -0.1805367
1 0.0666667 0.0044444  -2.7080502  -0.1805367
1 0.0666667 0.0044444  -2.7080502  -0.1805367
1 0.0666667 0.0044444  -2.7080502  -0.1805367
1 0.0666667 0.0044444  -2.7080502  -0.1805367
1 0.0666667 0.0044444  -2.7080502  -0.1805367
2 0.1333333 0.0177778 -2.014903  -0.2686537
1 0.0666667 0.0044444  -2.7080502  -0.1805367
15 0.1377778 -2.1535325
4 0.2352941 0.0553633 -1.446919  -0.3404515
0.1764706 0.0311419 -1.7346011  -0.3061061

1 0.0588235 0.0034602  -2.8332133  -0.1666596
2 0.1176471 0.0138408  -2.1400662  -0.2517725
4 0.2352941 0.0553633 -1.446919  -0.3404515
3 0.1764706 0.0311419  -1.7346011  -0.3061061
17 0.1903114 -1.7115473
1 0.1428571 0.0204082  -1.9459101 -0.2779872
2 0.2857143 0.0816327 -1.252763  -0.3579323
1 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.1428571 0.0204082  -1.9459101  -0.2779872
1 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.1428571 0.0204082  -1.9459101  -0.2779872
7 0.1836735 -1.7478681
2 0.1818182 0.0330579  -1.7047481  -0.3099542
1 0.0909091 0.0082645  -2.3978953  -0.2179905
3 0.2727273 0.0743802 -1.299283  -0.3543499
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
11 0.1570248 -1.972247
11 0.55 0.3025 -0.597837  -0.3288104
2 0.1 0.01 -2.3025851 -0.2302585
1 0.05 0.0025 -2.9957323  -0.1497866
2 0.1 0.01 -2.3025851 -0.2302585
1 0.05 0.0025 -2.9957323  -0.1497866
1 0.05 0.0025 -2.9957323  -0.1497866
1 0.05 0.0025 -2.9957323  -0.1497866
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1.71

1.75

1.97

7.26

5.25

5.44

6.37

2.99



Chivi

Masvingo

Masvingo

Masvingo

Chiredzi

Chiredzi

-20.795

-20.718

-20.828

-20.769

-20.712

-20.681

30.736

31.067

31.076

31.069

31.359

31.421

3

7

8

11

8

8

1 0.05 0.0025  -2.9957323  -0.1497866
20 0.335 -1.5382604
2 0.5 0.25 -0.6931472  -0.3465736
1 0.25 0.0625 -1.3862944  -0.3465736
1 0.25 0.0625  -1.3862944  -0.3465736
4 0.375 -1.0397208
3 0.2307692 0.0532544  -1.4663371  -0.3383855
1 0.0769231 0.0059172  -2.5649494  -0.1973038
2 0.1538462 0.0236686  -1.8718022  -0.2879696
4 0.3076923 0.0946746 -1.178655  -0.3626631
1 0.0769231 0.0059172  -2.5649494  -0.1973038
1 0.0769231 0.0059172  -2.5649494  -0.1973038
1 0.0769231 0.0059172  -2.5649494  -0.1973038
13 0.1952663 -1.7782333
3 0.25 0.0625 -1.3862944  -0.3465736
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066 -0.2070756
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
12 0.1527778 -1.9792045
1 0.0526316 0.0027701 -2.944439  -0.1549705
2 0.1052632 0.0110803  -2.2512918 -0.2369781
1 0.0526316 0.0027701 -2.944439  -0.1549705
1 0.0526316 0.0027701 -2.944439  -0.1549705
2 0.1052632 0.0110803  -2.2512918 -0.2369781
3 0.1578947 0.0249307  -1.8458267  -0.2914463
1 0.0526316 0.0027701 -2.944439  -0.1549705
1 0.0526316 0.0027701 -2.944439  -0.1549705
1 0.0526316 0.0027701 -2.944439  -0.1549705
2 0.1052632 0.0110803  -2.2512918 -0.2369781
0.2105263 0.0443213  -1.5581446  -0.3280304

19 0.1191136 -2.2602339
4 0.2222222 0.0493827  -1.5040774  -0.3342394
3 0.1666667 0.0277778  -1.7917595  -0.2986266
2 0.1111111 0.0123457  -2.1972246  -0.2441361
4 0.2222222 0.0493827  -1.5040774  -0.3342394
1 0.0555556 0.0030864 -2.8903718 -0.1605762
1 0.0555556 0.0030864 -2.8903718 -0.1605762
1 0.0555556 0.0030864  -2.8903718 -0.1605762
2 0.1111111 0.0123457  -2.1972246  -0.2441361
18 0.1604938 -1.9371062
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066 -0.2070756
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1.04

1.78

1.94

2.02

2.67

5.12

6.55

8.40

6.23

7.20



Chiredzi

Chiredzi

Chiredzi

Chiredzi

-20.741

-20.674

-20.686

-20.719

31.435

31.701

31.785

31.74

10

9

11

10

1 0.0833333 0.0069444  -2.4849066  -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066 -0.2070756
2 0.1666667 0.0277778  -1.7917595  -0.2986266
2 0.1666667 0.0277778  -1.7917595  -0.2986266
12 0.1388889 -2.0228085
1 0.0625 0.0039063  -2.7725887  -0.1732868
4 0.25 0.0625 -1.3862944  -0.3465736
1 0.0625 0.0039063  -2.7725887  -0.1732868
2 0.125 0.015625  -2.0794415  -0.2599302
1 0.0625 0.0039063  -2.7725887  -0.1732868
1 0.0625 0.0039063  -2.7725887 -0.1732868
1 0.0625 0.0039063  -2.7725887  -0.1732868
2 0.125 0.015625  -2.0794415  -0.2599302
1 0.0625 0.0039063  -2.7725887  -0.1732868
1 0.0625 0.0039063  -2.7725887 -0.1732868
1 0.0625 0.0039063  -2.7725887  -0.1732868
16 0.125 -2.2527283
2 0.1111111 0.0123457  -2.1972246  -0.2441361
3 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0555556 0.0030864  -2.8903718 -0.1605762
2 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.0555556 0.0030864  -2.8903718 -0.1605762
3 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0555556 0.0030864  -2.8903718 -0.1605762
2 0.1111111 0.0123457  -2.1972246  -0.2441361
3 0.1666667 0.0277778  -1.7917595  -0.2986266
18 0.1296296 -2.1100166
4 0.2352941 0.0553633 -1.446919  -0.3404515
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
3 0.1764706 0.0311419 -1.7346011 -0.3061061
2 0.1176471 0.0138408  -2.1400662  -0.2517725
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133 -0.1666596
17 0.1280277 -2.231607
6 0.2857143 0.0816327 -1.252763  -0.3579323
0.1428571 0.0204082  -1.9459101  -0.2779872

1 0.047619 0.0022676  -3.0445224  -0.1449773
2 0.0952381 0.0090703  -2.3513753  -0.2239405
2 0.0952381 0.0090703  -2.3513753  -0.2239405
2 0.0952381 0.0090703  -2.3513753  -0.2239405

176

2.25

8.00

7.71

6.78



Chiredzi

Chiredzi

Chiredzi

Chiredzi

-20.856

-20.871

-20.941

-20.932

32.043

32.118

32.06

31.718

9

10

12

6

1 0.047619 0.0022676  -3.0445224  -0.1449773
2 0.0952381 0.0090703  -2.3513753  -0.2239405
1 0.047619 0.0022676  -3.0445224  -0.1449773
1 0.047619 0.0022676  -3.0445224  -0.1449773
21 0.1473923 -2.1115905
3 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0555556 0.0030864  -2.8903718 -0.1605762
2 0.1111111 0.0123457  -2.1972246  -0.2441361
6 0.3333333 0.1111111  -1.0986123  -0.3662041
2 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.0555556 0.0030864 -2.8903718 -0.1605762
1 0.0555556 0.0030864 -2.8903718 -0.1605762
1 0.0555556 0.0030864  -2.8903718 -0.1605762
1 0.0555556 0.0030864  -2.8903718 -0.1605762
18 0.1790123 -1.9559838
4 0.2857143 0.0816327 -1.252763  -0.3579323
2 0.1428571 0.0204082  -1.9459101  -0.2779872
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
14 0.1428571 -2.1439522
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
2 0.1176471 0.0138408  -2.1400662  -0.2517725
4 0.2352941 0.0553633 -1.446919  -0.3404515
2 0.1176471 0.0138408  -2.1400662  -0.2517725
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
17 0.1141869 -2.343933
3 0.2727273 0.0743802 -1.299283  -0.3543499
2 0.1818182 0.0330579  -1.7047481  -0.3099542
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
3 0.2727273 0.0743802 -1.299283  -0.3543499
11 0.2066116 -1.6726254

177

1.96

1.67

5.59

7.00

8.76

4.84



Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chivi

Chivi

-20.936

-20.934

-20.956

-21.07

-21.012

-20.897

20.9239

31.651

31.579

31.262

31.233

31.219

30.919

30.912

4

8

6

11

4

1

8

1 0.1111111 0.0123457  -2.1972246  -0.2441361
2 0.2222222 0.0493827  -1.5040774  -0.3342394
5 0.5555556 0.308642  -0.5877867  -0.3265481
1 0.1111111 0.0123457  -2.1972246  -0.2441361
9 0.382716 -1.1490597
3 0.1875 0.0351563  -1.6739764  -0.3138706
1 0.0625 0.0039063  -2.7725887  -0.1732868
2 0.125 0.015625  -2.0794415  -0.2599302
1 0.0625 0.0039063  -2.7725887  -0.1732868
1 0.0625 0.0039063  -2.7725887  -0.1732868
2 0.125 0.015625  -2.0794415  -0.2599302
5 0.3125 0.0976563  -1.1631508  -0.3634846
1 0.0625 0.0039063  -2.7725887  -0.1732868
16 0.1796875 -1.8903628
4 0.4 0.16 -0.9162907 -0.3665163
2 0.2 0.04 -1.6094379 -0.3218876
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01  -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01  -2.3025851 -0.2302585
10 0.24 -1.6094379
5 0.2380952 0.0566893  -1.4350845 -0.3416868
1 0.047619 0.0022676  -3.0445224  -0.1449773
2 0.0952381 0.0090703  -2.3513753  -0.2239405
1 0.047619 0.0022676  -3.0445224  -0.1449773
1 0.047619 0.0022676  -3.0445224  -0.1449773
2 0.0952381 0.0090703  -2.3513753  -0.2239405
2 0.0952381 0.0090703  -2.3513753  -0.2239405
1 0.047619 0.0022676  -3.0445224  -0.1449773
2 0.0952381 0.0090703  -2.3513753  -0.2239405
3 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.047619 0.0022676  -3.0445224  -0.1449773
21 0.1247166 -2.2403223
1 0.1666667 0.0277778  -1.7917595  -0.2986266
3 0.5 0.25 -0.6931472  -0.3465736
1 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.1666667 0.0277778  -1.7917595  -0.2986266
6 0.3333333 -1.2424533
4 1 1 0 0
4 1 0
3 0.1578947 0.0249307  -1.8458267  -0.2914463
8 0.4210526 0.1772853  -0.8649974  -0.3642094
2 0.1052632 0.0110803  -2.2512918 -0.2369781
1 0.0526316 0.0027701 -2.944439  -0.1549705
1 0.0526316 0.0027701 -2.944439  -0.1549705
1 0.0526316 0.0027701 -2.944439  -0.1549705

178

1.89

1.61

0.00

1.75

2.61

5.57

4.17

8.02

3.00

1.00

4.25



Chivi

Mwenezi

Mwenezi

Mwenezi

Chiredzi

Chiredzi

20.9487

-21.067

-21.1

-21.114

-21.146

-21.189

30.965

30.854

30.798

30.854

32.13

32.13

2 01052632 0.0110803 -2.2512918  -0.2369781
1 0.0526316  0.0027701  -2.944439  -0.1549705
19 0.2354571 -1.7494938
4 03333333 0.1111111 -1.0986123  -0.3662041
1 0.0833333  0.0069444 -2.4849066 -0.2070756
1 0.0833333  0.0069444 -2.4849066 -0.2070756
2 0.1666667  0.0277778 -1.7917595  -0.2986266
2 0.1666667  0.0277778 -1.7917595  -0.2986266
2 0.1666667  0.0277778  -1.7917595  -0.2986266
12 0.2083333 -1.6762349
2 0.125  0.015625 -2.0794415 -0.2599302
7 04375  0.1914063 -0.8266786 -0.3616719
1 0.0625  0.0039063 -2.7725887  -0.1732868
1 0.0625  0.0039063 -2.7725887  -0.1732868
1 0.0625  0.0039063 -2.7725887  -0.1732868
2 0.125  0.015625 -2.0794415 -0.2599302
1 0.0625  0.0039063 -2.7725887  -0.1732868
1 0.0625  0.0039063 -2.7725887  -0.1732868
16 0.2421875 -1.7479662
3 03333333 01111111 -1.0986123  -0.3662041
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246  -0.2441361
9 0.1851852 -1.8310205
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
3 03333333 01111111 -1.0986123  -0.3662041
2 02222222 0.0493827 -1.5040774 -0.3342394
1 01111111 00123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246  -0.2441361
9 0.2098765 -1.6769878
4 02666667 0.0711111 -1.3217558  -0.3524682
3 0.2 0.04 -1.6094379 -0.3218876
1 0.0666667  0.0044444 -2.7080502  -0.1805367
2 0333333 0.0177778  -2.014903  -0.2686537
1 0.0666667  0.0044444 -2.7080502  -0.1805367
1 0.0666667  0.0044444  -2.7080502  -0.1805367
2 01333333 00177778  -2.014903  -0.2686537
1 0.0666667  0.0044444  -2.7080502  -0.1805367
15 0.1644444 -1.93381
2 0.1666667  0.0277778 -1.7917595  -0.2986266
3 0.25 0.0625 -1.3862944  -0.3465736

179

1.68

1.75

1.83

1.68

1.93

1.98

4.80

4.13

5.40

4.76

6.08

6.55



Chiredzi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

-21.16

-21.104

-21.102

-21.147

-21.062

-21.114

-21.158

-21.317

32.071

30.385

30.441

30.486

29.957

29.944

29.924

30.079

1 0.0833333  0.0069444 -2.4849066 -0.2070756
1 0.0833333  0.0069444 -2.4849066 -0.2070756
2 01666667 0.0277778 -1.7917595  -0.2986266
1 0.0833333  0.0069444 -2.4849066 -0.2070756
1 00833333  0.0069444 -2.4849066 -0.2070756
1 0.0833333  0.0069444 -2.4849066 -0.2070756

12 0.1527778 -1.9792045
1 0.1428571  0.0204082 -1.9459101 -0.2779872
1 0.1428571  0.0204082 -1.9459101 -0.2779872
1 0.1428571  0.0204082 -1.9459101 -0.2779872
2 02857143  0.0816327  -1.252763 -0.3579323
1 0.1428571  0.0204082 -1.9459101 -0.2779872
1 0.1428571  0.0204082 -1.9459101 -0.2779872
7 0.1836735 -1.7478681
5 07142857 05102041 -0.3364722  -0.2403373
2 0.2857143  0.0816327  -1.252763 -0.3579323
7 0.5918367 -0.5982696
4 0.4 0.16 -0.9162907 -0.3665163
2 0.2 0.04 -1.6094379 -0.3218876
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851  -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585

10 0.24 -1.6094379
2 03333333  0.1111111 -1.0986123  -0.3662041
3 0.5 0.25 -0.6931472  -0.3465736
1 0.1666667  0.0277778 -1.7917595  -0.2986266
6 0.3888889 -1.0114043
5 03125  0.0976563 -1.1631508 -0.3634846
3 0.1875  0.0351563 -1.6739764 -0.3138706
4 0.25 0.0625 -1.3862944  -0.3465736
2 0.125  0.015625 -2.0794415  -0.2599302
2 0.125  0.015625 -2.0794415 -0.2599302

16 0.2265625 -1.5437892
3 04285714  0.1836735 -0.8472979  -0.3631277
1 0.1428571  0.0204082 -1.9459101 -0.2779872
2 02857143  0.0816327  -1.252763 -0.3579323
1 0.1428571  0.0204082 -1.9459101 -0.2779872
7 0.3061224 -1.2770343
2 02222222 0.0493827 -1.5040774  -0.3342394
1 01111111  0.0123457 -2.1972246 -0.2441361
2 02222222 0.0493827 -1.5040774  -0.3342394
2 02222222 0.0493827 -1.5040774 -0.3342394
2 0.2222222 0.0493827 -1.5040774 -0.3342394
9 0.2098765 -1.5810938
1 0.125  0.015625 -2.0794415  -0.2599302

180

1.75

0.60

1.61

1.01

1.54

1.28

1.58

1.67

5.44

4.17

2.57

4.41

3.27

4.76

4.57



Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

-21.279

-21.331

-21.268

-21.324

-21.322

-21.293

-21.262

-21.326

30.133

30.149

30.466

30.482

30.545

30.879

30.862

30.899

5

2

7

1 0.125  0.015625 -2.0794415  -0.2599302
3 0375  0.140625 -0.9808293  -0.367811
1 0.125  0.015625 -2.0794415  -0.2599302
1 0.125  0.015625 -2.0794415  -0.2599302
1 0.125  0.015625 -2.0794415  -0.2599302
8 0.21875 -1.6674619
2 0.4 0.16 -0.9162907 -0.3665163
1 0.2 0.04 -1.6094379 -0.3218876
1 0.2 0.04 -1.6094379 -0.3218876
1 0.2 0.04 -1.6094379 -0.3218876
5 0.28 -1.332179
1 01111111  0.0123457 -2.1972246 -0.2441361
5  0.5555556  0.308642 -0.5877867 -0.3265481
3 03333333 0.1111111 -1.0986123  -0.3662041
9 0.4320988 -0.9368883
3 0.75 0.5625 -0.2876821 -0.2157616
1 0.25 0.0625 -1.3862944  -0.3465736
4 0.625 -0.5623351
2 0.25 0.0625 -1.3862944  -0.3465736
1 0.125  0.015625 -2.0794415  -0.2599302
4 0.5 0.25 -0.6931472  -0.3465736
1 0.125  0.015625 -2.0794415 -0.2599302
8 0.34375 -1.2130076
1 01111111  0.0123457 -2.1972246 -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
2 02222222 0.0493827 -1.5040774 -0.3342394
1 01111111  0.0123457 -2.1972246 -0.2441361
2 02222222 0.0493827 -1.5040774 -0.3342394
2 02222222 0.0493827 -1.5040774 -0.3342394
9 0.1851852 -1.7351265
3 0375  0.140625 -0.9808293  -0.367811
1 0.125  0.015625 -2.0794415  -0.2599302
1 0.125  0.015625 -2.0794415  -0.2599302
2 0.25 0.0625 -1.3862944  -0.3465736
1 0.125  0.015625 -2.0794415 -0.2599302
8 0.25 -1.4941751
5 0.8333333  0.6944444 -0.1823216 -0.1519346
1 0.1666667  0.0277778 -1.7917595 -0.2986266
6 0.7222222 -0.4505612
4 02352941 0.0553633  -1.446919  -0.3404515
3 01764706  0.0311419 -1.7346011 -0.3061061
2 01176471  0.0138408 -2.1400662 -0.2517725
4 02352941 0.0553633  -1.446919  -0.3404515
2 01176471  0.0138408 -2.1400662 -0.2517725
1 0.0588235 0.0034602 -2.8332133 -0.1666596
1 0.0588235 0.0034602 -2.8332133 -0.1666596

181

0.94

1.74

1.49

0.45

1.82

3.57

231

291

5.40

4.00

5.67



Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

-21.487

-21.465

-21.511

-21.441

-21.462

-21.504

-21.638

-21.643

-21.653

-21.483

30.231

30.194

30.182

30.436

30.46

30.466

30.553

30.6

30.639

30.742

7

4

17 0.1764706 -1.8238733
3 1 1 0 0
3 1 0
2 0.4 0.16 -0.9162907 -0.3665163
3 0.6 036 -0.5108256 -0.3064954
5 0.52 -0.6730117
1 0.125  0.015625 -2.0794415  -0.2599302
5 0.625  0.390625 -0.4700036 -0.2937523
1 0.125  0.015625 -2.0794415  -0.2599302
1 0.125  0.015625 -2.0794415 -0.2599302
8 0.4375 -1.0735428
2 0.6666667  0.4444444  -0.4054651 -0.2703101
1 0.3333333  0.1111111 -1.0986123  -0.3662041
3 0.5555556 -0.6365142
4 05714286  0.3265306 -0.5596158  -0.3197805
1 01428571  0.0204082 -1.9459101 -0.2779872
1 01428571  0.0204082 -1.9459101 -0.2779872
1 01428571  0.0204082 -1.9459101 -0.2779872
7 0.3877551 -1.1537419
1 1 1 0 0
1 1 0
2 0.25 0.0625 -1.3862944 -0.3465736
3 0375  0.140625 -0.9808293  -0.367811
1 0.125  0.015625 -2.0794415  -0.2599302
1 0.125  0.015625 -2.0794415  -0.2599302
1 0.125  0.015625 -2.0794415 -0.2599302
8 0.25 -1.4941751
3 0.2 0.04 -1.6094379 -0.3218876
5 03333333 01111111 -1.0986123  -0.3662041
3 0.2 0.04 -1.6094379 -0.3218876
2 01333333 0.0177778  -2.014903  -0.2686537
1 0.0666667  0.0044444 -2.7080502  -0.1805367
1 0.0666667 0.0044444 -2.7080502 -0.1805367

15 0.2177778 -1.6397064
3 0.3 0.09 -1.2039728 -0.3611918
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585
2 0.2 0.04 -1.6094379 -0.3218876
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585
1 0.1 0.01 -2.3025851 -0.2302585

10 0.18 -1.834372
1 01666667 0.0277778 -1.7917595  -0.2986266
1 01666667 0.0277778 -1.7917595  -0.2986266
3 0.5 0.25 -0.6931472 -0.3465736

182

0.00

0.67

1.07

0.64

0.00

1.49

1.64

1.83

1.00

2.29

2.58

1.00

4.00

4.59

5.56

3.00



Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

-21.464

-21.524

-21.788

-21.827

-21.814

-21.633

-21.62

-21.589

-21.295

-21.336

30.7

30.727

30.733

30.743

30.774

30.753

30.821

31.112

31.096

6

3

1 01666667  0.0277778 -1.7917595  -0.2986266
6 0.3333333 -1.2424533
1 1 1 0 0
1 1 1 0 0
2 2 0
3 03333333 0.1111111 -1.0986123  -0.3662041
2 02222222 0.0493827 -1.5040774  -0.3342394
1 01111111  0.0123457 -2.1972246  -0.2441361
1 01111111  0.0123457 -2.1972246  -0.2441361
1 01111111  0.0123457 -2.1972246  -0.2441361
1 01111111  0.0123457 -2.1972246 -0.2441361
9 0.2098765 -1.6769878
2 0.4 0.16 -0.9162907 -0.3665163
3 0.6 036 -0.5108256 -0.3064954
5 0.52 -0.6730117
2 0.4 0.16 -0.9162907 -0.3665163
1 0.2 0.04 -1.6094379 -0.3218876
1 0.2 0.04 -1.6094379 -0.3218876
1 0.2 0.04 -1.6094379 -0.3218876
5 0.28 -1.332179
1 01111111  0.0123457 -2.1972246  -0.2441361
6 0.6666667  0.4444444  -0.4054651 -0.2703101
2 02222222 0.0493827 -1.5040774 -0.3342394
9 0.5061728 -0.8486856
4 1 1 0 0
4 1 0
2 0.6666667  0.4444444  -0.4054651 -0.2703101
1 03333333 0.1111111 -1.0986123  -0.3662041
3 0.5555556 -0.6365142
4 03076923  0.0946746  -1.178655 -0.3626631
3 02307692  0.0532544 -1.4663371 -0.3383855
4 03076923  0.0946746  -1.178655 -0.3626631
2 0.1538462  0.0236686 -1.8718022 -0.2879696
13 0.2662722 -1.3516812
1 01666667 0.0277778 -1.7917595  -0.2986266
1 01666667 0.0277778 -1.7917595  -0.2986266
2 03333333 01111111 -1.0986123  -0.3662041
1 01666667 0.0277778 -1.7917595  -0.2986266
1 01666667 0.0277778 -1.7917595  -0.2986266
6 0.2222222 -1.5607104
2 0.5 0.25 -0.6931472 -0.3465736
1 0.25 0.0625 -1.3862944 -0.3465736
1 0.25 0.0625 -1.3862944 -0.3465736
4 0.375 -1.0397208
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0.00

1.68

0.67

0.85

0.00

0.64

1.04

0.50

4.76

3.57

1.00

3.76

4.50

2.67



Mwenezi

Mwenezi

Mwenezi

Mwenezi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

-21.357  31.141

-21.27 31.381

-21.361 31.382

-21.316  31.383

-21.274  31.538

-21.277 31.591

-21.312  31.559

-21.241 31.744

-21.185  31.755

3 0.3333333 0.1111111  -1.0986123  -0.3662041
1 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.1111111 0.0123457  -2.1972246  -0.2441361
2 0.2222222 0.0493827  -1.5040774  -0.3342394
1 0.1111111 0.0123457  -2.1972246  -0.2441361
9 0.2098765 -1.6769878
3 0.75 0.5625 -0.2876821 -0.2157616
1 0.25 0.0625  -1.3862944  -0.3465736
4 0.625 -0.5623351
2 1 1 0 0
2 1 0
5 0.5555556 0.308642  -0.5877867  -0.3265481
2 0.2222222 0.0493827  -1.5040774  -0.3342394
2 0.2222222 0.0493827  -1.5040774  -0.3342394
9 0.4074074 -0.995027
1 0.1111111 0.0123457  -2.1972246  -0.2441361
4 0.4444444 0.1975309 -0.8109302 -0.3604134
2 0.2222222 0.0493827  -1.5040774  -0.3342394
1 0.1111111 0.0123457  -2.1972246  -0.2441361
1 0.1111111 0.0123457  -2.1972246  -0.2441361
9 0.2839506 -1.427061
5 0.625 0.390625 -0.4700036  -0.2937523
3 0.375 0.140625  -0.9808293 -0.367811
8 0.53125 -0.6615632
2 0.4 0.16 -0.9162907 -0.3665163
1 0.2 0.04 -1.6094379 -0.3218876
2 0.4 0.16  -0.9162907 -0.3665163
5 0.36 -1.0549202
1 0.0588235 0.0034602  -2.8332133  -0.1666596
2 0.1176471 0.0138408  -2.1400662  -0.2517725
2 0.1176471 0.0138408  -2.1400662  -0.2517725
2 0.1176471 0.0138408  -2.1400662  -0.2517725
4 0.2352941 0.0553633 -1.446919  -0.3404515
3 0.1764706 0.0311419 -1.7346011  -0.3061061
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
1 0.0588235 0.0034602  -2.8332133  -0.1666596
17 0.1418685 -2.0685135
2 0.25 0.0625 -1.3862944  -0.3465736
1 0.125 0.015625  -2.0794415  -0.2599302
3 0.375 0.140625  -0.9808293 -0.367811
1 0.125 0.015625  -2.0794415 -0.2599302
1 0.125 0.015625  -2.0794415  -0.2599302
8 0.25 -1.4941751
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1.68

0.00

1.00

1.43

0.66

1.05

2.07

1.49

4.76

1.00

2.45

3.52

2.78

7.05

4.00



Chiredzi

Chiredzi

Chiredzi

Chiredzi

Mwenezi

Mwenezi

Mwenezi

Mwenezi

-21.213

-21.099

-21.078

-21.1

-21.488

-21.495

-21.513

-21.621

31.756

31.773

31.791

31.823

31.039

31.097

31.064

30.959

4 0.3076923 0.0946746 -1.178655  -0.3626631
1 0.0769231 0.0059172  -2.5649494  -0.1973038
2 0.1538462 0.0236686  -1.8718022  -0.2879696
1 0.0769231 0.0059172  -2.5649494  -0.1973038
1 0.0769231 0.0059172  -2.5649494  -0.1973038
1 0.0769231 0.0059172  -2.5649494  -0.1973038
2 0.1538462 0.0236686  -1.8718022  -0.2879696
1 0.0769231 0.0059172  -2.5649494  -0.1973038
13 0.1715976 -1.9251212
1 0.3333333 0.1111111  -1.0986123  -0.3662041
2 0.6666667 0.4444444  -0.4054651  -0.2703101
3 0.5555556 -0.6365142
6 0.5454545 0.2975207 -0.6061358  -0.3306195
2 0.1818182 0.0330579  -1.7047481  -0.3099542
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
11 0.3553719 -1.2945452
3 1 1 0 0
3 1 0
2 0.1666667 0.0277778  -1.7917595  -0.2986266
3 0.25 0.0625 -1.3862944 -0.3465736
1 0.0833333 0.0069444  -2.4849066 -0.2070756
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066  -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066  -0.2070756
12 0.1527778 -1.9792045
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
3 0.2142857 0.0459184 -1.540445  -0.3300954
2 0.1428571 0.0204082  -1.9459101 -0.2779872
1 0.0714286 0.005102  -2.6390573  -0.1885041
2 0.1428571 0.0204082  -1.9459101 -0.2779872
2 0.1428571 0.0204082  -1.9459101  -0.2779872
1 0.0714286 0.005102  -2.6390573  -0.1885041
1 0.0714286 0.005102  -2.6390573  -0.1885041
14 0.1326531 -2.1065773
2 0.2857143 0.0816327 -1.252763  -0.3579323
1 0.1428571 0.0204082  -1.9459101 -0.2779872
2 0.2857143 0.0816327 -1.252763  -0.3579323
2 0.2857143 0.0816327 -1.252763  -0.3579323
7 0.2653061 -1.351784
2 0.6666667 0.4444444  -0.4054651 -0.2703101
1 0.3333333 0.1111111  -1.0986123  -0.3662041
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0.64

0.00

1.98

0.64

5.83

1.00

6.55

7.54
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Mwenezi

Mwenezi

Chiredzi

Chiredzi

Chiredzi

Mwenezi

Mwenezi

Mwenezi

-21.602

-21.611

-21.476

-21.519

-21.521

-21.746

-21.782

-21.804

31.015

30.986

31.359

31.313

31.363

31.107

31.127

31.017

3 0.5555556 -0.6365142
1 0.0909091 0.0082645  -2.3978953  -0.2179905
5 0.4545455 0.2066116  -0.7884574  -0.3583897
1 0.0909091 0.0082645  -2.3978953  -0.2179905
1 0.0909091 0.0082645  -2.3978953  -0.2179905
2 0.1818182 0.0330579  -1.7047481  -0.3099542
1 0.0909091 0.0082645  -2.3978953  -0.2179905
11 0.2727273 -1.5403058
3 0.2307692 0.0532544  -1.4663371  -0.3383855
1 0.0769231 0.0059172  -2.5649494  -0.1973038
1 0.0769231 0.0059172  -2.5649494  -0.1973038
2 0.1538462 0.0236686  -1.8718022  -0.2879696
4 0.3076923 0.0946746 -1.178655  -0.3626631
1 0.0769231 0.0059172  -2.5649494  -0.1973038
1 0.0769231 0.0059172  -2.5649494  -0.1973038
13 0.1952663 -1.7782333
2 0.4 0.16  -0.9162907 -0.3665163
2 0.4 0.16 -0.9162907 -0.3665163
1 0.2 0.04 -1.6094379 -0.3218876
5 0.36 -1.0549202
1 0.125 0.015625  -2.0794415  -0.2599302
3 0.375 0.140625  -0.9808293 -0.367811
2 0.25 0.0625 -1.3862944  -0.3465736
1 0.125 0.015625  -2.0794415  -0.2599302
1 0.125 0.015625  -2.0794415  -0.2599302
8 0.25 -1.4941751
1 0.5 0.25 -0.6931472  -0.3465736
1 0.5 0.25 -0.6931472  -0.3465736
2 0.5 -0.6931472
3 0.25 0.0625 -1.3862944  -0.3465736
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066 -0.2070756
2 0.1666667 0.0277778  -1.7917595  -0.2986266
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066  -0.2070756
12 0.1527778 -1.9792045
2 0.5 0.25 -0.6931472  -0.3465736
2 0.5 0.25 -0.6931472  -0.3465736
4 0.5 -0.6931472
1 0.0833333 0.0069444  -2.4849066  -0.2070756
4 0.3333333 0.1111111  -1.0986123  -0.3662041
5 0.4166667 0.1736111  -0.8754687 -0.3647786
1 0.0833333 0.0069444  -2.4849066 -0.2070756
1 0.0833333 0.0069444  -2.4849066  -0.2070756
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1.78

1.05

1.49

0.69

1.98

0.69

3.67

5.12

2.78

4.00

2.00

6.55

2.00
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Mwenezi

Mwenezi

Mwenezi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

-21.944

-21.949

-22.003

-21.678

-21.676

-21.711

-21.752

-21.769

-21.788

-21.393

-21.393

30.89

30.934

30.946

31.465

31.551

31.513

31.709

31.663

31.623

31.778

31.843

3

4

2

12 0.3055556 -1.3522094
1 0.2 0.04 -1.6094379 -0.3218876
1 0.2 0.04 -1.6094379 -0.3218876
3 0.6 0.36 -0.5108256  -0.3064954
5 0.44 -0.9502705
3 1 1 0 0
3 1 0
2 0.2857143 0.0816327 -1.252763  -0.3579323
4 0.5714286 0.3265306  -0.5596158  -0.3197805
1 0.1428571 0.0204082  -1.9459101 -0.2779872
7 0.4285714 -0.9556999
6 0.5 0.25 -0.6931472  -0.3465736
1 0.0833333 0.0069444  -2.4849066 -0.2070756
3 0.25 0.0625 -1.3862944  -0.3465736
1 0.0833333 0.0069444  -2.4849066  -0.2070756
1 0.0833333 0.0069444  -2.4849066  -0.2070756

12 0.3333333 -1.3143738
3 0.75 0.5625 -0.2876821 -0.2157616
1 0.25 0.0625 -1.3862944 -0.3465736
4 0.625 -0.5623351
5 0.5 0.25 -0.6931472  -0.3465736
1 0.1 0.01  -2.3025851 -0.2302585
2 0.2 0.04 -1.6094379 -0.3218876
2 0.2 0.04  -1.6094379 -0.3218876

10 0.34 -1.2206073
3 0.4285714 0.1836735  -0.8472979  -0.3631277
4 0.5714286 0.3265306  -0.5596158  -0.3197805
7 0.5102041 -0.6829081
1 0.0769231 0.0059172  -2.5649494  -0.1973038
3 0.2307692 0.0532544  -1.4663371  -0.3383855
1 0.0769231 0.0059172  -2.5649494  -0.1973038
4 0.3076923 0.0946746 -1.178655  -0.3626631
4 0.3076923 0.0946746 -1.178655  -0.3626631

13 0.2544379 -1.4583192
3 0.6 0.36 -0.5108256 -0.3064954
1 0.2 0.04 -1.6094379 -0.3218876
1 0.2 0.04 -1.6094379 -0.3218876
5 0.44 -0.9502705
1 0.1 0.01  -2.3025851 -0.2302585
6 0.6 0.36 -0.5108256 -0.3064954
1 0.1 0.01  -2.3025851 -0.2302585
2 0.2 0.04 -1.6094379 -0.3218876

10 0.42 -1.0889
4 0.8 0.64 -0.2231436 -0.1785148
1 0.2 0.04 -1.6094379 -0.3218876
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Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

Chiredzi

-21.432

-21.335

-21.388

-21.362

-21.529

-21.518

-21.559

-22.042

-22.068

-22.091

-22.211

-22.229

31.817

32.096

32.081

32.089

31.927

31.978

31.916

31.257

31.331

31.266

31.232

31.189

0.68 -0.5004024
0.3333333  0.1111111 -1.0986123  -0.3662041
03333333 0.1111111 -1.0986123  -0.3662041
0.3333333  0.1111111 -1.0986123  -0.3662041
0.3333333 -1.0986123

1 1 0 0

1 0

0.4 0.16 -0.9162907 -0.3665163

0.2 0.04 -1.6094379 -0.3218876

0.4 0.16 -0.9162907 -0.3665163

0.36 -1.0549202

0.5 0.25 -0.6931472 -0.3465736

0.5 0.25 -0.6931472  -0.3465736

0.5 -0.6931472

0.2857143  0.0816327  -1.252763  -0.3579323
04285714  0.1836735 -0.8472979  -0.3631277
0.1428571  0.0204082 -1.9459101 -0.2779872
0.1428571  0.0204082  -1.9459101 -0.2779872
0.3061224 -1.2770343

0.25 0.0625 -1.3862944 -0.3465736

0.25 0.0625 -1.3862944  -0.3465736

0.5 0.25 -0.6931472  -0.3465736

0.375 -1.0397208

0.6666667  0.4444444  -0.4054651  -0.2703101
0.3333333  0.1111111 -1.0986123  -0.3662041
0.5555556 -0.6365142

0.2 0.04 -1.6094379 -0.3218876

0.4 0.16 -0.9162907 -0.3665163

0.2 0.04 -1.6094379 -0.3218876

0.2 0.04 -1.6094379 -0.3218876

0.28 -1.332179

0.1666667  0.0277778 -1.7917595  -0.2986266
0.1666667  0.0277778 -1.7917595  -0.2986266
0.6666667  0.4444444  -0.4054651  -0.2703101
0.5 -0.8675632

0.4 0.16 -0.9162907 -0.3665163

0.6 0.36 -0.5108256  -0.3064954

0.52 -0.6730117

1 1 0 0

1 0

0.3333333  0.1111111 -1.0986123  -0.3662041
0.5 0.25 -0.6931472 -0.3465736
0.1666667  0.0277778  -1.7917595  -0.2986266
0.3888889 -1.0114043
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Chiredzi

-22.262

31.212

2

a

3 0.4285714 0.1836735  -0.8472979  -0.3631277
4 0.5714286 0.3265306  -0.5596158 -0.3197805
7 0.5102041 -0.6829081
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Appendix V: Key Stakeholder Interview Guide

INTERVIEW GUIDE FOR KEY STAKEHOLDERS: IMPACT OF CLI MATE CHANGE

ON VEGETATIVE SPECIES DIVERSITY

Introduction

My name is Chapungu Lazarus, a student from theeusity of South Africa (UNISA). | am carrying
out a research which is part of requirements tosvdh@ fulfilment of my studies for DPhil in
Environmental Sciences. The research is purelyaamadbut it is sincerely expected that the findings
will sift to the local, national and regional pglicnakers as a body of knowledge that will help in
decision making, planning and management of vegetatpecies diversity in the face of
environmental modifications driven by climate changhe broad objective of the study is to assess
the impact of climate change on vegetative speatiiessity in Masvingo province. The success of
this study depends on your participation as an mapo source of data. In that regard, | kindly seek
your support and cooperation through sparing daroor valuable time to respond to my questions.
Kindly note that throughout the entire process,rdsponses you give are virtuously for academic

purposes and will be treated with highest confiddity to protect your rights and privacy.

GUIDING QUESTIONS

1. Define the concept of Climate Change as it is ustded within your organisation.
2. What is your understanding of the term vegetatpeces diversity?

3. Has there been any change in the climate of Zimediwtween the years 1974 and 20147
What about in Masvingo province? Specify patteffindimatic variables.
a. Temperature
b. Rainfall.

4. Are there any national studies that assessed thacimof climate change on vegetation
diversity? Kindly specify.Rrobe for details if there is ahy

5. Do you think climate change affects vegetative gsediversity? If so in what way?

6. Are there any reports of species that have invaagtated or gone extinct over the past 40

years in Masvingo province?

7. What is the role of your organisation with regatalslimate change and vegetation
diversity issues? What has been done so far? Aaryqfl Action? What is the progress so

far against measured targets?
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8. What do you think is the significance of biodivéysilata, specifically vegetative species
diversity data, to national development and potr@king?

9. How does your organisation ensure availability bim@te data to researchers? How have you
been making use of research outputs from reseazher

10.Do you have a repository for biodiversity data asragro-ecological regions? Any challenges
and recommendations?

11.What strategies are in place to reduce impact iohiate change on vegetative species
diversity?

12.Does climate change influence the use of vegetapeeies by communities?

THANK YOU FOR YOUR PARTICIPATION
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Appendix VI: Research Ethical Clearance

UNISA %o

Ali4-04-14
[ef. Nr= 2019/caes/ose |

T
Spudeni: L Chagang. Student i 53262506
Supervisor: O L Mhamo
Dapartmant of Ersiranmanial Stiences
Colege of Sariodture and Errdronmental Sciencas
Dear Dw Nhamo and FIr Chapungu
Request for Ethical approval for the following research praject:
Impact of chimate change om vegetative species diversity in Moswinge Prowince, Zimbob we

The a@pication for ethical claaranea in mEpact of v abous Meahonsd ressarch has been reviewed by the
Eesearch Ethics Beview Commibites of the Collepe of Agriculbare snd Ersdronmentsl Sciences, Linica, Efhics
chearane far the sene mealioned progct [Rel, Bi 2004,/ CAES/056] & given Tor the duratian of tha study.
Plegie be advessd that should any part of the reseach methodalagy change in aiyy way 88 outhned in (he
Ethics application |Red, Nr. 24/CAFSISE)L K i the responsibilay of the researcher to indform the CAES
tthics committes. In this irstance 3 memo should be submatted to the Ethecs Comemittes in which e
chanpss are identified ard fully axplainad

The Ethics Comemiitee weshes yow all the best with this research undertaking,

tired ruparnds,

Zy

Pral E Ko,
CAES Ethics Review Committee Chair

w1 |,
Gt gl
[Prof U Linington

Exzecutive Bean: Collage of Agriculbans and Enviranméntal Stiances
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Appendix VII: Authority to carry out research in Ma svingo province

Roforonco:
e i Jiwaald mod B MINISTRY OF LOCAL GOVERNMENT,
avdraered fo okt RUHRAL AND URBAN DEVELOPMENT
Provincial Adminletratbon
Telephono: 263354/213 Bonjamin Burombo Houso
Fax : XES5E8 P.0. Box B95
Emall addreys: iy gy peyen by, s e Il b

ZIMEABWE
L0 Dieceniber 2013

T Mr Chapunpo Lasarons
Cireat Zimbabwe University
Hox [235

Mlasvinen

RE: REQUEST FOR AUTHORITY TO CARRY OUT A RESEARCH ON IMPACTS
OF CLIMATE CHANGE ON VEGETATIVE SPECIES DIVERSITY IN MASYINGO
PROVINCE.,

The nbove coption relers,

Flease be infonmed that the bead of Ministry in minute ref ADMZ3R dated 19 Noveniber
2013 gronted muthority for vour applicalion w corrvoul research onimpact of climate change
on vegetative species diversity in Masvinge Province, In the same vein vou are advsed Uha
the information gathered is confidential and shouwld not be divalged 1o any unouthorized
members ol the public,

Fhe Ministry will be prateful to receive a copy of the end produc.

Py we wish yvou the best n vour endesvors

|
L '
—— i ———
| - P Al
¥

k. Manikiva

For: Provincial Administrator, Masvingo
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