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ABSTRACT

People living in rural areas are directly dependent on the local natural resources. The continued
unsustainable use of natural resoure=slsto woodland degradation, througimanges in
vegetation structurdf the integrity of a rangeland is compromiséten so would the quality

and quantity of provision of ecosystem services such as wild fruits, firewood and medicinal
plants that rural households rely on. This in turn threatens the food security of rural

communities.

Changes in woody biomass and vertical vegetation structure is a consequence of resource
extraction in human utilised landscapé&his study aims to enhance the understanding of the
role that above ground woody biomass plays in rural South Africa, focsisauifically on the

impact that the state of the woody biomass has on surrounding communities’ food security.

The study site was four villages in the Lowveld of Limpopo province: Mafaran&e®eana,
Vyeboom andKa-NdengezaThe research assessed wobdymass and vertical vegetation
structures, as a proxy for provisioning ecosystem services. | used LiDBRt (maging
Detection andRanging) to measure vegetation structure and estimate biomass in the communal
rangelands of these four rurdillages. The average rangeland canopy cover and average
rangeland biomass of the four case study villages was not influenced by the village settlement
areas (size of the village). At the rangelatdle across the four villages, anthropogenic
influences on biomass amegetation structure were evident. This is particularly true for the
biomass inKa-Ndengezaand GaSelwana villages where the spatial trajectory of biomass
increased with increasing distance from the village settlement as well as the nearest road. High
levels of anthropogenic disturbance were evident in Mafarana’s rangeland, where the biomass

gradient was bimodal (had two maximum points), and levels of human disturbance was evident

at increased distances from the village settlement and the nearest road.

Having explored the impacts that rural households have on the biomass of their communal
rangeland, this study then aimed to explore the cost associated with collecting firewood. The
access to fruiting trees was explored aslO@% of all households werep@rted to use this
resourceBased on the examination of the cost pathways on a finer skogdeand shrub cover

only factor in at the end of a pathway. Moreover, the least cost pathways value is that they
show that accessing a resource is not uniform, as multiple factors influence this Beisess.

study found thathe cost to access a natural rgse does not increase with increasing distance



from the village settlemenk described in the “Central Place Theory” and Piosphere Theory
and that there are multiple factors influencing accessibilitys research highlighted the
impact that human utg8ation can have on woody resources and vegetation structure in

communal rangelands.

After establishing the effect of resource extraction on vegetation structure, the study goes
further to explore the links between rangeland integrity and food securisyw@k donevith
household interviews that were conducted with the person responsible for household tasks,
across the four case study villages in Limpopo, South Africa. The household survey consisted
of 28 questions, divided into five categories. The fivgd sections focused on collecting
information regarding the household characteristics, income and expenditure. The following
section focused on the use of the suite of local natural resources. The questionnaire also focused
on describing the source oktfuelwood used within the household, whether the fuelwood was
purchased or collected, species preference as well as perceived declines or increases in
fuelwood availability. The questionnaire also explored food security and nutrition, food

shortages andhé diet of interviewed households.

The most commonly utilised resources were firewood, wild vegetables and wild fruit which
were used across all four study villages. This study found that virtatltiie households,
across all four villages used firewahowild fruit and wild vegetable®espite thighat some
households are clearly more vulnerable to food insecurity than othafSelwana was the

only village that had no households that experienced hunger all the Miafiarana and
Vyboom had the highégroportion of households that did not experience any food shortages
in the last yearThe results from this study suggest that improved food security might be
associated with a healthier state of the communal woodlands, but more detailed analysis of

where the relationshipxistsneeds to be explored.

This study found that theesource usand the associated disturbance gradients are settlement
specific, which highlights the value of settlement specific studies that incorporate local
information is. It is expected that the disturbance gradients evident in this study will begin to
diminish and merge around the settlements as the future vegetation structure becomes more
homogeneous. The intensive use of nature resources evident in this study suggest impending,
if not already occurring, sustainability issuBspeated data collection is requit® assess and
monitor the changes in woodland structure and biomass as well as change in patterns of

rangeland use as natural resources decrease
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CHAPTER 1: INTRODUCTION

1.1. Rationale
People living in rural areas in developing countries such as South Africa, are directly

dependent o their local natural resources, whiébrm part of their livelihood strategies
(Shackleton and Shackleton, 20D4High population densities in developing countries in
combination with the unsustainalilarvesting ohatural resourcesan lead tahe continued
impoverishment of rural settlementisroughwoodland degradation and changes in vegetation
structure which dramatically impact the quality and integrity of communal rangelands. If the
integrity of a rangeland is compromiséten so would the quality and quantity of provisioning
ecosystem seices such as wild fruits, firewood and medicinal plants that rural households
rely on. The changes in vegetation structure and functioning can result in theelomg
degradation of woodlands near hunsattlementsNekeet al.2006 Wesselst al.2013.

In South Africa80% of all rural households use biomass or fuelwood as their primary
energy sourcelEA, 2010. Eventhoughapproximately54% of these rurahouseholds are
comected to the electricity gridMadubansi and Shackleton, Z0@Wesselsetal. 2013. The
continued use of biomass as an energy source appears to be driven by the costs of using
electricity and the associated appliances. Shackleton and ShacKki0d) found that
nationally, rural households use approximately 4.5 to 6.7 million tonnes of fuelwood per year.
The continued use of this quantity of fuelwood is unsustainabtizanexacerbat@overty in
rural communities by reducing the availability of maral wild food products which
communities rely on in times afeed.Households rely on natural resourckg to the high
cost of purchasing a stove and additional electrig¥gsselset al. 2013).The continued use
of fuelwood despite the degradationciiuseshighlights the value that natural cesces play
in rural householdg-hesustainabilityof communal woodlands essential to alleviate poverty,
food and energy insecurity. If harvested within sustainable limits, fuelwood can continue to
supplemat rural household’s energy requirements (Williams and Shackleton, 200&hilardi
et al.2009 Mograbiet al 2016;Twine and Holdo, 2016 Sustainability can only bechieved
whenthe longterm supply exceeds demand (Baeksl. 1996 Wesselst al. 2013. Within
this context, 8% of current fuelwood demands South Africa areno longer metNladubansi
and Shackletor2007 due to the longerm impactsthat over harvesting is havingn

vegetation structure


http://iopscience.iop.org/article/10.1088/1748-9326/8/1/014007#erl448263bib27

Specific changes in vegetation structure, such as increased presence of shrubs, which
is seen as bush encroachment, coppicing or changes-graseratios all impact the quality
and integrity of communalangdands (Nekeet al. 2006; Fisheret al. 2015; Mograbi et al
2016). Changes in the quality and quantity of provigignecosystem services such as wild
fruits, firewood and medicinal plants (Shackleton and Shackleton,a2@Mackleton and
Shackleton, 2012) threatens the food security of rural contiesirNatural resources provide
these communities with subsisteieeughtheir direct usevalug incomegeneration and cash
saving opportunitiesShackleton and Shackleton, 2004a). Theaisetural resources, during
times of vulnerability, provides lseholds with a safety net and represents their level of
resilience in changing environmental conditions (Shackleton and Shackleton, 2004b). Natural
resourcesre also important as theyeet the communities spiritual and culturaldedarge
trees areften valued for their spiritual significan¢€ocks and Wiersum, 2003]jhe reliance
on natural resources is evident in the changes seen in communal rangelands, which have

impacts years after harvesting has occurred.

The changesn woody biomass presemt rural communal rangelands found in the
formerhomelandsredue tofuelwood extraction and the dependence of these communities on
natural resourcefHunteret al 2007; Wesselgt al. 2013) The Promotion of Bantu Self
Government Act of 1959, resultad the frced resettlement of indigenous people into
‘homelandsduring the Apartheid erdhemorerecent influxes of refugees froneighbouring
states, has led @nincrease irhuman densities ithese areafrhornton, 2002). High human
densities, unempyment and widespread poverty are the legacy left behind freAyptrtheid
system(Twine, 2005).Fuelwood is a cheap or free energy source in areas experiencing
widespread poverty and so tod@016) fuelwoodremainsthe dominant energy source for
these households. Amientioned this resource base is under increasing pressure from
harvesting, especially, in thesienselypopulatedareas (Matsikat al., 20128). The strong
dependence of rural communities on these conaiwoodlands has raised not only concerns
surrounding their sustainability, but also the important implicationgheenvironmentHigh
dependence on natural resources can also aff@ahmunity’s energy and food security, if

overharvested

Past research has been conducted on the impact that fuelwood extraction has on
vegetation structure in communal areas (Nekeal 2006; Matsika, 2012 Fisher, 2013
Mograbiet al 2015), the value that netimber natural resources have on rural household’s



livelihoods Shackleton and Shackleton, 20@hackleton and Shackleton, 2004), as well as
the importance of netimber forest products in aiding poverty alleviation (Shackletbal.

2007). Research has also shown how secmnomic factors influence vegetation changes
observed in communal areas (Twine, 2005)., few studies have linked fuelwood extraction and
the state of these areas to food security in rural communal woodlaradgyelands. The value

of thisstudywill be that it shedlight on the link betweenatural resource use and the state of
communal woodlands, whicwill explain the impacthat this has on a community’s food

security.

This study airedto enhance the uedstanding of the role that above ground woody
biomass plays in rural South Africa, focusing specifically on the impact that the state of the
woody biomass has on surrounding community’s food security. This was achieved by
investigating the relationship tveeen fuelwood use, the state of the above ground woody
vegetation and household food security along a rainfall gradient in the communal lands of

LimpopoProvince.

1.2. Literature review

1.2.1. Drivers of savanna structure
Savannas are heterogeneous, comatiaptive systems characterized by the dynamic

co-dominance of trees and grasses (Scholes and WAakB@8). A distinguishing feature of

these systems is the spatially and temporal variability of a generally continuous grass layer and
discontinuous tree la&y, which results in a mosaic of vegetation patches (Scholes and Archer
1997 Bond, 2008).

Savanna systems occur within a range of bioclimatic conditifferent processes
that determingheir structure will vary irbetweerregions (Sankaraet al. 2005).The spatial
and temporal variability of trees and grasses results in savannas ranging from open grasslands
interspersed with large trees to dense woodlands (Scholes and Walker, th@9&)getation
structure and composition of savannas appeab® toontrolled by several factors, such as,
climate and geology; at mediusnalesit is controlled by topography, soil type, organisms and
precipitation. It is also influenced by disturbance events such as fire, herbivory and human
activities at finer sdas Pickettet al. 2003 Sankararet al.2005; Sankaraat al.2008 Gillson,
2004, Levick and Rogers, 20111

Savannas are highly variable systems in their natural state and this variability becomes

more evidenunder the influence of humaand use. Ultimately, understanding the dynamics
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of treegrass interactions within savannas systems is dependent on the scale at which these
processes are beisgudied andneasuredThis understanding has a profound impact on the
sustainability of thessystems especially in the face of the continuously growing human

population.

1.2.2. People insavannas
In South Africa, savannas contain 96% of the wooded land in the country, and 25% of

this is communal land (Shackletehal.2007).Due to the abundance and exteni@getation,

as well aswild fauna found within savannas, people have inhabited these areas for millions of
years anchave had a significant impact dhe vegetation structuré@\fine et al. 2003. In
conjunction with environmental factors, human disturbances are largely respdresiblese

African savanna landscapes have developed and shaped over time (Scholes and Walker, 1993).
Consequently, human activities in savannas are classified as distugyamts, similar to fire

and herbivory, because of the impacts and disturbances human activities have on the landscape
(Twine, 2005).Human disturbances savanna®ccur simultaneously at different intensities

as well as at differenspatial and temporadcales (Giannecchiret al. 2007). Harvesting
pressure, the methodsed,and the extent of harvesting vary from place to placavannas

associety is heterogeneous (Dovie, 300

Harvesting of trees for the use of firewood has occurred througtamainnas for
millennia as it is a cheap or ‘free’ resource (Shackleton and Shackleton, 2004). The fact that
the use of firewood saves households the cost of purchasing electricity is one of the main
reasons that households still use firewood as their pyigergy sourcéoday (Shackleton
and Shackleton, 2004)he continued dependence on fuelwood will result in{t@mm impacts
on vegetation structure and functioning at both a local and national levels. Regardless of the
local traditions and societal dpal mechanisms surrounding firewood harvesting, households
often harvest live woodtems gspecially ifthe deadwood stis are insufficient to meécal
demand (Shackleton, 1993). In some cases, 90% of household firewood stockadeeup

of harvestedive wood (Shackleton, 1993).

A study conducted in BushbuckridgBouth Africafound that fuelwood harvesting
around two villages caused a decline in the total wood stock in both communal woodlands,
despite different population densities in each villddatsikaet al.2012).The village with the
higher population densitylost desirable species and experienced overall changes in the
woodland structure (Matsikat al. 2012). There was also a change in the species diversity of



the commonly harvestddewood species. The authors suggestedt the absence of similar
negative impacts the other village was likely attributed the lower population density and
fuelwood extraction pressyrassociatedvith the presence of more sustainable harvesting
regimes (Masikat al. 2012).The authors concludatiat overallthe woodlands surrounding
these two villages was degradddghlighting the direct relationship between fuelwood
harvesting and rural villages population densittésuseholdshave preferences for the size

and species they harvest (Luagal.2000;Neke, 2006). Over time this can lead to substantial
changes in the size class distribution of trees and the mortality of certain species. The mortality
of certain species affectdd structural diversity of a landscape (Shacklezoral. 1994).
Higgins (199) found that mean stem height of plants generally decreases with an increase in
proximity to villages. Similarly, other studies also found disturbance gradients around rural
settements (Banket al. 1996; Fisheet al. 2012; Wesselst al. 2013; Mograbiet al. 2015),

but they seem to disappear around villages that share easily accessible ranigetands, of

high levels of resource use (Fistetral.2012).

Increasing disturbance events, of any nature, appears to @id@gtwoody species
negatively (Saunders, 2015omeruderalsspecies have been found to increase in abundance
under high disturbance, while others have become locally extinct (Shackdetoh994).The
increased demand for firewood has also resulted in the harvesting of ecologically important
trees such as Maru(&clerocarya birrepand Jackal BerrylXiosyros mespiliformijsas well
as the harvesting of trees g8in height whichexacerbatscoppicing Twine, 200% Kirkland
et al.2007;Mograbiet al. 2015. Although, copjcing results in thick stands sfmall stemmed
trees that yieldvoodierbiomass than few larger trees, due to size specific growth rates. The
productivity of coppiced plants and the ecosystems in which they are found c{@agpsrsen
et al. 2011) due to the loss of septbducing plants and can decrease future woodland

persgstence.

Coppicing is one of the ways in which a woody plant can survive a disturbaece
Coppicing occurs when a woody plaasprous after incurring damage to its stem, this results
in the persistence of a plant rather than replacement (Neke, 2006). A plants ability to coppice
after a human disturbancies dependent on the plants age, size, stump height, the type and
severity of the diturbance as well as percentage of the stem remawedja et al. 2004;
GuerreCampoet al. 2005). Therefore, it is essential to understand the dynamic relationship

between savanna vegetation and human use.



1.2.3. Socicecological systems and sustainable ruraélihoods
Ecosystems provide a range of benefits to people, known as ecosystem services

(Millennium Ecosystem Assessment, 205¢0system services drenefitsthat people obtain
directly from an ecosysterfihese include “provisioning servicassuch as food, water, timber,
andfibre; “regulating serviced that affect climate, floods, disease, wastes, and water quality;
“cultural services that provide recreational, aesthetic, and spiritual benefit§sugporting
services such as soil formatigphotosynthesis, and nutrient cycling” (Millennium Ecosystem
Assessment, 2005). Humans are directly dependent on the sustainability and flow of ecosystem
services.“Provisioning ecosystem servicesvhich is the focus of this study, are tangible
products or raw materials that people harvest directly from their surrounding environment

(Millennium Ecosystem Assessment, 2005).

The interaction between people and the environment is complex and adBjsiner
et al 2012). This interaction is described by the concept of secmlogical systems (SES)
(Halliday and Glaser, 2011$ES are used to explain the relationship between people and their
surrounding environment. When analysing SES, it is itambito consider the four sunits
making up SESwhich are,resource system, resource units, users and governance system
(Ostrom, 2009)(Figure 1.1). A variety of second level variableslso influence the
sustainability or resilience of a systamcluding the size of the resource system, predictability
of the resource system, numberusfers, leadership, history of use and the importance of

resources to the users (Ostrom, 2009; Fisher, 2013).

Social, economic and political settings (S)

Resource Governance

system (RS) system (GS)/

Interactions (1) ‘ >

Resource

Ap——.

Users (U)

Outcomes (O)

Related ecosystems (ECO)

Figure 1.1The subcomponents making up and used to analyse-soaiogical systems
(Ostrom, 2009).



A SES often refers to people living in rural areas and the natural resources on which
they depend, such ke rural areas inSouth Africa (Giannecchiret al. 2007). Communal
landsin South Africa support a largaroportion of the rural population, often thdsang
below the poverty line. Studies have shown that communal lands and natural resources have a
significant impact on rural people’s livelihoods and household’s incomes (Shackleton et al.
2000). Livelihood encompasses various methods of supportingustaining life by meeting
individual and community needBovie et al 2005; Scoone2009. , a households’ livelihood
is only sustainable when it can absorb and recover from stresses and shaltihatively

maintain or enhance its assets without diminishtgatural resource base (Scoor309.

To achieve a sustainable livelihog¢8L), households or communities need to rely on
different livelihood strategies. This requires an integrated understanding in which the
environment and its suite of resources are viewed in conjunction wittopag@nic processes.

An ecosystem cannot be viewed as sustainable if the economic and social systems that
influence it are unsustainabli.an ecosystem is not sustainable then economic and social

sustainability cannot be guaranteed.

Livelihood perspectives have influenced thinking and practice throughout the
developing world byinvestigatinga conceptual understanding of poverty and its causes
(Carney, 1999 Scoones, 2009 SL thinking is centred around the objectives, scope and
priorities for development and sustainabilitprh the perspective of the pqoas well as
looking at how different people in differeatea live (Carney, 1999Scoones, 2009 This
method of thinkingexploresthe complex interactions and activitied how people make
living andhighlights the diversityof livelihood strategies (Scoones, 2009). By understanding
the relationship of these interactions and activititeis, possible to gain a better insighto
rural communities and householdsilities tocope, adapt, improve, diversify and transform

their livelihood strategies under differimiycumstances (Scoones, 2009).

The SL approacSLA) does not belong to a specific discipline, which allows research
and work to be done acroawvariety offields as well alowing both outsiders and locpéople
to be involved in the learning and development prot@ssones, 2009).Xamining livelihood
at an individual level can be aggregated to analysing livelihood strategies at a household,
village or even disict level (Scoones, 2009). TI®L A exploresthe relationshifpetween three
livelihood components: capital assets, transforming strategies and livelihood oufEayues
1.2). The different livelihood assets that a household or individual has acc¢asseioned



capital assetéCarney, 2003). These include: Human capithich includeshealth, nutrition,
work, education etc.Social capital (neighbours, leadership, networks and connections etc.)
Natural capital (land, biodiversity, environmental servieafdlife, wild foods etc.) Physical
capital (infrastructure, s and technology) and lastlyinancial capital (savings, credit,
wages, pension remittance etd.jvelihood components have to lbgnamic in order for a

household t@chieve a desired outcomes or g&srrat, 2010).

Capital assets are based on the activities and choices made by inditodsLz$ain
their livelihood, which is described as livelihood strategies (Serrat, 2010). Livelihoodisgateg
may include the use dhe naturatresource bas migration and remittances, noatural
resource based off farming activities, pensions and grants, intensification versus
diversification as well as short term versus long term outcomes (Carney, 20@&e assets
and the utilisation of livelihood strategies contribute to livelihood outcauels afinancial
stability, food security, welbeing, more sustainable use of natural resources and reduced
vulnerability. In addition, capital assets, transfomgnstrategies and livelihood outcomes
influence and are influenced by thelnerability of the environmentatontextin which they
occur (Carney, 2003). This includes shsgckseasonality and critical trends with the
environment and the components of thie flamework. The seasonality,aspects ofthe
components of the SL framework aatso influenced by anthropogenic processes and

structures.
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1.2.4. Household livelihood strategies
In most developing countries around the world, including rural South Africa, the

reliance on natural resources forms the foundations of people’s livelihood strategies
(Shackleton and Shackleton, 20p4This is a result of undetevelopedeconomies. €ople

living in rural areas have limited or no access to basic utilfiiesing them in many cases to

rely partly or solely on their surrounding natural resources. In these areas, fuelwood and food,
is collected from the communal woodlands or agricultural fields around the villages. This has
led to the formation of a process known as diversification of livelihood strategies, which occurs

in the response to food insecurity (Doeteal.2005).

People livhg in rural areas tend to exhibit a diverse range of livelihood strategies based
on assets (Shackletat al 2000). Most rural households in Southern Africa have a range of
activities and incomegShackletoret al. 2000). How vulnerable or robust an inidival or
household is to changes in their internal and external environdegends on theability to
access their assets or draw on diffetergiihood activities when necessary (Shackleatral.

2000). These different livelihood strategies can eahansupplement a household’s income,

as well agheirfood security.

The use and sale of natural resources often enables a household to be more resilient
These natural resources can act as a safety net when other livelihood strategies fail (Shackleton
and Shackleton, 2004). Previous research suggests that rural households use natural
environmental resources quite extensively and that there is a substantial suite of natural
resources used by these househdtddigrdet al. 1998;Cavendish, 20Q0rwine, 2005 Dovie
et al.2006. Natural resources are also important in the provision of ecosystem services; such
as wild fruits, firewood and medicinal plants (Shackleton and Shackletona)2@@kearch
has also shown that natural resource use plays a very important role in the economy of rural
households (Cavendish, 2000; Tweteal. 2003; Twine, 2005Ragie, 2015).

Natural resource useutributes to a household’s livelihood in three waysFirstly, by
alleviating financial stress and generating supplementary incomes as these products can be sold
locally or at markets (Shackleton, 2@)4For example, woman often makéarula beer,
wooden utensils, grass brooms or brushes that they can e¢leforsadditional income
(Shackleton and Shackleton, 20p4Secondly, households can save stistough the direct
use of natural resources. Shackleton and Shackletonl{pid@icatedthat intheNtubeniarea,

the annual, gross, direase value of natural resources can be as high asRQ@ p.a,
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varying betweenillages Lastly, the use of natural resources directly contributes to individuals
or households provisioning of needs. This is evident in theuogpison of Mopane worms as

a supplement protein source or the collection of bush meat (HetrgeR011). In some cases,

the value of harvesting natural resources is often similar or higher than other livelihood

activities or government grants (Shackiegd al. 2000).

1.2.5. Value of natural resources to rural households
The value that natural resources play in rural households in comparison to other

economic activitiesaside from the renewabilityis their natural occurrences in savanna
landscapesThe fact that they often fall under commuriahuremakesthem a free resource
which makes the use of natural resources more appealing tharesonimmic activitiesThis
results in a large suite of resources being freely available to the households ilo¢htest
landscapes (Cavendish, 2000jhe majority of savannas and forests E@ated in remote
areas. ie communities living around these areas are chaisadeby high unemployment
poverty and have limited livelihood opportunities available to th8ha¢kletoret al. 2000;

Dovie et al. 2005). This is evident in the former homelands established under the Apartheid
government that implementete forced réocation of people of colour The land tenure in
these homelands was communal and communities allexated land by the government for
agriculture, grazing purposes and had open access to the surrounding wodshaciie{on

and Shackleton, 2002; Thornton, 2002; Kascktl 2005) The impact that these homelands
had on rural households is echdadpostdemocratic South Africa, where households still
maintain many of the characteristics and structures imposed during the Apartheid era. The
reliance on natural resources by households in these areas is exacerbated bydaveioged
infrastructure unemployment, poor education, high levels of migrant labour as well as limited
agriculture activities due to the aridity of the region (Shackleton and Shackleton, 2000;
Shackletoret al.2005;Giannecchinit al.2007). Despite this, these communal waodls or
rangelands are still utilised for wide variety of natural resources to the surrounding

communities (Twinegt al 2003; Twine, 2005).

The free availability of natural resources peviously mentioned, benefits the
surrounding households as they agnificantly reduce their cash expenditure, which is an
essential part of their livelihood strategies (Shackletoal. 2000). For example, fuelwood,
craft materials, food, medicinal plants and timber sold or used for the construction of fences or
krads (Twine, 2003). Some of these resources are colletdégd such as fuelwood, while
others are collected when needed. In South Africa, Shackkdtal. (1999) found that
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communities in three villages in Bushbuckridge were regularly using between 18 and 27 wild
natural resources from their surrounding communal airedsdingfirewood, wild vegetables,

wild fruit, thatching grass etc. The extent of these natural resoex¢esded across a range
between 100 300 different species, excluding the use of medicinal plémtSouth Africa,
natural resources contribute between 38% of people’s livelihood strategies (Shackleton et

al. 2007). Ashley and La Franchi (1997), falthat wild food products harvested from
surrounding natural resources in Caprivi, Namibia, provided up to 5G2hoakehold’s food
subsistence during winter months. The use of natural resmlircesnfluences a household’s

resilience and sustainabilityhen facing food scarcitK@schulaet al. 2005)

1.2.6. Rural communit efeod security
Food security can be defined as a household’s access to safe and nutritious food at all

times, and is one of the challenges facing most of AfBmn{-Ankomah, 2001; Kirklanet

al., 2011).Households experience food insecurity when they are unable to absorb, reduce or
mitigate the impact of a decline in food availability, access, and/or consumption (Misselhorn,
2005; Weblet al.2006).The socieeconomic conditions within a household as well as external
political, sociceconomicand environmental stressors influence’s a households food security

or insecurity(Bonti-Ankomah, 2001Kirkland et al.2011; Boelee, 20)1Access to food at a
household levelnot only depends on the availability fwiod, butalso on purchasing power
(Bonti-Ankomah, 2001). If a household is not able to grow or purchase enough food and social

grants or income is stunted or absent, then a household will be food insecure

For many years, food security has been measured through objective (consumption) and
subjective (selfeportal behavioursjndicators.Allowing for assessment and monitoring of
food security at national, regional, community, household and individual levels (Kirgtand
al. 2011). Measuringood security is difficultas there is no standard methodology (Kirkland
et al 2011).Food security is most commonly experiencedrawsehold level (Maxwell, 1996;
Kirkland et al 2011), ands not static; it can be permanent, temporary or cyclic, which makes

it evenharder to quantifyHrankenberget992;Hendricks, 2015).

Assessing a household’s experience of food shortages or hunger, coping strategies and
dietary diversity are all factors which influence a household’s food security. These factors
compound the complex nature of assessing food security, ancheftd to be explored during
afood security study. &od security als varies within social circles, such as betwd#ferent

cultures villages or even age groups, whalkocompoundthecomplexity of measuring food
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security and substantiiteraturehas beemundertakeraround this Corbett, 1988Maxwell,
1996;Missehorn, 2005; Weblet al.2006,Kirkland et al 2011).

Research conducted on food security, strategies to obtain food seendtythe
conditions faced, found that there are important differences within and between households
and communities (Bob, 2002)he relationship between these factors results in some
households being more vulnerable to food insecurity than others. Food security in rural
households or communities needs to be assessed in conjunction with historic economic
inequalities, and local livdood strategies, which are aimed at ensuring household survival
(Bob, 2002). This is supported by Mayal (1995), who found that rural households engage
in a wide variety of activities to generate livelihopdaiich enable them to achieve food
security. It is therefore, necessary to have a holistic profile of vulnerable households when

looking at their food security.

It is estimated that approximately 39% of the South African population is vulnerable to
food <arcity and are food insecufi@onti-Ankomah, 2001)Peoplein rural communitiesften
turn to thér surroundingnatural resources to supplement their income or their food supplies
when faced with these vulnerabilitieghe availability of natural resouresuch as wild foods
(e.g.bush meat, edible insects, wild fruits and vegetables), and fuelwood plays a crucial role
in buffering households from food or income shortagdsa¢kleton and Shackleton, 2004;
Hunteret al 2007; Kashula 2008; McGarry and Shackleton, 2009). Hettdr(2007) found
thatguxe(a local wild vegetable) and Marula fruits are important sources of food and incomes
among rural households in South Africa. Wild leafy greens sugnesor mohoroare often
cooked as a relish and eaten with maize meal (Hentr 2007). Marula fruits are eaten raw
and theMarula nuts are eaten raw or cooked together guitteor mohora Shackletoret al
(1998) found thatesidents of Bushbuckridge regaydxeasbeing commonly available and
drought resistant which makes it an ideal stable food., Reid and Vogel (2006) found in their
research that woman in rural KwaZtMatal, use local grasses, reeds and beads to make craft,
booms or mats to generate additionabime and decrease their vulnerability to crop failure.

Natural resources have an integral role to play in rural people’s livelihoods and their
survival. This highlights the importance of understanding the effects that human land use has
on the stabilityand sustainability of these natural resouraes this can aid in poverty

alleviation.
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1.2.7. Rural househal use of above ground woody biomass for fuelwood
Historically, cultural values, traditional taboos and regulations enforced by the village

chiefs, resulted in a resource management process which prevented the harvesting of live wood
from culturally important, medicinabr fruiting trees(Twine, 2005; Kirklandet al. 2007)
peopleinsteadharvested fuelwood from dead twigs, dead stems or branches. In theory, these
traditional resource management structures are still in pl&dh. the increase in human
population and the resultant demand for fuelwood and timber, in rural communities, traditional
management is oftezontravenedandenforcementas weakened due to the decrease in dead
wood availability Giannecchini, 2001Twine, 2005; Kirkland et al 2007). The absence or
weakening otraditionalresource management systems in these communa) mr@ess them
vulnerable to resource exploitatiekeet al.2006) and anincreasen the live harvesting of
treeg(Kirkland et al 2007;Matsikaet al.2013, bush encroachment, coppicing, and/kating

of trees smaller thani® high(Fisheret al 2012; Mograbiet al 2015) The effects of human
disturbances within communal woodlands sgen indistinct changes in species composition
and vegetationstructure (Shackletoret al. 1994). These changes often decrease with
increasingdistance from communities (Shackleten al. 1994). This suggests that the
vegetation patterns in these communal aigeaslated to harvesting and continued use of the
natural resources (Wessetsal.2013). Wesselet al.(2013) found that biomass ireases with
distance from a settlement, which was linked to thec#léction of fuelwoodFisheret al.,

2012; Mograbkt al 2015)

Theintense persistence of human disturbamoe harvestingiesults in a decrease of
woody biomass, species richness amebdy plant density in conjunction with changes to the
overall vegetation structure including decreasing height classes and basal steiNekeeat
al. 2006) Fisheret al (2012) found that due to heavy utilisation, the disturbance and woody
biomass gradients may have coalesced and could disappear ovehrwtteer study found
thatif the quality and density of fuelwood decreases and becomes too low to make harvesting
worthwhile, then fuelwoodollecting preferences my chan@hackleton, 1993A communal
rangeland study, conducted by Fisbeal.(2012), found that high levels e&source harvesting
reduced the structural diversity of rangelands, by changing the amplitude of height class
distributions Matsikaet al.(2012) found that a 40% reduction in biomass results in a degraded
woodland and causes shift in species composition. Fistedral. (2012), found that under
extreme conditionsteduction in distance gradientehich is seen as a warning of severe

woodland degradation. As fuelwooflhouseholds’ preferred species and stem size is no longer
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sufficient interms of quality and quantity, households may begin to harvest trees with a smaller
stem diameter. This has huge implications for the recruitment of the plants, as they are then
unable to reach reproductive maturity before they are harvebtethen renders adult trees
“functionally juvenile” (Twine, 2005). To ensure the continued supply of resources, as well as
their sustainability in the future,ig becoming increasingly important to quantify the biomass
within these communal areas atetermine théong-term effectghat continued harvesting has

on the biomass

1.2.8. Measuring vegetation structure and quantifying vegetation biomass
Biodiversity comprises of the structure, composition and function of living organisms

within a system (N0s4.990). Historically, biodiversity research has focussed on compositional
diversity, even thouglit is structural diversitythat gives rise to landscape heterogeneity.
Vegetation structure is defined as the spatial and temporal organisations of aboveground
vertical and horizontal components that determine the position, extent, quantity and type of
vegetation (Lefskyt al.2002). It is the composition and diversity of vegetation structure that
provides information about the functioning of the vegetationsityeét al.2002). For example,
Shackleton (2000) found that there was significantly less herbaceous cover and lower
vegetation height in communal lands comparison to protected argasch asationalparks

or private game reservesyet the communal fals also had significantly higher species
richness. Structural complexity has been linked with, the productivity of a landscape (Aguiar
and Sala, 1999; Ishét al. 2004),inhabitability and species richness of a landscape (ldalaj

al. 2000), the regulatn of edge effects (Harpet al.2005), as well as ecosystem health and
integrity (Manninget al.2006.

The importance of vertical complexity in a landscape often over looked when
looking at structural diversity (Mogralat al. 2015)., vertical complexity has relevance to
ecosystem functignas canopy height is related to biomass and productivity (Lefsla}.
2002), biodiversity (Herreman4995; Halajet al. 2000; Lumsden an&ennett 2005) and
contributes to structural hetggeneity (Hallet al.2011).To understand the state of an area, the
biomass needs to be assessed which can only be achieved through vegetation structural

information derived from vegetation structure studies (efadll.2011).

By studyingan area’s woody biomass and vegetation structure it is possible to quantify
the ecosystem services areamay provide, suchsafuelwood, wild fruits and vegetables
(Colganet al.2013)., repeated biomass measurements over time can show the estimated grow
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rate of trees which can aid in the understanding of an areas thresholds for changedColgan

al. 2013). Traditional vegetation sampling methods are often reliant on manuedésioactive
field-based sampling of structur@haracteristics, suds stendiametertree height, literature

reviews and map interpretation (X@¢ al, 2008; Colgaret al 2013). This data ithen used to

create allometric equations to estimate a-t@ean aresd biomass. These methods are
beneficial as they often generaighly accurate measurements (Mabowe, 20@&)st ofthese

methods have been created and carried out in forest ecosystems and very few have been applied
in savanna systems. fielthsed methods are not effectfoe vegetation samplin@gs they are
labourintensive; time consumingyith large quantities oflatathat needs to blmgged ad

often expensive. They alsannot be applied to areas larger than FHisheret al 2013)

additional vegetation sampling methods are required for larger areas.

In the past, remote sensing techniques have been utilised in an effort to assess the impact
of anthropogenic activities on vegetation structure through mapping vegetation types, land use
and land coveffisheret al 2014)., remote sensing data often matches poorly with sscale
field measurementdue todiscrepancies between spatial resolutidmmages and field data
(Baldecket al.2014). ReRmote sensing techniques have limitations for ecological applications
as the sensitivity and accuracy decreases with increasing above ground biomasse(ladfsky
2002) They also poorly represent spatial patterns as they produce two dimensiagas
which cannot accurately represent the thdimeensional nature of a system, such as a forests

canopy (Lefskyet al.2002).

Active remote sensing methods such as LIDAR (LigtatgingDetection and Ranging)
offers an alternative method that incorgesmthe 3D structure of vegetation while also
increasing the accuracy bfophysical measurementsiDAR is a more robust method for
measuring vegetation structyrbecause of thinear relationship between LIDAR measured
height and fielemeasured heightwhich allows for the creation ofanopy height models
(CHM) based on the laser’s ability to penetrate through vegetation (Wehr and Lohr, 1999;
Donoghue and Watt, 2006; Wessels al. 2011). LIDAR directly measures the vertical
distribution of vegetationanopies and sutanopies that provide higiesolutioncanopymaps.

It provideshighly accurate estimates of vegetation height, cover and canopy structure (Lefsky
et al2002). LIDAR hasbeenusedin forest systems to measure fuel loads and structural
attributes such astree height, biomasand canopy cover (Lefskst al. 1999; Lefsky et al.

2002). Although LIDAR cannot directly measure all the attribate®getatiorstructure these

can be daved from other measurements such as canopy héigferet al 2013). Alternative
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uses of LIDAR include estimating carbon storage and mapping topographic features (Lefsky
et al.2002 Colganet al 2012.

LiDAR uses active sensors that emit laser pulses that measure the distance between the
laser and the target surfa@ehr and Lohr, 1999 Multiple return LIDAR systems are often
usedto map vegetation structyrehich allows for multiple reading® be recordetbased on
the number of objects the laser interceptsts pathway down to the surfa¢®r example, the
first return pulse woul give the top of a vegetation canopy while the last return pulse would
more often than not be the ground (Lefekal.2002) Figurel.3).

The use oLiDAR makesit possible to study the effect of land umebiodiversity by
guantifying 3D woody vegetation structure and structural patterns across the landscape (Lefsky
et al.2002a; Turneet al.2003).
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Figurel.3 LIDAR measuremets of vegetation (Lefskgt al 2002).

1.3. Aims and Objectives
1.3.1. Aim of study
The aim of this research is to enhance the understanding of the role that above ground

woody biomass plays in rural SouMfrica, focusing specifically on the impact that the state
of the woody biomass has on surrounding communities’ food security. The broad objectives

of this study are divided into two categories:
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1.3.2. Objective 1: Investigate the impact of human land use oneatpmund woody
biomass in communal woodlands

a. How does the state of the communal woodlands vary between villages?

b. How does above ground woody biomass vary spatially in the selected study villages
communal woodlands?

o0 How does the above ground woody bionfassid in Bushbuckridge communal
woodlands compare to those found in Limpopo communal woodlands?

c. How do biomass gradients vary between communal ardasipopd?

d. How does above ground woody vegetation structure change with increasing distance
from humanrsettlements?

e. How doesahousehold’s access to natural resources vary spatiallyin the selected study

villages communal woodlands?

1.3.3. Objective 2: Investigate the link between state of surrounding local woodlands
and communitiesd food security
a. How does theuse of natural resources in the communal woodlands vary across the

selected study villages?
o What quantity of these resources is being used annually?
b. How has the availability of natural resources changed over the past five years across
the selected villagé€s
c. Do the perceptions of resource availability by household members influence rural
consumption?
d. How does the state of the surrounding woodlands influence the local community’s food
security?
o How does food security vary across the selected study villages?
o What is the relationship between food security and state of environment?
o What is the relationship between household use of natural resources and food
security?

1.4. Study Area
1.4.1. History of Limpopo, South Africa
This research was conducted in rural villages teatan Limpopo Province, South

Africa. Limpopo is one of South Africa’s poorest and most rural province, with 78.9% of the
inhabitants living below the poverty line (Hall al 2012;StatsSA 2012)., the livelitoods of
theseinhabitantsare closely linked to land usdor both agriculture and resource harvesting
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(Hall et al 2012). The land of South Africa, and particularly Limpopo, has a long history of
overgrazing from whiteowned cattle farmgduring19131940 (Pollarcet al. 2011).Thistrend
continued andvas further exacerbated by the start of Apartheid in 1948e Promotion of
Bantu SelfGovernment Act of 1959, resulted in the forced relocation of black South Africans
to designated ‘homelands (Pollard et al 2011). Under the Apartheidgovernment,the
communal farms and lands of Limpopo were divided into tiBeetustanhomelands:
Gazankuly Lebowaand Venda(Thornton 2002 Thornton,2003; Hall et al 2012). The
relocation of black people into thgantustanhomelandscontributed tathe huge population
densities seen today apthceda massive increase in pressure on natural resources (Thornton,
2002). Today, 74.4% dfhe households in Limpopare incommunal lands governed by
traditional authorities, in comparison to the rest ofcihientry (27.1%) (Statistics South Africa,
2012).

1.4.2. Socieeconomic context: Case studifages
Four casestudy villages were selected in Limpogouth Africanamely Vyeboom,

Mafarana, G&Selwana andKa-Ndengeza (Figure 1.4 The settlement patterns within
Limpopo represent semiiral and rural communitiegypical of those found within north
eastern South Africa (Huntet al 2007). The villages are distributed throughout the landscape
and are surrounded by communal rangelafit®se communal rangeland® used for the
collection and use of natural resources, such as firewood, fiikj vegetables building
materials, traditional medicires well as grazing for livestocki(nteret al 2007). A typical
village comprisesf multiple homesteads which areade up omultiple dwellings, sometimes
with livestock enclosures and often smedhle agricultural fields or orchards of fruit,
vegetables and other crops (particularly mai)ngeret al. 2007). Although these areas fall
under state control, which ieesponsible for service delivery, theye alsomanaged by
traditional authorities who are responsible for mediating disputes, regulating the use of land
and natural resources and homestead allocation. These traditional authorities dvaseuef
andexist within the greater South African political infrastructure with individual headmen from
each community reporting to an appointed tribal authority.ldihe tenure in these villages is
communal and controlled by headmen or chiefs who section the lancesndential, arable
and communal areas for grazing of livestock and the collection of timber anrtinizer
(Shackleton and Shackleton, 2000).

The population of these areas ranges from@&0people living in the BRhabborwa

Municipality and 516 031 gople living in the Makhado Municipality, with an intermediate
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population in the Greater Tzamelunicipality and the Greater Giyani Municipality (StatsSA
2016). The socik®conomic conditions of these villagage characterised by poor economic

and infrastucture development with densely populated human settlements ranging from 20
persons/krhin Ba-Phabborwa Local Municiglity to 120 persons/kiin the Greater Tzaneel

Local Municipality (StatsSA, 2016). The local districts where the selecteestabe vilages

are located are characterised by widespread poverty, where unemployment rates range from
36.7% to 47% (StatsSA, 2016Yillage residents rely heavily on communal rangelaiods

their livelihood Due to shortages of land and widespread poverty, many village resilestts

rely on money received from migrant household members and / or government socidbgrants

survive(Twine et al 2003)

The case study villages were selected to represent a odrgeciceconomic and
environmental contexts within the communal areas of Limp@uerall villagepopulation
density number of household and average household size were extracted from the Census 2011
survey GtatsSA, 2016).Measurements of the spatiadtent of each of the villages were carried
out using the 2014rthophotosn ArcGIS 104. The villagesettlementrea,for this study is
defined asthe total area of the residential area and the village commons (woodlands and

rangelands)Table 1.).
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Figure 1.4 Locations of the four selected villages, Vyeboom, Mafarane5&aana anéa-

Ndengeza Limpopo Province, South Africa. Coloured polygons represent the Local
Municipalities of the selected study villages.
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Tablel.1. Spatial extent and soegconomic characteristics of theur Limpopo Case Study
Villages(Stats SA2016§.

Villages

Vyeboom GaSelwana Ka-Ndengeza Mafarana
Total Population 5026 5263 4 637 2554
Population Density 824 1131 769 1266
(persons/krf)
Number of households 1271 1 350 1331 698
Average Household size 3.9 3.9 3.5 3.7
Village settlemenarea (ha)* 5212 8474 5624 1961
Total Woodland area (ha)* 4449 7 838 5212 1817
Woodland availabilityfHectares 3.5 5.8 3.9 2.6

of communal woodland/

Number of households) *

Woodland extraction pressure 0.29 0.17 0.25 0.38
(Households/ hectare of

communal woodland) *
*Calculated from the orthophotos and LiDAR data for each of the case study villayeGis 10.4

1.4.3. Biophysical characteristics of case study villages
The vegetation found in Ga&elwana is broadly classified as TsemdVopaneveld,

dominated by thornless, brodéehfed, deciduous tree species such as mutlistemmed
Colophospermun mopan&enegah nigrescensand Combretum apiculatuniMucina and
Rutherford, 2010)The terrainis comprised ofslightly undulating plains with an average
altitude of between 30850 m. Potassiuapoor, quartZeldspar rocks of the Goudplaats
Gneiss Bisement underlie treil in threequarters of the area, while the nedhsterrquarter

is underlain by clayey soils. The climate of the area is characterised by summer rainfall and
very dry winters, with a Mean Annual Precipitation (MAP) of approximately-@&D mm
(Mucina andRutherford, 2010Q)

The vegetation found in Vyeboom, Mafarana &aeNdengezas broadly classified as
Granite Lowveld, dominated bjerminalia sericea, Combretum zeyhand C. apiculatum
trees n the deep sandy uplands, whitee lowlands arelominated bySenegalianigrescens
Dicrostachys cinereandGrewia bicolor Thisvegetation consists of tahrub landsvith few
trees as well as dense thicket to open savanna in the bottomlaedsils are underlain by
theSwazian Goudplaats Gneiss, Makhutswi Gneiss, Nelspruit Suite and Mpuluzi Granite. The
area is characterised by summer rainfall and dry winters, with a MAP of 450mm in the east to
900 m in the wegtMucina and Rutherford, 2010)
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1.5. Structure of Dissertation
Chapter lintroduceghedissertationestablishing the rational for the studyljterature

review as well as the research aims and objectingshapter 2, the impact that anthropogenic

land use of four rural villages has on the surrounding comahmanglands was investigated.

This was done by looking at the influence thamanutilisationof communal rangelandsas
onabove ground woodgiomass and vertical vegetation structure. In Chapter 3, the focus was
on household use of natural resources and food security, through the exploration of household
interviews. Chapter 4, provides a synthesis of the study and linking the state of communal

woodlands to household food security.

1
Pre-chapters information f » Declaration, Abstract, Acknowledgements Contents,
h
list of figures, list of tables, list of appendices and
N e L A B R S R / abbreviations

7 ~
Chapter 1: Introduction Information on livelihoods, food security and LiDAR,
information on SLA, description of study areas
a4 R
Chapter 2: Anthropogenicland use
impacts on above ground woody » Addresses objective 1
biomass in communal woodlands

Ve
N

\
Chapter 3: The influence of the state
of surrounding woodlands on »  Addresses objective 2
household resource use and food
security
>4
Chapter 4: Synthesis »  Summary of thesis, synthesis and
limitations and recommendations
N J

Figurel.5. The structure of this dissertation with the names of chapters and the details of the

subject matter that is discussed in each chapter.
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CHAPTER 2: ANTHROPOGENIC LAND USE IMPACTS ON ABOVE
GROUND WOODY BIOMASS IN COMMUNAL WOODLANDS

2.1. Introduction

2.1.1. Understanding natural resource use
Savannas are extensive, socioeconomically important ecosystems made up of trees and

grassesBelsky et al 1993; Belsky, 1994; Scholes and Archer, 199anninget al 2006;
Treydteet al 2009; Ward, 2009)Savannasare important because theypply grazing and
agricultural land, fuelwood, timber and other ftanber resourcewhich plays a vital role in
supporting rural communitiesho depend on these resources for their sur{Nakeet al.
2006; Riginosand Grace2009) The use of natural resourciessavannascs as a buffer
against external shocks experiethae rural househtis (Dovie et al. 2002; Shackletoet al.
2007), such asthe death of the households’ breadwinner. Natural resourceare especially
importantto household# rural areas, where work is hard to obtain, population densities are
high and where HIV/AIDS infd@n rates are higfShackleton and Shackleton, 2008his is
evidenced by gst research conducted in Kruger to Canyons Biosphere ReservewWKrg)
showed that over a Iyear period, the settlement areas of rural villages in the K&
increased byd9.7% (more than 180 Kin(Coetzeret al. 2010).This research found that not
only have the settlement areas increased that the individual settlements have become
denser, suggesting a more intensive utilisation of the settlement space by the gocaling |
population (Coetzeet al. 2010). This coincided with increases of more than 6.8% in human
impacted vegetation (Coetzert al. 2010).All the factors mentioned abowéter the income
potential of a household (Hunteral.2011). Although people reak thenegative effects that
resource harvestingason the natural resource base (Shetck et al. 2007), the direct value
that resources contributed to a househesignificantasno other option exists for households
in rural communitiesNatural resource use acts as a buffer against poverty (Bvi&@003).

For example, in rural villages where electricity is available, 90% of households will still use
firewood as their primary energy source due to the cost of electaicdyhe high ost of
purchasing a stovEwine et al. 2003a Wesselst al. 2013. Natural resources are seen as a
key “common property resource”, as they are generally gathered from communal lands
surrounding villagesThe use of these resources is not monitored etfelst (Kirkland et al.
2007). Based on trescseen elsewhere is South Afrigslatsikaet al. 2012a) it is highly

unlikely thatin the futurethere will be a substantial declimetheuse of natural resources.
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Natural resource use savannas changes the vegetation structure and functioning of
the woody vegetation (Freitdgonaldson and Foxcroft, 2003). the relationship between
humans and savannas is complex. The way in which people use savannas is dependent on
national and local goveance, socieconomicsas well as individual and or group behaviour
(Scholes, 2009)Resource use is not evenly distributed throughout a landscape and usage
patterns are settlement specific (Gianneco#ti@il 2007; Fisheet al.2012), and often reflect
village level characteristics (Twiret al 2003; Twing 2005, Kirklandet al.2007).Not only
has the distance from settlement increased for fuelwood collection, so has the time taken to
collect fuelwood, which has increased from 28@wutes per trip in 1992 to 268 minutes per
trip in 2002 (Madubansand Shackleton, 2007)Matiska et al. (2013 found that in
Bushbuckridge households were spending between 18810 minutesper trip, collecting
firewood (Matsikeet al 2013).

Suchchanges can explain large increases in biomass seen beonfidm settlements
in 2008 as households have started switching to purchasing fuelwood from vendors who
collect firewood using vehiclestherthan collecting it themselvé&iannecchinet al 2007,
Wesselset al. 2013. It is essential that there is an understanding of the local interactions
betweematural resourcase socioeconomic factors and the structure of theses ecosystems to
ensure their longerm sustainabilityBy examining the pagtns of resource extraction in
communal rangelands further insight into the factors driving the use and extractisoustes
can be understoodnhile also identifying the heavily utilised areas. Although the use of natural
resources increases human wamding in the short term, in the long term the over use of
resources has been at the cost of ecosystem degradation and future generations’ well-being
(MA, 2005; Mograbiet al 2015). Natural resoureaeseimproveshumanwell-being,butit can
have detrimental impacts on teavironmentwhetheror not,it is used as a desperate coping
strategy The growing human population and expansion of rural settlensmtthe over use
of natural resources is having a contaminant effect on the surroumatimgl environment
This impactis seen radiating outwards from a village and is evident by small ‘hotspots’ of

biomass change through the communal rangeldfidsdret al 2012).

2.1.2. Understanding access to natural resources
Access to natural resourcesud lead to the unsustainable use of resoyregsecially

in rural areas (Norfolk, 2004). Many rural African households have come to rely on a wide
range of income generating activitiés, example the collection of firewood via trucks for sale

purposes Some of these activitiesare acknowledged to be socially or environmentally
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detrimental (Leeet al. 2009). The livelihoods of rural people without access, or with very
limited access to natural resourcaee vulnerable because they have difficulty in g
food, accumulating other assets, and recuperating after natural oresoocilmmic shocks or
misfortunes (Baumann, 2002).

Access taatural resources is a central criterion to assuring sustainable rural livelihoods
(Lee @ al. 2009). Natural resours®ecome natural “assets” when access to these resources are
assured, either through asset ownership or other forms of secure access and comtail(Lee
2009). Natural capital or natural assets are often considered one of the five forms of capital
asses (Carney, 1998)he five categories of assefadure2.1) are keyfactorsthat influence
livelihood strategies and opportunities used by individuals and householdst(&e2009).
The ability to access various combinations of natural capital or natural ekt gietermine
how a household’s livelihood may bevulnerable or robust (Shackie and Shackleton, 2000).
For example, a larger asset base may mean that households are less constrained by choices
between livelihood strategies, this means that they can easily substitute one form of capital for

another (Leet al.2009)this helps redce their level of vulnerability.

It is important to note thatccess to natural resources, in and of itself, is not enough to
ensuresustainabldivelihood, food securityor generate sustainable household incomes and lift
the poor out of povertide Janvret al.200], Leeet al 2009. As previously mentioneaiatural
resourcesan contribute up to 30% of a household’s livelihood stream (Bonti-Ankomah, 2001
Dovieet al 2005. The factors limiting access to natural resources will fluctuate betareen
given situation and between households. Despite this, access to natural resources contribute
significantly to mitigating the impacts of poverty and improving human -beihg, in
conjunction with other forms of capital assets (mentioned above) caniingkrove a

households’ livelihood security.

It is widely understood that there is difference between productidrasedfood
availability and a household’s access to food (Sen, 1981; Kirkland et al. 2011) Thereis a
differencebetween the physical availability of natural resources and the access that households
may or may not have to these resources (teal 2009). Essentially, it is the access to a

resource that determines utilisation rather than the overall supply orlitstilaf a resource.
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2.1.3. Access to natural resources
Not all woodland resources are exploited equa#ly households prefer certain

resources for specific tasks. (Tepal. 2006).The likelihood of a woody plant being used is

not only determined by preferencits accessibility (determined by location) and availability
(determined by local custom atalvs) also plays a rol@op et al 2006).Understanding the

access taand useof natural resources important in rural landscapes, where livelihood
strategies are linked to access of landeusins, 1999Shackletoret al. 2001; Dovieet al.

2005. One of the aims of this studig to highlight how the use @lommunal woodlands and

their associated impacts vary between villages. Just as communities and households can be
differentiated based on their social and economic statuspsmatotheir access to and use of

natural resources be differentiated (Kepe, 2002

As discussedChapter 1) past research has showed a general pattern of depletion of
resources close to villages and roads, with higher biomass and canopy cover further away from
anthropogenic impacts (Wesselsal. 2011;Fisheret al. 2012; Wesselset al. 2013 Mograbi
et al.2015. Thissuggests that disturbance to a landscape by human utilisation, increases with
increasing distance from human activitigoetzeret al 2010) This has previously been
defined in thé‘Central Place Theotywhich describes villages or settlements as central points
with an associated sphere of influence. This influence radiates outwards from the settlement
and is directly proportional to the size of a settlement (Christaller, 1993). This thexdsp
basedon the notion that the range an individual will trayeb obtain a certain resource or
resources is related to the importance of that resource to that individual at a given time. This
“Central Place Reory” is limited, as it assumes that resourceslyirgire distributed evenly
across dandscape ansecondlythat resource use is homogenous through a landssajike
“Central Place Theotyis not an appropriate theory to apply in cultural landscapes (Farina,
2000). An extension of tH&Central Placd heory’ is the idea of disturbance gradients, which
depict high to low human disturbance radiating outwards from a villagedrandesembles
a piosphere (Shackletat al 1994).

Disturbance gradients have been seen before in research conduBtsthiruckridge
(Shackletonet al. 1999 Shackleton and Shackleto2Q00; Shackletoret al. 2002; Twine,
2005 Fisheret al. 2012; Matsikaet al 2012; Mograbiet al. 2015. The piosphere method

again assumes that disturbance occurs in a radial patterarddtem a village or road, linearly
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in all directions (Adler and Hall, 2005), and assumes homogeneity of resources. It does not
considerrommunal land boundaries or the social proestet drive resource use (Adler and

Hall, 2005). Shackletost al (1994) suggestthat the mechanism for the pattern of resource
use isbased on théact thatpeople use resources that are closer to the villagenangeasily
accessibleThe gradient of disturbance around a village is not linear, as the areas whége peop
harvest resources from is not only determined by accessibiligisniby the availability, the
patchiness of biophysical characteristics, conflicts and guaitical aspectfMograbiet al.

2016).

Evidence suggests that the extraction and utilinadnatural resources is related to
the economic cost of collection and resource availability (Dewees, 1989; MacCatredld
2001; Hegaret al.2004; Pattanayadt al. 2004). Often the collection cost is determined by the
distances travelled to esoure, the difficulty of extraction and the resource qualithe
changes in resources consumption patterns can be predistsukt collection increases as
supply decreases. If it @ssumed thaksource collection is a function of the distance travelled
to collect it(MacDonaldet al.2001; Hegaret al.2004), thenby assessinthe cost of choosing
the mostcosteffectivepath, it is possible to predict the likelihood afesourcebeing chosen
over other alternatives. It is alpossiblethataboveground vegetation that is heavily impacted
by resource collectioasit hasthe highestcost associated to the harvester. This may be a
function of slope, the distance travelled to tite sf the resource, the accessibility of the
resource (access roads, pathways, bush encroachthetdad carried back to the homestead
the quality and quantities of a resoufbacDonaldet al 1998, Hegaret al 2004, Pattanayek
et al 2004). Exploring the cost associated with collecting a given resouvtay be a more
effective wayto describe patterns of resource ,usen the “Central Place Theory” and the

Piosphere Theory, as cost can be determined threegralcombined limiting factors.

2.1.4. Impactsof nontimber forest productase on the ecosystem
Larger single standing trees areiraportanceto savannas systemnes they play a key

role in maintaining the functioning and the structural diversity of these ecosystems (Manning
et al. 2006; Treydtestal. 2009). Trees protect the soil surface in two main ways: namely the
litter layer and the leaf canopy (Sanclezal 1997).Large trees also provide shade, reduce
evapaotranspiration of the belowanopy herbaceous layer, and increase local nutrienthwhi
are accumulated close to root systems (Bedslal. 1993; Belsky, 1994; Manningt al 2006).

The quality of the vegetation, shade and mitabitats associated with large trees, attract
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different fauna and increase the local biodiversity of savarBelsify et al. 1993; Belsky,
1994; Manninget al 2006§. Thesefactors highlight the important role that trees play in

maintaining structural integrity, diversity, ecosystem functioning in savannas.

Large trees are also so@oonomically important ashey provide fruitwhich can be
harvestedor directuseandsold for additional income (Shackleten al. 2003; Luogaet al.
2005; Kirklandet al. 2007). Measuring large trees in communal areas can serve as a proxy for
cultural ecosystem services as they are often valued forctiigiral significance(Shackleton
et al 2003; Luogeet al 2005; Kirklandet al 2007; Mograbi, 2014). For example, in South
Africa, there are certain species that are conserved in communal areas area @Vessels
2011) and it is considered taboo to harvest wood from these trees, ndaulsl Berry
(Diospyros mespiliform)s Marula (Sclerocarya birrea and Monkey Orange(Strychnos
speciey(Madubansi and Shackletd007; Mograbi, 2014)Any changes to the number amd
height of these fruiting treesightbe an indicator of fuelwood scarcigs people are prepared
to violate local taboos and harvest live woddhis was bserved in Mafarana communal
rangelands during this study, where people were seen harvesting live Awdutiionally, in

Mafaranamanyfruiting trees had their branches removed.

Savannas aralso prone to bush encroachmehtvoody speciesvhich can result in
the suppression dferls andpalatable grassésr grazing(Archeret al.2001; Meiket al. 2002;
Ward, 2005)Bush encroachment in savannas is controllednaaidtainedoy dynamics such
as fire, rain and harvesting, if there is arré@ase or decrease in either one of these controlling
factors it can alter the structure and functioning s#vannagStaveret al 2011).Bush
encroachment in savannas is often attributed to overgrazing, over harvesting and unsuitable
fire regimes (Obatal. 2000). Bush encroachment is exacerbated by continued harvesting of
woody vegetation by humans (Rietkerk and van de Koppel, 1997). Intdmaivestingof
natural resources that change the structusawdinnaghreatenso alter communal rangelands
into homogenous, functionally inferior landscapes (Mogsedbal. 2015). It is essential to

conservdarge treesto maintain and ensure tlseistainabilityof savannas

Woody biomassstimatescan be used to quantify provisioningecosystem service
such aduelwood. The distribution of biomass depicts the spatial pattern ofedaphic and
climate gradients as well as responses to disturbances (De €askrd998; Frolkinget al

2009). Due to the vast number of people that reside and depend on savanna ecosystems in
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South Africa, the rate of harvesting of woody biomass is high, which can have detrimental
effects on the ecosystem over time. For exanguiencrease in shrub sterargsitycan be seen

as bush encroachment, which results in a decrease in palatable grass Episaieduction in
palatable grass specieduces cattle grazing which influences the soil nutrient content of the
landscapeas cattledefecationincreases th soil nutrientdMoleele et al. 2002). Moreover,

bush encroachment can change the behaviour of ungulabaesilvtinen tend to avoid densely
vegented areas, creating a domino effentthe ecosystein vegetation (Riginos and Grace,
2008).Bush thickeningan be exacerbated by continued wood harvesting and coppicing shoots
in communal rangeland®esertificationthe opposite of bush thickening, is also detrimental
for ecosystem functioning (Mograbi, 2Q14sbare patches of land increase surfaeger run

off, decreasedhfiltration, an overall loss of soil nutrientand soil erosiorfRietkerk and van

de Koppel, 1997).

The impact of humans on the landscapevislentin postApartheid South Africa,
where tradional authorities’ control over natural resource use within communal rangelands
has deteriorated (Kaschudd al. 2005; Twine 2005)This is exacerbated by tHact that
households areftendisinclined to limit their personal consumption wheuoe to diminished
resourcecontrol other householdshave unrestricted accedlse natural resources in their
rangelands(Scholes, 2009)The change in rural villagesulture, expandindghomesteads
poverty and a high reliance on natural resoyrcespled wih nonvillage residents using
vehicles to collect large amounts of fuelwood for commercial purposes, has added to the
increased demand and subsequent decline in natural resiounges villages (Twine, 2005).

This is evident by the increasesthe distancehouseholdsare prepared to walto collect
fuelwood.It was100m in the 1980’s and in the 1990’shad increased tb000m (Giannecchini
et al.2007).

A trend in decreasintand cover haslready been observed in the greater Kruger to
Canyons (K2@¢ Biosphere Reserve (Coetzaral. 2010; Coetzeet al. 2013). A communal
rangeland study conducted by Fisheal (2012) found that areas where high wood harvesting
occurred that the structural diversity of the area was reduced, through changing height class
distributions. Past research on hurnapacted vegetation surrounding rusattlementshas
shown that there has been a decrease in humaacted vegetation with increiag distance
from villages (Coetzeet al. 2010; Coetzeet al. 2013; Mograbiet al 2015). Under extreme
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circumstances, disturbance gradients decline in highly utilised areas and this is a warning of

severe woodland degradation (Fiskeal.2012).

2.1.5. Detection ohatural resource uspatterns
Acknowledgingthat anthropogenic drivers are important in commusayannass

essentiallt is imperative that the degree of woody biomass utilisation is kritownsure the
sustainability of resource harvesting ath@ resilience of the ecosysteilograbi, 2014).

Wood harvesting not only changes woody biomass but also the vertical structure of vegetation
which in turn impacts the overall functioning of savannaéke verticalcomplexity of
vegetation is important and vital to an ecosystem’s functioning, as canopy height is related to
biomass and productivity (Lefskst al. 2002), biodiversity (Halagt al. 2000; Lumsden and
Bennet, 2005) and contributes to structural integaityl heterogeneity (Hadt al 2011).
Communal rangelands are an example of where-wdeccur between human requirements
and ecosystem services. When woody biomass extraction, like fuelwood harvesting, occurs
beyond sustainable limits, it threatet® provision of other ecosystem services (Mograbi,
2014).

Biomass estimates are often complex, due to the variable species richness, composition
and structural complexity (Mograbt al 2015). Biomass quantificatid®o canopy coverloes
not provide inbrmation on where in the vertical canopy the biomass is concentrated (Mograbi
et al 2019. It is key that the right scientific methods are apptedstimate biomass and
determine the ecosystems vertical structure and functioMogitoring changes in aody
vegetation structure can be equated with monitoring the sustainability of ruraluseod
(Mograbiet al. 2015. The value of this researcis that it will provide a baseline for future

assessment of natural resowricethe area.

Historically, ecolgists tend to use used fielchsed methods to measure vegetation
structurefor examplesampling vegetation using transects or plots on the ground (letsaker
2015). While these studies are effective at measuring a relatively large number of trees, they
often can only be applied at smaller scales l{gb (Higginset al 1999; Shackleton, 2000;
Witkowski and O'Connor, 1996). Due to the heterogeneity and patchy nature of savannas, it is
necessary to use alternative methods #uequately measure vegetation structure. This is
especially relevant when measuringgetationon a larger scale, to ensure that the

heterogeneity at varying scales is recorded.
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The use olLight Detection and Ranging (LiDARgpplication in biomass studiéss
increasedn recent yearss it aided in improvinghe accuracy ofandscapescalebiomass
estimation methods (Colgast al. 2013). As LIDAR extends spatial analysis into the third
dimension by providing an opportunity to analyse the structure cf@systenfLefsky et al
2002). LiDAR sensors directly measure thB 8istribution of plant canopies as well as canopy
topography. LiIDAR datasetsare often large andimplified into summary statistics, often
including canopy cover (Lefskst al.2002a; Amersoret al.2006; Meyeret al.2013) These
do not express savanna heterogeneity in an ecologically meaningful céigbgtdét al.2011;
Wesselset al. 2011, Fisheret al. 2014). LIDAR data allows for the analysis of vertical
information whichopensa suite of possibilities for further analysisten LIDAR application
in savannas makes use of voxels (volumetric pixels) which a2 sunmary of the-® point
cloud by binning LiDAR laser returns into aggregate height classes (Weishamlal
2000).The analysis of this dagaroduces high resolutiomaps and highly accurate estimates
of vegetation height, cover and canopy structwt@ch can then be used to generab®ve
ground biomassgstimatesThis information is useful in analysg savannas where the main
concerns are focused aroundsustainable resource use which can lead to desertification or

bush encroachmenwhich is a 3D problem.

LiDAR, which in summary idased on accurate measurement of the return trip distance
of emitted laser pulses, is now widely used in terrestrial environments to assess woody
vegetation structure and map landscape topography (e.g. Letsky. 2002). Vertical
subcanopy structure of vegetation canopies, cannot be derived from traditibnan2ote
sensing methods and top of canopmyver is a poor predictor of scénopy cover (Fisheat al
2015) 3-D field-based efforts are impractical at landscape scales such as those being carried
out in thisdissertationThe use of LIDARs a valuable tool whichlws for repeat estimations
and monitoring of biomass, in conjunction with providing subcanopy information on large
scale geographic areas coupled with fcale detail (Goatley and Bellwood, 2011; Mograbi,
2015). LIDAR has also been applied successfidlassess fine scale vegetation trends over
the communal rangelands (Fistedral. 2011; Wesselgt al. 2011) and to provide baseline
biomass data for fuelwood supgigmand models (Wesset$ al. 2013). The areas being
studied in this thesis are savanrdige to the large arsdeing analysed.iDAR wasused to
determine the structure of these areas. The overarching aim of this study was to investigate

how biomass varies spatially anow thebiomass gradientsaryin four communal woodlands.
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This studyalso aimedto explore how the humampacted vegetation patterns affected rural
householdsaccess to natural resourckastly, patterns seen elsewhereSouth Africa, such

as Bushbuckridge, need to be explored in other areas, such as this study inol_.tmpeg if
humanimpacted vegetation structure is settlement specific or if generalisations can be made

across South Africasavannas.

2.2. Methods

2.2.1. Study Site
For information @ the biophysical characteristics and livelihoods of the people in the

studyvillages please see ChapteBectionl.4 of this dissertation.

2.2.2. Vegetatiorstructure data acquisition
Vegetation structure was measured using a small footprint discrete return LIiDAR

instrument of the four selected study villages communal rangelands: Vyeboom, Mafarana, Ga
Selwana andKa-Ndengeza Limpopo Province, South AfricaAirborne LIDAR data was
colleded at the end of the growing season on tiea2@l 21 July 2014 by African Consulting
Surveyors CC, for 2200 ha that spans the rangelands of the four study vill@gesthesis is

a subset of the LIDAR data collected and focused on the communal rangelands of the four
villages,to determine thédiomassof surroundingcommunal rangelands where the villegge
harvest natural resources. A Robinson R44 helicopter was useleid the LIDAR data. The

LIiDAR data was captured using a RIEGL LMF60 (Huget al 2004). The operational
parameters and key featureBalle 2.1) of the RIEGL LMSQ560 can be altered and
configured to cover a wide field of applications (Hetgal. 2004). Such ashe “range”, which

can be defined based on the desired needs of the user and can be determined during post
processing, which improves the collected data’s accuracy (Hug et al 2004). By altering the

range of the LIDAR systepmore detailednalysis can be performed on the distributed vertical
structures (Huget al. 2004). This was particularly valuable for this study, as one of the aims
was to assess the vertical stdanopy characteristics of commumnahgelandsThe features of

the RIEGL LMS-Q560 in the LiteMappeb60 LiDAR were ideal for application to this study

as it allowed for vegetation parameters to be derived such as tree/vegetation height, vertical
canopy expanse and density, which aids in the facilitation of more accurate biochasisea
vegetation descriptors (Hugt al 2004). The LIiDAR sensor used was flown over the study

sites at approximately 650 m above ground level.
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Table2.1. The key features of the RIEGL LM3560 instrument used in the LiteMap{00
LiDAR system (Huget al.2004).
LiDAR Features RIEGL LMS-Q560 application

Measurement range (target size in excess of |
footprint, normal incidence, visibility > 10 km,
. . . >850matp=0.2,>1500 matp = 0.8
PRR < 40kHz, p gives reflectivity of diffusely
reflecting target)
Measurement accuracy (standard deviation, | + 20 mm

distance depending error < 20)

Scan speed 5 - 160dine scans per second
Scan angle accuracy 0.0025 degrees
Number of Lasers Dual

When using a LIDAR system, it is essential to understand the measurement principle
of differentvegetatiortargetseing analysedrlhe time taken for a discrete retwam be taken
(such as the first and last retumervals), or a complete waveform of the returned signal can
be measur(Figure 2.). The first LIDAR pulse return, typically indicates the top of canopy,
or the sole return in the case of a ground hit, while the last return is often associated with the
ground, unless dense vegetation hindered signal penetration to the grounddeeett al.
2007 Colganet al 20129. Algorithms, based on betweeeturn vertical angles, are used in
pre-processing steps to classify ground versusgronind returns. Thproductof the LIDAR
data is ehigh resolutior3-D point cloud Figure 2.2, fromwhich Volumetricpixels (Voxels)
can be derivedRigure 2.4 (Weishampelet al. 200Q Asner et al. 2007) from which the
vegetation structure and biomass estimates of the communal rangelands could be computed.
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Figure 2.2. Discrete and full waveform LIDAR sensor returning laser pulses off different

vegetation height within the canopy (from: Miura, 2010).

Voxelswere created from binned data over 5 m x 5 m x Figufe2.5). The position
of each voxel was determined by the centre of the voxel in relation to the ground (Maigrabi
al. 2015). The use of voxels incorporates the decrease in sensitivity of local variations in leaf
and branch characteristi@s the frequency @fiDAR hits through a vegetation canojywill
be affected by leaf presence and orientation of the leaves and brd®epeding the number
of LIDAR returns as a percentage in a compihetamalisedvertical column of voxelsemoves
the variation in LiDARreturnsdue tocanopy variatiorfLefsky et al. 2002;Asneret al.2008;
Popescu and Zhao, 2Q@Bolganet al. 2019. To ensure that local variations in leaf and branch
characteristics did not affect the LIDAR data, all the LIDAR data, for all sitescolested
during the same montim winter, 2014 The LIDAR data(points) of each voxel wre
normalised in relation tall the LIDAR points in a complete verticablumnandis pressed as
a percentagéFisheret al. 2014). The voxel data is used to detemrtime subcanopy structure
and characteristics of an area, as the resulting vertical profile is an indication of the mean

density of vegetation at a particular height (Fis#teal. 2014 Mograbiet al. 2015). Thevoxel
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datawerestacked into ecological relevant vertical height classes and are listed in order from
shrubs tatall trees Table 2.2 Figure 2.4. The exclusion of data below 1.5 m was dtme
account for the possibility of ground or grass being misclassified as apowed woody
vegetation (Colgart al. 2012) and that woody cover can be underestimated belomwn 1.5
(Wesselset al.2011).

Table2.2 Ecological height classes of above ground woody vegetation according to which the
LIiDAR estimates of canopy height in thexel bins were classified (Adapted from Wessgls
al. 2010).

Description Functional Significance

15-3m Small Shrubs 1 Often controlled and influenced by fire (Govendeal.
and bushes 2006) and frost (Whitecrost al.2012)
1 Are heavily browsed by smalb mediumsize
herbivores (Birkett and Steveigood, 2005; Schole
and Walker, 1993; Witkowski, 1983).
1 Coppice and encroached woody vegetation, used a
fuelwood production

3-6m Low Trees 1 In conservation areas are targeted by mega herbi
(OwenSmith, 1988; Asner and Levick, 2012; Levi
and Asner, 2013)
1 Used as live fuelwood production and less influen
by fire (Wessel®t al.2010)

6-10m  Trees 1 Less influenced by fire and herbivory (Wesselsal.
2010),
1 Contribute to structural diversity and to ecosyste
function (Fisheret al. 2009. Greatuse to people fo
norttimber products (Wessedt al.2010)

10-30m Tall Trees 1 Fire and herbivory have little influence (Wessetisl.
2010).
1 Seen as keystone structures’ (Tews et al. 2004;
Mograbi, 2014),
1 Often culturally important trees conserved in i
rangelands (Wesseds al.2011; Mograbi, 2014)
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Figure2.3. A portion ofKa-Ndengez&s villages in Limpopo, South Africashowing a.) a-®
view of Ka-Ndengez& LAS Dataset collected from the LiDAR data and b.) a true colour

imageof the same corresponding area showing the trees, houses and homestead bou
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Figur2.4. An image of theKa-Ndeeza/iIIage in Limpoo South Ariowing an a,
overhead view of canopy height model masked at a height betwe8dm with aspotradius
of 10 cm (refer to Sectior?.2.3 and ) a true colour image of the same corresponding
showing the trees, houses, homestead boundaries, riperiaraganeltural fields and mai

roads.
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Figure2.5. LIDAR data slicedmages binned into.gl1.53 m, h) 3.1-6 m, c.) 6.310m d)
10.1- 30 m height classes to create the subcanopy canopy cover voxels with a e.
colour image of the same corresponding area showing the trees, houses, ho

boundaries, riparian zonagricultural fields and main roads.

2.2.3. Vegetatiorstructure parameter extraction
The LIDAR dataetused vereanalysed using the LASTools (Isenburg, 2015) extension

in ArcGIS 104 to createDigital SurfaceModek (DSM) andDigital ElevationModek (DEM).

These models were derived through linear interpolation of the first and ground returns,
respectivelysingladeight andasgroundThe LIDAR data was then heighbtrmalisedusing

the DEM as a referencwith amaximumheight cutoff of 30 m, so that radio masts, birds or
other noise would ndie counted as vegetatiorhe resuliis a canopy height model (CHM),

in raster format. The rasterization process relies on a manual estimate of the pixel size, using
point spacing informatigrwhich in this case was 25 x 25, lmecause of variable point spacing,

not all pixels receive a CHM valuEmpty pixels werepresent, known as “pits” which could
hamper the subsequent analygish as biomas©ne method to reduce the number of pits, is

to replaceesachLiDAR return pointwith a circlewith a radius of 10 centimetréeferred to as
“spot spacing), in this casdasthinwas usedavhich ensuredewer emptypixels(Khosravipour

et al.2014).

After this was preformedhere were no more empty pigdrom point spacingrrors,

there weré‘pits” as some of the laser pulses penetrdeep into the canopy before producing
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a first return(Changet al. 2016) when multiple flight lines are combined some laser pulses
may have an unobstructed view of thheund without hitting any branch€khosravipouret

al. 2014 Changet al. 2016). The resultis a CHM pitfree raster, derived from height
normalised LAS files (Method by Khosravipoelral.2013) and represented the highgsint
valuein eachpixel. The difference between eaw CHM and a pifree CHM is shown below
(Figure 2.5.

The CHM showedcanopy metrics in tiledaster’s, such asmaximumand maximum
vegetatiorheight. By using lascanopgyerage standard deviatiohabove ground vegetatipn
percentiles (5, 25, 50, 75, 95ggetation density amgercent canopy coverereextracted from
the voxel dataBoth CHM andvoxelsmeasurementdescribed aboveare useful for identifying
differences in woody vegetation, with voxel measurements ragegeomplexity within the

canopy that CHM measurements would omit (Figexl. 2014).

b)

Figure2.6. The g standard DSM veus b a pitfree DSM of high density LIDAR data (adapted
from Khosravipouet al.2014).
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2.2.4. Aboveground woody biomassdelling
Destructive methods of biomass sampling involve the harvesting and weighing of plant

biomasgColganet al.2013).Although destructive methods are often the most accfoate

of measuremenseveral issues arise when directly measuring biomass at large scales, such as
harvesting and manoeuvring large tre€sus a varietyof allometric equations have been
generatedy measuring trees stem diameter (D), tree height (H) and wood speciiily gpav

for a small number of trees (Colganal.2013). The measured trees are then harvested and
weighed, and then a statistical regression is created to relate the actual tree mass to the
inventory data (D, H and p). Thisresults in a noestructive lbmass estimation of other trees

in the future.

Allometric equations have been develogpdcific to South Africatreesby Nickless
et al. (2011 and by Jenkinsgt al. (2003, whichuses only stem diameter as a predictor value
for biomass estimation (Colgat al 2013). Thesespeciesspecific equations have a limited
range, as Colgaet al.(2013) found Often tree specific equations have been generated from a
small sample size, whicban result in errors in biomass estimatig@®lganet al. 2013).
Another type of error can arise based on how well the sample area represents the spatial
variation of trees in an area, which is determined by environmental gradients such as

topography, sbiand climate.

Generic equationsare more commonly used iestimating above ground woody
biomass, as they are based on hundreds of the¢sspan a variety of species, geographic
regions and enronmental conditions, such as those developed for tropical f¢féskganet
al. 2013). Past researclonducted by Chavet al. (2004 and Colgaret al. (2013 stress that
the selection of allometry is the magsimmonsource of ewrs in biomasgstimats, aseven
field-allometry had 16%ResidualStandard ErrofRSE) These errors often compound with
averaging(Mograbiet al 2015) Although Colgaret al’s (2013) plot-averaged LiDARderived
biomass estimates had 9% more relative endrigh is thedifference between predicted and
measured biomass) than fididrvested biomass, the bias (mean error) was-8#y(compard to
Nicklesset al.(2011) allometry with 15% more relative error and 50% bias) (Cadgah 2013).
These equations are not alwagccurate enough at regional or landscape levels, and the use of
LIDAR is valuable ast has been used to capture the variability of environmental factors that
can aid in the upscaling of biomass estimates to larger spatitdmporal scales (Asner, 00
Colganet al. 2013).
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LiDAR derived measurements of above ground woody vegetation can be used to

estimate LiDARbased dbmetry and infer biomadsy measuringregetationheight at high
resolutions €.9.<1 m) and then correlating it back to field measured bionllastsky et al.
2002; Chaveet al.2005; Popescu, 2007; Colganal.2012; Colgaret al.2013; Wesselst al.
2013; Mograbiet al. 2015). These assessmernigave contributed taleterminingthe link
between LiDARderived biomass estimates and plot level field allormetrgtetaileiboveand
determining the most appropriate equation for LiDA&ived biomass calculations (Drage
al. 2002, Lefskyet al.2002, Asneet al.2012h Colganet al. 2013;Mograbiet al.2015).

Recent research conducted in Bushbuckridge, Mpumalanga, explored the correlation
between plotevel field biomass and LIDAR derived biomass for 25 x 25 m grid cells that
corresponded to 25 x 25 m field plots (Mograbal.2015). They found that the use of LIDAR
derived metrics, were an excellent practical means of mapping woodlands in communally
utilised areas (Mogral®t al. 2015). Becausdand-scale properties (geology and elevation)
influence on woody biomasdifferentLiDAR -derived biomass equations exist for areas with
different underlying geology, such as graniteggabbrosubstrates in savanna landscajés
biomass equation useBushbuckridge study was a granite equation (Mogealail. 2015),
and the underlyingeology of the study aas in Limpopo was also granite.

One of the aims of this study was to compare the biomass of communal rangelands
from Bushbuckridge to those found in this studywo villages in Bushbuckridge,
Mpumalanga, of high and low extractigpeessures, with the same geology were compared with
two villages or similar extractive pressure and geology. Extractive pressure was determined as
number of people and households relative to the corresponding rangeland area: high (9.2 people
hal); intermediate (1.8 people Bpand low (0.21 people M (Fisheret al.2012; Table 2.3.

Although each rangeland is used by its corresponding settlements, the use of these rangelands
is not exclusive to these villages as foreigners (both local and-lmooder immigrants) are
known to harvest from these areas (Twine 20086 )ensure standardisation of methods and to
reduce the possibility of error5 x 25 m pixel grid cellsvere applied to all analyses tinis
studyand the same granite savanna allognesds used ithis dissertation as used in tabi
et al (2015).The importance of equation type is associated with previous research, that found
that the general, H x CC metric accounted for 75% of biomass variances and minimised residual
error of themean biomass by 48% (Wessels, 200/2sselset al 2013 when applied to sites
underlain with granite substrates.
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For this study, biomass was calculated using the LiEdRved metric of H x CC
(Colganet al. 2012; Mograbiet al. 2015), were H is mean wof-canopyheightwherethe
mean pixel height for values greater than 1.5 m and CC is the proportion of canopyesover
grid wherethe proportion of pixes greater than 1. in height(Colganet al 2013; Mograbi
et al. 2015). The resultant vegetation height map was the primary input to the above ground

woody biomass (AGWB) estimation.

2.2.5. Data extraction and analysis
In order to relate the above ground woody biomass of the communal rangelands and

the presence of biomaggadients arounccommunal rangelands to environmental and
anthropogenic variables, théDAR data selected in this study was based on whether the data
was available and whether the data had featured in previous studies on woody biomass and
vegetation struare in the regional communal rangeland context (Shackleton and Scholes,
2011;Wesselst al. 2011;Fisheret al. 2012; Wesselst al. 2013).Consequentlythe above

ground woody biomassasassessed 200 mdistance bands radiating outwards from a vélag

to determine the presence of disturbance gradiastaellas resourceollection and use from
nontvillage residents. Distancgradientsfrom the nearest roagereincludedand assessed

due to the increasing use of vehicular transport in the ranggfamise et al. 2003a Twine

2005b, Smit and Asner, 201As roads provide easy access to communal rangelands, it was
assumed that this could have an impact on the patterns of resouatelusBuence biomass.

The impact of fire on fuel load was excludieoim this study as low fuel loads from intensive
grazing maintain low grass fuel loads aleds intense fires (Archibakt al.2009. Distances

walked to collect natural resources have increased over the years, which has resulted in the
development of gradients of wood resource availability around settlemiemiise( 2005;
Giannecchiniet al 2007; Wesselst al. 2013).Like Mograbi et al. (2015) distance classes

were created as buffer zones, radiating out from the edge of the settlement areas and roads, in

increments of 20n.

In each of the four case study villages, features of the settlesusttasoads, villages
andrangelancarea were nraually digitized in ArcMapM V10.4 (ESRI ®2014016) using the
orthophotos of the village study ar@gppendix1-4). The resultant data from the biomass and
voxel maps were exported using the zonal statistics tool in ArEMep0.4 (ESRI ®2014
2015) and imported into excel for further analysis. The zonal statistics tool espuersl
basic statistics (e.g. max, min, mean, standard deviation and sum) of the pixel within a selected
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“zone” (e.g. 200 m buffer zones)ln order toassess the relationship between above ground
woody cover and average biomass ANOVA tests were performed on the average communal
rangeland biomass in comparison to village settlement areas. Regression analyses were used to
assess the relationship betwedm\ae ground woody biomass gradients and distance to the

nearest village settlement and road.

2.2.6. Assessing households access to natural resources
After exploring the patterns of humé@mpacted vegetation in the communal

woodlands, the aim was then to explore the link between the accessibility of resources and
household resource use. This was because the research and findings in this study raised mor
guestions regarding thpatterns driving the resource use observed in the four villages
(Discussed irChapter 3. To assess the accessibility of households to natural resources, access
was defined as the least amount of energy required to collect agy gEgource (least cost
path).This was achieved by creating a least cost path map in ArcGISTI®4east cost path
mapswere created usin@ distance analysis tool thedbmpareghe least cost path between
specified locationto determine the most cesffective route between a source and destination.
Cost can be a function of time, distanceaather criterionthat can be defined by the user,
based on the desired outcome of the cost analysis (Briney, 2014).

In this study, Bpe and canopy cover sfmall shrubs werased as proxies to identify
the least cost path associated with a given resource. A path was deemed undesirable if it had a
slope >10% (Leeet al 2009) due to the energy exerted to walk uphill, and a cacor >
50 % of small shrubgat a height of 1.5 3 m), dueto the amount of energy required to cut
through this vegetation to make an access path. The slope and canopgfcivelbs was
reclassifiel and assigned weighted values—(1L0). The value applied to small stubswas
higher than that applied to slope as the area is relativelythatexample, a low canopy cover
of shrubs was weighted as 1, while a high canopy cover of shrubs was weighted’las 10.
proportion of slope and shrub layer was assigneatio 0f30:70sincetheareawasrelatively
flat.

In this study, distance travelled to collect certain resources was not explored, as this
data was not collected during the household intervieligsance to collect a resource was not
used in determining the least cost patfiormation regarding the common resources utilised

by households was collecte@Hapter 3).The accessibility of households taiting trees
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(classified agreesbetween 6- 10 m, Table2.2) was exploredOnly access tdruiting trees

wasexplored asvild fruits areused by97 — 100% of householdsGhapter 3.

Past research has found thagetation changesemost related to ease of accessibility
within the landscape (Luoget al. 2002). Wesselset al. (2013 found that the maximum
distance people are willing to travel to collect resources is approximately 1Gidnmecchini
et al (2007) found that thereas been an increase in the distanatked to collect fuelwood
observed by over a 1fear periodSubsequently a study conducted by Mogethal (2015
found that vegetation harvesting occurred up toktn6away from a settlement boundary in
Bushbuckridje.In this study, lhe distance that people were willing to walk to collect a natural
resource was assumed to be 360Q@o account for any variatiopseviously observed in other
researchThe proxies used to calculate the acce$mwadehold’s to fruiting trees waslerived
from the Canopy height metrics (detailedSection2.2.2above).

TheCostDistanceTool calculates the least cumulative cost distara®a br to the least
cost source over a cost surfaghis is created in ArcGIS by radiating out from the source (in
this case theillage settlement), determining the cost of each cell by identifying the neighbour
cell with the lowest accumulated cost aadding its cost to the total cost of the cell.
Simultaneously, a separate grid, calldubaklink rasterdefines the neighbour that is the next
cell on the least accumulative path, wharcods the direction from each cell to its lowest
cost neighbour. The least cost pathway then takes a desired destination (in this case shrubs and
trees) and finds the corresponding cell in the backlink raster, then traces a path from the
destination bek to thesource by following th direction of each cell to the lowest cost
neighbour(ArcGIS, 2014) A detailed description of the workflow used to calculate the least
cost pathway associated with firewoddgure 2.7 is showrbelow.
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2.3. Results
2.3.1. Communal rangeland above ground woody cover and biomass
The average canopy cover and average biomass of the four village rangelands were

compared with the villages’ area, defined as the spatial extent of the residential area and the

village commonssuch as thewoodlands and rangelandBigure 2.§. Mafarana andca
Selwana had similaettlement area21.43 knfand 21.9&km 2respectivelyln comparison to

the other village&a Selwana had the largest average rangeland canopy ¢dviée Mafarana

had the lowest average rangeland canopy cover. VyeboorKahttlengezahad asimilar
average rangeland canopy cowsith 52.12% and 56.24% respectively. There was no
statistically significant difference between average canopy cover satittmentarea
(F@,2~=0.028,p=0.89. Vyeboom and G&elwana had similaaverage rangeland biomgssr
hectare with 7.40 Mg/ha and.31 Mg/ha respectivelyWhile, Ka-Ndengezéhad the highest
average rangeland biomass (9.82 Mg/ha). There was no statistically significant difference

between average rangeland biomasssatilemenarea F1,2=5.553, p=0.1b
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Figure 2.8 a) Average communal rangeland above ground woodyppsacover and b
Average communal rangeland above ground woody biomass of the four case study
in Limpopo, South African comparison to settlement area.
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The average rangeland biomass for the four villages was then compared wi
villages from Bushbuckridge in a study conducted by Mogetkal. (2015, looking at
humanmediated bush encroachment in communal rangelands. This comparison was
see how biomass patterns vary depending on geographical loGdteaverage rangelar
biomass between Bushbuckridgdpumalanga were significantly higher thmthose in

Limpopo (p<0.05), even though the geology of the rangelands were th¢Tane2.3)

Table 2.2. Biomass(Mg/ha) (mean+ SD) for two MpumalangaBushbuckridge villages
collected in 2012 and for two Limpopo villages collected in 2014, including geology, re

and land use.

Kildare, Ireagh | Agincourt, Mafarana Ga-Selwana
and  Lillydale, | Bushbuckridge
Bushbuckridge
Geology | Granite Granite Granite Granite
Rainfall | Semimesic Mesic Mesic SemiMesic
Wood
extractive| High Low High Low
pressure
Biomass | 45.4+28.4(2012) | 32.5+17.6(2012) | 8.3£14.1(2014) | 7.3+9.8(2014)

2.3.2. Communal rangelandi#®ve ground woody biomagsadients
The rangelandiomass trends were analysed relative to the increasing distance from

the village settlements and from the closest road. In Vyeboom, the within village biomass is
similar to the biomass betweer200m buffer from the villageKigure 2.9h. Overall, thereas

a gradual increase in biomass betwee2200 m from the village, where after it starts to
decrease quite rapidly. Conversely, the biomass from the nearest road gradually increases with
increasing distance. There was a noticeable difference in the lsiomalags between 2400

3000m from the nearest road in comparison to the same distance increment from the village
(Figure 2.9). Although, there is no significant relationship between biomass and increasing
distance from the villagdR?=0.3185 p=0.52 there is a strong significant relationship between
biomass and increasing distance from the nearest road in VygR3et90243 p<0.01).

In Ka-Ndengezathere was a steep increase in average biomass bet#2801® from
the villagesettlement Eigure2.9c). The biomass then plateaus between 120fhd 2600n

after which it begins to increase again. A strong significant relationship exists between biomass

59



and increasing distance from the nearest settlemeaiNdengezaR?=0.71095 p<0.01).

The biomass gradients from the nearest roadatiNdengezdollow the same trend as the
biomass gradient from the villagettlementAfter 2600m from the nearest road the biomass
decreases in comparison to the increase at this increment from the sdttdlgemen(Figure

2.9cc)., Between G 200m from the nearest road, the biomass is three times that of the biomass
near the village at the same distance increment. While between6@m from the nearest

road, the biomass is double that of the biomass near the village at the same distance increment.
Despite this, there is no significant relationship between biomass and increasing distance from
the nearest roadRf=0.14083 p=0.16). Ka-Ndengezahad the lowest within village biomass in
comparison to the other villages (4.42 Mg/ha).

GaSelwana showed the most constant biomass gradient with an overall gradual
increase in biomass with increasing distance fromvilhege settlement Figure2.@l). With
only one noticeable peak in biomass between-10P00m from the settlement. The biomass
gradient from the nearest road in-Selwana followed the same overall trend of increasing
biomass with increasing distandédure 2.9). With only one cleapeak in biomass between
1400-1600m from the nearest road. Biomass gradients, from the settlement and the nearest
road were similar. Ther@as only a significant relationship between biomass and increasing
distance from the settlemeriR%0.34583 p=0.03, in comparison to biomass and increasing
distance from the nearest rod®f£0.11282 p=0.22).

Mafarana had a very irregular biomass gradient with many peaks and dips throughout
the biomass gradient with increasing distance from the settleRignt¢2.9da). The biomass
gradient from the nearest road was also irregular in comparison to the other villages. Between
0-800m, 1400- 1600m and 2400- 3000m from the nearest roadhe biomass values were
higher than those for the same distance increnfientsthevillage settlementigure 2.9d).

There was no significant relationship between biomass as increasing distance from the nearest
settlement or the nearest ro&®¥£0.00545 p=079). Mafarana had the highest within village
biomass in comparisowo the othewillagesat9.77 Mg/ha.
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2.3.3. Communal rangeland above ground vegetation structure dynamics
In Vyeboom, there was a similar proportionsofiall shrubgbushesynd shrubs at all

distance increments from thélage settlement anchanytall trees at 2900 m frorthe village
settlementKigure 2.10b. There was a strong relationship between the canopy coseraif
shruls (bushes)(R?>=0.89671, p<0.01)low trees R?=0.96796 p<0.01) and tall trees
(R?=0.90414 p=0.03 with increasing distances from thilage settlement. While there was
no signifiant relationshipbetween the canopy cover lmw treesand distances from the
settlement R>=0.00318 p=0.84. In Ka-Ndengezaand Ga-Selwana there was a gradual and
increase in soanopy structures with increasing distance from the village settlenfreguise
2.10cand Figure 2.10)l There was a significant relationship between all fourcarnopy
structures distances from thidlage settlement in KeNdengezgp<0.01).In GaSelwana here
was only a significant relationship between the percent cano@y cbshrubs R=0.54938
p<0.01) and low tree¢R?=0.53000 p<0.01)and distance from settlements in comparison to
the percent canopy cover of trg@=0.16949 p=0.12)andtall trees(R?>=0.10008 p=0.25)
(p>0.05). In Mafarana there was no obvious pattern in theeanbpy structures at different
distance increments from thélage settlementigure 2.10% Tall trees were more prevalent
between 0 1300 m from thevillage settlement than between 1302900 m from thevillage
settlement Kigure 2.10%. The percent canopy cover of thmall shruls (bushes)ayer was
higher further way from theillage settlement than closer to thélage settlement Figure
2.109. There wasosignificant relationship between the percent canopy covanafl shrubs
andlow trees with increasing distance from thiage settlementR?=0.00545 p<0.01). Yet,
there was no significant relationship between treedalhuleeswith increasing distance from
thevillage settlement R?= 0.0008 p>0.05).
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In Vyeboom, between-0200m from the nearest road there were a large proportion of
small shrubs(bushes)in comparisa to the other subanopy structuresFgure 2.1b).,
between 120@000m from the nearest road the proportioswiallshrubgbushesandshrubs
is similar and plateaus, where after 2200low trees have the highest canopy cover and
gradually increases while the canopy covesroallshrubsbushesyecrease(Figure 2.100.

The canopy cover afll trees gradudl increases with increasing distance from the nearest
road and trees remadrelatively constant throughout all distance increments. There was no
significant relationship between the canopy covesréll shrubs(R?>=0.00318)andtall trees
(R?=0.2904)increasing distance from the nearesad (p>0.05), while there was a strong
significant relationship betweefow trees R?=0.8967), trees (R>=0.96764 and with

increasing distance (p>0.01)

In Ka-Ndengezathe canopy cover amallshrubgbushes)salmost double that of the
shrubsbetween 8400 m from the nearest roaéifure 2.11c) There is an overall increase in
the canopy cover amallshrubgbushesandshrubshetween 81200m from the nearest road,
after which they then begin to gradually decre&sgufe 2.11%. Despite this, there isnty a
significant relationship between canopy covesmiall shrubs (bushedR{=0.62178 p<0.01)
in comparison ttow trees(R?=0.04222p>0.05).Canopy cover ofrees follows the same trend
as thesmall shrubsub-canopy layer, while the canopy cover of tall trees remains consistence
through all distance increments from the nearest road. Subsequently, there is a moderately
significant relationship between the canopy covertrees (R>=0.47966 and tall trees
(R?=0.42986 with increasing distance from the nearest road (p<0.01)

In Mafarana, the canopy coversifrubgs higher than the canopy coversohallshrubs
(busheshetween 6600m from the nearest road. Between €30 m from the nearest road
the canopycover ofsmall shrubs(bushes) andhrubsis similar Figure 2.11x The canopy
cover of trees decreases betweenl200m from the nearest road and then rapidly increases
between 1202000 m from the nearest road, after which it gradually decreases. agan
canopy cover of tall trees is constant throughout the distance increments from the nearest road
with a peak in canopy cover between @6IBOOm from the nearest roa#igure 2.11a There
was no significant relationship between any of the subcasbpgtures canopy cover in

Mafarana with increasing distance from the nearest road (p>0.05).

In GaSelwana, the canopy coversyhall shrubs (bushebgtween @ 800m and 2200
— 3000m from the nearest road increases gradually, the canopy atseeplateaus between
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800- 1600m and between 1862200m (Figure 2.119l The canopy cover ahrubsgradually
increases with increasing distance from the nearest road with a few dipsEHQD® and
1600- 200 m. There is a significant relationshiptiveen the canopy cover small shrubs
(bushesYR?=0.54968)andlow trees(R?>=0.5329) with increasing distance from the nearest
road (p<0.01). The canopy cover of trees increases betweeh8D0m, and then gradually
decrease again with a peak at 20@200 m. The canopy cover tHil trees is very low at all
distance incremenemndthereis a peak at 14001600m from the nearest roa#figure 2.114l

There is no significant relationship between the canopy cover of(Rée8.16982 and tall
trees(R?=0.10284 with increasing distance from the nearest road (p>0.05). The canopy cover
of tall trees is the lowest in G&elwana in comparison to the canopy cover of tall trees in the

other villages.
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2.3.4. Villages access to naturadsources
The cost maps were generated for the cost associated with colliestinfigom trees

(between 6 10 m, detailed in Section 2.2.6) with the starting point as the centre of the village
settlements which were polygons. Initial analyses usingailable trees as possible path end
points, resulted in either a failed algorithm, or maps with so many overlapping paths that it was
not possible to interpret them in terms of landscape features. As a remedial measure, a cost
path map was generated usitgyseparate randomly selected trees (which met the criteria, 6

10m, detailed in section 2.2.6) each in a separate distance band (1 tree from each of the 200 m
distance bands). From this map, it is evident that the linear lines present on the cost maps
describe an individual pathway to a given resource. This based on Figure 2.12 shows that the
cost associated with the purple pathway is lower than the cost associated with the green
pathway.The pathways overlap the further away from the villageerson getsThis shows

that one pathway can be followed to a point and then change to access a sesgmnfégure

2.12. It can then be concluded that there are numerous pathways to a given resource depending
on where in the landscape an individisastarting from and ending. The least cost pathways
associated with the 12 trees make sense when the cost pathways are overlaid on orthophotos of
the communal rangeland. Based on the analyses of the least cost patha@ysinction with

the orthophotast appears that slope and shrub cover only play a role in the cost associated
with collecting a given resource at the end of that pathway, close to the destifhtfors
becausethe cost patk follow contours or pathways that have already been preliou
established in the rangelar@onsequentlyslopeand shrub cover only factor in the cost at the

end of a given pathway.
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Figure2.13.Least Cost Pathways associated withraB@domly selected trees (classified as shrbbsed on the voxel data collecteCimapter2
Section2.2.3 Table2.2in the surrounding communal rangelanerlaid an orthophoto of théa-Ndengezaillage, Limpopo, SouttAfrica. Slope

and canopy cover agmallshrubs were used as proxies to identify thetleast path associated with a given resource. Proxies were derived from
the Canopy height metrics (detailed in Chapter 2) and were computed in ArcGIS 10.4cAstighequivalent to a slope(®% and canopy cover

of shrubs >50%.
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2.4. Discussion
Biomass disturbance gradients generally occur with increasing distance from human

impacts. The study of these gradientsused to describe the relationship and interaction
between people and their surrounding environm@atrléton and Taylor, 1982; Rafbd,
1984; Belsky, 1987/McDonnel and Pickett, 1990, Mogradt al 2015). Researcbonducted

in BushbuckridgeSouth Africafound disturbance gradies relative to distance from the
nearest settleemt resulted in a change in the community composition, weagk structure
and biomassShackletonet al. 1994; Higgins et al. 1999; Shackleton and Scholes 2011,
Matsikaet al.2012, Fisheet al 2014, Mograbet al, 2015). Fisheet al (2012), found that in
highly utilised rangelands a decrease in disturbance gradients beudd precursor to

degradation.

Whenthe average rangeland biomass from the Limpopo villagascompared with
those in Bushbuckridge South Africa, the average rangelaachass between Bushbuckridge
(Mpumalanga) were significantly higher than those in Limpopo, even though the geology of
the rangelandaasthe same (Table 2.3)he variations in the average rangeland biomass could
be explained by the rainfall, as Limpogexeives less rain annually than Bushbuckridgpese
variations could also be due to the time of year the data was collected as the Bushbuckridge
data was collected in April 2012 while the Limpopo data was collected in July 2014, which
could account fortte lower biomass readings in the Limpogkages.The intensity of wood
extractive pressuralsoappears to influence the biomass of thegelandseen inTable 2.3.
Although there is a more noticeable difference in biomagsk iatensity of use in the
Bushbuckridge villages in comparison to the villages in Limpépmore comparative analysis
needs to be explored on data from each area, collected at the same time of year for a more

accurate comparison of the biomass between the two areas.

2.4.1. State of theommunal woodlands
In this study, the average rangeland canopy cover and average rangeland biomass of

the four case study villages was not influenced by the vilagiemensize,defined asiumber

of residents(Figure 2.8§. At the rangelandgcale acrass the four villages, anthropogenic
influences on biomass and vegetation structure were evidentwasysrticularly true for the
biomass inKa-Ndengezaand GaSelwana where the trajectory of biomass increased with
increased distance from the settlememd the nearest roaligure 2.9. The similar biomass
gradientsfound at bothKa-Ndengezand GaSelwana village settlement®nay be attributed

to thar location as they are both located along a main road and have a secondary road
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transecting the middle of the rangelan@isese roadsllow village residents easy access to

thar respectiverangelands Appendix 1- Appendix 4. Previous research has found that
disturbance gradients typically appear with increasing distance fromedalsigDonnell and

Picket, 1990Fisheret al 2012, Wessels, 2013 ograbiet al.2015. Twine (2005) found that

village residents are increasingly using vehiclesoltect andransport natural resources. This

use ofvehiclescouldsimilarly explain the biomass patterns observeldarNdengezand Ga
Selwana. These biomass patterns indirectly depict the resource use patterns of these two
villages.

High levels of anthropogenic disturbance were evident in Mafarana’s rangeland, where
the biomasgradient was bimodalt had two maximum pointsand human disturbance was
evident at increased distance from the settlement and the nearesteaadrigure 2.9 The
percent canopy covén Mafarana for the subcanopy categories was also bimodahanced
high levels of human disturbance at increased distance from the settleigare .10. This
could be attributed to the fact that Mafarana’s village and communal rangelands are surrounded
by main roadstheR529 and R36These main roadsiakeacces to these rangelands a lot
easier, especially consideringat vehicles are increasingly being used to transport larger
amounts of wood from more distant locations (Twahel. 2003).There is also the presence
of woodland degradation which could als@ben indication of disturbance gradier@s¢tzer
et al. 2010. When the percent canopy cover of the subcanopy categories was explored at
increasing distance from the nearest road, the gradient was more consistent, indicating that the
road access was natlarge factor influencing Mafarana’s rangeland vegetation structure.
Nevertheless, the disturbance present in Mafarana’s rangeland could be attributed to the
proximity of Ka-Ngolombevillage to Mafarana.When villages arenearone another, their
collection base may overlap (Saunders, 2015). This can lead to accelerated extraction pressures
placed on the overlapping areas and high levels of disturlzaaseen(Fisheret al. 2012)
Village residentsn Mafarana verballymentiored that the communal rangelands of the
adjacent villages do natverlap,but this does not mean thtte collection base of adjacent
communal lands are clearly defthd-urthermoreunclearboundaries between villages adds
confusion to naturaksourcananagement (Kirklandt al. 2007)and can exacerbate woodland

degradatiorthrough poor rangeland management

Village boundaries are constantly shifting and eaoflect often arises over boundary

demarcation of villages woodland resource aseas Nemarumwe, 2004). In the former
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homelands, under the Apartheid regime, village communal land boundaries were demarcated
by the government. When a new village was established, during land reallocation and forced
removals (Kirklandet al. 2007), this was done withothe participationof local residents.

Today, in some instances, people lay claims to land falling under two adjacent villages, while
retaining allegiance to only one headman or chief (Kirkleinal.2007). These blurring lies

makes resource management difficult and it has been documented that communitysmember
take advantage of this by extending thescess rights tvoodland resources (Nemarundwe,
2004). For example, Lynast al.(1996) found thain a rural village in Zirbabwe Africa on
average, 86% of households in their study area harvested resources from common property
resources outside their own village boundaries. They concluded that resource constraints were
often overcome bthe“spill over” use of neighbouring villages’ resources (Lynamet al.1996)

Twineet al (2003b)alsofound that resource harvesting by village “outsiders” or neighbouring

village residentdas increased in South Africthis has raised concerns among the village
residents and traditionauthoritiesover the declining resources due to over. idesearch
conducted in Zimbabwe, found that national policies around natural resource use does little to
ensure the sustainable harvesting at a local level (McGregor, 1995). This has been extrapolate
to South Africa, where the national policies promote sustainable resource use, yet resource use

in communal areas is likely unsustainable (Shackleton and Shackleton 2000).

During this study it was observed that there were very different approaches and
erforcement to resource harvesting in the case study villages. As mention previously,
Vyeboom had the highest canopy cover of tall trees and high trees in comparison to all the
other villages Figure 2.10h, while Mafarana had almost no tall trees within &% of the
village (Figure 2.10a The high canopy cover evident in Vyeboom could be attributed to the
fact that large fruiting trees are normally conserved by villagetisey are a major netimber
resource (Shackletat al.2003; Kirklandet al.2007) In some villages, tall trees are protected
in communal rangelands and special permission is needed to cut them down (Twine, 2005).
Some resource collection activitiae deemed illegal by the traditional authorities, such as the
cutting down of live tres or the theft of wood harvested by others (Kirklahél 2007).
Evidence of this was seen in Salwana, where if any villagers were seen cutting down large
trees or found withharvesting live wood they were fined R500 and their wood was confiscated
by the village heatinen. Despite the taboo on live wood harvesting (Kirkietnal.2007), and
the restrictions established by the local traditional authorities, villagers admit that they do cut

down large trees such as Marul8slérocarya birrep They also admitted that they do harvest
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live wood, as they feel they have no alternative due to the price of electricity and fuelwood
shortages (Kirklandet al. 2007). This was further mentioned during household interviews
(Discussed in Chapter).3This conclusion was based on thespondents’ answersduring
household interviews (Chtgy 3 claiming that they engaden cutting down of live trees, or

who have reported witnessing others doing so, coupledmyitbwn observations in the field,
wherel found ples of live wood cuttings hidden behind shrubs and off the access roads. This
live wood harvesting has also been seen in other research where Keklan@®007), also
found that village residents in Limpopo admitted “stealing” fuelwood and/or devising

strategies to avoid being caught by the authorities (e.g., hiding harvested wood for later

pickup).

In Ka-Ndengezay contrast to Vyeboom and &elwanahe subcanopy structure of
the rangeland was dominated by a very high shrub layer and diminighitigee coverKigure
2.109. This could be attributed to the fact that fuelwood and fencing poles are harvested from
trees predominantly under 3 mwine, 2005 Neke et al. 2006), thereby resulting in future
losses in vegetation betweend m. The higicanopy cover of the shrub layer observed in Ga
Selwana is indicative of either coppicing or bush encroachment (Neke, 2005), as over
harvesting can exacerbate bush encroachment as many of the harvested savanna species have
strong regenerative responses g8taulaet al. 2005a; Nekeet al. 2006). The over harvesting
of coppice regrowth can prevent trees from reaching sexual maturity, which in turn results in a
lack of juvenile recruitment and limited regeneration ability (Fiseeral 2012). The
unsustainald harvesting of natural resources will lead to overall woodland degradation (Banks
et al. 1996), which highlights the value of assessing and monitoring the impact that road access

and village location can have on, resources use and vegetation structure.

2.4.2. Ecosystem response to disturbance
A crucial aspect when looking sustainability is the concept of ecosystem renewal and

response to any forms of disturbanddis is referred tas resilienceRisheret al. 2006.
Resilience is defined as “the capacity to absorb disturbance and reorganise while undergoing
changeto still retain essentially the same function, structure, identity and feedbacks” (Walker

et al.2004;Fisheret al.2006. An example of thiss that within a resilient system, the system
would be able to cope with woody biomass extraction while still maintaining its functions.
Savanna ecosystems are one of tastecologically resilient systenas theyare particularly
vulnerable to disturbareceventgWhitfield and Reed, 2012As a complex system, savanna

ecosystems are capable of reorganising after disturbances (Mograbi, Foédyent
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disturbances in an ecosystem, whether natural (e.g. droughts, floods) or anthropogenic (e.g.
overharvestig), are exacerbated by the socioeconomic s{@tgs poverty, population growth)

of the communitieswho rely on the ecosystem (Mogral#014) canall become mutually
reinforcing (Barretet al.2011; Mograbet al 2015) when combinedThesedisturbancesan

result in the changes in the vegetation structure and functioning and change the state of the
ecosystem (Cumming, 2011Figure 2.14. Under extreme circumstances, disturbance
gradients decline in highly utilised areas and this is a wauofiseveravoodland degradation
(Fisheret al 2012). This was evident in the villages in Limpopo which wdaninated by a
denseshrublayerwith very few tall tree$ocatedclose to the village settlements. This indicates

that the level of human distuahce, in the form of over harvesting, is much closer to the village
settlements rather than further away due to the ease of access to natural resources around the
villages., thevisible statechange of the vegetatiorearthe village settlements likely to be

attributed tooverharvesting thato natural disturbance events.

. I Buffer

State 2: Tree
Dominated

Ecosystem Functioning

State 2: Shrub
Dominated

Woody Biomass

Figure2.14 Conceptual diagram depicting the buffering capacity of a systena
system to change state, it must exceed the loss of woody biomass and the buffering capacity
(Adapted from Cumming, 2011 and Mograbi, 2014).

The impact that human utilisation has on surrounding communal woodlands is evident
in the varying vertical vegetation structure of the four case study villagmamunal
rangelands. The longgrm impact of this utilisation in these villages rangelands requires further
researchThe diminishing cover of low trees could be a result of a shift in resource collection

strategies due to low resource supply.
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When examing the fuelwood context in Limpopo and throughout Africa, the

responses to fuelwood shortages have included:

1 Households change the size class of stems that are collected for fuelwood (Luoga
et al.2000; Matsikeet al.2012);

1 Household membsrmay switch from their preferred fuelwood species to less
preferable species (Luog# al.2000; Madubansi and Shackleton, 2007). This was
verbally mentioned in the four case study villages;

1 Households may increase the number of collection trips rfi2olge et al. 2004;
Matsikaet al.2013;

1 Households may also spend more time collecting fuelwood (Detvad. 2004;
Matsikaet al.2013);

1 Households may also travel further in the rangelands or elsewhere to collect
firewood (Giannecchiret al.2007);

1 Housholds may make use of wheelbarrows and vehicles to collect more wood per
trip (Twine, 2005; Madubansi and Shackleton, 2007);

1 Households orcommunitiesmay develop fuelwood markets (Madubansi and
Shackleton, 2007; Twinet al.2003); and

1 Households may ab collect resources from neighbouring private land (Matsika
al. 2012).

The continued high reliance on natural resources, especially fuelwood (&wate
2003), highlights the need for continuous monitoring of this resourcetbassess and ensure
future sustainability and provide solutionggsourcesise is unsustainablAs the removal of
live wood, or the harvesting of different size classes can in the long run result in an ecosystem
state change. A state change is more likely if large eaatdgiimportant treesire being
removed and their successive plants being harvested due to shortages. Based on the vegetation
trends seen in this study, as well as the household interview data, the households in Limpopo’s
first response to fuelwood shortages is to switch from theiepesf species, many village

residents also hire trucks so that they can collect more wood per trip and can also travel further.

2.4.3. Householdaccesgo naturalresources
As previouslymentioned, the impacts that humans have on their surrounding landscape

hasbeen well documentedine 2005 Giannecchinget al. 2007 Coetzeret al. 2010;Fisher
et al.2012; Coetzeret al.2013; Coetzeet al. 2014 Mograbiet al.2015. The most common
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theory regarding the patterns of this disturbance is referred to as “The Central Place Theoty
although it has its limitation&Christaller, 199R An extension of th&Central Place Theoty

is the idea of disturbance gradients, which degiagh to low human disturbance radiating
outwards from a village aoad andesembles a piosphere (Shackletoal 1994).The data
explored in this thesis found that patterns of disturbance gradieetdasdaround the village
settlementsn Limpopo, considering that much research has been applied to disturbance
gradients arood villages elsewhere i8outhAfrica (Shackletoret al. 1999, Shackleton and
Shackleton, 200G hackletoret al.2002; Twine, 2005Fisheret al.2011;Matsikaet al 2012;
Mograbiet al.2015, the findings in this thesis are not novieb.take theCentralPlaceTheory

a step further, the access of household to natural resources was expleesdhypothesised

that these disturbance gradients may be influenced by more than just the locality of households
to a certain resource, such as grad@ntegetationcover The cumulative cost surface maps
generated for the four villages in Limpopo showed that the cost to access a natural resource
was not uniform, nor did the cost to access a natural resource increase with inclistesicg

from the villagesettlementWhen examined on a smaller scale the cost associated with a given
pathway is easy to explain based on the landscape features and vegelidtough the least

cost pathway is a possible extension of‘tientralPlaceTheory’, it is hard to aply to such

large areasThe proxies used to generate these cost surface maps needs to be refined further
and other proxies such as riparian vegetation and rivers may need to be included in the cost
pathway mapsWhich could then explain further the costsaciated with accessinggaven

resource

2.5. Conclusions
This research has highlighted the impact that human utilisation can have on woody

resources and vegetation structure in communal rangelands. This has been explored in other
research (Lougat al. 2002; Wessel®t al 2010; Fisheret al 2012; Wesselgt al 2013;
Mograbiet al. 2015). This research has also demonstrated the impact that village location and
access to roads can have on resource harvesting, and the associated impacts on vegetation
structure. Based on the results it can then be concluded that there are numerous pathways to a
given resource depending on where in the landscape an individual is starting from and ending.,
there were too many trees that met the criteria (fruiting treeshwesulted in the cost maps

being hard to interpret over a large scale such as a village rangeland. As the distance from the
nearest roads and the distance from settlements to a given resources affects how people make

complex tradeoffs in their decisiormaking (Giannecchinet al.2007).”
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Resourceuse and the associated disturbance gradients are settlspemific and
highlights the value of settlement specific studies that incorporate local information, as broad
scale studies often neglect fiseale vaiation (Giannecchinet al 2007). It is evident that the
current resource use in these village unsustainable and is having a huge impact on the
vegetation structure and AGWB in the surrounding communal rangeldfitts.the ever
increasing demand placed on these natural resources and more people collecting fuelwood with
vehicles (Twine, 2005), it is expected that the disturbance gradients evident here will begin to
diminish andmerge around the settlements as theréuttegetation structure becomes more
homogeneous (Fishat al 2012; Mograbi, 2014)The intensive use of nalrresources
evident in this study suggest impending, if not already occurring, sustaindbdiigs.
Repeatedlata collection is required tesess and monitor the changes in woodland structure
and biomass as well as change in patterns of rangeland use as natural resources decrease.
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CHAPTER 3: THE INFLUENCE OF THE STATE OF
SURROUNDING COMMUNAL WOODLANDS ON
HOUSEHOLD RESOURCES USE AND FOOD SECURITY

4.1. Introduction
4.1.1. Understanding food security
Food security continues to be one of the most fundamental challenges facing Africa

(Sanchez and Leakey, 19%irkland et al. 2011;).Africa has the highest population growth
rate of any other region in the world.92% per year) as well as the highest rate (30%) of
degradation of land (Cleaver and Schreiber, 1994). It has been recognigedthatve food
security it is essential to safe guard the natural resource base (IFPRI,A&®@8&6lex political,
social, andeconomic factors as well as environmental stressors (Kirldaat 2011)impact

the persistence of Africa’s ecosystem.

Food security is not just about increasfogd yields, but rather, only exists when all
people, at all timedhave physical and economic access to sufficient, safe and nutritious food
to meet their dietary needs (Richardson, 2@dppyet al.2014). Food security is determined
by availability, sustainable supplies, access and utilization of food (Pepy. 2014).
Addressing food insecurityequires amultidisciplinary perspective (Poppgt al 2014).
Savannaecosystems are managed by humansensure and optimize the provisioning
ecosystem services, such as food, fibre, fuelwood and other timber atichbenproducts,

yet these benefits are dependent upon regulating ecosystem servicesetRa@y14).

Food securityis heavily dependeninahe availability of fuelwood and water which are
essential for the cleaning, cooking and preparing of food for safe consumption @g¥latet
2009). In cases where there is poor access to fuelwood, people may resort to collecting other
burnable materialsuch as twigs gathered from hedges and fallen from trees, crop stalks or
animal dung (Agarwal, 1995; Hi#t al. 1995; Mahiri, 2003; Masekoamerg al. 2005).In
Limpopo ®oking occurs in small huesnd excess smoke deters househbloi® using cop
residuies and animal dung, as they produce a large amount of srivkdari( 2003
Masekoamengt al 2005) If people are unable to cook or prepare sufficient food, they may
shift to consuming lower quality meals or eating fewer meals per day (McMiehaleP005;

World Food Programme2012). This has a huge impact on the health and nutrition of
households, especially those that have young chilaindrthe elderly
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It is evident that natural resources and ecosystems services play a huge role in rural
household’s daily livelihoods. Ecosystems services are the functions of an ecosystem that
generates benefits or value to humans and can be defined as the conditipngcasses
through which natural ecosystems sustain and fulfil human life (&gt 1998; Daly and
Farley, 2004)The ecosystem services framework in which services and goods provided by the
natural and sermatural ecosystems are explicitly linked toran wellbeing, has the potential
to shape land managemaentijectives, that can lead to both food security and environmental
sustainability (Poppt al. 2014). Ecosystem services provide a range of benefits to people
through provisiomg, cultural and spporting services (Millennium Ecosystem Assessment,
2005), which contribute to human welfare both directly and indirectly (Costdratal 997).

Ecosystem services affect all three pillars of food secyawgilability; access and
utilisation) by supporting the production of food, the provision of resources that help enhance
livelihoods, and a way to earn income as well as the production of resources for safe and
sanitary food utilisatioriBarrett, 2010)It is important to understaritie levelof degradation
happening in natural woodlands, the impact this has on woodland integrity, and the impact this
has on household food security. Through this understanding there is the potential to ensure

ecosystem sustainability and food security (Pogiat. 2014)

4.1.2. The relationship between food and the environment
Examiningthe role that ecosystem services play in advancing food security, highlights

the complex relationship between food security and environmental sustainéiilitgir own

right, the strature, function and services of ecosystems are complex (Richardson, 2010). In
conjunction with the numerous flows that exist in ecosystems, the added dimension of food
security for humans within this context is not yet fully understhodihiset al.2000;Farber

et al 2002; de Groott al. 2002; Richardson, 2010)Despite the fact that theleve been
numerous studies that have reviewed and recorded the contributions of certain ecosystem
services to human sociagwomic welfare and food securifAngelsen and Wunder, 2003,
Vedeldet al 2007, Angelseet al.2014) Pimentalet al (1997. Throughtheresearctof the
aforementioned scientisten forest resource#, was found that the integrity of a forest is
essential to foodecurity,asthe par rely so heavily oavailablenatural resources. An example

of the value that natural products play in rural household’s food security is shown below#éble

3.0).
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Table3.1. Natural forest products and services that help support food security (Adapted from
Daily et al 1998 Poppeyet al. 2010

Forest/ Natural Products Examples
1. Wild fruits Wild plant roots, leaves, fruits, nuts; animal meat, fish
insects
2. Fodder Trees,shrubs, grasses as fodder for livestock
3. Employment Wage employment in forestry or forest based enterpr

selfemployment in gathering and sale of forest produ

4. Forestrelated fuels Biomass fuels for cooking and heating; such as fuelw:
charcoalcrop residues and dung

5. Soil Conversion Trees in forests and used in agroforestry practices
control soil erosion and protect cropland, pastoral land
forest ecosystems

6. Water conservation Forests slow water runoff, helps prevent flooding

7. Biodiversity preservation Forests enhance food yields by protecting biodiversity
IS essential to human survival, waste treatment, nut
cycling, pollination of crops and other vegetation, [

control

Ecosystems provide many raw materials suctodder and forage thabatributes to
food availability, through the sustenance of livestock for meat and dairy consumption
(Richardson, 200). Moreover, seedgyrains, herbaceousgumes trees, grass leaves, crop
residue and fishmeal are also used tqkment feed for livestock., as a stock flow resource,
raw material harvesshares similar characteristics to food productdmany raw materials
can be harvested at any rate by households, used immediately df@ttinefuture (Daly and
Farley, 20@). The harvesting of natural resources is dependent on a households’ livelihood
objectives and decisions. humans, largely have control over the rate of resource flows,
ecosystem stock and resource depletion, which arises from the unsustainable ovaruse of

particular resource (Daly and Farley, 2004).

Although the role that ecosystem services play in ensuring access to fématl
availability and security is not initially evident, ecosystem function, directly and indirectly
supports household level accés$ood in a multitude of way&cosystem support households

through the provision @cosystenservices that allowouseholds tharvestesourcesprocess
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food, farm agricultureand accessthe availableraw materials that can be used or sold as
additional income (Richardson, 2010). The relationship between food security outcomes and
the environment is complex and mdirectional (Poppet al 2014). Food security does not
depend solely on theseof ecsystemservicesijt is one of the main drivers of the loss of
ecosystem servicelle to unsustainable use of the ecosysiéis relationshipis also affected

by a variety of internal and external drivers of varying predictability and intensity. Household
may be able to adapt to gradual changesh as changes in climate, soil fertility or
demographic changes (Sancle¢al 1997). Conversely, sudden shacksch as drought, can

lead to excessive pressure being placed on the environment and can reswt dause
degradation of the surrounding ecosystems (Huwattalr2007).Thedeath or iliness of a family
member or breadwinneiso can contribute to the degradation of the surrounding ecosystem
in order tosurvive,the affectedhousehold may become mealependenbn naturakesources.

The pursuit of food security through the increased utilisation of natural resources can lead to
changes in landiseand land-cover, regardless ofand management practices (Popelyal.

2014).

Food availability for many poor people depends on the ability to benefit from non
agriculturd ecosystem serviceEigure 31) (Poppyet al 2014). Thiddependence is evideint
many waysfirstly, through the regular and direct consumption of wild fodds example,
resarch has shown that wild foodakes up ondifth of children’s diet who livein rural parts
of South Africa (Poppet al 2014; Marshalkt al 2006).Wild foods also act as a safety net
for farmers when cropfail, or food stock are depleted (Shackleton and Shackleton, ,2004)
Secondlyfood availability is also dependeonn access to cropspecifically, waterfor crop

irrigation,and timbeyfor fencing to prevent theft or consumption of crops by roaming animals.
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Figure3.1. Diagrammatic representation of the direct and indirect ways in which ecosystem
services and the associated benefits contribute to human food and nutritional outcomes (Poppy
et al.2014).

Many rural households harvest and use timberremmetimber products for numerous
purposes that help enhance their livelihood strategies and increase their accessitbiébod
in turn affects their food security (Pimentedt al. 1997, Pattanaya&t al. 2004). Due to the
seasonal nature of agricultural practices, the production and sale of charcoal, wood, food and
other nortimber products help sustain many rural households during the off s@ester)
(Osemeobo and Njovu, 2004)., the use and salatafal products allows rural households to
purchase basic household necessities. Wealthier housealneldiso less dependentmatural
resources than asgebor households, due to theesenc®f personal savings or safety nets to

support them during ecomic or environmental shocks (Shackleton and Shackleton, 2006).

Household level purchasing power is essential to access to food, and the benefits of
ecosystem resources amdosystenflows can provide numerous opportunities to enhance
household livelihods and increase income and endhesr food security. the excessive and
arbitrary harvesting of these natural resources threatens the sustainability and the integrity of
these natural resources which underpins the very livelihood opportunities thatpranam
access to foodl'he overuse of resourcgopardizsthe abilityof a householdo ensurdheir

food securityin the future
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The removal of wood in rural areas is greatest in Africa and Asia, where food security
and access to food is most vulnemlDpen access natural resources and the removal of
fuelwood is aresultof unenforceable property rights (Daly and Farley, 2004), in the long term
thiscan lead taheoverall degradation of the woodlaraisd rurafuelwood demands and food
security not being mett is widely acceptedhat an analysis of rurdivelihoods cannotbe
complete without the inclusion of a natural resource component (Camgebedll. 2002;
Shackletoret al.2007).Unfortunatelythe amount ofiteratureonthis issue in Southern Africa
and South Africais particularlylow, as most otheresearchs based in tropical ecosystems
(Twine et al. 2003&; Shackletoret al. 2007).Understanding how rural households depend on
and the stat of thér natural resources can assistdaterminng how food secure these
households are in the face of climate chaitgeill also provide insight intaheir resilienceto
stress and external shocR$ie value of this studys that is intention is to highlight the link
between the state of surrounding communal woodlands and the ithpéadhis has on

householdevel food security in rural Limpopo.

4.2. Methods
4.2.1. Study Site
For information of the biophysical characteristics and livelihoods of the people in the

studyvillages se€hapterl, Sectionl.4 of this dissertation.

4.2.2. Resource usdata
Household interviews were conducted in the four case study villages of Vyeboom,

Mafarana, G&elwana andKa-Ndengeza Limpopo, South Aricato investigate the link
between the state of communal woodlands and their impact on the surrounding villages’ food
security.Prior to data collection, permission to conduct the study was requested from the tribal
authorities in the four villages and was geh Ethical clearance from the Human Research
Ethics Committee (HREC Nekledical) was applied for, and subsequently grafigrdtocol
Number H/14/07/02)Data collection was carried out in February 2@kba per household’s

basis using a structured hoeisold’s questionnaire (Appendix 3. The participating households
were randomly selectetliring the data collectiormhe person responsible for daily household
taskssuch as income expenditure, resource collection and energy consumption were preferably
interviewed as the focus of this reseawds on perceptions of natural resource availataly
resource use. This person is often the senior female in the family, the wife of the household
head.Verbal consent was obtained from all participatfthiouseholl members were not at

home or declined to participatiaey were replaced gnother randomly selected household.
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In the case that the senior female was not available or present, the person responsible for the
household task a&s interviewed regardless ofgender. The household interviews were
conducted with the aid of local translators from each village. In total 124 households were
interviewed across all fowillages32 in Mafarana and G&elwana, 29 in Vyeboom and 31 in

Ka-Ka-Ndengeza

Prior to conductig any interviewsthe purposes of this reseamhkreexplainedo the
willing participants The interviewer also explicitly explained that participation in the survey
was voluntary, that there were no personal gaintheparticipant for theinvolvementn the
survey That personal information would remain confidential, and thatinterview may be
discontinuedat any timeAll interviews weredocumentedh writing and recordedith a voice
recorder. Th&PS location of the interviesitewaslogged.In accordance with human ethics,
the verbal consent form (Appendix #)e front page of the questionnaire (Apperidpbearing
theGPSco-ordinatef thehomestead locaticendthe participant’s name werekept separately
from the participant’s answers and the two sets of informationvere notconnectedn any way.

The survey consistof 28 questions, divided intive categories (Appendix 1). The first two
sections focused on collecting information regagdhre household characteristics, income and
expenditure. The followingection focused on the use of the suite of local natural resources.
The survey also focused on desptions of the source of the fuelwood used withthe
household how the fuelwood ws obtained, specifically if the woodias purchased or
collected speciespreference as well as perceivk declines or increases in fuslod
availability. The surveyalso exploredood security nutrition, food shortages and the diet of

interviewedparticipants’ households

Data from the household surveygascaptured in Microsoft Excel artienanalysed
using STATISTICA 13.1. For questions with discrete variable responses, the responses were
coded,andafrequency analysis was carried out on each response (Appen@ihe3d)ormality
of continuous variables wassessednd summary statistics were calculated for all numeric

variables.

4.2.2.1. Resourcerevalence and quantities
The ‘ResourcdJse’ section of the survey specifically looked at kst of seven resources

commonly used by households, they wign@vood, wood to make charcoabushroom/ wild
vegetables, wild fruits, honey, medicinal plants atider, which was defined aany other

unspecifiedresourcesused). The etails onthe resource usdocused on three areas, the
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frequency of uséwhen in season), how many months inghevious12 months each resource
was used and then thguantity consumed per month. The data collected for resources
consumption ws expressed in local units such as a ‘donkey cart’, ‘bakkie-load’, ‘bundle’,
‘wheelbarrow’ or ‘cups’. These were then converted to convention units of measurements
(Table 32).

Table3.2. Households consumption units and their respective volume metric

Unit description Volume of unit Reference
Mug 0.4 (Twine et al 2003)
1l bucket / plastic packet 1l Inherent to container
51 bucket 51 Inherent to container
10l bucket 10l Inherent tocontainer
20l bucket 20l Inherent to container
Bundle / headload 14.5 kg of firewood (Matsikaet al.2013)
50kg maize meal bag 50 kg Inherent to container
80kg maize meal bag 80 kg Inherent to container
Wheelbarrow 39.6 kg of firewood (Matsikaet al.2013)
Bakkie-load / donkey cart 532 kg of firewood (Matsikaet al.2013)
Individual 0.2kg Weighed an individua
mango fruit

The household resource use checklist of the seven resources was recorded in a binary
format, which was employed to calculate the percentage of households in each village using
each of the selected resources. A PearsorSGhared test was then applied be taw data to
compare the use of each resource across the four villtagesas done using “Yes” or “No”
coded responses from household interview checKls data was combined to see the number
of resources used across all four villages. The datatesied to see if it was normally
distributed using a KolmogoreS8mirnov test. Since the data was normally distributed, a one

way ANOVA was carried out to test the mean number of resources used per village.

To analyse household resource consumptiorad of the villages each resource
consunedwas averaged per household and then per village. The analysis excluded medicinal
plants despite having collected this data, as the results revealednilged small sample of

households recorded using this resoumseavell as the broad naturensédicinalplant products
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used (e.g.: leaves, roots, tubers etc.). Annual household consumpkierotiferesourcewas

calculated as follows:

1 Firewood - An increasein utilisation of 35% during winter month&hich was
determined to b€91 daysIt wasassumedbased on findings by other studies (Twine
et al.2003, that the wood was used for heatir§jncethe data in thislissertatiorwas
collected in summethe firewood collected per month was dividegdthe number of
days in a montho calculated amount used per day then multiplied by 274 days to
account for summeihe Amount used per day was then multiplied by 3®?account
for firewood used in winter aithen wasapplied to 9Wwinterdays. For households that
did not use firewooduring summemonthsal:3ratio(Twineet al 2003)wasapplied
for annual consumptioas firewood has been recorded to be three times higher in winter
months than during sumanmonths.

1 Wood used to make charce&harcoal use was calculated in the litres used per month.
To calculate the annual amount usesl dimountusedwasmultiplied by the number of
montrs used to get I/p.a.

1 Wild vegetables and fruit The monthly volumeconsumedwas multiplied by the
number of months the respondent reported using this resource. Volume was converted
to mass on the assumption that 1l is equivalent tqg6aBd then converted into kg/p.a.
An individual fruit or vegetable was assumed togheapproximately 209 (Twineet
al. 2003).

1 Honey- monthly volume consumed was multiplied by the number of months this was
used to get I/p.a.

Once the household consumption had been calculated for eacrabbtrementioned
resources, the figures were averaged across all households per village. Thastiested to
see if they were normally distributed using a Kolmoge®onirnov test. If the data was
normally distributed, such as firewood consumption per annum, themaayn&nalysis of
Variance and a Tukey pelsbc tests were used to investigate the statistically significant
differences between village means for firewood. If the data was not normally distributed, then
transformations of the dataawattemptedo get normdy distributed data, in the case of wild
vegetables a Lagtransformation gave normally distributed data. Then once againaane
Analysis ofVariance and a Tukey pelsoc tests were usdd test for significant differences
between village means. Wheteansformations of the data failed to produce normally
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distributed datasuch as for wild fruit, honey and charcoal then a Krugkallace non
parametric test and multiple comparisons test was applied to investigate the statistically

significant differenes between village means for each resource.

4.2.2.2. Household perception of resource availability
Respondents were asked what their perception of fuelwood, wild vegetables and fruit

availability was over the past five years. Consideringttiatespondents wepeedominately
women, or the person in charge of resource collectlua was taken as a proxy for that
household’s perception and is hereafter referred to as perception. The responses on perception

of resource availability fell into four options:

1 Increasen resource availability over the past five years;

91 Decrease in resource availability over the past five years;

1 No change in the availability of the resoumser the past five years

91 Don’t know if there has been a change in the availability of resource over the past five

years.

Once the household perception data was captured for each resoertigures were
averaged across all households per village to get the percentage of households’ perception per
village. A Pearson Cksquared test was then run or therceptiorof availability for each
resource per villag&.he datavasthenanalysed to determine the relationship between resource
use and households resource consumption. AxaAnalysis ofVariance and a Tukey pest
hoc testvasused to test if therwas a statistically significant difference between the perception
of firewood and wild vegetable availability and the average amount of these resources
consumed per annum. A Kruskalallace test and a multiple comparisons test was run to
identify if there was astatistically significant difference between the perception of wild fruit

availability and the average amount of wild fruit consumed per annum.

4.2.2.3. Food security
To analyse food security in each villageur proxies were used to get an overall

composite food security rating. These included the experience of hunger, food shortages,
dietary diversity and coping strategies during time of feloartagesKirkland et al.2011).
The experience dflunger in tl last month was based on the sum of a households’
responsed three questions relating to
1 How often was there no food at all in a household because thermtesough

money to buy food,

96



1 How often was any member of the household hungry when they avelgep
at night because there was not enoiogt
1 How often did any member of the household go a whole day without eating

anything because there was not enough food.

The response® the experience of hunger in the last 30 déslsinto four options:
1 Never,

1 Rarely (22 times);

1 Sometimes (A0 times); and

1 Often (more than ten times).

These responses wareded with ‘Never, beinggiven a code oZero andOften’, a code of
Three. The sum of th@od securityquestionsvas then divided by the highest possible score

a household could receive, which wasaget an overall score of between 0 and 1. This score
was then used to categorise a household’s experience of hunger in the last 30 days. From this

the percentage ofolseholds’ experience of hunger category was calculated per village. A
Pearson Chsquared test was then applied to investigate if there was a statistically significant
difference between the experience of hunger across each village.

The experience dfood Shortages was based orsianple“Yes’ or “No” answey in
which participants wereasked if the household had experienced food shortages in the last year.
The answers were coded to gatabpy data where a response of “Yes’, wascoded br as 1 and
a response of “N0”, wascoded for as 0. From thishe sum of household’s responses was
calculated for each villag& then the proportion of households that experienced food shortages
and those that did not experience food shortages was calculated forillzaeh A Pearson
Chi-squared test was th@erformedto assess if there was a statistically significant difference

of the experience of food shortages across each village.

The coping strategies of a household over the past week were calculated feumthe
of four questions relating twhetherthe household had

1 reduced the size of servings of food to household memlmrgube of a
shortage of food,

1 eaten food that they don’t enjoy because of a shortage of food,

1 reduced the number of meals eaten per dayuseocaf a shortage of food
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1 askedneighbours, friends or other households for food because of a shortage

of food.

Again,the answers for each question were coded toigatyldata where a response of “Yes”
was coded for as 1 and a responseéNaf’, was coded as 0. The sum of théser questions
was then divided by the highest possible score a household could receive, whichovgges 4,
an overall score of between 0 and 1. This score was then used torisatedousehold’s
coping strategies in the last week during food shortages. Fromtlieispercentage of
households’ applying coping strategies was calculated per village. A Pearson Chi-squared test
was then applied to investigate if there was a statlbtisignificant difference between the

experience of hunger across each village.

Dietary Diversity was calculated based on a checklist of food consumed by any
members of the household in the last 24 hpuie to the interviewThe food consumed was
categorised into 13 food groupsicluding: Maize or maize products, other cereals, roots and
tubers, Vitamin Arich fruit, other fruit, Vitamin Arich vegetables, other vegetables,
reincludingpoultry and fish, eggsegumesncluding(nuts and seeds), daipyoducts, oils and
fats as well as sugars. The answers for each food group were coded to get binary data where a
respone of “Yes’, was coded for as 1 aredresponsef “No”, was coded for as 0. The sum
of these three questions was then divided by thhesigpossible score a household could
receive, which was 139 get an overall score of between 0 and 1. This score was then used to
categorise a households’ dietary diversity in the 24 hours. From this the percentage of
households in each category wascakdted per village. A Pearson &uguared test was then
applied to investigate if there was a statistically significant difference between the dietary

diversity of households across each village.

Using all four proxies of food security ratings an overathposite food security score
was calculated for each household. The scores for each household betivden the
experience oHunger, experience ¢iood ShortagesCoping Strategies and the inverseore
of aDietaryDiversity were summed and then digilby 4 to get a final composite food security
score of between 0 and 1. The data was then categorised into households who were highly food
secure, food secure, moderately fag@ture, food insecure and highly food insecguie
percentage of households which fell into each food security category was calculated per village.
The data was then tested to see if it was normally distributed using a Kolmdoroov

test. Since the data was normally distributed awagAnalysisof Variance and a Tukey pest
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hoc test was applied to investigate if there is a statistically significant diffeoétice mean

composite food security scores across each village.

4.2.2.4. Relationship between food security and resource use
The relationship betw@ houschold’s food security and resource use was assessed

based on the five measuredluf experience dbod securityas mentioned abovieunger, food
shortages, copingtrategiesdietarydiversity as well as composite food security rating and the
amount of natural resources used. Fexplanatory variables were used to assess resourde use
these includedhe amount of firewood, wild vegetables and fruit consumption per annum as
well as the number of resources used. A multivariate linear regressilysesusing Ordinary
Least Squares was used to matiel link between the experience of hunger and the influence
this had on thé&our Explanatory variables. A Logistic regression analysis was used to model
the link between the experience of food shortaayes firewood, wild vegetables and fruit
consumption per annum as well as the number of resourcesusssgl village as a random
effect in the mixed effeanodels.A multivariate linear regression analysis was also used to
model the relationship betweenmethry diversity, coping strategies as well as the overall
composite food security rating and the four explanatory variables. any relationship found
between food security variables and any explanatory variables this was then graphed to visually

representhe link.

4.2.2.5. Relationship between resource use, state of communal woodlands and
food security

The relationship between household’s food security and resource use was assessed

based on the fivanentionedmeasures of food securityunger, food shortages coping
strategiesand dietarydiversity. The relationship betweehe composite food security rating
and the averageangelandbiomassand theaverage canopy cover of the four stanopy
characteristics for each village, was also assessed. This relationship was explored
STASTICA 13, through regression analyses.

4.3. Results
4.3.1. Natural Resource Use
The proportion of households that utilised theeswit natural resources available to

them varied across the four case study villages. Almost all of the households across all four
villages used firewood, wild fruéind wild vegetabled=(gure3.2). Firewood was used by 97%

of households in G&elwana, M&arana and&a-Ndengezawhile it was used by all households
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interviewed in VyeboonseeFigure 3.2. The prevalence of the use of firewood did not differ
significantly between villageg3=0.9393, df=3, p=0.816).

Of householditerviewed, vild fruit was used by between 90#Vyeboon) and 97%
in (Mafarara and Ka-Ndengeza the difference between villages was not significant
(x*=1.9467, df=3, p=0.583).,

The prevalence of the use of wild vegetables was more variable, ranging from 62% in
GaSelwana to 92% in Mafarana, although the difference between villages was not significant
at the 95% confidence levef€6.8707, df=3, p=0.076).

All four villages had very low percentages of households that used charcoal, honey or
medicinal plants anthere was no significant difference between the use of these resources

across villages.
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Figure3.2. The percentage of households per study village that use the seven natural resources
available (Mafarana n=32; Vyeboom n=20a-Ndengezan=31 and G&elwana n=32)n

Limpopo Province, South Africa.

Most households interviewedised between two to fouesourcesvailable to them
(Figure 33). Mafarana had the highest percentdgen31% of households using four
resources In comparisorivVyeboom Ka-Ndengezaand GaSelwana only had 7%, 12% and
9% respectively. The only two villages that had households using five resources were Mafarana
which was6% and Ka-Ndengezawhich was10% No villages used six resources, while
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Vyeboom was the onlyillage that had 4% of the interviewed households using all seven
resources., although there appeared be a variety of resource used across the four villages, an
ANOVA showed no significant difference in the mean number of resources used between
villages (F3:12072.416, p=0.69).
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Figure 3.3. The proportion of households across four villages that use the seven available
natural resources (Mafarana n=32; Vyeboom n¥209\dengeza=31 and G&elwana n=32)

in Limpopo Province, South Africa.

4.3.2. Annual Resourc€onsumption
The average amount of firewood used per households-BeGeana4946 kg/annum

was almost double the amount used Ka-Ndengeza 2086 kg/annum, this differends
statically s$gnificant (F@,12075.418, p<0.001) Figure 3.4). Firewood consumption in
Mafarana and Vyeboom was intermediate between these two extremes, arsimikzny
roughly 3700 kg/annum, and therefore did not differ significantly from therothlages
(F(3,12072.161p>0.05) Figure 3.4).

The average amumt of charcoal used per householdsKiaNdengezawas 2071
I/annum which was very high in comparison to the other villages where the amount of charcoal
used ranged from 4 l/annuta 181 l/annunrefer toFigure 3.4)., there was no statistically

significant difference between the villagasharcoal us€F3,120=0.937;p>0.05).

101



Households interviewed in Mafarana consumed the greatest quantity of wild vegetables
(82.5 kg/annum) and wild fruit (113 kg/annum) whichsssignificantly higher than the average
amount of wild vegetables and fruit used in Vyeboond Ea-Ndengeza(F3,12074.319;
p<0.05) Figure 3.4 andFigure 3.4l). Although Mafarana had a large amount of wild
vegetables and fruit used per householdsetivais no significant difference between Mafarana
and GaSelwanaefer toFigure 3.4 andFigure 3.41). There was also no significant difference
between the average amount of wild vegetables and fruit used in VyeKadwdengezand
GaSelwana E3,12075.381,p>0.05) Figure 3.4 andFigure 3.4l .
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Figure3.4 Average amount of a) firewood) bharcoal, fwild vegetables and)druit used per
household annually across all four villages. (Mafarana n=32; Vyeboom KaZ9dengeza
n=31 and G&elwana n=32n Limpopo Province, South Africa. Error bars represent Standard

Deviation.

4.3.3. Perceptions of resource availability
Theperceptions of the change in the availability of firewood, fruit and wild vegetables

over the past five years between the four villages was diverse and statically significantly
different ¢?=19.4854, df=9, p<0.05hisis illustratedin Figure2.5a).
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Mosthouseholds interviewgakerceiveda decrease in the amount of firewood available
of the past five years. Vyeboaaii9%t and GaSelwanaat87.3%, hadthe highest percentage
of respondents that perceivéiiis decreasethis is depicted inFigure 4.%. Whereas only
aroundhalf, (50%), of the respondents from Mafarana &mNdengezaerceived there to be
a decrease in the availability of firewood over the past five ysosseein Figure4.59). Ga
Selwana was the only villagghereno respondents perceive there to be an increase in the
availability of firewood. Conversely, 16% okspondents from both Mafarana aKd-
Ndengezaand 14% of respondents of Vyeboom perceived there to Hecaease in the
availability of firewood. Mafarana had the highest proportion of responaerz8%who
perceivedhere to be no change in the availiypiof firewood in comparison to Vyebooiis,

andKa-Ndengezal %, seeFigure 4.%).

The perceptions of changes in the availability of wild fruit and vegetables over the past
five years was similar across all villages, and there was no signitlidéarence between the
perceptions of the availability of wild fruity3=13.9425, df=9, p=0.12) and vegetables
(x*=10.0932, df=9, p=0.34) between villageser to(Figure2.5b andFigure2.5c). The most
common perceptigrwas that there has been a decreastenavailability of wild fruitof
betweend4-56%)and vegetables 4199%, over the past fivgyears,seen(Figure 4.5 and
Figure 4.%). Mafarana and G8&elwana had the highest proportion of respondents who
perceived there to be no change in the availalafifyuit, 34% and 37.5% respectively, as well
as wild vegetables, 31% and 34% respectivdlyeboom hadthe highest number of
respondents (17%) who perceived there to bdranease in the availability of fruit in
comparison to Mafarana anda-Ndengeza(Figure 4.5 and Figure 4.8). Conversely,
Mafarana had the highest proportion of respondents (16%) who perceived there to be an
increase in the availability of wild vegetables in comparison to Vyeboom (10%Kand
Ndengezd413%) Figure 4.5 andFigure 4.%8).
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Figure2.5The percentage of households that perceived there tohmnge in the availability
of a) firewood, b) fruit and)owvild vegetables between 202015. (Mafarana n=32; Vyeboom
n=29,Ka-Ndengezan=31 and G&elwana n=32)n Limpopo Province, South Africa

4.3.4. Household perception of the impact of resource availability on resource
consumption

The perception of the availability of firewood over the past five years shows that there
was animpact on the average amount of firewood used per annum per household. The
households of respondents who perceived no change in the firewood availaisiéty
significantly more firewood (p<0.05), than those who perceivddienrease in the availability,
and with those who perceived a deceebeing intermediatd-{gure 3.@). Household use of
firewood was very low amongespondents, whalid not know how the availability had
changed. Therevas no significant relationship between mean amount of firewoed aisd
perception of change in availability?€4.9941, df=3, p=0.17Figure 3.®).

The perception of the availability of wild vegetables did have a significant impact on
the amount used per householg:({bo=2.206, p<0.05)Kigure 3.€). Therewas no significant
difference between the amount of wild vegetables bsédeertherespondenivho perceived
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Amount of firewood used (kg/anr

there to be no change in availability (p=0.209) and tiads®did notknow how the availability

had changed (p=0.085Figure 3.€). There was asignificant difference between the
respondents who perceived an increase in the availability of wild vegetables in comparison to
those who perceived there to be no change or who didn’t know how the availability had
changed (p<0.05)Figure 3.€). There washo significant difference between the amount of
wild vegetables used and respondents who perceived the availability of wild vegetables to have
Decrease@p=0.085) Figure 3.@®).
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Figure3.6.The impact of household perceptions of resource availability over the past five years
on the average household resource consumption gectracross all four villages) #he
perception of firewood availability in comparison to averageount of firewooduse per
household per annum) the perception of fruit availability in comparison to average amount
of fruit use per household per annum andhe perception of wild vegetables availability in

comparison to average amount of wild vedpes used per household per annum.
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4.3.5. Experience of hunger
There was a significant difference between household level expeoEmoegeracross

the four villages >=24.766, df=3, p<0.05)Fgure 3.7). In all four villages, mostof the
respondentfRarely orNever experienced hunger in the last 30 days prior to the interviews.
Despite thisdMafarana had the highest percentafjthis experience at2%, while households

‘in Vyeboom and G&elwanahadonly 62% (Figure 4.9)InterestinglyKa-Ndengezaad the
lowest percentage of households timedrarelyto -never experienced hungeit48%), but had

the highest proportion of households that rarely experienced hu8ges and who
experienced hunger all the tink8% (Figure 3.7. GaSelwana was thenly villagewhereno
households experienced hunger all the tiAte16%, GaSelwana andKa-Ndengezéhad the
same proportion of households tisametimesexperiencedood shortagesin comparison to
Mafarana and Vyebooniigure 3.7.
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Figure3.7. The proportion of respondents across all four villages who experienced hunger in
the last 30 days (Mafarana n=32; Vyeboom n¥#Ndengezan=31 and G&elwana n=32)

in Limpopo Province, South Africa.
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4.3.6. Experience of food shortages
The experience of fooshortages over the past 12 months varied significantly across

the four villagesy?=12.284, df=3, p<0.001)Rigure 3.8 Mafarana 66%and Vyboons5%,

had the highest proportion of households that did not experience any food shortages in the last
year, whie Ka-Ndengezand GaSelwana had the highest proportion of households that did
experience such food shortage$1% and 72% respective{ffigure 3.9.
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Figure 1. Proportion of households that experienced food shortages in the last 12 months
(February 2014-ebuary 2015) across the four villagdtafarana n=32; Vyeboom n=2HEa-
Ndengezan=31 and G&elwana n=32n Limpopo Province, South Africa.

4.3.7. Coping strategies ding times of food shortage
Of all the households interviewed, Mafarana had the highest porportion of households

54%, that did not implement any coping strategies in thevesk Figure 3.9. Conversly,
GaSelwana had the lowest percentagetted interviewedhouseholds 9% that did not
implement anycoping strategies during times of food shortagéet GaSelwana alsohad

34% of housholds ithat didimplement 3types of coping strategies during times of food
shortagesKigure 3.9. Vyeboomhad the largest proportion of households that implement 2
coping strategies over the last week, which was 31% of households, in comparison to the other
villages Figure3.9). Overall, there was no significant difference between the implementation

of coping strategies in the last week across the four village$9.5292; df=12; p=0.076).
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Figure3.9. The proportion of households that implemented the five possible coping strategies
during times of food shortages over the last seven days (Mafarana n=32; Vyeboorda=29,

Ndengezan=31 and G&elwana n=32n Limpopo Province, South Africa.

4.3.8. Dietary Diversty
The dietary diversity of households varied significantly across the four villages

(x*>=34.3982, df=2, p=0.005; p<0.05pepicted in(Figure 2). Mafarana had the highest
proportion of households with a low dietadyersity at 25%) as well as a weak dietary
diversity at 56%) depicted in(Figure 3.10).Ka-Ndengezaand GaSelwana hadh similar
number of households with \eeak dietary diversity, roughly 33%31% of households in
Vyeboom and G&elwana had a strong dietary diversity, which was also similar to households
in Ka-Ndengeza29%, (Figure3.12).Ka-Ndengezaadthe highest proportion of households
with a high dietary diversity of 13% in comparison to Mafarar&®o, while no households in

GaSelwana or Vyeboom had a high dietary diversity.
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Figure2. The percentage of households with varying dietary diversity across the four villages
(Mafarana n=32; Vyeboom n=28a-Ndengezan=31 and G&elwana n=32).

4.3.9. Overall food insecurity
The food security of households across all four villages varie&eBaanaat 34%and

Ka-Ndengezaat 16%, had the highest proportion of households that were highly food
Insecure) W while only 3% of households in Mafarana and 7% of households in Vyeboom
were classified as highly food insecuseen in(Figure 3.1). Although halfof the households

in Mafarana were classified as highly food secure, only 13% of householdsSel@ana
were classified as highly food secufggure 3.1). Overall, there is a significant difference
between the proportion of househdldsomposite food risecurity scores across villages
(F3;120~18.3390; p<0.05)Rigure3.12). There was no significant difference in the composite
food insecurity scordsetween Mafarana and Vyeboom (p30).(Figure 3.12. There was also

no significant difference in the composite food insecurity score between VyebookKaand
Ndengezdp=0.08) as well as Vyeboom and-Salwana (p=0.69)igure 3.12. Thereis also

no significant difference in the composite food insecurity scores beti{@é&dengezaand
GaSelwana (p=0.99)Higure3.12).
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Figure 3.11. Proportion of household’s overall food insecurity level across all four villages
(Mafarana n=32; Vyeboom n=2%a-Ndengezan=31 and G&elwana n=32)n Limpopo

Province, South Africa.

o
g 060
b

z "
§ 0,50 ab
(5]
%]
£
g 040 a
L
e
g 030
Q.
1S
o
S 0,20
()
(o))
o
2 010

0,00

Mafarana Vyeboom Ndengeza Ga-Selwana
Villages

Figure3.12 Average composite food insecurity score across all four villages (Mafarana n=32;
Vyeboom n=29Ka-Ndengezan=31 and G&elwana n=32).

4.3.10Food security and state of environment
Ka-Ndengezand GaSelwana have similar composite food security scoresathese

villages are classified as moderately famskecureln comparison Vyeboom arldafarana are
classified as food secur&ka-Ndengezahas the highest rangeland biomass (98.17 Mg/ha)
compared to the other villaggsigure 3.13. Although Vyeboom and G&elwana have similar
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average rangeland biomass (74.30 Mg/ha and 73.10 Mg/ha respéctBal$elwana is
classified as moderately food secure and Vyeboom is classified as foodsssstigeire 3.13
Mafarana has and intermediate average rangeland biam@39€3 Mg/haand isclassified as
only moderately food secur&here is no significant relationship between average rangeland

biomass and composite food insecurity across the four villages (p>G=aH0B439).

Mafarana has the highest average canopgrco¥ low trees as well as high trees in
comparison to the otheillages,coupled with being the most food secure vill@gigure 3.14)
Vyeboom has the highest canopy cover of tall trees in comparison to the other (iigges
3.14). In relation to the other village G&elwana andKa-Ndengezaave significantly higher
canopy cover of shrubs and are classified as only moderately food sédoea. the
relationship between composite food security and subcanopy structures was exipéveed,
was no significant relationship between composite food insecurity and canopy cover of shrubs
across all four villagesR?= 0.387;p=0.15. There washowever,a significant relationship
between composite food insecurity and the canopy cover of les/({®&=0.51651 p=0.000),
high trees (R=0.75147) and tall tes (R=0.30970) (p<0.05).
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Figure 3.14 Average rangeland biomass (Mg/ha) in comparison to average composite food

insecurity score across all four study villagesnpopo Province, SoutAfrica.
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Figure3.15 Average percent of rangeland canopy cover for all fourcautmpy structures a)
shrubs(1 — 3 m), b) low treeq3 - 6 m), ¢) high tree¢6 — 10 m)and g tall trees(>10 m) in
comparison to average compogded security score across all four study villaged.impopo
Province, South Africa.

4.3.11Relationship between household food security and use of natural resources
There was no significameélationshipbetween the experience of hunger and the amount

of firewood, wild fruit and vegetables used per annum, nor was there a signiiicaioinship
between the experience of hunger and number of resources yseei{E8477, p=0.125).,

there was alsmo datistically significant difference between the experience of food shortages
and the amount of firewood, wild fruit and vegetables used per annum, nor the number of
resources used (p=0.290). There watasstically significantrelationshipbetween household
dietary diversitythe amount of firewood, wild fruit and vegetabdeslthe number of resources
usedper annum,(Fa:11973.795; p<0.01)A statistically significant relationshipwas found
between the amount of wild fruit used per anramad housebid dietary diversity (p<0.05).
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This showed that the amount of wild fruit used byhausehold, directlyincreased the
households’ dietary diversity. The was no statistically significant difference between
household utilisation of coping strategiand natural resource usesfo=1.331; p=0.263).,

there was atatisticallysignificantrelationshipgoetween &ousehold’s composite food security

score and their resource usesflor=4.07; p<0.01). The difference occurred between the
amount of wild vegetablesnd fruit used and Bousehold’s composite food insecurity score
(p<0.05), which showed that the amount of wild fruit and vegetables consumed per annum by
a household directly deeases their composite food insecurity score.

4.4. Discussion

4.4.1. Village use of natural resources
The state of the communal woodlands in terms of biomass stocks atwdrsy

structures supports the factthat based on the household interviews, virtually alltheef
households across all four villages used firewood, wild fruit and wild veget&iigsd 3.2.

This is particularly significant as firewood, wild fruit and wild vegetables are all directly linked
to food security. But the amount of resources used peusehold varied across the study

villagesas shown irFigure 3.3

the use of natural resources in rural livelihood strategies pl&gy role in these rural
villages., if not managed, the unsustainable harvesting of firewood and natural resources has
the potential to cause substantial loss in the waltiee rolethat natural resources play in rural
areas (Twineet al. 2003).Thereare a variety of factors that influence the local use of natural
resources such as environmental conditions, resource availability, ssm@omic
characteristics, and access to alternatives (Twinal. 2003). For example, Brouwet al
(1997) found tht smaller householtiper capita wood collection is greater than that of larger
households. The factors influencing resource use needsdonk&leredvhen assessing the

use of natural resources in rural villages.

4.4.2. Perceptions of resource change and use
Few studies havexaminedhow households perceive natural resource abundance or

availability (through ease of access) as determinants of resource use. Hosier and Dowd (1987)
found that households who perceived fuelwood to be easily accessible did notamaye

from fuelwood use or switch to another energy alternative to this perceived abundance.
(Hosier and Dowd, 1987). In this studposthouseholds interviewedaid that there was a

decrease in the amount of firewood available of the past five years.
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This study found that the perception of the availability of firewood over the past five
years impacted the average amount of firewood used per annum per houRshbloliseholds
of respondents who perceived no change in the firewood availability used significantly more
firewood than those who perceived an increase in the availability, with those who perceived a
decrease being intermediateidure 3.%). This reseait further substantiates the behaviour
that Hosier and Dow¢l1987) described in which households will not change or lessen their
consumption patterns where wood is generally perceived to be in abundisces in line
with previous research that found th@useholds who did not perceive fuelwood to be hard to
collect used more firewood than household who felt that firewood collection was difficult to
accessNlatsika, 2012Matsikaet al.2013).,

The perceptions of changes in the availability of wildtfamd vegetables over the past
five years was similar across all four villages with the most common perception being that
there has been decrease in the availability of wild 6li#% - 56% and vegetables 41%-

59% overthe past five year@-igure2.5b andFigure2.5c). The perception of the availability
of wild vegetabledjke firewooddid have a significant impact on the amooinwild vegetables

used jer household.

4.4.3. Household experiences and indicators of food security
When trying toas®ss food security, the choice of indicators is important to identify

vulnerable householdsOften multiple indicators are requideto accurately determine
household levels of food insecurity (Kirklaed al. 2007). In this studyfour indicators were

used to ases$iousehold and village food insecuribamely:experience of hunger, experience

of foodshortages, coping strategies during time of food shortages and dietary diversity. Across
all four villages most of the respondents rarely or never experienced hunger in the last 30 days
prior to the interviews. G&elwana was the only village that had households that
experienced hunger all the tim®lafarana and Vyboom had the highest proportion of
households that did not experience any food shortages in the ladtigeae8.7). This shows

that some households are clearly more vulnerable to food insecurity than others.

A vast amount of research has bemynducted toaccessthe varying levels of
households’ vulnerability (Corbet, 1988, Hoddinott and Yohannes, 2002; Hatloy and Oshaug
1998; Maxwell, 1996; Misselhorn, 2005; Weleb al. 2006; Kirklandet al. 2011). It is
important to notethat the experience of hungeran be permanent or aemporary.This

experiencas directly influenced by varietyof externalfactors such asicome thedeath of a
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breadwinner, retrenchmendr environmental factorsCoateset al (200§ found that
insufficient food quantity and food quality, coupled with uncertainty and worry &bodjtare
universal experiences of food insecurifyhese finding highlights similaritiesn how
households across varying areas manage food insecurity.

The dietary diversity of households varied significantly across the four villages.
Previous researchal found that dietary diversity is greater in households with higher-socio
economic status (Kirklandt al.2011). Thisfinding was evident in this studyKa-Ndegneza
had the highest proportion of households with high diedargrsity, which can beattributed
to the close access to Giyani for jobs and the higher number of migrant |gppuesent
which was verbally mentioned by the Chighis is consistent with other findiaghat have
examined the relationship between socioeconomic status amsehmd food security
(Fergusonet al 1993 Leatherman, 199%; Poor households often cope with povestyd
address their basic nutritional negag resortingto avery monotonous digCharlton, 2002).

When faced with food insecurity, households tend to adopt coping strategoesbat
times of food scarcity. Coping strategies include: collection of wild fruits and vegetables,
migration in search of employment, altering harvesting practices, sellirgehold assets
(such as livestock or other household possessions), rationing available food, skipping meals or
even asking neighbours or family members for help (Corbett, K98&and et al. 2007 Twine
and Hunter, 2008Kirkland et al. 2011). The respoers of households to food shortadies
become more extreme over timbown inFigure 3.9 ashave themechanisms households

implement to ensure and sustain their livelihoods.

Of all the households interviewed, Mafarana had the highest porportmuséholds
54%, that did not implement any coping strategies in the last week. Vyeboom had the largest
proportion of households that impleménb coping strategies in the last week, in comparison
to the other villagesThe coping stragetiethat these hasholds implemented included
reducing the size of food served to household member, eating food they did not enjoy, reducing
the number of meals eaten per day or asking neighbours or family members for help. The most
common coping strategy adopted wasuedg the size of ervings of food. This studyr®ws
that in times of food insexity households do implement coping strageties which further
justifies that coping strategies are “fall-back mechanisms” that help households manage short

term food shortagegKirkland et al. 2011). Longeiterm changes in households food
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procurement are considered adaptive strateditisough these adaptive strategies strewn

in Figure 3.15theywerenot examined in this study.
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Figure3.16 Diagrammatic representation bbusehold responses to food shortage (Adapted
from Watts 1983).

From these food securitydicators,an overall composite food security matrix was
compiledto access a household’s overall food security. Kirkland et al. (2007 found thatto
classify households as foatsecuretheuse of multiple indicators measuring different aspect
of food security are required. In thésudy,the food security of households across all four
villages varied. G&elwanawith 34%andKa-Ndengezavith 16%, had the highest proportion
of households that were highly foaasecure(Figure 3.1). Overall, there is a significant
difference between the proportion of household’s composite food security scores across
villages. This highlightsthe fact, that food secutly policies cannot be based obroad
generalisationsas food security is household and village specific. This is substantiated by the
dynamictensionsbetween increasing population, declining fesize, declining farm labour
supply, diversification of income sources and the management of natural resources are all

dynamic and varies between and within regions (Sanchez and Leakey, 1997).
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4.4.4. Link between statof communal woodlands and food security
The examination of the role that ecosystem services plays in food security is

underpinned by the availability, access, and utilization of these resourbesh reveals the
complex interactions between the ecosyss and the chronic problems of hunger and poverty
(Richardson, 2010). In some cases, household use of natural resources and services may alter
the access and utilization dimensions and undermine the ecosystem funtticmsupport

food availability (Rchardson, 2010). Thiglationship waseenin the similar composite food
security scores dka-Ndengezaand GaSelwana While only Ka-Ndengezéahas the highest
rangeland biomasg$igure 3.13., GaSelwana and Mafarana have similar average rangeland
biomasss, while G&Selwana is classified as moderately food secure and Mafarana is classified

as food securd~{gure 3.13

Mafarana had the highest average canopy cover of low trees as well as high trees in
comparison to the other villages coupled with beting most food secure villagaevhile
Vyeboom hd the highest average rangeland canopy cover of tall trees in comparison to the
other villages Figure 3.14. In relation to the other village Gaelwana and k&a-Ndengeza
had significantly highershrubcanopycoverandcanopy cover ofow trees and are classified
as moderately food securghevariations in canopy covenay be due to either coppicing or
bush encroachmenthich can alter the species composition of the area and influence food
security (Neke, 208). As previously mentioned, this could be attributed to the conservation of
these sultanopy structure in these two villages (Shackletoal. 2003; Kirklandet al.2007)
(Chapter 2 The results suggesthat improved food security might be associatdth va
healthier state of the communal woodlands, but ndetaled analysisof this relationship
needto be exploredBrouweret al.(1996 found that a decrease in the availability of fuelwood
is associated with a reduced food energy intake from cooked foods, showing that the decreased
use and collection of fuelwood lowers the already marginal quality of a household’s diet. They
further conduded that there is a relationship between fuelwood availability and nutrition
(Brouweret al.1997).

4.5. Conclusions
It is evident that villages are heavily reliant on the natural resaditteir communal

rangeland and thhigh utilisation of thisis havingan impact on the biomass and scénopy
characteristicof thesecommunal rangeland$Vithoutintervention there is a likelihood that
this high utilisation will change the composition and structure of these communal rangelands

Thiswill negativédy impad thecommunites’ s that rely on them., the food security within and
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between villages is varigethis exacerbatethe problem facing policy makers when addressing
food security in rural Africathere is very little action from a policy level focusedaoidresmg

food security in rural villageand the high dependence on natural resources.
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CHAPTER 4: SYNTHESIS

5.1. Introduction
Anthropogenic activities are resulting in the degradation and loss of woodlands

globally, which can cau® significant harm to human wetleing Millennium Ecosystem
Assessment, 2005AIthough the data collected in this thesis covers a small portion of South
Africa, the impacts of human activities on vegetation structure and biomass &ilothe
application of this type of researchlieextrapolated across greater areas anahtierstandf

patterns observed in this study hold true elsewhere.

The spatietemporal drivers and dynamics of woody vegetain savannas has been
widely explored(Scholes and Walker, 1993; Scholes and Archef71%Gillson, 2004;
Sankararet al. 2005; Sankararet al. 2008; Levick and Rogers, 201 Most of this research
has focused on the impact of fir@oholes and Archer, 1997 Sankaearal. 2005; Helmet al.

2011; Levicket al 2012 and herbivory (Asneard Levick, 2012; LevickandAsner, 2013),

with some exploration on the impacts that human activities have on the landscape (Twine,
2005).A varietyof researctnas beeronductedn communal rangelands exploring thgact

that human activities lsaon woodyvegetation (eg. Fisheet al. 2013; Matsikaet al. 2012
Mograbiet al. 2015 the research has focused amthese areas theypresent an interesting

mix of social and ecologicatlynamics.Human activities in savannas are classified as
disturbance events, similar to fire and herbivory, because of the impacts and disturbances
human activitiehaveon the landscape (Twine, 2Q09ograbiet al. 2016). It is essential to
understand the dynamielationship between savanna vegetation and humaespsesiallyas

populationscontinue togrow andincreasingy harvest natural resources.

This chapter summarises, synthesizes and integrates the findings of chapter 2 and 3.

Recommendations and limitations are al@tussed (Sectidn 3).

5.2. Synthesis
5.2.1. State of communal woodlands
Historically, remote sensing techniques have hesadin an effort to assess the impact

of anthropogenic activities on vegetation structure through mapping vegetation types, land use
and land covefColganet al. 2013. The use of LIDAR for vegetation measurements and
monitoring has been dely used in forestry researflbefsky et al. 1999 Lefsky et al. 2002
Skowronskiet al 2007;Hudaket al.2008;Pascuakt al.2008. Recently, inAfricansavannas

LiDAR has been used successfully to measure the effects of herbivory @sae2009;
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Asner and_evick, 2012; LevickandAsner, 2013), fire (Smitet al. 2010; Levicket al. 2012,
theeffects of land management and lamsk Vesselst al 2011 Fisheret al.2012;Wessels
et al.2013 Fisheret al.2014; Mograbiet al, 2015) on woody vegetation stcture. This thesis
presented &iDAR, Chapter2, analysis of 3D vegetation structure iour savanna communal
woodlandsin Chapter2, of this studyexaminedhe relationships betweemody vegetation
structure and biomasacross multiple communal rangelantisbetterunderstand theontext

of woody structural patterns and dynamics in human modified landscapes

Previous research has explored fiiesenceof vegetation gradients with increasing
distance from villageand the factors driving these gradief8sackletoret al. 1994; Bankset
al. 1996; Fisheet al.2011; Wesselst al. 2013; Mograbi 2015)The presence of vegetation
gradientsvasexamined furthein this thesis to see if this theory held tru&impopo,Chapter
2. It was found thatite presence of biomass gradigisror! Reference source not found..) a
nd changesver timein vegetation vertical structuf&rror! Reference source not found. (c
and)andError! Reference source not found. (b and c) was presniedin this study,changes
in the biomass and subcangpihis study foundhatlevelsof humandisturbancesariedwith
increasing distance from the villagettlementsHighlighting, the impact that human activities

hason biomass&nd subcanopy structupatterns in communal woodlands.

To explain some of the variance seen, the impact that roads have on vegetation vertical
structure and biomass was explonedChapter2). The exploration of roads as an impact on
biomass and subcanopy structure wastdymevious reseah, conducted b{Smit and Asner,
(2012. They found that roads and their associated edges bavariety of effects on
biodiversity patterns and proce€Smit and Asner 2012) The impact that roads have on
vegetation includes mortality from road construction, mortality from collision with vehicles,
modification of animalbehaviour, alteration of the physical environment, alteration of the
chemical environmenspread of exotispeciesaandthe spread of human settlements into land
that was previously used for agriculture or resource harvegdtroghbulak and Frissell, 2000;
Smit and Asner, 201 Zoetzert al.2014). Researcltonducted in Bushbuckridge also found
that roads have an impact on biomass gradients and subcanopy characteristics @lagrabi
2015, Fisheet al.2012. Similarly, this studyfound that roads have an impact on the biomass
gradients and egetation vercal structures Chapter2). More noticeabldghan this, was the
combined impact thatillage settlements located along main rodds&l onbiomass and
vegetation subcanopy structures, in comparison to villages not located on a mairhisad.

study revealed thatllages located along main roads showed higher levels of disturbance.
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The biomass gradients observed in this study be viewed as a function of the
interactionbetweerthe distance from the nearest road #Hretistance from sdements. This
study also revealatiatcoalesced areas of higfomassareassociateavith highdensityshrub
layers.This interactionwasparticularly evident in the communal rangeland&afNdengeza
and GaSelwana biomass gradientsdure 2.9 and subcanopy characterist{&sgure 2.10.

This studydetectedhat there was a notable difference in these gradients in villages that were
located along a mairoadnamely GaSelwana and&a-Ndengezan comparison tdMafarana
and Vyeboom

The findingsof this studythen raised tlee questions. Firstlyyhatvalue does assessing
the state of an environment add in human modified and human utilised landSeapedly,
does the pattern of biomass buftenesecessarily imply resource udegstly, whatrole does

the access to these resources play in their utilisation?

Based on these questigtise cost associated with harvesting a particular resource was
assessed, in this caBaiting trees which wasclassified as shrub®ased on the voxel data
collected inChapter2 Section2.2.3 Table2.2 The aimof this studywas to take the “Central

Place Theory” a step further and explore the accessibility of households to firewood.

The cumulative cost surface maps generated for the four villages in Limpopo showed
that the cost to access a natural resourceneiiseruniform, nor didit increase linearly with
increasing distanckom the village settlement (Secti@3.4 Figure2.13. 2.12 and Figure
2.13). The datashowedhat the least cost pathway associated with a given resovedapped
with other pathwaysThis was attributed to the open naturéhefpathwaysPeople also utilise
similar pathways to access different resources. Based on the,iestdtsconcluded that there
are numerous pathways to a given resource depending on avhierdividual enters anekits
the landscape When the least c@stthways wereexamined on a smaller scakhe cost
associated with a given pathway is easy to explaased on the landscape features and
vegetation.the only constraint in a cost pathway tise initial slope as there are multiple
pathways on a certain slope with @me cost value. Only as an individual gets closer to the
destination, does shrub cover then become a constraining factor affecting the cost pathway.,
Although the least cost pathway is a possible extension o€tmralPlaceTheory’, it is hard

to apply to large areas.

Although thisstudysheds some light on the cost associated with collecting a given

resourceit does not answer adequately answer what ttedeaccess ta resourcelays, in
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household’s utilisation It would be interesting tturtherexplore the role that distance from a
village plays in the cost pathwaysghile incorporating the containing factors such as slope and
shrub cover. It could be possible that people are willing to walk further to caltesburce if

the cost path is low, in comparison with a resource that is located close to the village but has a
high cost associated. For example, it may be harder for an individual to collect a resource in an
area that is heavily impacted by coppici@g@ppicing close to the village has been recorded in
other areas, gsast research has shown that there is a disturbance gradient from villages, with
high disturbance and coppicing occurring close to the villages where it is easier to harvest and
decreasingvith increasing distance from the villages (Shackletbal. 1994), it is possible

that distance may not be a limiting factor in accessirggaurceout, this needto be explored

further.

5.2.2. Natural resource use and food security
The household interviewata, which is based and structured on the SLA framework,

forms a complex webfanteractionswhich this study aimetb understand; (Carney, 2003;
Serrat, 2010Ragie, 2015). The livelihood capitals that were examined in this stuéijatuieal
capital athough data on the Physi@ald a small section of Human capitedre captured during
the household interviews and assesgeduding households’ income and expenditure (Figure
4.1).

Understanding how rural households depend on their natural resanctése state of
these natural resources assistunderstanding the food security, in the face of climate change
and their resilience to stress and external shocks. Understanding the relationship between
resource use and food security can hopefully tedzbtter management of these resources and

ensure their sustainable use and assist in alleviating poverty.

Foodsecurity, whichwas the focus of this dissertatiaan outcome athe utilisation
of a certain livelihood strategysuch asemployment, redeing social grants, livestock
husbandry, resourceollection and cropcultivation (Figure 4.1)This study was aimed at
assessing how household use their livelihood strategies in an effort in improve their food
security and the sustainable use of thespugce base (Figure 4,The ability of a household

to utilise a strategy depends solely on the households’ access to livelihood capitals.

If a household has no access to financial capital to purébegeduringtimes ofneed,
thenthe householdthay dgendon another livelihoodapital, suclas social capitathich could

for example entail anothehousehold contributingp theirlivelihood bygiving them food or
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money in order ensure their sustainabilifya household does not receigssistance from
another household or family memlagnousehold will depend on their surrounding local natural
resources. Many household respondents mentioroedtural barrierspreventedthem from
asking for help,j This shows how households utilise different livelih@bchtegies to ensure

the sustainability of their household during times of insecurity.

Although households utilise different livelihood strategies, a problem ariseswargn
households are relying on teamenatural resource base in times of insecuitpn a regular
basisto supplement their livelihood income. Tlogemuse of the natural resource base then
becomes unsustainableshich affecs a households’ livelihood capital and strategies. The
continued unsustainablese of natural resourc&s communal woodlandeads towoodland
degradation through changes in vegetation structuré the integrity of a rangeland is
compromised, whichwill likely happen if they are continuously over harvestieén sowill
the quality and quantity of provigning ecosystem services such as wild fruits, firewood and
medicinal plantsThis over utilisation threatens the food security of rural communitiElse
reduction in food securityas mentioneduring the household interviewsthe four case study
villages They mentionedhat the availability of ‘mopane worms’ had decreased in their
communal landand they felt that walsecause there are not enough tall treeshi®ibreeding
and feeding of the ‘mopane worms’. As a consequencef this, a householdhat collects and
sells dried mopane worms would lose an income generating source and may become food
insecure if they cannot purchase foodocessirewoodeither purchased or harvested,cook
their food .The SLAcyclelinks the complexityof houséold livelihood strategiesincomes
and capitahighlightswhat an important role natural resources pliajhouseholdood security
(Figure 4.1).
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Figure 4.2.Graphical represenatation of the SiksAowing the links between capi@sests, transforming structures and livelihood outcomes
examined in this study throudlousehold’s questionnaires that were then aggregated to a village level. These are all influenced by a vulnerability
context as well as anthropogenic processasdsstructures. The information highlight in blue was the main focus of the study and those in green
were a small component of the study, both are avaliable from the household interviews. The orange block highlightaabeé $iraliegies

households uise (avalable from household interview data) to improve their food security and sustainably utilise their resour@eiafred)
from : Carney, 2003; Serrat, 2010).
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Most of the world’s poor, live in rural areas (Leet al. 2009). As mentioned large
portion of the people living in rural areas depend on natesalurcess part of their livelihood
strategiesEven thougtthe Apartheid regime has been abolished, resource shogiaggstn
the former homelands, whereomass represents a fundanamesource and energy source
(Griffin et al. 1993; Levin and Weiner 1997; Kirkland et al. 2007). Today many rural
households still struggle to meet their daily subsistencesi{&adne et al. 2003). In the face
of tough econona times, natural resources bring substantial value to some households
(Kirkland et al. 2007),asthey area financially inexpensive alternative to purchased goods
(Griffen et al. 1993; Letsela et al. 2002; Twine et al. 2003). Naturhresourcesalso provide
households with opportunities to generate an alternative income through resource trade
(Shackelton, 1996; Shackelton, 2004) and can directly contribiteuseholdgprovisioning
of needs (Hunteet al. 2011). The value that natural resourcekl to household’s livelihood
highlights the close link between rural poverty and natural resource use{lab009).The
full impactof this link cannot beunderstoodunless rural households haaeimproved and
more equitable access tbeir naturalresources, coupled with better maeawgnt of this
resource base (Lest al 2009).

In some cases, thimancialvalue of harvesting natural resour@esural households is
often similar tg or higher thanother livelihood activities or government grants (Shackleton
al. 2000).This dissertatiorconfirmed the distinct relationship that exists between people and
theenvironmentby exploring householdsise of natural resourcéShapter 3).

The presence dhe relationshipbetween people and their environmennot novel,
previous studies have found that communal woodlands provide a variety of natural resources
to the surrounding communitiedghley and La Franchini, 1998hackletonet al. 1999
Shackleton and Shackleton, 20(hackletonet al. 2002 Twine et al. 2003Twine, 2005;
Matsikaet al 2012. What is particularly noteworthy, is that the data collected in this study
found that across all four study villages the most frequently used atatesources were
firewood, wild fruit and wildvegetablesKigure 3.3, Chapter. 3 hisis significant as firewood,
wild fruit and wild vegetables are all directly linked to food securltye findings in this
dissertation are supported Bsearctconducted byaschulaet al. (2005),where the authors
foundthatfood products influence a household’s resilience and sustainability when facing food
scarcity.,Pimentalet al (1997) found that the integrity of a forest is essential to food security,

primarily becausehe poor rely so heavily on these natural resources.
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This study alsexplored the relationshipetween household’s perception of natural
resource abundance or availability as a proxgeterminegesource use€QHAPTER 3). This
studyfound that household$ not change or lessen their consumption patterns fexood
was perceived to be in abundancknis is in line with previous researethich found that
households who did not perceive fuelwood to be hard to collect used more firewood than
household who felt that firewood collection was difficult to access (Matdikd. 2012).1n
contrast to thisthe perception of the availability of wild vegetables Hae a significant
impact on the amount used per househdtuseholds who perceived there to be a decrease in
the availability of wild vegetables used more than households who perceived there to be an

increase in the availability.

This thesisalsoexplored the food security of households in the feudy villagesFor
the purposes ofhis study four indicators were used to assess household and village food
insecurity; experience of hunger, experience of food shortagps)g strategies during time
of food shortages and dietary diversity. From these food sedudigators,an overall
composite food security matrix was compil@edassess a household’s overall food security.
The use of multiple indicators measuring different aspefcfood security was done ags
done as Kirklancet al. (2007 found thatthis was necessaty classfy households as food
insecure.Overall, therewasa significant difference between the proportion of household’s
composite food security scores acritesstudiedillages Chapter 3. Whenmaking,decisions
regardingood securityoroad generalisations cannot be used as food security is household and

village specific.

Much research has been focused on food sec@dgttAnkomah, 2001Misselhorn,
2005; Webtet al.2006 Kirkland et al.2011). There are a variety of factors that influence the
local use of natural resources such as environmental conditions, resource availability, socio
economic characteristics, and access to alterngfiveése et al.2003. The factors influencing
resource use, needs to bensideredwhen assessing the use of natural resources in rural

villages.

In this study,the aim wado assess village food security and link it to the state of
communalvoodlandsThis studyfound that thergvasevidenceo suggesthat natural resource
use in the four communal rangelanaas having an impact on thesurroundingvegetation
structurg(Chapter 3)The impact of human utilisation on the landscape, evident in the wllage
in Limpopo, in the long term may caudbe ecosystem to change statasd alter overall
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structure and functioning of these ecosysterhese changevayhavehuge negative knoek
on implications for households’ resource use, food security and vulnerabilities in the face of

socioeconomic and environmental changes.

In this study itwas expected thatproved food security might be associated with a
healthier gate of the communal woodlandsutthis studydid not find significant evidence that
suggests that biomass or vegetation structure is a predictor of improved food sethigy.
does not necessarily imply that food security is not linked to a healtbetland state, it may
mean that the proxies used to assess a woodlands state may not be accurate prédictors.
examination of the role that ecosystem services plays in food security is underpinned by the
availability, access, and utilization of theseotgges which reveals the complex interactions
between the ecosystems and the chronic problems of hunger and poverty (Richardspn, 2010)
which was highlighted in this studyn some cases, household use of natural resources and
services may alter tireactual access and utilizatioto natural resources as it could altiee

ecosystem functions that support food availability (Richardson, 2010).

5.3. Limitations and opportunities
5.3.1. Household questionnaires on resource use and food security

One of the challengefaced when conducting the household interviews in rural
communities was the language barrier. Oftea English word for somethinguch as an
avocado or cucumbelid not have a direct tratation into the local language. Thigy have
skewed the answersn the food security datapurely due to misunderstandsgr
misinterpretationsT he translators were selected in most cases by the village headdibay
were experienced and friendlySince the translators were from teamevillages as the
participantsthey often knew the participationibereweretimeswhenl felt that the translators
were guiding the participants’ answers. | felt thisinfluenced the participas’ responses, and
was concernedthat the selection ofparticipantswas not random and waguided by the
translators. Tiere were times the trangas told the participanthat they were lying about
their income or expenditur&his often resulted in some confrontation between the participants
and translators, and whemmquired what was happening, the translators said that they know
the participant is lyingOne example | was givdoy translatoiwas the fact that he and the
participantattenckdthe same church arhle translator believed lk@ewthe amounbf money
thatthe household donat¢o the churchHe believed that the participamesponses to income

were inaccurateThis raised concesas | was then unable to gauge if the translatomginzsh

131



me the participantsactual response or altered thgarticipantsresponse based on their
perceptions of the participants’ answers. It would be interesting to see if therewerevariations
between the recorded househmdponsesyhich wererecorded with voice recorders and the
answers given to us by the translators.

A pilot study was carried out prior to conducting the household interviewasure
that the roll out of the interviews went as smoothly as posdilgspite this there wersome
unforeseen problemsirstly, one of the translators used in-Salwana hadecently been
promotedby the tribal athority tothe role ofoverseeingandcontrolling the use of ploughs in
the communal rangelandBhis creategbroblems during the interviews as participants felt that
their responses may influence their ability toessploughsparticularlyif they were perceived
to haveacces®therresources thahey could rely onn times of food scarcity.Secondly on
one of the days that household interviews were meatetconducted in Mafarana, the
Nationalgovernment handkout social grants and most of the household residents were not in
the village They were waiting at the clinic for their social grants. This meanthbanterview
process waslelayed, and may also have skewed the respondent’s answers to certain
guestonnaires as they had just received their social graiis. may have resulted in the
participants perception of hardships and food scarcity may have been skewedvesr¢hiey

high spirits ad had done their monthly shop.

The results of resear@nesubject to time sensitivity, and this holds true for household
guestonnaires. the timingof the year (2014) that interviews are conducted influenced
participants’ responses, as during winter the associated dry season may result in participant’s
answers hieag negative due to seasonal availability of resourtedimit this, the household
guestionnaires were conductedsummer, the timing in summer also skews the datduagg
the summer growing seasdhe households have more abundant access to resduwould
be interesting to explore the relationship between resources use aaswédferent times
during the yearin addition to the impact adeasonalitythereare problems associated with
information recall after aertainperiodespeciallywhenasked focusdon a time horizon that
excee@dthe memory of respondents (Kirklaetlal. 2011). We found this in our study, for
example some respondsrdtruggled to remember the exact months during whicly the

experiencd food shortages.

It is not urcommon to useeople’s perceptions as proxies’ in scientific research. Critics

of this method argue that such qualitative data does not provide representative estimates of a
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study population and furthermore fails to capture information in an objectivevirark that
reduces bias (Hop2006. Despite these consideratigtitee numerous benefits of perception
based research arguably outweigh the drawbacks. Beyond providing government authorities
with the information that they need to improve resources useahcommunities, thisisearch
method directly benefitsparticipants and local stakeholders Imyitiating productive
conversations about resource use earhelandsustainability. Ultimately, perceptiemased
research is an established methodology e been shown to elicit important insights into

resource use.

In perception based researchisi difficult to separate the politics, agendas, tral
fears of participants from the informatioallected Theresults of this study should be viewed,
not through the traditional scientific lens where the researchealbtite study subjects are
objective and independent; but rather through a poststructuralist lens through which the

information gathered is a proct of the process used to gattier data

5.3.2. LIDAR derived biomass modelling and vegetation structure analysis
One of the limitations of this study was based on the lack ofdiettved biomass data.

Historically, the use of LIDAR estimated biomass mapsehbeen coupled with field data.
Although, based on previous researas not uncommon to estimate LiDAgRrived biomass
without corresponding fieldollected biomass estimaté3ubayahet al 2010; Huanget al
2013; Meyetret al.2013).

The reason thato field-data was collected during this studsas pimarily due to time
constraints. feld-data is a destructive method of collecting data and requires a huge amount of
man power, which was not logistically practical in this stullyis study was carriedut in
communal rangelandsvhich are already heavily utilised by the surrounding villages, and
resources are already scarce. The likelihood of permission being granted by the local authorities
for the removal ofaluable natural resources was unlikahg not appropriate in villages where
communities already have scarce natural resouféesd collection is costly, and budget

constraints limited the application of both field data collection and a LIDAR campaign.

As mentioned in Chapter hjstorical m¢hodsof field datacollectionhavebeen widely
used Kie et al 2008; Colgaret al.2013; Fisher, 2013nd have proved effective in measuring
a tree or an areas biomassapowe, 2006)With the move,away from field data collection

methods and thgrowing use of LIDAR derived biomass estimates, the benefit of the
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application of a LIDAR campaigns outweighed those of collection field Ba¢aious research

has been carried oonh granite savanna landscapes in Bushbuckridge, wigxtansivelook

atthe value of using LIDAR derived data as predictors of vertical structure and biomass (Fisher
et al. 2012; Colgaret al 2012; Colgaret al. 2013 Fisheret al 2014; Mograbiet al 2015.

The focus of this study was to assess the state of the communal woodlands and not the
application of LiDARderivedbiomass estimatethere was no need to collect field data to
compare with the LIDAR dat&iDAR derived biomass estimates would perform bedtet be

more ecologically meaningful if tredlometryused on LIDAR data was based on spatially and
temporally matched LIiDAR and field data (Mograbi, 201%he applicability of LIDAR

derived biomass estimates in different areas should be explored féwsheell asthe tree

heights should have been groumnathed.

Another limiting factor within this studywas that only one LIDAR campaign was
conductedThe biomass and structure of the communal woodlands expiotb studyare
only a snagshot in time The assessment and monitoring of changes in woodland structure and
biomassusing repeat LIDAR campaigns would allow for continued monitoring of these

woodlands, and resource use as natural respdeoeease.

The LIiDAR data collected in this study, meviously mentioned was collected in July
2014 (Chapter 2) while the household questionnaires were carried out in February 2015
(Chapter 3) This is important as during 2015 and 2016, SoutAdrnican experiencene of
the worst EINifio weather event®i50 years (Phys.Org, 20189/hich resultedn an EINifio
induced drought thatrippled the livelihoods ofmanypeople insouthern Africa (UNRCO,
2016). It is expected that the impacts of theNiElo on food security and agricultural
livelihoods will continue to be felt right through into 20 Afthoughthis has had a detrimental
effect on the whole of Southern Africa, peofpeng in rural areas have been have been more
severelyimpacted, due to their pexistingvulnerability and their inability to withstand the
impactof this weather evearfUNRCO, 2016).

The timing of data collection in this studyrovides a unique oppantity for future
research to assess the impact tlmaEBNifio event has om variety ofresearch areas.his
research coulcexplore; communalangelandbiomass and subcanopy structuresource
availability andruralhouseholds’ perceptions of resource availability in communal rangelands,
and 3 households resource use and food security. The atesearch opportunities aedl
crucialin the face of climate changespeciallyconsideringhatthe majority offood-insecure
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SouthAfricans live in resourcpoor rural areas (Shisaetal 2014, and suchveatherrelated

shock, as recently experiemnkas likely to translate into even more severe foonsecurities

(FAO, 2008; Nhemacheret al.2010; Nelson2010; Shields and Fletch@013). The need for

this research is further exacerbated by the looming notion that climate variability is expected
to become more pronounced in the future. Researgbestshat rural households will likely

increase theidependencen naturakesouresto ensure theisurvival.
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5.5. Appendices
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Appendix 1. Map of the Mafarana village area (e.g. roads, villages, rangeland area),
manually digitized in ArcMapTM V10.4 (ESRI ®2014-2016) using the orthophotos of the
village study area, Limpopo Province, South Africa.
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Appendix 2. Map of the Ka-Ndengeza village area (e.g. roads, villages, rangeland area),
manually digitized in ArcMapTM V10.4 (ESRI ®2014-2016) using the orthophotos of the

village study area, Limpopo Province, South Africa.
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Appendix 3. Map of the Vyeboom village area (e.g. roads, villages, rangeland area),
manually digitized in ArcMapTM V10.4 (ESRI ®2014-2016) using the orthophotos of the

village study area, Limpopo Province, South Africa.
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Appendix 4. Map of the Ga-Selwana village area (e.g. roads, villages, rangeland area),
manually digitized in ArcMapTM V10.4 (ESRI ®2014-2016) using the orthophotos of the

village study area, Limpopo Province, South Africa.
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Appendix 5. Canopy Cover of Marana’s communal rangeland, in 25 x25 m grid cells,
Limpopo Province, South Africa.
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Appendix 6. Canopy Cover of Ka-Ndengeza’s communal rangeland, in 25 x25 m grid
cells, Limpopo Province, South Africa.
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Appendix 7. Canopy Cover of Vyeboom’s communal rangeland, in 25 x25 m grid cells,
Limpopo Province, South Africa.
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Appendix 8. Canopy Cover of Ga-Selwana’s communal rangeland, in 25 x25 m grid
cells, Limpopo Province, South Africa.

151



Appendix 9. Households Resource Use Questionnaire 2015

DETAILS OF THE HOUSEHOLD

Name of head of household:

Indicate if translation used: Yl:l Nol:l
Household agreed to Participate: D Nol:l
Informed Consent Obtained: Yl:l No I:I

Completed interview successfully: Yl:l No I:I

Village Name:

Village Code:

Date: Questionnaire Number:

Start Time:

End Time: Household GPS Location:
S

Recording Number:
E

*The questionnaire is to be administered to the oldest woman in the household and / or another
member who is knowledgeable about the living arrangements and household spending patterns
and resources use.
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Questionnaire Number:

SECTION A: HOUSEHOLD INFORMATION

Recording Number:

1. How many people permanently reside in your household? (eat meals together at least 4 days a week)

2. How many members of this househal@ migrants? (away for more than 3 nights a week, studying,

working, looking for work)

3. Ages of household members (Indicate migrant andmignant)

a. How many members of your household are over 45 years old?

Migrant

[

Norrmigrant

[

b. How many members of your household are between 18 and 45 years old?

Migrant

[

Nonmigrant

[

c. How many members of your household are younger than 18 years

old?

Migrant

[

Norrmigrant

[

4. Now | would like to ask you about your familiemployment:

a. How many people in your household are permanently employed?

b. How many people in your household are temporarily employed?

5. How many rooms are in your homestead?

153



SECTION B: HOUSEHOLD INCOME AND EXPENDITURE

6. Does your householdave any of the following items? (Please also indicate quantity if applicable)

I

| Yes/ No

| Number

Grants

Child support

Disability support

Pension

Foster care support

Agriculture/Livestock

Field/Orchards on
homestead

Field/Orchards in
communal lands

Goats

Donkeys

Chickens/guinea fowl

Cattle (how many)

Essential bought items

Electricity

Fridge

Freezer

Non-essential
bought items

Utility

Car

Donkey cart

Stove

Luxury

TV

DSTV

Radio

7. Now | would like to ask about your household's total income last month.
Last month, how much money did this household receive from the following sources?

Source Amount (Rands)

1 Salaries or wages from people
living in thehousehold

2 Remittances (money sent from
members of this household who
are away most of the time)

3 Trade (income from selling
something e.g. Clothes,
vegetables, crafts, retail goods)

4 Other selfemployment (e.g.
fixing cars, doing building, hair
dressing)

5 Social grants (e.g. child support
grants, old age pensions etc.)

6 Financial support from friends o
relatives

7 Estimate total income last montt
from all sources

8 Category of total household

income last month from all

sources

Key 1: Monthly
income

1 = Less than
R100

2 = Less than
R500

1=R500-R1,
000

2 =R1, 000-
R1, 999

3=R2, 000-
R4, 999

4 = R5, 000-
R9, 999
5=R10, 000-
R19, 999

6 = R20, 000 or
more
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8.  What does the household spend in a month and a year on the following?

Source Indicate average monthly or
yearly amount.
Monthly Yearly

1 Food and groceries (excluding fuels)

2 Clothes

3 Transport

4 Repayment of loans

5 Savings includingaving clubs, including stokvel

6 Church contributions

7 Burial society

8 Water

9 Furniture, appliances

10 Medical expenses

11 School / tertiary education fees

12 Telephone (mobile)

13 Labour (home help, gardeners, cooks etc)

14 Eating / drinking outside the home

15 Electricity

16 DSTV

17 Other (specify)e.g. lawyer, remittances........................

155




SECTION C: USE OF NATURAL RESOURCES

9. Did this household use any of the following resources during the past 12 months?

a b c d
Used How often do you use this resource whg How many months in the last 12 | How much of this resource do you use per
it is in season? months was this resource used? | month?
Firewood
Wood to make
charcoal
Mushrooms / wild
vegetables
Fruits
Honey
Medicinal plants
Other
Key 2: Frequency of use / collection / buying Key 3: Volume unit
1 = less often than 1 x per month (e.g. once every 6 weeks) 1=Mug 6 = 50 kg maize meal bag 11 = head Load
2 = Once a month 2 =5 litre bucket 7 = 80 kg maize meal bag 12 = plastic bag
3 = Between 1 4 times a month (Once a week) 3 =10 litre bucket 8 = Wheelbarrow
4 = More than 1 x per week ( more than 4 x per month) 4 =20 litre bucket 9 = Bakkieload
5 = Bundle / Basket 10 = Individual (e.g. fish)
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10. Now I would like to ask you about where you get your resources.

a b C d e
Did this Did this Where did you collect| Frequency of What is the local price per
household | household | / buy thisresource? collection / buying | unit of this resource?
collect this | buy this when in season?
resource? | resource?

Firewood

Wood to make charcoal

Mushrooms / wild vegetables

Fruits

Honey

Medicinal plants

Other

11. Whattype of trees do you use for firewood at the present time? (Please list them in order of the type of tree you prdierntmstd t

Local Name

Scientific Name (fill in later)

a

b

C
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12. Did anybody in this househokell any of the following natural products in the last 12 months?

a b C d
Product / Material Sold? Number of Average Total income
(1 =Yes, 0=No, X = | months in last income per over 12
Don 't know) 12 months in month when months
which this was sold (X=Don ’t)
sold? (X =Don ’t)
(X =Don ’t)
Firewood
2 Furniture made from
wood from the bush
3 Wooden carvings
4 Poles
5 Reed mats
6 Beer
7 Nuts
8 Fresh wild fruit
9 Wild Vegetables
10 Edible insects
11 Thatching grass
12 Twig hand brooms
13 Grass hand brooms
14 Medicinal Plants
15 Other

13. Has there been any change in the availability of the following resources around this village over the
past 5 years?

a b c
Resource Change in supply Local name of the species most Reason in perceived change in
of resources (1 = affected if there has been a supply?
Decrease, 2 = change
Increase, 0 =No (Only one)
Change, X = (X — Don’t Know, - Not
Don’t Know) Applicable)
1 Fire wood
2 Wild fruits
3 Wild Vegetables
4 Edible Insects
5 Bush meat
6 Medicinal Plants
7

Reeds for mats
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SECTION D: FOOD AND NUTRITION SECURITY

14. Did this household plant any crops in the past 12 months?

1=Yes
0=No

15. How many fields outside the homestead does this household own?

16. Which crops did your household grow in your homestead yard or fields outside your

homestead in the past 12 months?

a b c d e
Did this
Grown in the Where was | homestead Total Income
Type of crop past 12 months? | this sell any of amount per
(1 = Yes,0=No) grown? this sold? season?
resource?
1 Maize
2 Peanuts
3 Cow pea
4 Pumpkin
5 Pumpkin leaves
6 Squash
7 Sweet Potato
8 Sorghum
9 Water Melon
10 Spinach
11 Cucumber
12 Tomatoes
13 Onions
14 Carrots
15 Beetroot
16 Lettuce
17 Cabbage
18 Green peppers
19 Chilli’s
20 Mangos
21 Paw
22 Guavas
23 Bananas
24 Peaches
25 Avocado
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13

Sugars

Sugar (including in tea), honey, jam, sweets & chocolate, syrup, cool drinks

If it was an unusual day, please choose another day of the previous week that was normal for answering the next

yesterday during the day and at night, at home or elsewhere.
Was yesterday a normal day for your household, concefoatyyou ate (i.e no funeral, feast or
special occasion)?

1=
Yes
0=
No

guestion.

18. Since yesterday, did you or anyone in your houseboaidume the following?

17. I'would like to ask you about food that you or other permanent residents in your household ate

Eating Occasion

1=Yes
0=No

Any food before the morning meal

The morning meal

Any food between the morning and midday meal

The Midday meal

Any food between the midday and evening meal

The evening meal

N[O |WIN|F-

Any food after the evening meal

day and night?

19. Did you or anyone else in the household eat at least one of the following foods yesterday during the

Food group Examples 1=Yes
0=No
1 Maize or maize | Mielies (sweet corn), pap, soft maize porridge,
products samp, mageu
2 Other cereals | Rice, sorghum, wheat, oats, mabella, pasta,
bread, breakfast cereals, biscuits, vetkoek, any
other food made from flour
3 Roots and Potatoes, potato chips, cassava roots, sweet
Tubers potatoes
4 Vitamin A-rich | Mango, paw, yellow peach
fruit
5 Other fruit Apple, banana, guava, avocado, orange, naart
lemon, grape, raisin, melon, grapefruit,
pineapple, mulberry, wild fruit (e.g. marulja)
dried fruit, jam
6 Vitamin A-rich | Butternut, carrot, pumpkin, spinach, muroho
vegetables
7 Other Beetroot, tomato, cabbage, cauliflower, broccq
Vegetables green & red pepper, lettuce, onion, mushroom
etc.
8 Meat, poultry Beef, pork,mutton, chicken, turkey, guinea fow
and fish game, wild birds, fish, edible insects, sausage,
canned meat, polony
9 Eggs Eggs
10 | Legumes, nuts | Beans, peas, lentils, cow peas, bambara nuts,
and seeds peanuts, marula nuts, sunflower seeds, pumpk
seeds
11 | Dairy products | Milk, maas, yoghurt, condensed milk, milk
powder, chocolate
12 | Oils and fats Any food made with cooking oil, margarine or
butter
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1=Yes
0=No

20. Over the past2 months:
a. Has your household ever experienced a shortage of food?

b. Which were the worst months? (Name the months separated by commas)

21. What was the main cause of the food shortage? (List the shortages, separated by commas)

22. Pleasehing to what has happened in your household in the last 30 days, and tell me how often you
have experienced the following situations which | will read. The options are never (zero times), rarely
(1-2 times), sometimes {BO times) or often (more than lies) in the last 30 days.

Household food insecurity and access scale Frequency
How often was there no food at all in your househd
1 | because there was not enough money to buy enou
food?

How often were you or any member of your

2 | household hungrwhen you went to sleep at night
because there was not enough food?

How often did you or any member of your househd
3 | go a whole day without eating anything because th
was not enough food?

23. What was the main cause of the food shortage? (Listhtbgages, separated by commas)

24. Did everyone in your household have enough food to eat last night?

1=Yes
0 =No

25. In the last 7 days, have you reduced the size of servings of food served to household members because
of a shortage of food?

1=Yes
0 =No

26. In the last 7 days, has this household eaten food you don’t enjoy because of a shortage of food?

1=Yes
0=No
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27. In the last 7 days, has this household reduced the number of meals eaten per day because of a shortage
of food?

1=Yes
0 =No

28. In the last 7 days, has your household asked neighbours, friends or household for food because of a
shortage of food?

1=Yes
0=No
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Appendix 10. Verbal Consent Form

The following form should be formally signed once the participant has read and understood the information sheet
and has agreed to take time to participate in the research project.

The boxes should be checked only once the participant has been briafethabaroject (time, process, safety
from disclosure) and a signature should be obtained once he/she has agreed to be interviewed.

1. The participant was invited to participate in the research project conducted dgrbtsique
Evansfrom the University of the Witwatersrand and he/she has read the patrticipation sheet and
understands his/her role in the study.

Yes[ | No

2. The participant understands that the project is designed to gather information foriacadem
purposes and may only be indirectly beneficial in informing his/her community about energy
usage in and around the village.

Yes |:| No|:|

3. The participant understands that this interview will be avelo@rded for the purposes@oss
referencing answers during the study and has agreed to allow the interview to be audio
recorded.

Yes |:| ND

4. The participanunderstands that this project is voluntary and he/she will not be paid for their

participation.
Yes |:| N0|:|

5. The participant is aware of time required to conduct the interview.
Yes |:| ND

6. The particpant is aware that he/she may withdraw and discontinue participation at any time
without any penalty.

Yes |:| N0|:|

7. The participant is aware that he/she may refuse to answer any question and/or end the interview
if he/she isuncomfortable with it.
Yes |:| N0|:|

8. The Participant understands that the researcher will not identify him/her by name in any reports
using information obtained from this interview. Thmformation collected will remain
confidential and anonymous at all times.

Yes |:| No|:|

9. The participant has volunteered to participate in the research project and has agreed to be one
of the households being interviewed, Participant Consent Obtained:
Yes I:I No I:I

Participants Signature Researchers Signature Date:

163



Appendix 11. Coding

Part A: Household Information

Question

1

Count

Count

2

Count

Count

3a

Count >45 N

Count >45 M

3b

Count 1845 N

Count 1845 M

3c

Count <18 N

Count<18 M

4a

Count

4b

Count

5

Count

Section B: Household Income and expenditure

No

Yes

Count

0

o

R1-R99

R106R499

R500R999

R100GR1999

R2006R4999

R5000R9999

R10000R19999

>R20000

0

R1-R99

R100R499

R500R999

R100GR1999

R2006R4999

R5000R9999

R10000R19999

>R20000

0N |0 |WIN PO |NO |0 W|N (P

Section C: Use of Natural Resources

9a

No

Yes

9b

N/A

lessoften than 1 x per month (e.g. once every 6 wei

= O [k |O

Between 1 x per month and 1 x per week4 per

month)

N

More than 1 x per week ( more than 4 x per mol

w

9c

Count
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9d

Mug

5 litre bucket

10 litre bucket

20 litre bucket

Bundle

50 kg maize meal ba

80 kg maize meal ba

Wheelbarrow

Bakkie load

© [0 |N O |0~ [WI|N (k-

Individual (e.g. fish)

=
o

headload

=
=

Plastic packe

iy
N

10a

No

Yes

10b

No

Yes

= |O [~ O

10c

Descriptive

10d

less often than 1 x per month (e.g. opgery 6 weeks]

=

Between 1 x per month and 1 x per week4 per
month)

More than 1 x per week ( more than 4 x per mol

10e

0

<R49

R50-R99

R100R249

R250R499

>R500

g |[W [N |k |Ow|N

11

Descriptive

Descriptive

Descriptive

Descriptive

oS>0 (T

Descriptive

12a

No

Yes

Dont know

W |

12b

Count

12c

0

<R49

R50-R99

R100R249

R250R499

>R500

12d

RO

<R499

R OO0~ [W|N (|~ |O
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R500R999
R100GR1999
>R2000

13a No Change
Decrease
Increase
Dont know

WIN [P |IO|WIN

13b Descriptive

13c Descriptive

Section D: Food and Nutrient Security

14 No
Yes

=[O

15 Count

16a No

Yes

16b N/A
Homesteac
Communal rangeland
Both

16¢c No

=[O [W((N |k |0 |k |O

Yes

16d Count

16e <R49
R50-R99
R100R249
R250R499
R500R999
R1000GR1999

17 NO
Yes

18 No
Yes

19 No
Yes

20a No

RO Ok |O|Fk, OO0~ |W[N|F

Yes

20b Descriptive

21 No food shortage
Crops failed

Not enough money because of unemployn

= | O

N

Not enoughmoney because household member ¢
retrenched
Not enough money because the breadwinner passed

Not enough money because the breadwinner w:
Not enough money because a pensioner passed

o 0|~ W
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Person who grew the crops passed a

Person who grew the crops was

Drought

© |00

Other (Specify)

=
o

22

Never

Rarely

Sometimes

Often

23

No food shortage

Crops failed

Not enough money because of unemployn

N PO WN (- O

Not enough money because household member
retrenched

Not enough money because the breadwinner passed

Not enough money because the breadwinner wi

Not enough money because a pensioner passed

Person who grew the crops passed a

Person who grew the crops was

Drought

O 0[N (O~ W

Other (Specify)

=
o

24

No

Yes

25

No

Yes

26

No

Yes

27

No

Yes

28

No

Yes

RO |k |O |k |O |k |O |~ |O
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