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ABSTRACT  
Communal rangelands in South Africa mainly occur in the former homelands. The former 
homelands constitute 13% of the land surface area and support a quarter of the country's 
human population with a wide range of goods and services, among them, grazing for 
livestock, mostly reared on communal rangelands. These rangelands are degraded and cannot 
sustain maximum livestock production because of poor species composition and low standing 
biomass, however research has been conducted on livestock production at household level 
(where all livestock goods and services are valued). This provides an opportunity to conduct 
a study describing livestock water productivity in the north of the Eastern Cape, where 
livestock production is a primary source of livelihood for rural communities from which many 
households generate cash but where different practices and factors undermine high livestock 
production. 
Many studies have focused on understanding the water productivity of a natural rangeland 
system for commercially oriented crop-livestock systems, but the aim of this study is to 
contribute towards improving rural livelihoods from livestock in the sub-humid rangelands of 
the north Eastern Cape. Here, unimproved native grasslands are the major source of feed for 
livestock and people do not have herders to take livestock to the most productive parts of the 
rangelands.  
Households were surveyed using a questionnaire on livestock household contribution, socio-
economic characteristics of the household, livestock holdings and livestock production 
strategies. Rangeland productivity was measured in the field. Experimental animals for 
livestock grazing distribution were identified and fitted with Global Positioning Systems (GPS) 
collars to identify the seasonal grazing areas. These activities shed light on the biophysical 
attributes of the ecosystem and livestock production in a communal rangeland system.  
Because continuous grazing in the rangelands of the north Eastern Cape reduces the standing 
biomass, there is no obvious aboveground biomass to provide a visual perspective of 
production nor is it possible to determine production without excluding the livestock. Thus, 
four parallel lines of evidence were employed to measure rangeland productivity: line 
intercept, grazing exclosures, net photosynthesis from earth observation and disc pasture 
meter. Earth observation products were used to derive the amount of water used by the 
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landscape to produce this forage (i.e. evapotranspiration or ET) and these measurements of 
net primary production and landscape water use were used in preparing a value of livestock 
water productivity (LWP) for this farming system.  
There has been the perception that residents of the study area lack knowledge of technical 
efficiencies in the large stock sector at household level. The study used stochastic frontier 
analysis to assess livestock production and followed with a household survey to collect 
information on socio-economic characteristics and information on livestock practices. The 
data from the household survey were used to estimate the technical efficiency of households 
using a stochastic frontier analysis. Productivity and inefficiency variables that increase 
livestock production or increase technical difficulties were identified. The focus on livestock 
has mostly been on the direct value of livestock to owners with a poor understanding of their 
value to non-livestock owners, where cultural activities, such as livestock slaughtering, were 
documented as the only source of protein for non-livestock owners. However, the value that 
is available to non-livestock owners has not been quantified. This study assessed livestock-
based livelihoods of communal people to improve their livelihoods through a household 
survey looking at the contribution of livestock to both livestock and non-livestock owners. 
Earlier work on LWP has focused on systems where animals were on ‘fed, cut and carry’ and 
irrigated systems. However, there is a need to describe LWP in a natural grazing system and 
this study set out to achieve this for these communal rangelands through a household survey 
that determined the value of livestock goods and services given the amount of water used 
(ET). Lastly, livestock grazing distribution across the landscape was assessed, using GPS collars 
that recorded livestock behaviour every five minutes during the daylight. This approach was 
necessary because livestock grazing patterns in these communal rangelands is poorly 
controlled by people, and animals are largely free-ranging, grazing selectively, based on their 
own preferences, which leads to localised overgrazing. This part of the study was achieved 
through experimental livestock collaring and weighing (both sheep and goats) for the wet and 
dry seasons. The collared livestock were weighed on the day of putting on collars and the day 
of removing the collars. The results on livestock grazing distribution were analysed using the 
R package, T-LoCoH. 
The major finding of this study was that communal rangelands of the north Eastern Cape can 
improve rural livelihoods from livestock if proper interventions for both livestock and 
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rangeland production and productivity can be implemented. One of these interventions is 
fencing as it was found that exclosures that were fenced during the study yielded high 
aboveground productivity comparable to that achieved in commercial rangelands, yielding 
220 g DM m-2 yr-1. Surveys using the calibrated disc pasture meter showed the need for proper 
rotation and resting of the rangeland. Net photosynthesis of 880.7 g C m-2 yr-1 for unimproved 
grassland in good condition was comparable to commercial rangelands in the region. Using 
the line intercept, vegetation cover was found to be a good predictor of aboveground 
standing biomass; thus a positive relationship was revealed. Lastly, annual ET of 270 mm yr-1 

was calculated using the Penman Monteith Palmer (PMP) equation, while 379 mm yr-1 was 
extracted from the MOD16 product, suggesting that PMP ET may not be accurate in these 
grassland systems due to the slow response of MODIS Leaf Area Index (LAI).  
The average household technical efficiency (TE) score was found to be 0.79 on the study sites, 
indicating the potential for households to improve outputs from livestock. A range of 
household categories were identified, based on gender and an index of wealth, and 
households with lower and higher TE were identified. This analysis revealed that productivity 
variables such as holding higher livestock numbers and providing additional feed achieved 
high livestock outputs, suggesting high livestock productivity. However, in terms of 
inefficiency variables, gender (female-headed households), dwelling type (an index of 
homestead wealth), kraaling livestock at night and herding livestock during the day were 
found to improve technical efficiency. It was revealed in this study that households keep 
livestock to derive different goods and services including offtake, manure, milk, wool and 
services such as traction. The non-livestock owning households were reported to also benefit 
from the abovementioned goods and services in the study site and that the value of their 
contribution could be quantified, thus contributing significantly to rural livelihoods. 
The study showed that LWP was comparable with other studies such as those conducted in 
Ethiopia. This study compared its results with the studies conducted outside South Africa as 
there were limited comparable South African studies available; however, this does not 
necessarily mean we can use the same model as the value of livestock outputs varies based 
on the preferred outputs. This study developed an LWP model for the natural rangeland 
system. The LWP values were measured in ZAR and later converted in USD  and were divided 
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into three different categories based on the wealth index, such as better-off, middle wealth 
and poor households. 
Lastly, this study showed that livestock (both cattle and sheep) spend a high proportion of 
their grazing day, during both the wet and dry seasons, in a small physical area, immediately 
around the homesteads. These are areas where the active green growth occurs throughout 
the year, suggesting the need for livestock herders to move livestock around the landscape 
for more effective landscape use. Herding has the potential to improve landscape use and 
conserve grazing resource and the ability of a household to attain best outputs from livestock. 
Positive daily weight gains were reported in collared livestock during the wet season. 
However, both sheep and cattle lost weight during the dry season.  
This study recommends interventions such as labour for herding, and other animal 
husbandry-related activities including milking, handling, and vaccinating animals. Market 
opportunities for communal rangeland livestock should be facilitated by informing livestock 
owners about livestock market specifications to improve their livelihoods. Lastly, proper 
grazing management planning, such as fencing, which enables rotational grazing, and herding 
which moves animals to the most productive parts of the rangeland, should be implemented 
so that rangelands can be rested for plant growth, vigour, and improved aboveground net 
primary productivity. Based on the recommendations made in this study, a research 
development approach is necessary which prioritises female empowerment in agriculture 
and poor farmers as female-headed households were reported by this study to be more 
technically efficient.  
Keywords:  degradation, households, livestock outputs, livelihoods, technical efficiency, Eastern 
Cape Province, South Africa 
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CHAPTER 1. GENERAL INTRODUCTION 
1.1. Background 
In arid and semi-arid regions of the world, natural rangelands comprise mostly uncultivated 
landscapes Palmer & Bennett, 2013), which occur in two different types of land tenure 
systems:  communal (leasehold) and commercial (freehold) systems (Scogings et al., 1999). 
This study focuses on communal rangelands, areas of rangeland that belong to the entire 
community, and to which every member has equal access. In South Africa, communal 
rangelands mainly occur in the former homelands such as Ciskei, Transkei, KwaZulu-Natal and 
Venda, constituting 13% of the land and supporting a quarter (25%) of the country’s human 
population (Scogings et al., 1999) through a wide range of goods and services (Palmer & 
Bennett, 2013). One of these services is providing feed for livestock production which occurs 
under an extensively managed  system, together with several other natural resources that are 
harvested for rural livelihoods (Reid et al., 2008). 
Apart from supporting the livelihoods of communal people and natural resources such as 
water, rangelands support livestock production. However, due to degradation, there is a  
decline in their ability to use water efficiently (Palmer & Bennett 2013), with increased water 
loss through run-off during storm-flow events. The ability of a rangeland to use water is 
primarily driven by the vegetation standing biomass of the rangeland where in the 
communally managed rangelands, high stocking rate are prevalent leading to low standing 
biomass. This leads to a rangeland to be unable to optimally control and use the available 
water, resulting in high run-off water yields and soil erosion. When the standing biomass is 
low, water runoff the landscape and cannot be used to drive evapotranspiration and 
therefore, rangeland production. The process of soil erosion and the in ability of the rangeland 
to optimally use water for rangeland production leads to rangeland being degraded. 
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The estimates of land degradation vary largely, because of the global increase in human 
population and industrial activities (Eswaran et al., 2001). The extent of land managed in 
communal systems amount to 66% of the global land surface with 46% of the land surface 
reported to be slightly to severely degraded; this degradation is estimated to cost USD$40 
billion annually (FAO, 2010). About 65% of the land in Sub-Saharan Africa (SSA) is  degraded, 
while 42% is slightly to severely degraded (FAO, 2010). The impacts of land degradation are 
mostly found in the dry land areas of SSA, which have worsened because the ecosystems are 
susceptible to extreme climate changes,  people are poor and socially and politically 
marginalised (Palmer & Bennett, 2013). The increasing land degradation leads to increased 
runoff, which cannot be absorbed and used by plants, making it difficult to improve rangeland 
water use. Thus, suitable management of water is necessary to restore unproductive, 
degraded lands. 
Land degradation has been redefined beyond the vegetation change and loss of soil to include 
the reduction in the capacity of land to support society and development, or to perform 
ecosystem functions and services (Tongway & Ludwig, 1996). Land degradation is considered 
when the landscape functionally declines to be a point where soil nutrients and soil erodes.  
(Tongway & Ludwig, 1996). The main drivers are improper, unsustainable land use, changes 
in land cover or vegetation and animal species. However, ineffective management of water 
and the extent to which land degradation occurs under different land tenure systems and 
management is still under discussion (Vetter, 2013). Vetter, (2013) describes communal 
rangelands as degraded based on standing biomass and species composition when compared 
with commercial properties; these areas look degraded because of continuous grazing and 
the low standing biomass. Furthermore, compared with commercial farms, which are 
perceived as sustainable and an ideal benchmark against other land-use practices, research 
on the challenges faced by communal farmers has been done. However, there has been no 
adequate assessment of the level of livestock production and associated products at 
household level to assess rangeland productivity in communally managed rangelands. 
Studies conducted in South Africa on land degradation showed both communal and 
commercial systems as degraded, but much of the discussion has focused on managed areas 
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(Lloyd et al., 2002). These properties are regarded as the most vulnerable because of the 
users’ inability to collectively and sustainably manage common resources due to lack of 
incentives; the so-called ‘tragedy of the commons’ (Hardin, 1968). Furthermore, in South 
African communal rangelands, degradation can be linked to the inability of land users to 
respond decisively to environmental indicators that warn of impending state changes, and 
skew access to resources accompanying the social engineering before 1994 (Beinart, 2000). 
One can achieve sustainable resource management by linking social and ecological systems 
and this is possible through collective action management of common resources. The interest 
has been on the ecological dynamics of semi-arid rangelands as inherently non-equilibrium 
systems which are mainly driven by rainfall and its influence on vegetation dynamics (Vetter, 
2005). Although evidence shows that rainfall is a factor in rangeland vegetation dynamics, 
animal-induced vegetation changes are also evident. The emerging consensus is that 
differences of equilibrium and non-equilibrium at different spatial and temporal scale in semi-
arid rangelands may exist (Vetter, 2005) that are chiefly evident during dry periods. Other 
edaphic factors, such as increased surface temperatures, elevated CO2, vegetation change, 
and reduced evapotranspiration (ET) in the longer term cannot be ignored (Palmer & Bennett, 
2013). 
The discussions relating to land degradation in South Africa are polarised between 
commercial livestock production and the extensive rangeland management in traditional 
villages (Vetter, 2013). In the north Eastern Cape of South Africa, communal rangelands exist 
because of the political history of which designated communal rangelands were established 
during the 20th century with the Native Land Act of 1913 and the Native Trust Land Act of 
1930s (Beinart, 2000). In this area, previously commercial farms are now rangelands that were 
transferred as consolidation of the homelands (Beinart et al, 2017). During the dry season, 
arable lands become a common grazing area where livestock can feed. A long history of 
communal grazing has been reported as well as claims associated with land degradation 
(Beinart, 2003). The Department of Agriculture reported that the rangelands in these areas 
(that were a part of common property since the 19th century) were degraded as a result of 
overgrazing and soil erosion (Beinart ,2000, 2003).  
In the current political environment, land in the north Eastern Cape is being redistributed, and 
government is committed to improving livelihoods of previously disadvantaged people in 
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rural areas (Vetter, 2013). The government is looking for a willing seller and a willing buyer for 
the redistribution of land to the black people living in the former homelands, however, only 5,46 
percent of the land has been distributed up to date (Kepe & Hall, 2016).  The major focus is on 
the greater land transferee levels and on improved engagement with smallholder agriculture. 
A study conducted by Gwate (2018) in the north Eastern Cape communal rangelands provided 
an interesting opportunity to study the dynamics of ecosystem services related to land 
degradation, rangeland water use and  household livestock production. The ability of these 
rangelands to support primary ecosystem services, such as grazing by livestock and rangeland 
water use by both livestock and people, is undermined by the land cover changes taking place, 
such as the invasion of alien plants, the increase in rural settlements, increased afforestation, 
reduction in native grassland (Münch et al., 2017)  and changes in species composition 
(Bennett et al., 2012). Thus, it is necessary to better understand rangeland water use and 
livestock production in order to improve rural livelihoods and optimally manage the 
landscape. This study seeks to understand rangeland livestock water dynamics by looking at 
the biophysical components of the ecosystem such as evapotranspiration (ET), aboveground 
net primary productivity (ANPP) and vegetation cover of livestock grazing lands. Another 
component of this study is the performance of livestock production in communal rangelands 
using a stochastic frontier analysis, which as method of economic modelling as an application 
to provide empirical evidence on livestock productivity and looking at the ability of a 
household to attain maximum goods and services, given the set of inputs and technology. 
Household livestock-based livelihoods of communal people were also assessed to understand 
the contribution of livestock to rural livelihoods. The study also describes livestock water 
productivity in communal rangelands, productivity which is composed of livestock goods and 
services, given the amount of water used by the landscape (ET) for aboveground net primary 
production (Descheemaeker et al., 2011). Finally, the grazing distribution of sheep and cattle 
in a communal rangeland was assessed and the factors that affect livestock grazing 
distribution such as normalised difference vegetation index (NDVI) and species composition 
were assessed. Global positioning systems (GPS) were used to assess livestock landscape use 
during the wet and dry seasons. Daily weight gains for the collared livestock during the study 
were calculated to assess livestock performance for both seasons.  
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1.2. Overview of water productivity 
The concept of water productivity includes the outputs and their associated costs, given the 
water used by aquatic and terrestrial ecosystems (Molden & Sakthivadivel, 1999). Water 
productivity (WP) is defined as water-use efficiency, carbon assimilated and crop yield per 
unit of transpiration, and later, as the amount of produce per unit of ET (Molden & 
Sakthivadivel, 1999). Irrigation specialists have used other terms, such as water-use 
efficiency (WUE) to indicate the amount of water wasted and how effectively it is delivered 
to the crop. However, the concept does not indicate the outputs produced, or that the 
water lost through irrigation can be re-used (Seckler et al., 2003). Improving water 
productivity is most appropriate in water-scarce areas and reasons for water productivity 
improvement include meeting the increasing food demand from developing regions in the 
light of water scarcity (Molden et al., 2007a). Another reason is to respond to pressures in 
relocating water from agriculture to ensure its availability for environmental use (Molden et 
al., 2007b). Lastly, improved water productivity contributes to poverty alleviation and 
economic growth for poor rural areas, which leads to better nutrition, productive 
employment and more income. The investment cost of the amount of water to be drawn 
can be reduced through targeting high water productivity (Seckler et al., 2003).  
1.2.1. Importance of water productivity 
Increased productivity of water is primarily important in areas where water is a scarce 
resource and, in agriculture, plays a significant role in facilitating competition for scarce 
resources, providing food security, and preventing environmental degradation (Bossio et al., 
2010). Using less water to grow more food makes water available for other natural and human 
uses (Sonder et al., 2003). The water consumed by an animal enables optimum and efficient 
conversion of feed, and ensures maximum milk production and growth throughout its lifetime 
(Peden et al., 2003). However, scarcity of the water that the animal uses for body cooling 
through metabolic processes and transpiration results in low production and health 
problems. 
The amount of drinking water required depends on various factors such as dry matter intake, 
feed composition, feed water content, animal species, live weight of the animal, level of 
production, climate in which the livestock is managed, and the physiological status of the 
animal (Sonder et al., 2003). Most of the water consumed by the animal is ingested as drinking 
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water or as a component of the feed (Sonder et al., 2003). The feed may be highly variable in 
moisture content, ranging from 5% in dry feeds to 90% or more in moist feeds (Sirohi et al., 
1997). Water that is absorbed directly from dry feeds may not be as important as the water 
intake, while that derived from moist feeds can supply large amounts of the necessary water 
requirements (Blümmel et al., 2009). However, there are more opportunities to increase WP 
in the livestock sector under the combined concept of LWP (Peden et al., 2009). 
1.2.2. Livestock water productivity: Concept 
Livestock water productivity (LWP) is defined as the measure of agricultural outputs (goods 
and services) derived from livestock against the amount of water consumed in the process of 
producing these outputs (Hoeve & Koppen, 2005; Breugel et al., 2010; Peden et al., 2009). 
The concept was introduced by Peden et al., (2007) to investigate interactions and ways to 
improve livestock production without environmental and water depletion. The system 
receives, contains, and loses water through various hydrological processes such as 
precipitation, evapotranspiration, storage, runoff and recharge, and the rates of the 
movement of water through these processes are affected by degradation and depletion 
(Descheemaeker et al., 2010a; Breugel et al., 2010). Generally, the amount of water used in 
a livestock production system consists of not more than 2% of drinking water and only water 
lost during evapotranspiration of feed production is usually considered in livestock water 
productivity (Descheemaeker et al., 2010d). However, in sub-Saharan Africa and other arid 
and semi-arid parts of the world, livestock ranching in a commercial agricultural enterprise, 
and feeding are the major components of agricultural water use. 
Livestock ranching is a significant livelihood strategy for communal farmers in Africa. In land 
under communal tenure and traditional ownership, livestock’s contribution to livelihoods is 
mainly through providing different products and services; however, their productivity is 
generally low (Otte & Chilonda, 2003). This low productivity is most often attributed to the 
poor quality and low quantity of feed, low-yielding breeds, prevalence of indigenous breeds, 
inadequate water resources, prevalence of disease, and high mortality rates (Salem & Smith, 
2008). Other challenges faced by African smallholders are limited access to credit, lack of 
technology transfer, high transaction costs and poor market access (Pica-Ciamarra et al., 
2011). However, the increasing global demand for livestock products, along with increasing 
global water competition, population growth, and changing nutritional habits (Whaley et al., 
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2003) have encouraged communal livestock farmers to re-evaluate their management 
practices. 
1.2.3. Livestock water productivity (LWP) model 
The benefits derived from water use are normally referred to as the productivity of water 
(Peden et al., 2007). Livestock water productivity depends on the beneficial outputs that are 
considered and can be expressed in different units: in kilograms per cubic metre (kg m-3) of 
water, in litres per cubic metre (L m-3) of water, or in the monetary value per cubic metre (US$ 
or ZAR m-3) of water if milk or offtake is considered (Peden et al., 2009). It can be more difficult 
to assess the water used by livestock for non-economic benefits even though they are 
significant (Burke et al., 2009). This is because they are indirect benefits of the environmental 
flow (Cook et al., 2009). The water productivity assessment however, includes payment for 
the environmental services to include non-economic benefits (Falkenmark et al., 2007). When 
comparing the produced commodity and water flow component, the benefits vary greatly 
with the scale of the analysis and the interest of stakeholder (Wesseling & Feddes, 2006). The 
varying scale of analysis and the definitions of water productivity often restrict the discussion 
(Bouman, 2007). 
The value of livestock consists of multiple benefits and services such as offtake, milk, 
wool/hides, manure, farm power and the preferred means of accumulating wealth (Dovie et 
al., 2006). The denominator of the ratio represents the amount of water depleted for 
producing feeds, consumed by the animals (expressed as evapotranspiration), and for 
drinking over the entire lifetime of the herd being assessed, based on the water foot-printing 
concept (Hoekstra et al., 2009). This study, however, focuses on the model developed by 
Haileslassie et al., (2009a) and modified by Kebebe et al., (2015) which is a simplified method 
that quantifies the annual LWP of the livestock herd being assessed. In a communal livestock 
production system, livestock husbandry varies significantly compared to a commercial 
production system: there is a lack of record keeping in terms of animal husbandry activities 
such as productivity, veterinary services, measurement of drinking water and breeding stock 
over the lifespan of a livestock herd. The model used in this study includes water used by the 
landscape for the production of grass/forage to estimate LWP. However, the study 
acknowledged that during the dry season where animals mostly feed on crop residues, some 
households afford to pay for baled lucerne.   The LWP values were estimated as follows: 
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ܹܮ ௜ܲ = ∑௜ୀଵ௡ (ܱ௜ ∗ ௜ܲ + ௜ܵ ∗ ௜ܲ)
∑௞ୀଵ௡ ௞ܦܹ

                                                 (1.1) 

Where: 
݅ is the unit of observation; ܹܲܮ is livestock water productivity; ܱ௜  is the quantity of the ݅௧௛ 
livestock output such as milk, offtake, hides/wool and manure; ௜ܵ is the service type, such as 
traction of the ݅௧௛ livestock obtained over a year; ௜ܲ  is the local market price (ZAR) of the ݅௧௛ 
good or service type; ܹܦ௞ is the amount of water used in ET for the production of grass in 
the rangelands. To assess multiple benefits, monetary equivalents such as ZAR of livestock 
products are used and later converted to USD. Although non-monetary cultural benefits 
remain important, they were not included in the computation of monetised benefits of 
livestock. 
Several water accounting techniques have been used to quantify LWP at various agricultural 
scales and to understand the LWP denominator better (Molden & Sakthivadivel, 1999). The 
denominator can be applied at many scales of interest and requires the definition of a 
bounded domain in space and time (Peden et al., 2009). For example, the domain at the 
field scale starts from the plant canopy to the bottom of the root zone bounded by the 
edges of the field over a growing season (Descheemaeker et al., 2010). The main task in 
water accounting is estimating the flows across the boundaries in the specified period 
(Ritzema, 2014). When estimating the water productivity, the interest is in the water inflows 
and water depletion. Different water accounting categories in the process of water 
accounting procedures are classified by the inflow and outflow components (Molden & 
Sakthivadivel, 1999). 
1.2.4. Livestock water productivity (LWP) framework 
In a livestock production system, land degradation can be reversed through improved LWP, 
which contributes to reduced poverty of a smallholder’s livelihood (Burke et al., 2009). 
Using the composite nature of the livestock system, Peden et al., (2007) developed a 
conceptual framework to analyse LWP. The framework allows the accounting of the various 
factors affecting LWP that are involved in various water flows, and the multiple benefits 
from livestock production. The framework improves the understanding of water use in a 
mixed farming system, logically evaluates livestock water interactions, and integrates 
hydrology, economics, ecosystems, production systems, and various natural resources. 
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However, this study adopts this framework to improve the understanding of livestock 
production in a communal rangeland system. The major focus of the study in this framework 
is on livestock production on communal rangelands, on water used by the rangelands, and 
the net annual beneficial goods produced by livestock.  
The water flowing into a system to produce drinking, processing, servicing water and biomass, 
enables the production of animal outputs using various types of feeds and other natural 
resources (Peden et al., 2006).  The services rendered by livestock play a role in the livelihoods 
and environmental services (Senda et al., 2011) and thus management of livestock production 
affects livelihoods. The influence on feed production, water inflow, soil and vegetation are 
because of environmental services, which creates a feed loop (Duncan et al., 2016). Animal 
urine and faeces contain less water than the water outflow (Peden et al., 2007). Further, 
degraded runoff water, transpiration, evaporation and contaminated water cannot be used. 
Water that has not been lost, such as deep percolation and out-of-the-root zone, can be used 
by the system downstream or after being recycled (Burke et al., 2009). The concept and 
framework of LWP can be used to determine the strategies or areas of possible intervention 
for improving LWP. 
Figure 1.1 shows that water occurs in rivers, lakes, ponds, reservoirs, plant tissues (which 
lock up the soil moisture and water), animals and microorganisms. Water joins the system 
as rainfall, surface or sub-surface inflow (Kumar et al., 2014) and is lost through 
transpiration (T), evaporation (E) and downstream discharge (Peden et al., 2007). For 
sustainable water management, a long-term inflow is required and, in drought conditions, 
the depletion has to be in balance with sufficient storage to offset short-term scarcity 
(Amede et al., 2011). When the water is depleted, it is no longer available for the system 
and adds no value. Depleted water is water that has been used up, making it less valuable to 
the system for future use, even though it is still within the system (Hoeve & Koppen, 2005). 
The primary requirement for assessing LWP is estimating livestock-related water inflow, 
depletion and storage (Peden et al., 2007). Since this study deals mainly on water used by 
rangelands to produce livestock goods and services, the interventions proposed will focus 
on rangeland management and animal husbandry. 
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For plants to grow, water has to be lost through transpiration. Evaporation and transpiration 
are difficult to separate (and is rarely done), but are normally combined as evapotranspiration 
(ET) for the purpose of estimating agricultural water use, so shifting the depleted water from 
discharge and evaporation to transpiration (Keller & Seckler, 2004). The ratio of transpiration 
to evaporation is important because a high transpiration to evaporation ratio indicates 
possible higher agricultural water productivity than a lower ratio because evaporation is the 
non-productive water depletion, and transpiration is the water used for plant growth (Amede 
et al., 2009). 

 
Figure 1. 1. Livestock water productivity (LWP) depends on water accounting principles and 
helps identify opportunities for more effective water use. The figure has been re-produced 
from the source (Peden et al., 2007). 
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1.2.5. Livestock-water interaction 
Livestock and water interactions are a crucial challenge as livestock  utilise huge amounts of 
water for feed production and they are responsible for environmental degradation due to 
overgrazing (Descheemaeker et al., 2011). Water used in livestock rearing through to the 
livelihoods is either not valued or is undervalued (Mekonnen et al., 2011). Livestock and 
water managers face the challenge of guaranteeing that livestock rearing minimises water 
degradation, depletion and contamination of resources, while at the same time maximising 
the outputs from livestock and other systems (Breugel et al., 2010). There is a need to 
improve the understanding of LWP and its influences on water resources (Kebebe et al., 
2015) and to fully understand the interaction of livestock water in the livelihoods of 
communal farmers.  
 
The major factor influencing the development of different livestock production systems is 
access to water; this is probably the most significant link between people, the environment 
and livestock (Descheemaeker et al., 2011). Herd composition, livelihood strategies for coping 
mechanics and livestock distribution are mainly dictated by the distribution of water 
resources and land (Descheemaeker et al., 2011). In areas where water scarcity is the major 
problem, farmers have adapted to this challenge by adopting a nomadic lifestyle; however, in 
intensified farming systems, where population is increasing, water competition among the 
different sectors has increased as the farm size has decreased (Molden et al., 2007). Livestock 
water interaction differs depending on animal herd composition, production objectives, 
market links, management system, livestock health and productivity (Peden et al., 2009). In 
areas where an output, such as draft power is important, oxen are usually given the priority 
of a high quantity of quality feed, since they are the major users of water and feed, and have 
important outputs (Bekele et al., 2017).  
Livestock drinking and servicing water such as water used in milking and washing the sheds is 
the most obvious use of water in a livestock production system, but it is only a small 
proportion of the total water consumption (Peden et al., 2007). Studies show (Peden et al., 
2007; Gebreselassie et al., 2009; Descheemaeker et al., 2009) that the main use of water in a 
livestock system is related to transpiration of water for feed production, which is about 50-
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100 times the amount of water needed for livestock drinking, making it understandable that 
large quantities of water are necessary to produce a kilogram of meat or a litre of milk. A 
study conducted in India by Chapagain & Hoekstra, (2003) estimated that 1.96-4.6 m3 of 
water are depleted mainly to irrigate the feed necessary to produce one litre of milk, while 
estimates of the amount of water required to produce one kilogram of beef are in the region 
of 10.0 m3 to 12.2 m3. However, the estimates apply only to intensive livestock production, 
and these estimates do not consider small ruminants which have a more water efficient 
metabolism than large ruminants and equines. 
Consideration of the influences of livestock keeping on water resources at landscape scale is 
essential when evaluating livestock water interactions because, if the influences are ignored, 
low  LWP could be the result (Peden et al., 2009). Livestock grazing affects the hydrological 
response of rangelands and results in soil and vegetation degradation. According to the study 
conducted by Descheemaeker et al., (2006), high grazing pressure leads to combined 
interrelated factors such as poor organic soil matter, poor vegetation cover, soil compaction, 
poor soil structure, increased soil erosion and higher runoffs from low infiltration rates. 
However, the tendency of attributing all water lost in the rangeland system to livestock might 
underestimate livestock water productivity (Peden et al., 2007). Land degradation can be 
severe around the watering points because of the grazing pressure on vegetation cover and 
the animal trampling effect (Descheemaeker et al., 2009), and contamination of watering 
points due to mismanagement, such as lack of fencing and faecal excretion inflow, can make 
water unusable (Wilson, 2007). According to Peden et al., (2007), livestock water interaction 
has been given insufficient attention, and much focus has been on land degradation due to 
grazing and livestock water requirements, resulting in a lack of understanding of feed water 
productivity and feed intake estimates, which have led to variation in LWP. The lack of 
knowledge of livestock water interactions has obstructed both proper decision making and 
the development of methods to improve the situation (Peden et al., 2007). Furthermore, this 
has resulted in lost opportunities to counter low livestock production, smallholder poverty 
and land degradation. 
1.2.6. Factors affecting livestock water productivity 
Management of water resources need to improve worldwide, given increasing population and 
water scarcity (Gebreselassie et al., 2009). According to Molden et al., (2007), the need for 
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improved water management is especially true when water resources are allocated to 
different and competing uses. There must be a formula for effective strategies to achieve 
more productivity while, at the same time, improving the environment. This situation 
aggravates the risk of worldwide food security as sufficient water available for food 
production is a challenge (Gebreselassie et al., 2009). The increasing population depends on 
agriculture for food which competes with household, environmental and industrial use for 
the limited water supply (Taddese, 2003). Although all the users increasingly demand water, 
ground water is slowly decreasing, other water ecosystems are degraded and polluted, and 
the development of new water resources is costly (Descheemaeker et al., 2009). A wide range 
of pollutants such as human, agricultural and industrial wastes  have contributed to the 
shrinking of quality fresh water resources (Bennett, 2003). 
1.3. Strategies to improve livestock water productivity 
Producing animal feed resources that would consume  water more efficiently, as well as 
selecting livestock species and breeds that have higher feed conversion rates could improve 
LWP (Sonder et al., 2003) to sustain the agro-ecosystem (Nardone et al., 2010). Improved 
grazing of livestock and water management could enhance the productive ability of the land 
through improved water  and soil conservation, which has a potential to reduces pollution 
such as that of water and has positive environmental influences (van Breugel et al., 2010). At 
the household level, LWP can be quantified, which requires developing a methodology to 
improve the quality of rangelands. Peden et al., (2007) identified numerous strategies to 
improve LWP.  
1.3.1. Sourcing of feed and management 
The primary strategy for improving LWP is managing and sourcing feed (Haileslassie et al., 
2009a). The chief water cost in livestock ranching is the photosynthetic production of feed 
(Sisito et al., 2012). Selecting quality pastures that have high crop water productivity such as 
feed crops, crop residues and crop by-products help increase LWP (Ganskopp & Bohnert, 
2009). Livestock water productivity is increased by any measure that increases crop water 
productivity. However, the possibilities for reducing the water consumed in producing feed 
are limited in number and the results are highly inconsistent (Peden et al., 2003). In practice, 
maximum feed water productivity is often less than 0.5 kg m-3 but can reach 8 kg m-3 in rain-
fed dry matter (Peden et al., 2007). Many factors, such as different concepts of water 
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accounting and the reality of particular production, lead to variability (Alemayehu et al., 
2012). The important feed choice for improved LWP is the consumption of crop residues and 
by-products (Burke et al., 2009). Taking advantage of crops grown for human food and their 
residues imposes less or no additional water cost beyond what the crop itself needs. Low LWP 
can be achieved by using irrigation water to produce forage which uses high water cost 
(Descheemaeker et al., 2010). Importing feed successfully transfers the water cost of feed 
production to far-away areas, thus decreasing local agricultural water demand. If the water is 
not enough for producing feed, animals must migrate to other feed sources or rely on 
imported feeds associated with virtual water, which is the hidden water flow (Chapagain & 
Hoekstra, 2003). 
1.3.2. Enhancing animal productivity and herd size management. 
Higher LWP is mainly possible when one’s livestock herds are productive, stress free and are 
kept healthy (Haileslassie et al., 2009). When the animals are in poor condition, production is 
reduced to zero benefits. A fixed input for livestock production is the water required to 
produce maintenance feed (Descheemaeker et al., 2010). Additional water is required by 
livestock to gain weight, work, reproduce and produce milk (Molden et al., 2007). Energy used 
for maintenance is less than that required to enhance LWP; however, interventions of 
genetics, nutrition, health, marketing and animal husbandry help to improve LWP (Peden et 
al., 2007). The interventions that help to improve LWP include providing quality drinking 
water (Gebreselassie et al., 2009), selecting breeding stock with improved feed conversion 
efficiency (Archer et al., 1999), reducing mortality and morbidity through health services 
(Descheemaeker et al., 2011), and keeping few but highly productive animals.  
There are two approaches to increasing LWP: keeping larger herds that require more feed, 
water and other inputs with no additional water, which is one way that livestock keepers 
respond to increased LWP (Amede et al., 2009). The other approach is to keep a few livestock 
that are highly productive. Some limits are ultimately needed for livestock production, such 
as restricting land use by animals to certain environmental sustainability levels (Keller & 
Seckler, 2004) which may include the environmental charge of livestock production in the 
prices of animal goods and services (Cook et al., 2009). Another limit  would be to adopt a 
policy that ensures reasonable access to animal outputs, such as  use of milk and meat to 
levels that improve nutrition, reducing obesity and diabetes (Ebanyat et al., 2010).. 
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1.3.3. Conserving water resources 
Conserving water resources is the process of limiting water loss through non-production 
depletion pathways. Natural sustainability, agro-ecosystems and agricultural production 
depend on transpiration (Peden et al., 2009). Evaporated water and discharge do not 
contribute to the production of plant material. One of the effective ways to increase LWP is 
to manage vegetation, land, and water through converting evaporation (Peden et al., 2007) 
and water loss through elevated runoff during storm flow events. Livestock water productivity 
can be improved by maintaining high vegetative ground cover, harvesting water, improving 
soil-water holding capacity, developing vegetated buffer zones around water surface bodies, 
and related measures that decrease extreme runoff, increase infiltration (Descheemaeker et 
al., 2013). Livestock grazing has an impact on water and animals must be managed in ways 
that maintain vegetation cover. When the vegetation cover is lost, soil erosion increases and 
infiltration and production in pastures declines (Peden et al., 2003). Moderate grazing 
pressure has a less negative impact on water, and on the type and density of grazing on 
species composition of the vegetation (Sonder et al., 2003), while high grazing pressure 
results in the loss of nutritious palatable species. In other parts of the world, very low grazing 
pressure stimulates bush encroachment (Dalle et al., 2006), but this is not always the case in 
South Africa, as the interaction between low grazing pressure and the resultant increase in 
fires inhibits woody encroachment. The combination of reduced grazing and the prevention 
of fires does, however, result in an increase in woody biomass. High water productivity can 
be maintained by having more palatable vegetation and animals that utilise the vegetation 
effectively  (Faki et al., 2008).  
1.3.4. Allocation of livestock feed and drinking water 
How livestock feed and drinking water is allocated across landscape can lead to unreasonably 
low LWP, and to land and water degradation (Faki et al., 2008). In areas that are near drinking 
water sources, LWP for cattle is very low because of the morbidity and mortality associated 
with weight loss and the high risk of disease transmission (Faki et al., 2008). Animal 
production and water productivity is also low when the animals have to walk long distances 
from feed to watering sites (Breugel et al., 2010), however, moving water sources creates 
feed shortage and mortality. 
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In arid and semi-arid rangelands, livestock such as cattle in particular, depend on water 
resources. When there is limited or no water available, they die and, even if they live, the 
stress caused by non-availability of water reduces animal production (Blümmeln et al., 2014). 
The animal drinking process takes place within the system and the water drunk within the 
process is not depleted but supports the ecosystem functioning (Peden et al., 2006). Water 
consumed by the animal and  lost through urine and faecal moisture can be deposited on the 
soil  which it may infiltrate or from which it may evaporate (Taddese, 2003). Small amounts 
of water may also be lost from the pulmonary tissues of the animal as evaporation. Animal 
drinking water must be available in small but adequate quantities and be of good quality 
(Wilson, 2007). Although providing a unit of drinking water is costly, the amount of water 
consumed by livestock is only 2% of that needed to produce feed (Peden et al., 2007). 
The amount of water consumed by an animal varies from 20–50 litres per Tropical Livestock 
Unit (TLU) per day, and the consumption depends on factors such as breed, species, 
temperature, quality of water, feed intake, feed water content, animal activity, pregnancy 
and lactation (Peden et al., 2003), with high-producing, lactating cows consuming as much as 
85 litres of water per day. Livestock water productivity, weight gains and milk production can 
be constrained by water deprivation, which also reduces feed intake (Gebreselassie et al., 
2009). In areas where poor water and livestock management is practised, watering sites are 
often contaminated with sediments, and pastures are overgrazed, contaminating  domestic 
water use that then puts human and animal health at risk (Gebreselassie et al., 2009). 
Providing water in grazing land is an important contribution and it provides an opportunity to 
distribute livestock for effective forage consumption without overgrazing (Peden et al., 2006).  
1.4. Biophysical attributes of the communal rangelands 
Livestock production in semi-arid rangelands can be affected by biotic and abiotic factors such 
as stocking rate and rainfall (Fynn & Connor, 2000). The concept of Clemensian succession 
and theoretical underpinning of range management on ecosystem functioning have been 
challenged for arid and semi-arid rangelands where a potential determinant of change within 
a system is rainfall (Fynn & Connor, 2000). Stocking rate has traditionally been used as a tool 
by which range managers can adjust the succession trend of vegetation. However, the current 
argument is that grazing has a limited influence on the vegetation dynamics because of inter-
annual rainfall variability (Fynn & Connor, 2000). However, the relationship between livestock 



17  

and rangeland productivity is positively correlated with mean annual rainfall (Fritz & Duncan, 
1994).  On the other hand, according to Behnke and Scoones, (1993), grazing has a minimal 
impact on vegetation in semi-arid rangelands. Variable rainfall can have a strong influence on 
rangeland productivity and species composition, although a slight grazing effect on species 
composition over time can result in a shrinking effect on rangeland productivity (Milchunas & 
Lauenroth, 1993).  
1.5. Livestock production in communal rangelands 
Livestock in communal rangelands provide multiple benefits to their owners: they are a store 
of wealth, they provide offtake, hides, wool, milk, draft power and manure. Livestock also 
provide social prestige, local exchange, bride-wealth payment, loans and accumulation 
through reproduction (Cousins, 1999; Dovie et al., 2006). However, decline in the use of 
livestock draft power and increase in livestock slaughter remain a central social practice of 
many communal people (Brown et al., 2013). Currently, livestock production in communal 
rangelands is not perceived as a thing of the past but is perceived as having economic 
potential by which household food security can be addressed. It is important to state that 
rangelands exist on a continuum form and may exhibit different dynamics over different 
spatial scales such as rangelands that ostensibly appear to be over the larger scale may also 
contain key resources areas where dynamics are more equilibria because there is much 
tighter coupling between plants and livestock. 
About 84% of the communal land in South Africa has the potential for livestock production, 
but livestock sales were thought to contribute little to the cash economy in terms of sales for 
slaughter in abattoirs (Bembridge, 1987). Because of poor management and low nutrition, 
the efficiency of communal livestock production in terms of offtake, milk, manure, traction 
and wool/hides is estimated to be only a quarter of that of commercial rangelands 
(Bembridge & Tampson, 1993). Factors such as topography, climate, and geology can limit 
crop production and, as a result, most parts of the rangelands are used for livestock grazing, 
commercial livestock production and game farming (de Wet & van Averbeke, 1995). Nowers 
et al., (2013) argue that the deterioration of communal rangelands and low livestock 
productivity are due to the accelerated degradation of the resource base, but there are 
environmental factors such as drought that have a greater effect on livestock production. 
While genetic improvement and improved management can boost livestock production to a 
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certain level, environmental factors cannot be controlled. In the case of commercial livestock 
production, production is improved by management factors such as vaccination and tick 
control; in communal livestock production, this is mostly carried out by the government 
(Nowers et al., 2013). In communal areas, the adoption of technological solutions to the 
challenges of improving livestock health and productivity has generally been slow, for a 
number of reasons: the high costs of these interventions, inadequate access to extension 
services and advice, and reliance on non-efficacious traditional veterinary solutions. The 
provision of veterinary services in South Africa has been reduced significantly (Brown et al., 
2013), leaving livestock owners to their own devices, to a large extent, some of whom use 
plant-based remedies as one of the animal disease management practices (Beinart & Brown, 
2013).  
Although livestock production in communal areas has low formal offtake rates to abattoirs, 
and poor economic returns, it is an important source of income. In most communal areas of 
Southern Africa, low input livestock husbandry remains a primary land use option (Shackleton 
et al., 2001). This happens in situations of inconsistent macro-economic policy, changing 
environmental regimes and labour market policies, where people adopt different livelihood 
strategies (Cousins, 1999) such as harvesting natural resources and livestock production. In 
communal economies, livestock herds are regularly multipurpose in character and when all 
functions are valued, they produce high rates of economic return per hectare (Dovie et al., 
2006). The important functions depend on a number of factors, such as selling livestock for 
cash and may be more important in areas which are arid or semi-arid, where the rainfall is 
erratic (e.g. high inter-annual coefficient of variation) and the risk of crop failure is very high 
(Dovie et al., 2002).  
The class identity of the owner also influences the function of livestock and can be highly 
skewed, due to high levels of crop production and other non-rural sources of income (Cousins, 
1996). An individual who owns a relatively large number of cattle normally gives some of the 
livestock to his or her kin unconditionally. This may start with the gift of a chicken to a 
youngster, to a cow when the young man gets married, in order to start his own household 
(Ainslie et al., 2002). The people who benefit most from kinship are usually the men (sons, 
nephews, and brothers), although, in some cases, women benefit too (Bennett et al., 2013). 
One can motivate to be given livestock by looking after it while one is young, for instance, 
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where an older brother has inherited livestock from his parents, he may gift some to his 
younger brother (Cousins, 1996). However, in some cases it is rare for people to gain title to 
livestock through kinship unless other customs and institutions contribute to such 
entitlement (Bennett et al., 2010). Livestock also play a role between households such as 
bride-wealth payment, co-operative arrangements for ploughing and lending, but these roles 
differ from area to area (Ainslie et al., 2002). 
1.6. Livestock grazing distribution across the landscape in communal rangelands 
Proper livestock grazing distribution is an integral part of rangeland management (Gillen et 
al., 1984). Managing livestock grazing distribution aims at maximising forage use within a wide 
range of landscape without causing serious damage to the land (Gillen et al., 1984). A complex 
combination of plant community, topographic water distribution, succession stage, time since 
last fire, aspect, geology and soil, as well as other habitat factors determine grazing 
distribution. Areas of gently sloping drainage may receive up to 95% of grazing, while steep 
slopes will receive less grazing (Fuhlendorf & Engle, 2001). A better understanding of the 
livestock interaction with the natural habitat and of management factors should aim at more 
effective methods of livestock grazing distribution. 
Grazing livestock react to their environment through behavioural actions that result in 
different distribution over the landscape (Stuth, 1991). Livestock normally graze selectively 
under continuous grazing in search of local areas that lack accumulation of biomass 
(Fuhlendorf & Engle, 2001). This behaviour results in small, heavily grazed patches within 
grazed or un-grazed patches (Bailey et al., 1998). Livestock tend to concentrate their grazing 
near watering points and along the meadows immediately adjacent to drainage lines, thus 
leading to increased grazing pressure on areas near watering points and reduced grazing in 
areas far from the watering points (Fuhlendorf & Engle, 2001). This grazing pattern of 
livestock associated with distance to watering points masks the small-scale heterogeneity, 
leading to rangeland deterioration and results in increased runoff (Fuls, 1992) 
To maximise livestock distribution across the landscape, grazing systems such as rotational 
grazing are designed to harvest forage uniformly. Livestock managers believe that rotational 
grazing can improve the rangeland condition and livestock production more than continuous 
grazing where livestock are allowed to range freely and select grazing according to their own 
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preferences. However, studies demonstrate that continuous grazing at light intensity does 
not degrade species composition and rangeland production (Holecheck et al., 1998). Unlike 
most commercial rangelands where livestock are rapidly rotated across the landscape 
through relatively small pastures, communal rangelands allow livestock to graze freely and 
continuously across the landscape with or without the presence of a herder. 
Herding is the activity of keeping animals together as a group while searching for forage to 
graze or water to drink. Herding involves keeping and guiding the animals to prevent them 
wandering, fighting or being subject to predators. Samuels et al., (2013) argue that herd 
mobility is an adaptable, efficient way to manage livestock in communal rangelands as it 
responds to the environmental and socio-economic variables. On the other hand, livestock 
grazing in fenced paddocks have limited access to key resources and so the practice breaks 
down during dry seasons. In South Africa, the long history of colonialism led to the reduction 
of land available to Africans and significant restrictions on livestock movements. In communal 
areas, livestock were kept in kraals at night and released in the morning with a herder to move 
livestock around the rangeland. However, mandatory schooling meant a decrease in the 
number of households practising traditional herding of livestock which had been drawn 
mainly from child labour. On the other hand, it is unclear as why currently under-employed 
men in rural villages are not considered suitable for herding animals.  In the Eastern Cape, 
smallholder farmers can seldom afford to pay for a herder to move their livestock across the 
landscape. In a rotational grazing management system, the livestock owner aims at uniform 
utilisation of the rangeland in order to achieve more livestock production. However, in 
circumstances where livestock are forced to ingest low quality herbage, this may decrease 
livestock production and sustainability. Furthermore, in the context of the Eastern Cape, the 
colonial Betterment programmes created grazing paddocks on community rangeland that 
were inappropriate for managing the large numbers of livestock within the system, 
particularly during the dry season. The widespread removal of the fences in the post-
apartheid has enabled livestock to forage over a larger distances and gain access to key 
resources, giving them a better chance of survival, particularly during the dry season. 
1.7. Rural livelihoods in communal rangelands 
At national level, South Africa is a middle developing country with adequate per capita income 
(Mtshali, 2002). However, many households in traditional areas still experience the 
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depravation and inequality that was shaped by an apartheid government before the 
establishment of democracy (Mtshali, 2002), resulting in the undesirable situation of poverty. 
The fundamental inequalities have led to the impoverishment of the rural population in 
accessing those resources that contribute to livelihood security such as capital, knowledge, 
land, basic services, and skills (Mtshali, 2002). Deforestation, threats from invasive alien 
plants, declining land productivity and soil erosion are other environmental factors that 
negatively affect rural livelihood security (Overton, 1996). 
It is evident that rural areas experience the highest rates of poverty (Mtshali, 2002). About 
70% of rural dwellers are poor compared to the 17% living in metropolitan areas, and that 
95% of the those living below the poverty line are Africans (Mtshali, 2002). As a result, most 
rural households are unable to satisfy their basic needs. Household assets are prevalent in 
rural areas and are appropriate as a unit of analysis (Bank & Qambata, 1999). In areas where 
rural-urban migration is prevalent, the complexity and diversity of households has increased 
(Smit, 1998), resulting in difficulties in defining the homestead boundaries since household 
members live in both rural and urban areas, depending on their employment (Ainslie et al., 
2002). Members who leave their homesteads to live and work in urban areas do not lose their 
homestead membership or their responsibility to support the family members in cash or kind 
(Russell, 1993). 
Having links to more than one household is a common practice in rural areas (Ainslie et al., 
2002). Thus assets and resources of such an individual are distributed among the households 
(Kepe, 2002). South African rural people have complex income strategies including wage 
labour, remittance from household members working in urban areas, social grants (old age 
pensions, childcare grants and disability grants), farm labour and paid domestic work,  other 
activities associated with village life, to generate income in order to secure their livelihood 
(Carter & May, 1999) and livestock production. These strategies and activities mean that 
South African rural livelihoods are complex and agriculture is considered an essential practice 
by rural livelihoods (Mtshali, 2002). 
1.8. Scope of the thesis 
Several challenges can be identified within the management of communal rangelands, in 
addition to water use and livestock production. The debate in South Africa is that communal 
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rangelands are unproductive and are unable to sustain maximum livestock production 
because they are perceived to be degraded (Vetter, 2013). However, the information about 
the livestock production in rural livelihoods  has focused on the extent of land degradation 
through biomass production and change in species composition. Furthermore, research has 
been done on developing management approaches to promote the maximum ecosystem 
services of communal rangelands, such as livestock grazing and water provision, which in turn, 
increase livestock production. However, there is limited information regarding finding a 
satisfactory way to link livestock production to rangeland production in communal systems, 
thus LWP. This thesis seeks to address this gap, by describing the biophysical attributes of the 
ecosystem such as rangeland water use (ET) to give a better understanding of the ecosystem 
functioning and the expected annual NPP of a rangeland. The performance of livestock 
production at household level was assessed using a stochastic frontier analysis as an 
application to provide empirical evidence of household performance in the context of 
rangeland production. This thesis also assessed the household livestock-based strategies that 
communal people use for their livelihoods, since livestock production contributes significantly 
to rural livelihoods and provides an alternative way out of poverty where livestock products 
are shared among households, regardless of the state of ownership (Ainslie et al., 2002).  
Livestock production is perceived to use large quantities of water in the production of 
livestock outputs (Peden et al., 2009), but several assumptions used to calculate the amount 
of water that livestock use in producing the outputs are questionable (Scholtz et al., 2013). 
This issue was addressed by describing LWP of communal rangelands and determining the 
net annual beneficial output derived from livestock with the associated cost at local level, 
given the amount of water being used by the landscape (ET). Lastly, areas where most grazing 
occurs during dry and wet seasons were also identified by collaring livestock using GPS. This 
was very important as livestock tend to graze anywhere, regardless of the state of 
degradation and because limited resources mean there are no herders to direct livestock to 
graze in the under-used parts of the rangelands. Assessment of the livestock distribution was 
also important to help to plan a grazing management in these communal rangelands because 
areas that were protected during the study achieved maximum growth production (NPP) and 
improved vegetation cover.  
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1.9. Aim  
The main aim of the study is to describe livestock water productivity in the semi-arid 
rangelands of the north Eastern Cape, South Africa.. The specific objectives of the study were: 

 to provide an overview of communal rangelands in South Africa; 
 to describe the biophysical attributes of the ecosystem in the north Eastern Cape 

communal rangelands; 
 to assess the performance of livestock production in the north Eastern Cape 

communal rangelands using a stochastic frontier analysis; 
 to assess household livestock-based livelihoods in the north Eastern Cape communal 

rangelands, South Africa;  
 to assess LWP in the north Eastern Cape communal areas; 
 to assess distribution of livestock grazing using GPS collars in a communal rangeland; 
 To achieve these objectives the following activities were carried out: 
 Household surveys were conducted for information on livestock beneficial goods and 

services. 
 Field surveys determined rangeland condition and production using several parallel 

approaches, including line transects, descending plate measurements/ disk pasture 
meter, canopy cover measurements, and cage exclosures for annual net 
aboveground productivity, aboveground biomass and vegetation cover were 
conducted. 

 Livestock were collared using GPS collars to assess livestock grazing distribution and 
measure livestock weighs for wet and dry seasons. 

 Earth observation was used to determine evapotranspiration (ET), LAI, net 
photosynthesis (PsNet) and NDVI. 

1.10. Key questions 
By developing new metrics, is it possible to assess the total water use of producing livestock 
in communal areas? 
Using the results from a survey of all the products provided by livestock, would it be possible 
to derive a measure of LWP for communal areas? 



24  

Using a fully independent assessment of biomass production and landscape scale 
evapotranspiration, would it be possible to validate the outputs from the LWP model to 
achieve an independent assessment of the model? 
1.11. Thesis outline 
This thesis consists of seven chapters that describe LWP in communal rangelands of the 
north Eastern Cape, South Africa. The first part of the thesis addresses communal 
rangelands and the debates around the extent of rangeland degradation and productivity. It 
addresses both water productivity and LWP, its factors and the strategies to improve LWP. 
This part also discusses rural livelihoods in South Africa, and livestock production and 
landscape use in communal rangelands.  
Chapter 2 describes the biophysical attributes of the ecosystem by determining the amount 
of water received by the landscape and the amount the landscape uses (ET). It also 
describes the annual NPP of the landscape, biomass production, vegetation cover, and the 
net photosynthesis of good condition rangeland. 
Chapter 3 determines the performance of household livestock production in a communal 
rangeland context by using a stochastic frontier analysis as an application to provide 
empirical evidence of communal rangeland production. This chapter assesses the ability of a 
household to attain maximum outputs, given the set of inputs and technology. 
Chapter 4 examines the household livestock-based livelihoods used by communal people as 
a way out of poverty. This chapter assesses the livestock goods and services that communal 
people (both livestock and non-livestock owners) use for their livelihood and reveals what 
livestock owners understand of where their livestock graze during the wet and dry seasons. 
Chapter 5 describes LWP in communal rangelands. In this chapter, ET calculated from 
Chapter 2 and livestock beneficial goods and services reported in Chapter 4 were used to 
calculate LWP. The numerator of the equation was all the annual net beneficial goods and 
services identified by communal people, with their local market prices, while the 
denominator was the ET from the landscape.  
Chapter 6 determines the grazing distribution of sheep and cattle in a communal rangeland 
and explores the factors that affect livestock grazing distribution. Data collected from GPS-
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collared livestock were used to assess livestock landscape use for the wet and dry seasons. 
Daily weight gains for the collared livestock during the time of collaring were calculated to 
assess livestock performance for both the wet and dry seasons.  
Chapter 7 summarises the key results of the study and explains the possible effects of the 
proposed interventions and the need for more research. 
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CHAPTER 2. THE BIOPHYSICAL ATTRIBUTES OF THE RANGELAND ECOSYSTEMS IN THE NORTH 
EASTERN CAPE COMMUNAL AREAS. 
This chapter will be submitted to a suitable journal. BG wrote all the text and interpreted the results of the chapter, Onalenna Gwate (OG) assisted with data collection.  
ABSTRACT 
South Africa is a predominantly semi-arid country, experiencing a chronic water crisis which 
has an impact on the climatic and anthropogenic-driven shifts in the biotic assemblages. 
Because of increasing pressure on land and water use, there is little unexploited economically 
viable surface water. The primary driver underpinning sustainable rural agriculture is 
rangeland production, as it sustains forage for wildlife and domestic livestock production. 
Wildlife is part of agriculture that mainly deals with farming game animals that use rangelands and 
a source of feed. This study describes the biophysical attributes of the ecosystem in communal 
rangelands of the north Eastern Cape. The study uses MODIS ET extracted from Google Earth 
Engine (GEE) to estimate evapotranspiration of the landscape. Using four parallel lines of 
evidence, this study also measures rangeland productivity, such as annual aboveground 
primary productivity through cage exclosures, disc pasture meter, aboveground standing 
biomass, vegetation cover using line transects and net photosynthesis. The study looked for 
these parallel lines of evidence to measure the amount of biomass production in the 
rangeland that showed a highly productive system with extensively grazed grass. This study 
estimated Penman- Monteith-Palmer Evapotranspiration (PMP ET) of 270 mm for 2016 
compared to MODIS ET of 379 mm, while mean annual rainfall was 636 mm for 2001-2017. 
The study found a positive relationship between vegetation cover and standing biomass, 
where cover was found to be a good predictor of a standing biomass. A positive relationship 
between disc pasture meter and annual aboveground primary productivity was also revealed, 
where 370 g DM-2 yr-1 was estimated based on the disc pasture settling height , compared 
with 314 g DM-2 yr-1 and 288 g DM-2 yr-1 . Mean canopy cover was 64%  while it was 71% and 
65% in other sites an, respectively. The mean annual carbon of 880.7 g C. m-2 showing the 
grams of carbon produced by the rangelands per meter square for the unimproved area is 
reported in this study. The measured variables in the study are a presentation of a rangeland 
that is in good condition when compared to commercial rangeland systems. However, proper 
grazing management such as resting the rangelands for a full growing season, are needed to 
improve productivity and rangeland water use efficiency. 
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 Keywords: Aboveground net primary productivity, Communal rangelands, Penman-Monteith-
Palmer.  
2.1. Introduction 
South Africa is a predominantly semi-arid country experiencing a chronic water crisis. The 
main concerns in the context of water resource management are the impacts of the climatic- 
and anthropogenic-driven shifts on the biotic assemblages (Everson et al., 2011), driven by 
increasing pressure on land and water use, and little unexploited economically viable surface 
water. South African rangelands provide multiple ecosystem services to human livelihoods, 
which are valuable in terms of land production and agricultural economy (Palmer et al., 2015). 
The production and water use efficiency of these landscapes is generally assumed to be poor 
because they are continuously grazed and perceived as degraded. These rangelands face the 
challenge of increased human pressure that varies widely with management practice (Palmer 
et al., 2015). There is also an increase in woody plant encroachment which has been 
attributed to several drivers, among them a reduction in fire frequency and intensity, and an 
increase in atmospheric CO2 concentration (Buitenwerf et al., 2012). The increase in woody 
plant density is a key factor affecting the rangeland’s ability to provide the desired ecosystem 
services continuously (Palmer et al., 2015). 
In all ecosystems, the aboveground net primary production (ANPP) is a fundamental 
integrating process (Muldavin et al., 2008), making it important to understand the temporal 
patterns and production control. Aboveground net primary production is mostly linked with 
annual precipitation (Muldavin et al., 2008) and is important in addressing questions about 
the availability of forage, stocking rate for livestock and managed wildlife population in 
rangelands, as well as wood yield in forests and for estimating the global carbon balance. Sala 
and Austin, (2000) defined ANPP as the rate at which aboveground biomass is produced and 
is expressed in weight or energy units (g m-2 yr-1 or kj m-2 yr-1). According to McNaughton et 
al., (1989), ANPP can be used as an integrative ecosystem variable because it reflects and 
influences other trophic levels.  
Evapotranspiration (ET) is the key water cycle process in the ecosystem where energy balance 
is closely linked. Precise and detailed information of regional evapotranspiration is 
fundamental to a better understanding of the world’s carbon and water cycles. Despite the 
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development of models, highly accurate ET simulation remains a challenge (Palmer et al., 
2015). Such challenges include the comparison of 15 model simulations from the global soil 
wetness project-2 (Dirmeyer, 2011), which revealed that, on average, the annual global land 
surface ET mean ranged between 272-441 mm per year. The variability and magnitude of a 
catchment water yield can be strongly influenced by water used by plants 
(evapotranspiration) and that lost from the soil surface by evaporation. For this reason, the 
estimates of catchment water yield should be improved through more accurate estimates of 
evaporation. Remotely sensed data have long been used to estimate spatially distributed ET 
fluxes, owing to the high temporal and spatial continuity.  
During ET, plant physiological and physical processes combine, contributing to the largest 
component of the terrestrial water balance after rainfall, and leading to approximately 90% 
of all the precipitation returning to the atmosphere in arid and semi-arid environments 
(Palmer et al., 2015). Transpiration comprises vapour fluxes, which regularly account for 70-
90% of total ET (Williams et al., 2004), influencing the amount of rainfall partitioned to stream 
flow, ground water components and infiltration. Strongly coupled with production, 
transpiration is regulated by water availability in dry areas, with strong responses taking place 
between hydrology, plant biota and climate (Wilcox et al., 2011). Changes in the structure, 
physiology, nature and amount of ANPP in these systems have a significant implication for 
the catchment water yield. These changes cause relatively minor variations in ET and often 
translate into disproportionally substantial changes in ground water and surface flow. 
2.1.1. Satellite and ground-based instrument 
Micro-meteorological and satellite sensor technology have both undergone several important 
advances in recent years and present new opportunities to use ground-based instruments 
combined with remote sensing to obtain evidence-based, verifiable estimates of 
evapotranspiration over large land surfaces (Glenn et al., 2007). Several sophisticated satellite 
sensor systems, including the multi-angle Imaging Spectro Radiometer (MISRS), the Advanced 
Space-borne Thermal Emission and Reflection Radiometer (ASTER) and the Moderate 
Resolution Imaging Spectro Radiometer (MODIS) mounted by NASA’s Terra and Aqua 
satellite, return to the research community high-quality global information on earth’s surface 
spectral and thermal properties, free of charge. With spectral resolution improved, well-
characterised radiometric and on-board calibration systems, polarisation and spatial 
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sensitivities, MODIS characterises significant technical improvements in earth observation 
capabilities over its predecessors (Justice et al., 2002). Most importantly, MODIS has 
established biophysical datasets, stratified according to atmosphere, land and ocean 
products. Specific interest concerning eco-hydrological research objectives are a LAI product 
which provides critical information on vegetation phonological dynamics. 
For several years, methods such as large aperture Scintillometry, Bowen ratio and eddy 
covariance (EC) have been used to measure ET but have only recently become widespread 
thanks to improvements in analytical technique, instrumentation and theory. There has been 
worldwide growing interest of the carbon budget in an ecosystem and landscape production 
where permanent EC flux systems were being deployed (Glenn et al., 2007).. 
2.1.2. The MODIS Leaf Area Index (LAI)  
Leaf area index (LAI) provides vital information on surface vegetation processes and well-
established plant structural characteristics (Palmer et al., 2015). In all models describing fluxes 
of mass, momentum and energy within the geo-space, LAI is a state parameter. It describes 
the green leaf area per unit ground area of canopy cover, or projected needle leaf area in 
coniferous and broad leaf canopies (Zhang et al., 2004). In the MODIS LAI/fpar product 
(MOD15), an advanced, three-dimensional radioactive transfer theory approach is used to 
solve for LAI, band uncertainties, atmospherically corrected bi-directional reflectance factors 
for each MODIS band, and an eight-biome cover land class based on the International 
Geosphere Biosphere Programme Classification (IGBPC) (Knyazikhin et al., 1998).  
To minimise the impact of cloud cover and atmospheric contamination on retrieval quality, 
the standard MOD15A3 LAI product is now generated as a four-day composite at 0.5 km pixel 
resolution. Over the compositing period, LAI with the highest corresponding fraction of 
photosynthetically active radiation (fpar) value is returned. In most global vegetation types, 
the product has been extensively validated against ground-measured LAI. To evaluate 
production and water use in rangelands, reliable estimates of ET at suitable time and spatial 
scales are required. The reliable estimates of ET are also important in monitoring changes in 
the variables in response to climate activities (Palmer et al., 2015). There is a need to evaluate 
the effects of change on the hydrology of rangelands. According to Glenn et al., (2007), this is 
one way to acquire spatially resolved estimates of ET continuously over a large landscape unit. 
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The approach has improved significantly by combining satellite data, high quality ground-
based measurements and meteorological data coupled with algorithm performance and 
sensors. 
In South Africa, the primary driver underpinning sustainable rural agriculture is rangeland 
production, as it sustains forage for wildlife and domestic livestock production. Graziers view 
it as the most important variable to describe the services provided by the rangelands (Palmer 
et al., 2010). Degradation in South Africa has traditionally been equated with undesirable 
changes in forage quantity and quality related to overgrazing (Vetter, 2013). Several key 
factors such as animal type, rangeland condition and daily nutrition influence the carrying 
capacity of a rangeland and are built in to several production models (Wight & Skiles, 1987; 
Richardson et al., 2007) to provide predictions that are realistic for range managers. 
Alternative approaches, such as water use efficiency (Snyman, 1994) and rainwater use 
efficiency (Palmer & Ainslie, 2009) have also been used.  
Several studies, such as those of Haileslassie et al., (2009), Peden et al., (2007), Descheemaker 
et al., (2010a) and Amede et al., (2011) have assessed possible ways to improve the water 
productivity of mixed crop-livestock systems in Ethiopia. However, no evidence of similar 
studies could be located that measure Livestock water productivity at household level in 
South African communal rangelands. The fact that communal rangelands are perceived to be 
in poor condition and unable to sustain maximum livestock production offered an opportunity 
to conduct this study on LWP to improve livestock water use. Livestock water productivity 
(LWP) refers to the net beneficial goods and services derived from livestock relative to the 
amount of water used in the production of those goods and services (Descheemaker et al., 
2010d; Amede et al., 2011). The denominator of the LWP equation includes ET from crop 
residues, rangelands and degraded water (Peden et al., 2006). However, in this study only ET 
from rangelands (Haileslassie et al., 2009) was considered, using MODIS ET extracted from 
google earth engine (GEE). It is worth mentioning that, in the study site crop residues do not 
form much the livestock diet as there are only small gardens available in the study site. 
Following Descheemaker et al., (2010), four parallel methods were applied to measure 
rangeland productivity,  measurements of ANPP using exclosures, the disc pasture meter 
(Bransby & Tainton, 1977), aboveground standing biomass and vegetation cover using line 
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transects (Flombaum & Sala, 2007), and earth observation models of net photosynthesis. The 
study looked for parallel lines of evidence to measure the amount of biomass production in 
the rangeland with and without herbivory. The study attempts to show that these remain 
highly productive systems, although their visual impression suggests that all the grass is 
grazed, and they look degraded. The calibration for the line transects took place outside the 
overgrazed areas. The calibration of the disc pasture meter was used to predict grass 
production based solely on aboveground grass biomass. The MODIS NPP product (newly 
renamed PsnNet product) is one of the indicators of rangeland production because it relates 
to the quantity of carbon accrued or standing biomass over a certain time, such as the growing 
season. Improving rangeland productivity through grazing management is one possible way 
of improving LWP. An adaptive stocking density and appropriate herd composition may 
positively influence vegetation ground cover, species composition and ANPP, and thus 
improved water use.  Other studies, such as that of Saeed and El-Nadi, (1998), estimate ET 
during the growing season at field level. Following Palmer et al., (2015), this study also 
explored potential evapotranspiration from a scientific-grade automatic weather station and 
MODIS LAI to estimate the ET of a rangeland, implying that evaporation and rainfall during 
the non-growing season is also accounted as one of the input into plant biomass production. 
This was done because the communal rangelands of the north Eastern Cape provide grazing 
throughout the year. However, MODIS ET, which was generated from GEE, was used to 
calculate LWP. 
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2.2. Materials and methods 
2.2.1. Characteristics of the study site 
The study site is in the northern part of the Eastern Cape Province, South Africa, in the former 
homeland of Transkei. It is in the quaternary river catchment T12A (centred around 
31°31'25S; 27°45'27E). Data from other quaternary catchments S50E (centred around 
31°40'41S 27°35'12E) and T35B (centred around 31°04'05S; 28°17'34E) were used in this 
study for comparison (Figure 2.1). The catchments, T12A and S50E, are both communal 
tenure arrangements while T35B is administered under the commercial tenure system, with 
relatively small human and livestock populations. The study site is in the Drakensberg foothills 
moist grassland (Mucina & Rutherford, 2006) which occurs in a broad arc of the Drakensberg 
Mountains and its surrounding foothills. The topography ranges from steep mountainous 
escarpments to moderately rolling grassland incised by river gorges. Mudstones and 
sandstones of the Molteno and Tarkastad formations of the Karoo Super group, as well as 
intrusive dolerites of the Jurassic period dominate the geology in the study site. Well-drained 
soils on the sedimentary parent material are mostly dominant, with clay content ranging from 
15–55% and a depth of more than 800 mm, representing soil forms such as Hutton, Griffin, 
Oatsdale and Clovelly (Mucina & Rutherford, 2006). On the dolerites, soil forms include 
Mispah rock complex, Shortlands , Balmoral and Vimy. There are 26 average frost days, 
indicating a sub-montane form of warm cooler temperate climate, and the mean annual 
temperature is 14.6 ᵒC with a mean annual precipitation of 654 mm. The study site comprises 
important taxa of graminoids and geophytic herbs (Mucina & Rutherford, 2006).  
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Figure 2. 1. Map of the study site representing the three rural river catchments T12A, S50E 
and T35B. 
2.2.2. Defining domains within a study site 
Areas where livestock grazing occurred in communal rangelands were identified as domains 
(Descheemaeker et al., 2010). Identifying the domains of LWP and improving flow efficiency 
across them offers an opportunity for smallholders to benefit by raising their income and 
alleviating poverty (Descheemaeker et al., 2010). Livestock derive high value goods and 
services from water from various sources, such as water consumed by drinking, and water 
consumed through feeding. The amount of water consumed is determined by several factors 
related to the animal, feed, and environmental conditions (Giger-Reverdin & Gihad, 1991). 
Direct water consumption forms only a relatively small part of total water budget. However, 
livestock ranching has a significant impact on water resources at landscape scale and the 
watershed. Soil and vegetation degradation may result from the hydrological response of 
pastures and rangelands which are affected by livestock grazing. Land degradation can be 
severe around watering points where livestock grazing pressure and trampling of vegetation 
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can be noticed (Descheemaeker et al., 2010). In this study, areas where most grazing was 
taking place during the wet and dry seasons were identified and sub-divided into different 
domains (Descheemaeker et al., 2010) using a combination of earth observations and in-field 
boundary definition. Possible domains that were identified include a) unimproved grasslands 
(including riparian zones, wattle groves and areas cleared of wattle), b) cultivated lands and 
c) areas immediately adjacent to or around homesteads (areas associated with livestock 
holding, such as kraals). Domain boundaries were determined through GIS mapping 
techniques using remote sensing.  
2.2.3. MODIS LAI and MODIS ET data 
Both MODIS LAI and MODIS ET were extracted from the three identified grazing domains 
using pre-processed MODIS imagery (MODIS 15A3) acquired from Land Processes Distributed 
Data Archive through GEE (Map data 2017 Google, INEGI, ORION-ME, USA). The domains 
were separated from each other by developing polygons on GEE that matched ground 
measurements. However, only ET from unimproved grasslands was used in this study to 
calculate LWP. Maximum LAI values were calculated for each domain. According to Leuning 
et al., (2009) and Palmer et al., (2015), LAI can be integrated into the Penman-Monteith 
equation to predict actual evapotranspiration. A Java script with instructions to extract data 
for the entire length of the MODIS record from 2001–2017 was used for both MODIS ET and 
MODIS LAI. This provided the baseline of maximum LAI values retrieved for each domain. 
Rainfall for the entire period (2001–2017) was also extracted. A detailed meteorological 
record from Cala automatic weather station for the whole 2016 which was relatively a dry 
year period was used to calculate actual ET for the unimproved grassland. An automatic 
weather station situated at Cala (-31ᵒ52’59S, 27ᵒ68’95E) provided records of rainfall, 
temperature (maximum and minimum), radiation, relative humidity, wind speed direction 
and potential evapotranspiration at an hourly or daily time step; the station had complete 
data records for 2016. Daily potential evapotranspiration (ET0) returns from the weather 
station were used to calculate actual evapotranspiration (ETa) 
2.2.4. Penman Monteith Palmer (PMP) equation. 
The Penman Monteith Palmer (PMP) equation (Palmer et al., 2015) uses LAI as a proxy for 
vegetation indices to scale potential evapotranspiration (ET0) to actual evapotranspiration 
(ETa). Some form of convergent evolution in terms of strategies and functionality across 
biomes is shown by vegetation evolution where plants evolve to calibrate light harvesting 
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ability and leaf area through the availability of resources to optimise carbon fixation. LAI is a 
main indicator of plant water use and vegetation physiology (Zeppel, 2013). When plant root 
systems are able to supply water to the atmosphere through stomata at a rate almost 
corresponding to demand, ETa approaches ET0 under ideal conditions of abundant soil 
moisture and fertility (Gwate et al., 2016a). However, this relationship degrades to some 
fraction <1 when there is limited soil moisture. The PMP model was developed to maximum 
LAI (LAI୫ୟ୶) which indicates the vegetation functional condition of a landscape relative to its 
optimum (Palmer et al., 2014). Furthermore, this relationship can be applied to relate ETa to 
ET0, assuming that ET0 represents the upper limit of water use possible within the system 
when ௅஺ூ

௅஺ூ೘ೌೣ = 1. Maximum LAI can be derived from long-term data sets such as the 
MOD153A LAI product. The underlying assumption is that under ideal conditions, efficiency 
levels are possible to the extent that all available energy defined by the ET0 (Allen et al., 1998) 
is used for ET. The PMP model is expressed as: 
ܶܧ = ௅஺ூ

௅஺ூ೘ೌೣ ∗ ܧ ଴ܶ  [2.1] 
where LAI୫ୟ୶ is the maximum LAI and ET0 is the potential evapotranspiration recorded by 
the automatic weather station.  
2.2.5. Estimating vegetation cover and aboveground standing biomass 
A non-destructive method (Flombaum & Sala, 2007) was used to determine aboveground 
standing biomass in which dry matter biomass was estimated using vegetation cover. Grass 
canopy cover was measured using the line intercept method from a total of 21 x 100 m 
transects in the period 2014–2016 during the month of April. The samples were collected on 
a continuously grazed site. Following Flombaum and Sala, (2007), all aboveground biomass 
was harvested after every 20 m adjacent to the 100 m transect on a 0.2 m2 (1.0 x 0.2 m) 
quadrat. Visual assessment of the cover was estimated based on the area covered in the 
quadrat. To get the dry matter weight, grass biomass samples from each quadrat were 
harvested and later dried in an oven at 70 °C for three days. Simple linear regression was 
constructed to estimate grass dry matter biomass from vegetation cover.  
 2.2.6. Estimating aboveground net primary productivity and calibrating disc pasture meter 
(DPM) 
To describe the biophysical attributes of the ecosystem in communal rangelands, six grazing 
exclosures (2.25 m2) were established in a communal grazing land (quaternary catchment 
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T12A). Data from exclosures that were established in another communal grazing land 
(quaternary catchment S50E) and a commercial grazing land (quaternary catchment T35B) 
(Gwate, 2018) were also used. During the month of June 2014, the exclosures were 
established, were clipped to 2 cm above the soil surface, and were protected from grazing. In 
May 2015 and 2016, nine points were sampled using the DPM (Bransby & Tainton, 1977) 
within each exclosure, and the grass biomass below the plate (0.166 m2) was clipped to 2 cm. 
The DPM readings were recorded at the settling height for each sample. To determine the dry 
grass biomass, the clipped samples were oven dried at 70 oC for three days. The DPM was 
calibrated using a simple linear regression of grass biomass dry matter against settling height.  
2.2.7. Assessment of net photosynthesis (PsnNet)  
The effective measurement of carbon and water fluxes in different land covers is very 
important as water fluxes differ in their capacity to utilise above and below ground biomass. 
Figure 2.2 shows the area where net photosynthesis of a  un-improved natural grassland was 
extracted from pre-processed MODIS imagery which was acquired from Land Processes 
Distributed Data Archive, GEE (Map data 2017 Google, INEGI, ORION-ME, USA). The time 
series data for MODIS PsnNet were acquired using a Java script with instructions for the 
period of January 2000 to August 2017. The mean annual carbon produced by the landscape 
was calculated. The incomplete data set for the year 2015 and 2016 was completed through 
data gap filling, following Koutsoyiannis, (2003).

 
Figure 2. 2. The location of the area from which values for MODIS PsNet products were 
extracted at the Mgwalana village.  
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2.3. Results 
2.3.1. Evapotranspiration 
MODIS LAI was extracted for un-improved  grasslands, cultivated lands, and areas around the 
homesteads in the study area and was then integrated into the PMP equation to predict the 
actual evapotranspiration (ETa). Maximum LAI that were calculated for each domain ranged 
from 3.84 on un-improved  grassland, 4.1 on cultivated lands, and 2.9 around the homesteads. 
MODIS ET for the three grazing domains is illustrated in Figure 2.3 and shows a mean annual 
MODIS ET of 428 mm for un-improved grassland, 421 mm for cultivated lands and 425 mm 
for areas around the homesteads for the entire period 2001–2017. Mean rainfall of 636 mm 
was also extracted from the study site for the entire 2001–2017 period. The actual ET 
calculated using the PMP equation for the year 2016 was 270 mm for the communal 
grasslands, while MODIS ET for unimproved grassland in 2016 was 379 mm, which was used 
to calculate LWP.  

 
Figure 2. 3. The mean annual evapotranspiration for three grazing domains in Mgwalana 
village for the year 2001-2017. UG- unimproved grasslands, CL- cultivated lands. 
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2.3.2. Relationship between aboveground standing biomass and vegetation cover 
Figure 2.4 Illustrates the relationship between the grass biomass production and the 
percentage cover of grasses along a 100 m transect. There was a wide range of variation 
between grass biomass production and vegetation cover. However, the results showed that 
there was a positive relationship between vegetation cover and grass biomass production. 
The regression was forced through zero because, in quadrats where there is no grass biomass, 
the estimated cover was zero. The regression equation revealed a slope of 88.5 with R2 of 
0.96 (P< 0.001). The mean canopy cover was 64% in T12A, while canopy cover from other 
sites (S50E) and (T35B) was 71% and 65% respectively.  

 
Figure 2. 4. The relationship between aboveground grass biomass and grass cover from 105 
0.2 m2 subplots along twelve 100 m line transects. 
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2.3.3. Calibration of ANPP and disc pasture meter (DPM) 
Figure 2.5 (a) illustrates mean DPM settling height and total dry biomass in the study site 
within the quaternary catchment T12A. Figures 2.5(b) and 2.5(c)also illustrate the mean DPM 
settling height in two other quaternary catchments which were used for comparison: S50E 
and T35B respectively. The mean DPM settling height of 16.39 cm was recorded in T12A, 
followed by 19.53 cm in S50E and 20.93 cm in T35B. Although, the mean DPM readings were 
significantly different (p<0.001) between the sites, a positive relationship was revealed as the 
increase in DPM reading increased with the increase in annual ANPP. Figure 2.5 (c), represents 
disc pasture settling height and total dry biomass estimated in a commercially managed 
rangeland, which show a great deal of variation in total dry biomass harvested in different 
disk pasture settling heights. 

 
Figure 2. 5.Calibration of the ANPP and the disc pasture meter reading at three sites. a) 
Communal grazing land, b) Communal grazing land c) Commercial grazing land. 
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2.3.4. Relationship between disc pasture meter and line intercept 
Table 2.1 shows the DPM readings and the predicted ANPP using line intercept for the study 
site. Aboveground net primary productivity of 370 g DM m-2yr-1 was estimated based on the 
DPM settling height in T12A. The average DPM readings further estimated a line intercept 
prediction of 220 g DM m-2 yr-1 in T12A. Compared to S50E and T35B, the DPM predicted ANPP 
of 324 g DM m-2yr-1 in S50E and 348 g DM m-2yr-1 in T35B lower than T12A, while the line 
intercept predicted 314 g DM m-2yr-1 and 288 g DM m-2yr-1 in S50E and T35B, respectively 
(Table 2.1). This study used results from other studies, such as those conducted by O’Connor, 
(2008), Everson and Everson, (2016), Danckwerts and Trollope, (1980) for comparison. This 
comparison was presented to show similar results of the relationship between a disk pasture meter 
and estimating above ground biomass using line transect in different rangeland systems. 
Table 2. 1. Relationship in the dry matter between disc pasture meter and the line intercept. 
Site Location MAR (mm) DPM Line intercept 
   Aboveground grass 

biomass g DM m-2 yr-1 
Aboveground grass 
biomass g DM m-2 yr-1 

S50E (Gwate et 
al., 2016a)  

31°40'41S 
27°35'12E 

772 324 314 

T12A 31°31'25S 
27°45'27E 

655 370 220 

T35B (Gwate et 
al., 2016a) 

31°04'05S 
28°17'34E 

786 348 288 

Danckwerts & 
Trollope, (1980) 

32°42'05S 
26°27'18E 

409 252 N/A 

O’Connor, (2008) 29°45'01S  
 29°33'07E 

893 292 N/A 

29°49'01S 
29°37'57E 

862 244 N/A 
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Everson & 
Everson, (2016, 
biennial burnt) 

29°56'17S 
29°15'41E 

880 471 N/A 

 
2.3.5. Net photosynthesis for the best condition unimproved grassland. 
Net photosynthesis (PsnNet) extracted from MODIS showed the best condition unimproved 
grassland at T12A (Figure 2.6). It shows how constant the production of this site has been 
over the past 17 years (2000–2017). The mean annual carbon of 880.7 g C. m-2 yr-1 for the 
unimproved grassland was calculated from the data presented in Figure 2.6.  
 

 
Figure 2. 6. The net photosynthesis (PsNet) for the unimproved grassland in T12A (Mgwalana 
village). 
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2.4. Discussion  
2.4.1. Evapotranspiration 
Apart from run off and precipitation, the principal part of a hydrological cycle in semi-arid and 
humid regions is evapotranspiration which affects both environmental and biophysical 
processes at the interference between vegetation, atmosphere and soil (Mo et al., 2004). The 
actual evapotranspiration reflects the combined effect of all climatologic factors that can be 
seen as seasonal variations in different domains, which are caused by the differences in 
monthly variations of total energy available to drive ET. This study explored the PMP equation 
to calculate ETa, which uses maximum LAI and potential ET to calculate actual ET. Similar to 
Palmer et al., (2017), a maximum LAI of 3.84 was reported for unimproved grasslands. 
Maximum LAI for other domains were 4.1 in cultivated lands and 2.9 in areas around the 
homesteads. On unimproved grassland, a PMP ETa of 270 mm was calculated for the year 
2016, while MODIS ET for the year 2016 was 379 mm on the unimproved grasslands. MODIS 
ET further reported a mean ET of 428 mm for the period of 2001–2017. This is because ETa 
depends on water and the amount of energy that is available to drive ET. The study was 
conducted in a dry land where no irrigation takes place and severe water limitations occur in 
the dry season. The LAI of vegetation is highly variable both temporally and spatially, 
depending on seasonality, the prevailing site condition, species composition, the 
development stage, and management practices (Le Dantec et al., 2000). The Leaf Area Index 
further characterises energy absorption capacity and canopy function, which is a key 
parameter in most ecosystem productivity (Sellers et al., 1997). 
The amount and timing of precipitation in semi-arid rangelands is an important driving force 
for evapotranspiration fluxes. A difference between MODIS ET and PMP ET in the study site 
was found, where MODIS ET was higher than PMP ET. Although maximum LAI in the study 
area was higher than 2.5, Gwate et al., (2016b) argue that estimating ET from LAI may be 
reliable when LAI values < 2.5, which applies to most retrievals. This study estimated 56% less 
ET than the MODIS ET using the PMP. This is possibly due to short grass canopies that can be 
less effective in capturing energy through the leaf canopy to the soil. Although LAI max in the 
study area was 3.84, the PMP model could not capture changes in ET, and underestimated 
PMP ET compared to MODIS ET. Similar results were found where PMP ET underestimated ET 
in the Albany thickets of South Africa (Gwate et al., 2016b), implying that MODIS LAI over 
grasslands does not respond rapidly to the rainy events, leading to compromised PMP ET 
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predictions. Even though the PMP model underestimated ET, it was found to perform best in 
the semi-arid savanna of South Africa (Palmer et al., 2015) where there was a much greater 
woody component. Furthermore, variations in PMP ET and MODIS ET suggest that the rate of 
change in ET might not be consistent with that of precipitation because factors such as land 
cover and changes in land use have a role in the hydrological balance of the landscape. Tian 
et al., (2010) report a change in ET over time in terrestrial ecosystems of the southern United 
States during 1995-2007, with semi-arid terrestrial ecosystems using a greater proportion of 
precipitated water than more mesic ecosystems. Based on the fact that MODIS ET >> PMP ET, 
and that for these sub-humid grasslands, ET should be closer to precipitation, it was decided 
that MODIS ET should be used for all further analysis. 
2.4.2. Grass standing biomass and vegetation cover 
A positive relationship existed between the vegetation cover and dry grass biomass through 
a 100 m transect. This study used a non-descriptive method to calibrate the estimation of 
above grass biomass measuring vegetation cover, which can be used to replace the grass 
harvesting method because it allows for multiple estimates of biomass in the same area and 
is cost effective (Sala & Austin, 2000). It can be used as an alternative to harvesting grass by 
estimating it, using the variables that correlate with it, such as vegetation cover. The study 
results were similar to those found by Flombaum and Sala, (2007) who reported that cover is 
a good predictor of a standing biomass, vegetation cover and green biomass. Aboveground 
standing biomass and vegetation cover have inter-annual variation which is affected by the 
distribution patterns and amount of precipitation (Vandandorj et al., 2015). 
2.4.3. Relationship between the disc pasture meter and the predicted ANPP 
The amount of herbage available for grazing is crucially important for animal production. The 
regression equation (Danckwerts & Trollope, 1980) was developed to convert the DPM 
readings of the standing biomass measurements which expressed the amount of forage at a 
given time in a rangeland; however, it is not a measure of production of grazeable material 
through a growing season. In this study, the DPM ANPP of 370 g DM m-2 yr-1 was reported on 
unimproved grasslands, with the line intercept predicting ANPP of 220 g DM m-2 yr-1. The 
regression equations developed were similar to other studies (Flombaum & Sala, 2007). Using 
results from Gwate et al., (2017) on other communal (S50E) and commercial (T35B) 
rangelands, the disc pasture readings were 324 g DM m-2 yr-1 and 348 g DM m-2 yr-1 
respectively, which implies that the lower standing biomass in communal areas does not 
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equate to lower productivity as communal areas are as productive as commercial areas. The 
line intercept and the DPM reading revealed a good relationship in validating the ANPP, which 
provided an easy technique to estimate grass biomass for improved grazing management. 
The ANPP estimates predicted in this study were similar to other estimates reported in natural 
grasslands, such as those found by Gwate, (2017) in commercial and communal rangelands 
of the north Eastern Cape. However, Everson and Everson, (2016) estimated ANPP values 
ranging from 190 g m-2 yr−1 for montane grassland exposed to annual winter burning to 471 g 
m-2 yr−1 for grasslands exposed to two yearly burning using long-term data. Furthermore, 
Danckwerts and Trollope, (1980) reported ANPP of 252 g DM m-2 yr-1. 
Precipitation is the primary constraint on ANPP in grasslands because it is an ecosystem driver 
of ongoing climatic change (McAuliffer, 2003). Results of this study showed the effect of 
rainfall gradient on ANPP with high rainfall areas reaching higher ANPP than lower rainfall 
areas. However, this may not always the case as McAuliffer’s, (2003) findings which show that 
shifting patterns in precipitation with an increase surface temperature have a direct impact 
on the hydrological cycle of water. Furthermore, studies conducted by O’Connor, (2008) and 
Everson and Everson, (2016) imply that other factors, such as burning and grazing, play a 
greater role than precipitation alone. High ANNP in these study sites could possibly be due to 
the nutrient extraction in the soil due to the removal of invasive alien plants (IAPs) in areas 
where the exclosures were established (Gwate et al., 2016). This is related to high nitrogen 
produced by the IAP roots after they have been removed which accumulates the soil. The net 
primary production in rangelands is one of the important components of the global carbon 
cycle. The spatial variability of ANPP over the globe is enormous, ranging from 1000 g C m-2 
for an evergreen tropical rain forest to less than 30 g C m-2 for desert (Baldocchi et al., 2018). 
In this study there was no discernible trend that could be linked to a continually degrading 
rangeland as the annual long-term mean PsnNet of 880.7 g C m-2 was found and the lack of 
trend retrieved from MOD17A3 indicates that the selected domain represents a healthy 
grassland showing no signs of degradation.  
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2.5. Conclusion and recommendations 
Improving rangeland productivity through rangeland management is one possible way of 
improving livestock production to improve rural livelihoods. Vegetation ground cover, species 
composition and ANPP can be improved by adopting judicious rangeland management 
techniques such as resting rangeland for growth and improved basal cover, thus achieving 
improved water use. This study supports an estimated annual ET for 2016 over the 
unimproved grasslands of 379 mm in 2016 (MOD15), which will be used in all further analysis 
of LWP. We found canopy cover to be a good predictor of aboveground dry grass biomass 
production in heavily grazed ecosystems. The ANPP was comparable to other studies 
conducted across South Africa and shows that rangeland production does not depend on the 
tenure system since communal rangelands were as productive. This implies that many factors 
other than grazing determine the annual herbage production. Therefore, it is necessary to put 
proper rangeland management plans in place to prevent excess water loss on communal 
rangelands; alternatively, excluding animals from certain parts of the rangeland for a certain 
period of time to allow regrowth is recommended as the exclosures yielded higher biomass. 
These exclosures were set up as experiments to look at the ability of a rangeland to recover 
growth if the animals are excluded for grazing over a certain period of time.    

 
  



46  

CHAPTER 3. PERFORMANCE OF LIVESTOCK PRODUCTION IN THE NORTH EASTERN CAPE 
COMMUNAL AREAS, SOUTH AFRICA: A STOCHASTIC FRONTIER ANALYSIS. 
This Chapter was published in peer reviewed conference proceeding. BG conducted all the 
field work and wrote the text in this chapter. RV assisted with the data analysis. 
Gusha, B., Palmer, A.R. & Villano, R.A., 2018. "Performance of livestock production in north eastern cape communal areas: a stochastic frontier analysis," 2018 Conference, July 28-August 2, 2018, Vancouver, British Columbia 277555, International Association of Agricultural Economists. 

ABSTRACT 
Communal rangelands in South Africa are reported to be on the brink of ecological collapse 
because they are vastly overstocked compared to those rangelands used by commercial 
agricultural enterprises. This situation exists because grazing resources are used in a free-for-
all environment where there are no incentives to manage common grazing resources. This 
chapter assesses the performance of households engaged in livestock production in the north 
Eastern Cape communal areas of South Africa. Survey data from 120 households from 
Mgwalana and Mahlungulu villages collected in 2015 and 2016 were used in a stochastic 
frontier model to estimate technical efficiency scores and evaluate determinants among 
households in a communal production environment where rangelands are the cheapest 
source of fodder for livestock. The findings of the study revealed that households use 
available resources sub-optimally and produce less output compared to the theoretical 
average. The average technical efficiency score of 0.79 was obtained in this study. These 
results show that households have a high ability attain livestock beneficial goods and service.  
These findings suggest that there is significant potential to improve outputs using existing 
inputs and to address the wide variation in the performance among households. Female-
headed households were found to perform better with the help of hired labour. The study 
provides essential information in understanding the productive performance among 
households in both villages, and thus provides important policy directions and possible 
interventions to improve production efficiency.  
Key words: Livestock production, stochastic frontier analysis, technical efficiency 
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3.1. Introduction 
In South Africa, communal rangelands are perceived to be on the brink of ecological collapse 
because they are vastly overstocked compared to commercial agricultural enterprise (Vetter 
2013). This situation exists because grazing resources are used in a free-for-all environment 
and the free-rider problem inherent in communal areas where there are no incentives to 
manage common grazing resources. Ainslie et al., (2002) argue that actual offtake which 
includes officially unrecorded home-slaughter for rituals and intra- and intervillage sales, is 
typically 20-25% per annum. Livestock production in communal areas is generally 
unresponsive to extension efforts and technical improvements in disease control or herd 
improvement. Ainslie et al., (2002) further argue that the low offtake rate in communal areas 
is mostly related to cultural reasons, such as historical reluctance to sell livestock, the reasons 
for keeping livestock, and keeping livestock for subsistence. The bigger question is are these 
areas really facing ecological collapse at all? This has been strongly contested since the 1990s 
and it is too simplistic to adopt one side of the argument without acknowledging the broader 
debates these issues are situated in (Vetter 2013). It is clear that these areas are more 
degraded than commercial ranches but they continue to maintain high levels of livestock over 
long periods of time and it is rainfall (and thus forage availability) which seems to be the key 
variable that determines this. 
Prior to European colonisation, livestock played a significant role in rural livelihoods. 
Communal people were agro-pastoralists who owned cattle and goats and were known to 
cultivate millet, maize, kidney beans, sorghum, melons, pumpkins and tobacco (Elbourne, 
1993). For basic protein intake in the form of milk, they relied on their livestock, mainly cattle. 
They were game hunters and wild plant collectors. Cattle raising was their favourite pastime 
and cattle were important for subsistence purposes. Meat from dead animals was eaten when 
an animal died from sickness or old age, and also when an animal was ritually slaughtered. 
Based on the rules of distribution and criteria for kinship and residential association, 
consumption of beef was complicated (Ainslie et al., 2002). These agro-pastoralists used 
cattle hides supplemented by the skin of goats and wild animals to make clothing and war 
shields (Lewis, 1984). They used dung in their homes for floors, building, and plastering walls. 
Fines were levied through the medium of exchange of cattle and cattle were accumulated as 
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wealth, which conferred social importance, maintained a good relationship with ancestral 
spirits, and ensured health and prosperity.  
 Currently, the main reasons for keeping livestock in communal areas include a store of 
wealth, milk, and less frequently meat, draft power, and manure production (Cousins, 1997). 
Furthermore, livestock ownership confers status and prestige within the community and, in 
some instances, livestock are used to pay a bride price and provide animals for ritual 
slaughter. Livestock further underpin social relationships where they serve as social goods in 
non-market ways. Having said that, a difference exists between holding livestock and owning 
livestock in communal areas, where an owner may not sell livestock without consulting other 
family members because they are not inherent goods but are subject to overlapping claims 
within the family. This phenomenon exists because of rural-urban linkages in these communal 
areas, where the livestock owner may employ a herder to look after the livestock, or he leaves 
livestock in the village with relatives but is resident in an urban area where employment 
opportunities are greater. The combination of birth and residence in communal areas affords 
one the right to run and own livestock in the rangelands. In some instances, even those who 
do not belong to the community are allowed to run their stock on the rangelands. This 
situation has given rise to the argument that the communal tenure system is unfair to the 
poor who do not own livestock (Cousins, 1996).  
Development programmes in South Africa have been implemented to improve animal and 
rangeland productivity through tenure reform (Behnke & Scoones, 1993). However, to arrive 
at a more balanced characterisation of the communal tenure system, a historical perspective 
of pre-colonial forms of land use and tenure system is necessary. The criticism of traditional 
livestock ownership and land use has a long history in South Africa. Beinart, (1984) states that, 
in South Africa, the colonials  first arrived in the Cape colony during the increasing shortage 
of grazing land followed by the competition for farmland caused by awarding farms to British 
settlers. This refers to the spread eastwards from Cape Town of settler-pastoralists into the 
Zuurveld and what has become known as the Eastern Cape Province. 
The boundaries where the African settlers stayed were ‘thorns in the side’ of the colonists’ 
acquisitive interest. Beinart, (1997) further states that the settler farmers of British and Dutch 
descent were seen to be directly or indirectly affected by what was happening in the reserve 



49  

areas where sheep owned by African farmers were regarded as a threat to colonial farmers’ 
flocks in terms of diseases (e.g. tick-borne diseases, sheep scab and fever). The African 
farmers were seen as disrespectful of fences and boundaries and they had to be eliminated 
so that settler livestock could be safe in the future. Communal farmers were restricted to 
traditional areas by the 1913 Native Land Act in terms of which they could only grow their 
herds within the limited genetic resources available regionally. This argument of irrational 
and inefficient African sector first surfaced in the 19th century with the growing need for 
African men for labour in the mines and industries in the diamond fields (McAllister, 1992); 
men who could only visit their rural homes once a year. Men brought back cash which was 
best used to purchase cattle as there were no banking facilities available in these areas, and 
owning cattle was an effective way of securing funds. Young boys were available to herd the 
livestock as they were not compelled to attend school. The rise of female-headed households 
in the post-apartheid era was intensified by drivers of male mortality which included diseases 
such as Human Immuno-Deficiency Virus (HIV), tuberculosis (TB), diabetes and hypertension 
(BP), as well as the movement of adult men to cities. Fewer adult men remained in the 
villages, leading to changes in the role of women in the livestock sector and their role in 
providing payments for large family expenses (e.g. tertiary education). With the introduction 
of mandatory school attendance in 1996 (South African Schools Act 84 of 1996), there are no 
longer young boys to herd the livestock all day as they are compelled to attend school. 
Successful herding to prevent area selective grazing by livestock requires the herder to be 
present throughout the day. Currently, men and women are now earning much larger salaries 
in cities and contributing to the herds of the homestead, which leads to unequal distribution 
of large herd owners in the demographics of the village. Furthermore, these non-residents 
are generally unwilling to be part of agreements about rangeland management of the grazing 
commons. 
In the traditional areas of the Eastern Cape, livestock continue to supply many different 
products and services, making a significant contribution to rural livelihoods. People are known 
to invest heavily in livestock production, and in the small-scale sector cattle production alone 
accounts for 80–90% of asset value. Both rural and urban-dwelling people continue to have 
considerable high livestock numbers in these communal areas, which is perhaps mainly 
related to the absence of other saving methods such as banks, thus leading to thousands of 
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rural people using livestock to store wealth. However, the apparent excessive number of 
livestock in these communal areas has had a deleterious effect on the condition of communal 
grazing resources through overstocking and overgrazing, and this led to mandatory 
destocking (Vetter, 2013) in some parts of the north Eastern Cape province. This de-stocking 
was believed to have had a positive effect on the quality of livestock in the communal sector 
as well as on their reproduction rates, production and their market value. However, there is 
limited information of any direct evidence that this improved livestock quality and 
production, and its implementation certainly met with a great deal of resistance. 
Livestock ownership provides prestige in many societies, but this varies culturally. There are 
considerable, unacknowledged cash amounts and unrecorded commercial activities, such as 
livestock trading, within communal rangelands. The benefits and their importance to rural 
people during extreme economic uncertainty are well understood and documented 
(Shackleton et al., 2001). However Vetter (2013) argues that the value of livestock are still 
underestimated and they are little acknowledged in economic assessment and policy. The 
role of livestock in communal areas is closely linked to cultural identity. Apart from their 
contribution to rural household income and food security, they fulfil important spiritual, 
cultural, and social functions (Ainslie et al., 2002).  However,  rural people keep livestock for 
various objectives such as food security, cultural use, or as a form of savings as the perceived 
relative importance of these benefits differs in areas and with livestock species (Waters-Bayer 
& Bayer, 2009).  
Food security can be improved by maximising the efficiency of livestock production (Otieno 
et al., 2014). Production inefficiencies limit livestock productivity and sources of inefficiencies 
are diverse. The most important requirement for improving productivity is to use production 
inputs more effectively (Otieno et al., 2014) and for farmers to understand the production 
elasticity of inputs, socio-economic characteristics, and determinants of efficiency. Such 
understanding would help to improve agricultural policies and programmes, which will, in 
turn, increase food security (Baha et al., 2013).  
Technical efficiency assesses the production of an enterprise’s use of resources to produce 
goods and services (Bahta et al., 2015). According to Battese and Coelli, (1992), technical 
efficiency is an enterprise’s (in this study, a farmer’s) ability to increase outputs, given a set 
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of inputs and technology. The level of technical inefficiency shows the inability of an individual 
to attain the highest possible outputs from each input used. Extensive studies on technical 
efficiency of crops, dairy, mixed crop-livestock farms Mlote et al., (2013), Otieno et al., (2014) 
and  Kumbhakar et al., (2014) have been conducted, but there is a paucity of studies on 
livestock production where all the beneficial livestock goods and services are consolidated 
and assessed for an individual household. To our knowledge, no studies have been conducted 
in the north Eastern Cape to assess livestock technical efficiency in communal rangelands 
where every member has equal access to available resources. The provision of knowledge of 
production efficiencies is important to improve the potential of a communal livestock system 
and thus increase economic growth and decrease poverty in livestock-dependent rural 
households in South Africa.  
In the Eastern Cape Province where this study was conducted, livestock production is one of 
the possible sources of household income and consumption, with the major household 
livestock holdings being sheep, cattle and goats. The outputs from livestock in this area are 
chiefly used for household consumption, draft power and wool which is marketed to obtain 
cash income. People also plant maize during the wet season, which after harvesting is used 
as animal feed during the dry season. Animals are also used for ploughing and transport, and 
animal waste is used to improve soil fertility. However, the rangelands are perceived to be 
poor and unable to sustain maximum livestock production (Bennett et al., 2012) when 
assessed in terms of species composition and standing biomass. This study provides empirical 
evidence in the context of a rangeland production perspective as to why it is important to 
manage rangelands properly for improved productivity and technical efficiency in these 
communal areas by assessing the performance of livestock production. The study makes a 
contribution by improving the understanding of the productivity and efficiency of livestock 
production in the communal area. To achieve this end, the study mainly focuses on identifying 
the most efficient households who are able to benefit from the possible interventions (access 
to market, improved labour, improved capital and supplementary feeding) so that they can 
become more successful at livestock production and improve their food security and be able 
to provide job opportunities for the less affluent. 
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3.2. Methodology 
3.2.1. Sampling and data collection 
Data for this study were collected from livestock and non-livestock owners in two villages in 
the Cala communal areas situated in the Eastern Cape Province, South Africa. Cala lies in the 
north Eastern Cape region of the country (Figure 3.1). Villages were selected on the basis of 
the presence of a significant population of invasive alien plants (IAPs), and evidence of 
clearing of these plants to restore the cleared area to grasslands.  The tables below were 
downloaded from Census 2011 prior to conducting the study in order to analyse the dwelling 
type, annual household income and gender of the household head. Table 3.1(a) shows the 
annual income from different households, which ranged from no income to those receiving 
an annual salary of R76 400 in Mgwalana village, with  one household earning between 
R307 601–R614 400. The dwelling type ranged from brick buildings to traditional buildings 
and apartment flats. Table 3.1 (b) shows that there are 63 male-headed households and 63 
female-headed households in Mgwalana village. Table 3.1(c) shows that annual income in 
Mahlungulu village ranges from households receiving nothing to households earning between 
R19 601– R38 200. However, only three households earn up to R307 600 per annum. Table 
3.1(d) represents dwelling type by gender of householder in Mahlungulu village, where 42 
households are male-headed households with 18 households living in both traditional and 
brick buildings for both genders. These tables represent background information on the 
records of demography of the study sites that will allow us to upscale results from the sample 
of households. These tables further support the use of the dwelling type as an index of 
household wealth following Census, (2011).  
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Table 3. 1(a). Household income by dwelling type in Mgwalana village (Census, 2011). 

 
Table 3. 1(b). Household dwelling type by gender of the household head in Mgwalana village 
(Census, 2011). 
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Table 3. 1(c). Household income by dwelling type in Mahlungulu village (Census, 2011). 

 
Table 3.1(d). Household dwelling type by gender of the household head in Mgwalana village 
(Census, 2011). 
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The respondents were selected based on their willingness to participate in the household 
survey, and included both livestock and non-livestock owners in the two rural villages, 
Mgwalana and Mahlungulu, located in quaternary catchments T12A and S50E respectively 
(Figure 3.1). One hundred and twenty (120) households were equally sampled across the two 
study sites based on their availability and willingness to participate in the survey during 
November 2015–January 2016, and May 2016–August 2016. In order to achieve a 
representative sample of different wealth categories, the household dwelling type applied in 
Census 2011 was used as a  surrogate  of household wealth, and respondents were selected 
to represent the range of dwelling types recorded in the National Census. Only one 
respondent declined to participate in the survey. The household head was interviewed, and 
in cases where the household head was absent, the most senior person was interviewed. The 
respondents were given classes of livestock ownership because it is difficult to get an absolute 
value for livestock ownership it serves as a form of savings. With the help of a local research 
assistant data was collected using a face-to-face interview during both the dry and wet 
seasons. The questionnaires were administered in the local language, isiXhosa, which is the 
language best understood by the respondents, and responses were translated into English. 
There was one enumerator for each household to conduct the interview. The interviews were 
conducted during the day and recorded/captured using Kobo collect toolbox that was 
installed in an Android mobile device.  
On the first day of data collection, an introductory workshop with community leaders and 
community members was held to explain the purpose of the survey and schedule 
appointments for interviews. Ethical clearance to conduct the survey was obtained from the 
Rhodes University Ethical Clearance Committee. A consent form was provided prior to the 
interviews requesting the authorisation of the entire household. Data gathered included 
information on socio-economic variables of the household such as age, gender, dwelling type, 
livestock holdings, livestock sales and mortalities, provision of livestock feed, livestock 
kraaling and herding. Information was also collected on the inputs as well as outputs in terms 
of livestock beneficial goods and services derived for household use. The input data collected 
include hired labour, livestock units owned, cost of feed used; output data collected were 
milk, offtake, wool, hides, mohair, manure and traction.  
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Figure 3. 1. Location of the study area in quaternary catchment T12A and S50E. 
3.2.2. Sampling approach: Estimating values of livestock goods and services 
Livestock form a vital component of agriculture worldwide. They provide ecosystem service 
output and have cultural value (Haileslassie et al., 2009). However, in this study only offtake, 
milk, manure, skin, hides, wool and traction were considered. The beneficial outputs and 
services in this study were estimated as follows: 
Manure: Manure production was calculated using dry weight, daily dung production of 
3.3 kg/day/TLU for large animals and 2.4 kg/day for small ruminants for the annual average 
livestock holdings (Descheemaeker et al., 2010; Bekele et al., 2017). Nutrient composition 
was estimated based on nutrient content of 18.3 g N/kg, 4.5 g P/kg and 21.3 g K/kg on a dry 
weight basis (Bekele et al., 2017). Monetary equivalence of manure to artificial fertiliser was 
extrapolated from the nutrient contents and price of LAN (28). 
Milk production: Annual milk production was estimated as a function of: number of 
lactating cows, lactation period and milk production in litres/day/cow in a household herd 
per year (Haileslassie et al., 2009). The figures that were used for lactation period and daily milk 
production were part of the data collected as part of the study. The total milk produced per cow 
was converted into monetary values based on the value of milk at a farm gate price. 
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Offtake: Livestock offtake was estimated as the proportion of animals sold or slaughtered for 
household consumption in a year. It was calculated by summing the values of each animal 
type (Rands) that was sold for consumption or gifted in a year (Kebebe et al., 2015). Number 
of sold animals, stock fair sales, informal sales and slaughter were also measured as reported 
by low input farmers (Tada et al., 2012). The low input farmers are farmers that are not investing 
in livestock production such as health services and livestock feeding. 
Fibre production: Fibre production was estimated based on the annual income derived from 
selling hides/wool in formal markets as reported by households. During shearing season, the 
amount of wool produced per sheep was weighed and animals were sexed.  
Traction power: Traction power was estimated based on daily hiring cost of draft animals 
(e.g. oxen) and number of working days/year spent for ploughing and threshing in every 
sample (Haileslassie et al., 2009). 
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3.2.3. Stochastic frontier production function analysis (SFA) 
In this study, household agricultural production is aimed at maximising production. In view of 
this, the study uses the SFA method (Aigner et al., 1977; Meeusen & Van Den Broeck, 1977) 
in order to examine input-output relationships and obtain efficiency indicators. The method 
was extended by Kumbhakar et al., (1991) to introduce the determinants of technical 
efficiency into the model. The model also proposes that an inefficiency effect ݑ௜  be expressed 
as a clear function of the vector of a firm specific random error and variables in a single stage 
stochastic frontier. Battese and Coelli, (1995) provide a frontier model with output-oriented 
technical efficiency specified as:  

௜ܻ  =  ܺ௜ ߚ + = ߝ)  ௜ܸ –  (3.1)                                                     ߤ 
where ௜ܻ is a scalar output of the ݅௧௛ firm; ௜ܺ is a vector of input quantities, and ߚ is a vector 
of parameters to be estimated; ߝ is the disturbance term comprised of ௜ܸand ௜ܷ independent 
components. ܸ ௜is a random variables which are assumed to be i.d. ܰ (0,  ௩ଶ ), and independentߜ
of the ௜ܷ  and ௜ܷ௦ are equal to a non-negative random variable which are assumed to account 
for technical inefficiency in production and are assumed to be independently distributed as 
truncations at zero of the ܰ(݉௜ߜ௨ଶ). The estimation of equation 1 provides variance 
estimators, estimators for ߚ௝and other relationships as denoted as: 

ଶߜ = ௏ଶߜ   +  ఓଶ                                                                   (3.2)ߜ
ߛ   = ௩ ଶߜ   ଶ                                                                          (3.3)ߜ /

ߣ =  ఓଶ                                                                        (3.4)ߜ/௩ଶߜ 
where ߜଶ, ,௩ଶߜ  ௨ଶ are the overall variance of the model, variance of the random error andߜ
variance of the technical inefficiencies, respectively. Gamma (ߛ) measures the proportion of 
the total output made on the frontier function, which is attributed to technical efficiency and 
has a value between zero and one. The lambda (ߣ) parameter is expected to be greater than 
one. This condition indicates a correctly specified error term ( ௜ܸ − ௜ܷ) and a good fit for the 
model. The empirical model is defined as: 

݊ܮ ௜ܻ = ଴ߚ + ଵܺ݊ܮଵߚ + ଶܺ݊ܮଶߚ + ସܺ݊ܮ ସߚ +ଷܺ ݊ܮଷߚ + ݊ܮହߚ ହ +  ௜ܸ −  ௜       (3.5)ߤ
where 



59  

 denotes natural logarithm (base); ௜ܻ is the total output per cow for the ݅௧௛ household =݊ܮ
(1,2,3…n); ߚ଴ is an intercept and is constant; ߚଵ,ߚଶ,ߚଷ, ߚସ,ߚହ,,are the parameters of regression 
coefficients of the ݅௧௛ variable;  ܺଵis the total labour hired used in the production of livestock 
outputs; ܺଶ is the total livestock household holdings which was a conversion of a livestock 
unit (LSU) 0.8 for cattle, 0.15 sheep and 0.10 for goats; ܺଷ is the total cost of livestock feed; 
ܺସ is the dummy for (LSU); ܺହ is the dummy for total cost of livestock feed. 
ܺଵ= it is expected that households that have more hired labour to look after the animals will 
have increased livestock productivity. Resources in the communal systems are spatially 
heterogeneous and that herding enables best access to them, particularly during the dry 
season when additional resources such as crop residues become available; ܺଶ= it is expected 
that a large number of household livestock holdings will increase livestock productivity; ܺଷ= 
it is expected that livestock productivity will increase if more money is invested in buying 
additional feed for livestock and ௜ܸ and ௜ܷ as defined above.  
3.2. 4. Technical inefficiency model 
Following Battese and Coelli, (1995), the study uses a function model which has the advantage 
of allowing simultaneous estimation of the respondent farmer and individual technical 
efficiency with a one-sided error term specified as follows:  

௜ߤ = + ଴ߜ  ଵܼଵ௜ߜ  ଶܼଶ௜ߜ +   + ଷܼଷ௜ߜ  + ସܼସ௜ߜ   + ହܼହ௜ߜ  + ଺ܼ଺௜ߜ  +  ߱௜௧           (3.6) 
where: 
 ଵ,ଶ,ଷ,ସ,ହ,଺are unknown parameters to be estimated; ܼଵis the householdߜ ;଴, is the interceptߜ
head age in years; ܼଶ is the gender of household head; ܼଷ is the type of dwelling that the 
respondents live in; ܼସ is the proportion of households who provide additional livestock feed; 
ܼହ is the proportion of households who kraal their animals; ܼ଺ is the proportion of households 
who have herders to look after livestock. The ߱௜௧ are the iid variables with variance defined 
by the truncation of the normal distribution and zero mean. The specific ܼ variables in the 
above model are specified below:  

௜ܷ = ଴ߜ  +  ௜௝ܼ௜௝                                                          (3.7)ߜ∑∑
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where ௜ܷ is the technical inefficiency of the ݅௧௛ household for ݅ = 1,2,3 … , ܰ; ܼ௜௝  is the ݆௧௛ 
socio-economic variable for the ݅௧௛ household for ݅ = 1,2,3 … , ܰ and ݆ = 1,2,3 … … ,  ଴ isߜ ݇
the intercept, and ߜ௝  is the coefficient for the ܭ௧௛ variable. 
ܼଵ= age of household head is expected to influence technical efficiency. Older people are not 
easily convinced to adopt new technology and innovation. As they grow older, they are unable 
to look after livestock on their own. On the other hand, young household heads are more 
easily convinced to adopt an innovation and are still active enough to care for the animals. 
However, with the lack of interest in youth to be involved in agriculture, it is possible that age 
can have a negative effect on household efficiency. 
ܼଶ= it is expected that gender of a household head may affect technical efficiency positively 
or negatively, depending on the socio-economic characteristic of a household. Male-headed 
households are expected to perform better than female-headed households, due to the 
gender role in livestock production. However, the pressure for women to provide for the 
household can also lead to female-headed households performing better. However, there are 
some unidentified reason for this. 
ܼଷ = it is expected that dwelling type, which was used as a proxy for wealth (Bekele et al., 
2017), because of rural-urban linkages in rural households, may have an effect on technical 
efficiency. So, it is expected to increase technical efficiency. However, the study 
acknowledges that some of the indicators such as inclusion of ownership of consumer white 
goods, motorcars, tractors, children educated to tertiary/university level, etc. would have 
strengthened the confidence levels of this variable but were very limited. 
ܼସ = it is expected that provision of additional feed will have a negative impact on technical 
efficiency. This is because households can provide feed to livestock to a point where the 
maximum growth is reached, after which they start losing weight; hence technical efficiency 
decreases.  
ܼହ = it is expected that cattle and sheep  kraaling will have both negative and positive impacts 
on technical efficiency. Kraaling reduces the chances of animals being stolen and being 
exposed to predators overnight in the rangelands, and it allows monitoring livestock numbers 
and easy access to livestock handling. However, Nowers et al., (2013) state that kraaling 
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contributes negatively because animals regularly stay confined until mid-morning, so 
reducing prime early morning grazing.  
ܼ଺ = it is expected that livestock herding will increase technical efficiency because herders will 
move the animals to the most productive parts of the rangelands and will be able to control 
them when it is time for kraaling at night. However, the decrease in the interest of herding 
among the youth and mandatory schooling of young children may have a negative effect on 
technical efficiency.  
3.2.5. Statistical analysis 
Descriptive statistics were used to describe key variables in both villages. Technical efficiency 
was estimated using Frontier 4.1 programme (Coelli & Battese, 1996) and verified in R, to find 
the maximum likelihood estimates for parameters of the stochastic frontier production 
function.  
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3.3. Results 
3.3.1. Socio-economic characteristics of households 
The results revealed that 65% and 35% of the respondents were females and males, 
respectively. Of the sampled households (n=120), 14% of the respondents were between 41-
50 years old. The youngest respondents (4%) were younger than 30, while 43% of the 
respondents were over 51 years old. About 39% of the respondents were between the age of 
31-40. Of the respondents, 62% lived in houses made of bricks, while 38% lived in houses 
made of mostly mud, wood, thatch and bits of brick. The results revealed that 82% of the 
respondents used labour to look after their livestock, while 18% do not employ labour, but 
look after the animals themselves. Labour employed included both family members and hired 
people. The results showed that 57% of the respondents provide additional feed during the 
dry season, but the number of days on which different respondents provide feed to their 
livestock differs, with 43% of the respondents relying solely on grassland for livestock grazing 
and feeding. The results also showed that 90% of the respondents kraal their animals at night, 
while only 10% leave their animals in the field (Table 3.2). 
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Table 3. 2. Socio-economic characteristics of the households that were interviewed.  
Description  Frequency (n=120) Percentage (%) 
Gender   
Females 78 65 
Males 42 35 
Age   
≤ 30 5 4 
31-40 47 39 
41-50 17 14 
51-60 24 20 
≥ 61 27 23 
Dwelling type   
Brick building 74 62 
Traditional building 46 38 
Labour   
Yes 98 82 
No 22 18 
Additional feed   
Yes 68 57 
No 52 43 
Kraaling   
Yes 108 90 
No 12 10 

3.3.2. Parameters of ordinary least square and maximum likelihood estimates 
The results of ordinary least square (OLS) and maximum likelihood estimate (MLE) are 
presented in Table 3.3. These results show that the estimated coefficients for main inputs 
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(livestock unit and cost of feed) are positive. The coefficient for labour was found to be 
negative and not consistent with our theoretical expectation. However, the coefficient for 
labour was significant. This result indicates that productivity output decreases with an 
increase in labour input, suggesting that labour which can affect livestock productivity can be 
increased to a point of no return where maximum growth has been reached and eventually 
the outputs decrease. These variables were measured to assess whether they influence 
livestock productivity. The results suggest that an increase of 1% of both livestock units and 
feed will increase livestock productivity outputs by 0.25% and 0.06% respectively. The 
inefficiency variables were included in the analyses to assess whether they influence the 
technical efficiency of the household. The results reveal inefficiency variables in the analysis 
of the stochastic frontier which indicate coefficients for age, and provision of feed to be 
positive, suggesting that increasing these variables will decrease technical efficiency. 
However, the estimated coefficient for gender, dwelling type, kraaling and herding which 
were all negative, indicating that an increase in these variables will increase technical 
efficiency. In this analysis, for the inefficiency variable, the negative means the opposite. 
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Table 3. 3. A stochastic frontier production function parameter and ordinary least square 
(OLS) and maximum likelihood estimate (MLE). 

Variables 

OLS  MLE 

Co-eff 
St. 

Error t-ratio  Co-eff 
St. 

Error t-ratio 
Constant 16.903 4.731 3.573  13.700 2.714 5.048 
Labour -0.834 0.545 -1.531  -0.445 0.307 -1.448 
Livestock unit (LSU) 0.256 0.109 2.348  0.161 0.091 1.765 
Cost of feed 0.066 0.062 1.061  0.070 0.057 1.236 
Dummy (LSU) 0.722 0.292 2.469  0.724 0.271 2.672 
Dummy (Cost of feed) 0.294 0.193 1.525  0.422 0.219 1.926 
Constant     1.153 1.258 0.916 
Age      0.491 0.860 0.570 
Gender (1= Female)     -1.743 0.760 -2.294 
Dwelling type (1= 
Brick)     -2.580 1.096 -2.355 
Additional feed 
(1=Yes)     1.813 0.765 2.369 
Kraaling (Yes= 1)     -1.053 1.286 -0.818 
Herding (Yes= 1)     -1.205 0.655 -1.841 
Sigma square     0.947 0.268 3.527 
Gamma     0.460 0.116 3.982 
Log likelihood -145.68    -136.61   

 
3.3.3. Wealth status classification criteria 
A post-analysis of the multiple criteria focused on physical ownership of key assets and their 
anticipated values at the time of study were used rather than precarious annual cash income 
(Bekele et al., 2017). Ownership of houses with brick buildings and corrugated iron, thatched 
roofs, traditional buildings, livestock types and numbers, and technical efficiency were used 
as indices of wealth (Table 3.4). However, it was not possible to set an absolute cut-off point 
for each criterion, hence it was evident that overlap in the range of values for set criteria 
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would occur. The contributions were assessed together as a group of households under one 
criterion of the three wealth categories following Bekele et al., (2017). The national census 
data were also used to define the categories of dwelling type (Census, 2011).  
Table 3. 4. Livestock wealth classification criteria. 

Criteria Better-off (n=33) Medium (n=33) Poor (n=54) 
Livestock holdings    
No. of cattle >8 4-8 <4 
No. of Sheep >15 10-15 1-10 
No. of Goats >15 10-15 1-10 
Dwelling type    
Traditional No Yes Yes 
Bricks Yes Yes No 
Technical efficiency 0.7-0.10 0.4-0.69 0.1-0.39 

3.3.4. Distribution of technical efficiency scores among the different households  
The frequency distribution of technical efficiency levels is presented below in Figure 3.2. The 
results show that household livestock production achieve, on average, 79% level of efficiency, 
ranging from 15% to 93%, with a wide range of efficiency variation among households. About 
63% of the households had a technical efficiency level ranging from 81% to 93%. Only 11% of 
the respondents had a technical efficiency level ranging from 51% to 70%. About 6% of the 
households were only able to achieve 10% to 50% technical efficiency. The results further 
reveal that 20% of the households were able to achieve a technical efficiency level between 
71% to 80%. These results suggest applying proper interventions has the potential to improve 
technical efficiency among households. 
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Figure 3. 2. Distribution of technical efficiency in the study area. 
3.3.5. Frequency of performance based on the post-analysis performance classification  
Figure 3.3 shows the results of the post-analysis of performance group categories, based on 
an individual household’s wealth status in terms of livestock holdings, technical efficiency and 
dwelling type. The poorly performing households numbered 45% (n= 54) of the sampled 
households. Householders in this group mainly reside in traditional buildings made of wattle 
and mud and consist of more females (29%) than males (16%). About 27% of households in 
this group (n=32) have abandoned livestock farming. The poor performing group have a low 
livestock-derived output and they invest in livestock production through household labour. 
The middle performing group of 28% obtain moderate outputs with labour and additional 
feed having been invested. This group of individual households reside in mixed buildings of 
both traditional and brick houses and have livestock holdings of between 4-8 cattle, and more 
than four small stock. This group is composed of 18% females and 10% male-headed 
households. Of the interviewed households that fall into the better-off group (27%), more 
household heads are females than males (18% and 9%, respectively). According to the results, 
the better-off group revealed to be positively producing livestock outputs. Householders in 
this category reside mainly in brick buildings and have more livestock than the other groups. 
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Figure 3. 3. Frequency of productivity performance by gender of the household head at 
Mgwalana and Mahlungulu village. 
  

0
10
20
30
40
50
60

Better-off (n=33) Middle (n=33) Poor (n=54)

Fre
que

ncy
 of 

per
fom

anc
e (c

ate
gor

y)

Perfomance category

Males
Females



69  

3.4. Discussion 
3.4.1. Inefficiency model estimates 
The results of the MLE represent both productivity and inefficiency variables measured in the 
study. The productivity variables, such as livestock holdings, are variables that have an 
influence on the livestock productivity. However, inefficiency variables, such as the gender of 
the household, have an impact on the household technical efficiency. The results indicate that 
there are gender-based increases in the technical efficiency and that there are more increases 
in female-headed households, which dominate the highest efficiency group. According to a 
study conducted by Yisehak, (2008) in Ethiopia, gender is an important component in labour 
share of livestock production systems. Both males and females have different responsibilities 
related to animal production, with some level of variation in involvement from household to 
household. In smallholder livestock production, males are mostly responsible for decision 
making and general herd management, while females contribute more to labour and feed 
inputs and manage sick animals and calves (Yisehak, 2008). These results make sense, given 
that high livestock productivity and technically efficient households are female-headed 
households. The respondents reported that they provide labour for livestock handling and 
household members provide most of it. Some of the households use their children to look 
after cattle, when they come from school. This arrangement, according to Cousins, (1996) 
also helps an individual to gain livestock ownership because of the experience of animal 
husbandry he/she gains at a young age. However, mandatory schooling has reduced the 
number of children who are available to work as herders, so it is mostly elderly people who 
look after livestock during the school hours. In both villages, 68% of the households provide 
additional feed for livestock. These households only provide feed during the dry season. The 
animals that benefit from the feed are only those that are calving and those already in calf. 
The reason for such a limit could be the fact that these people are unemployed and rely on 
livestock sales (mostly informal), while their adult children, who are migrant workers, focus 
on household development (building additions, repairs and maintenance) that is not related 
to livestock production. 
Age was an important criterion with many individuals ranging from 51–60 (20%) to more than 
61 (23%) years of age (Table 3.2) in interviewed households. The results (Table 3.3) show that 
with increasing age (indicated by a positive sign), technical efficiency decreases. This suggests 
that although older people have more knowledge and interest in livestock keeping, however, 
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they struggle with the physical responsibilities that come with livestock farming. They also do 
not easily adapt to new innovation and technology. On the other hand, there is a the 
likelihood that they have younger people, often grandchildren in their households who can 
care for livestock. These results were almost the same as those found by Kunene, (2010) in 
Northern KwaZulu-Natal, and Masuku and Sihlongonyane, (2015) among smallholding 
farmers in Swaziland, who recorded that most farmers fell into the age group of 50–60 years. 
The results of the inefficiency model show that dwelling type, indicated by a negative value 
(Table 3.3), is associated with increased technical efficiency. In both villages, 62% of the 
households were brick buildings, while 38% of households were traditional buildings. This 
may be due to rural-urban linkages, where absent family members who are migrant workers 
are directly involved in the household development via remittances and kinship contributions. 
The absent family members become involved in household development by assisting in the 
building of a household when they start earning an income. Almost every household (90%) 
kraals their livestock at night. The coefficient for kraaling and livestock herding, indicated by 
a negative value (Table 3.3), suggests that both kraaling and herding increase technical 
efficiency. Kraaling and herding are very important in keeping animals away from predation 
and theft. Kraaling and herding increase technical efficiency but they also cause soil 
compaction and increase soil erosion and run-off. 
3.4.2. Technical efficiency scores 
The mean score for both villages was 0.79 of technical efficiency implying that, on average, 
both villages produce at 79% with given inputs and technology. This study does not exploit 
the analytical potential of a 'compare and contrast' of the conditions and variables between 
the two villages because they share similar characteristics. According to the results of 
technical efficiency, 93% of the households had a score above 0.5. However, there is still more 
to be done in communal areas to improve technical efficiencies of livestock production. In 
this study, of the 93% households, 21% obtained more than 91% technical efficiency level. 
The study showed that factors such as age and provision of additional feed to livestock 
decreased technical efficiency. According to Tolga et al., (2009), the age of a farmer may have 
both a positive or negative influence on technical efficiency, depending on whether the 
experienced older farmers are slower to accept new technologies than young farmers are. 
Furthermore, when the animal is provided with additional feed, it grows and reaches a point 
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where there is no further growth, after which weight drops, thus decreasing technical 
efficiency. The increase in technical efficiency would require improving household 
interspecific efficiency factors that include proper land use practice, farmers’ information 
days, access to credit, access to markets, increase in extension visits, and close mentoring of 
the people who are livestock farmers (Bekebe et al., 2017). This can be done by identifying 
the households that are able to achieve a higher technical efficiency level so that possible 
interventions can help to uplift them in becoming more successful livestock farmers. Possible 
options include developing the livestock market value chain where beef suppliers (e.g. 
abattoirs and feedlots) buy livestock directly from the villages. The government could also 
assist households who obtain more than 70% technical efficiency level by ensuring better and 
more reliable support and empowering women farmers.  
3.4.3. Determinants of technical efficiency in different performance profiles 
According to the results obtained from the performance profile, 45% of households perform 
poorly in both Mgwalana and Mahlungulu villages. This group was composed of individual 
households who have low livestock numbers, live in traditional buildings and obtained low 
technical efficiency scores. This group consists of households that invest inputs, such as 
additional labour, but still produce at a loss. The underlying reason for such output can be 
inefficiency variables such as those documented by Masuku and Sihlongonyane, (2015). Such 
factors are documented as production constraints affecting production efficiencies of farmers 
and they include lack of information about livestock farming, poor market information, 
unavailability of inputs (high feed cost, veterinary services, reliable labour), shortage of water 
and feed. All these factors apply to these villages. The most frequently observed constraint in 
these two villages was the fact that people do not have enough information about livestock 
husbandry because they keep their animals for status or just because the land is freely 
available to run livestock. They keep the animals for a very long time until they lose their 
market value. The middle performing group achieved moderate production. This group of 
households invest both labour and capital in livestock production and reside in brick houses 
as well as those of wattle and daub.  
The better-off performing group obtained positive values and constituted 27% of the sampled 
population. This group of households comprises individuals who own high livestock numbers 
and live in brick buildings. In this group, some of the households apparently discontinued and 
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sold all their livestock production because of disease, theft and drought and have sold all their 
livestock, converting them into cash for household expenses, such as sending children to 
school. Better-off performing households are mostly headed by females (18%) rather than 
males (9%). These were surprising results in view of the fact that men are expected to have 
more knowledge than women about livestock, and hence are expected to produce more. On 
the other hand, females in rural areas are under more pressure to provide for their 
households with the money from livestock sales. These results provide an opportunity for any 
interventions that may be useful in improving technical efficiencies in these two villages. 
Women are also better managers of money and the household domestic finances, partly 
through their greater involvement in clubs and church groups and burial societies. 
3.5. Conclusion and recommendations 
The results of the findings of this study reveal that more women than men participated in the 
survey, possibly because the men are working or seeking work in urban areas. The mean 
technical efficiency for the study shows that there is an opportunity for improvement in the 
households that are performing above 70% at the technical efficiency level. The idea is to 
uplift all the households in the village – not just the livestock owners – and encourage them 
into livestock farming. The results also suggest that there is a need for market information 
and livestock husbandry to reduce the livestock water footprint in the village. However, there 
is a lack of trust of non-kin herders which could possibly speak to the point of why 
elderly/female households remain reluctant to hire local unemployed men who they deem to 
be unreliable wastrels to herd their animals. This will help to improve the availability of feed 
from the rangelands for those households that cannot afford to buy additional feed during 
the dry season. The interventions may be more effective in female-headed households by 
empowering the women in the more affluent category so that they become more successful 
at food production. The recommended interventions include providing more technical 
knowledge about livestock production through the Extension Service if the Department of 
Rural Development and Agrarian Reform. It is important to inform policy makers/government 
to intervene through Extended Public Work Programmes to possibly provide labour for 
livestock herding which will improve livestock distribution by providing feed throughout the 
year, and by increasing advice and support via increased extension visits. Furthermore, non-
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profit commodity organisations such as the National Woolgrowers' Association's (NWGA) is 
another party that could be encouraged to intervene. 
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CHAPTER 4. ASSESSMENT OF HOUSEHOLD LIVESTOCK-BASED LIVELIHOODS IN THE NORTH 
EASTERN CAPE COMMUNAL RANGELANDS, SOUTH AFRICA.  
This Chapter will be published in a suitable journal. BG collected data, analysed the results 
and wrote all the text in this chapter. 

ABSTRACT 
Agriculture is one of many possible ways to improve food security in rural livelihoods as 75% 
of people in rural areas derive their income from agriculture. In South Africa, livestock 
contribute significantly to rural livelihoods through different goods and services such as milk, 
offtake, manure, wool, hides and traction. In this study, livestock sale, exchange and slaughter 
(meat) was classified as livestock offtake. However, low input livestock husbandry remains a 
primary land-use option. This chapter assesses the household livestock-based livelihoods in 
communal areas of the north Eastern Cape, South Africa. A baseline survey of 120 households 
was conducted with both livestock and non-livestock owners during the year 2016/2017 to 
gather information on household demographics including, but not limited to, gender and age 
of head of household, livestock composition and holding, beneficial livestock goods and 
services, and livestock grazing during the dry and wet seasons. Information on the household 
dwelling type was also recorded as an index of wealth other than annual cash income. The 
results of the study revealed that there are more female- (65%) than male-headed (35%) 
households in the study site, but more livestock holding was found in male-headed 
households. Mean cattle holding of seven was found in female-headed households that lived 
in brick buildings, while ten cattle are the mean held by male-headed households living in 
brick buildings. The mean sheep holding of 59 was found in brick, male-headed households, 
while a mean sheep holding of 23 was found in brick, female-headed households. A mean of 
less than five goats was found in all the households, regardless of the dwelling type and 
household head gender. Livestock contribution to rural livelihoods varies enormously, where 
different households keep livestock for different beneficial goods and services such as offtake, 
manure, milk and traction. This study revealed that non-livestock owning households benefit 
from livestock beneficial goods and services. Livestock were reported to be spending most of 
their time grazing on unimproved grasslands, which shows that household heads have a poor 
understanding of livestock grazing as the animals were often seen grazing in areas around the 
homesteads due to high nutritious forage. This study shows the need to encourage people to 
use their animals for improved livestock goods and services. Furthermore, government 
programmes, which seek to change agrarian and land production systems, should recognise 
the importance of livestock production in the rural economy.  
Keywords: Beneficial goods and services, Livestock, Livelihoods, Household.   
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4.1. Introduction  
Globally, 75% of the 1.2 billion people who live in rural areas derive their income from 
agriculture-related activities (Tarawali et al., 2011). The rate of poverty reduction depends on 
the ability of a household to participate in agricultural activities, but not on the overall 
agricultural growth rate (Hadiwidjaja & Suryahadi, 2011). A large population of rural people 
in South Africa reside in communal lands. Carter and May, (1999) note that there is an 
overwhelming perception that, in the communal areas, land-based livelihood strategies make 
an insignificant contribution to the overall livelihood, in contrast to the private sector. Private 
sector, in this study refers to the commercial agricultural enterprise. Furthermore, communal 
areas are perceived as being more reliant on government and urban area transfers 
(Shackleton et al., 2001). Cousins, (1999) argues that, even though government and urban 
cash income are the primary source of the rural economy, the varied and diverse livelihood 
base of rural households has been largely ignored. There are diverse strategies that are land 
based, such as consumption and trade of natural resources, and livestock husbandry. The 
eagerness of communal people in South Africa to have more land indicates the value of land-
based livelihoods in communal areas where people aspire to more land. According to 
Shackleton et al., (2001), previous studies compared production of staple crops and 
marketing of livestock to remittances from non-land based and income and have ignored the 
value of goods and services derived by most households from livestock, which provide a safety 
net for rural livelihoods during times of need.  
Rural people keep livestock such as cattle, sheep and goats as a way of safe-guarding their 
livelihood portfolio and increasing the returns from their livestock assets to escape from 
poverty (Delgado, 2005). There is, however, a limited analysis of the livestock-poverty 
linkages, in contrast to investment plans and formulation of policies intended to have a 
positive outcome on the livelihoods of the poor livestock dependants. Studies show that an 
increase in livestock productivity contributes to gross domestic product (GDP) growth and 
generates huge production linkages and consumption; however, these studies are too crude 
to deal with policy and investment plans (Ellis & Bahiigwa, 2003). Additionally, the analyses 
tend to focus on a few households, or a sector with livestock, in isolation from other livelihood 
sources (Barrett & Luseno, 2004).  
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There is a wide range of reasons for rural people to keep certain types of livestock and, 
according to Shackleton et al., (2000), over time, these reasons are subject to change. 
Schmidt-Soltau (2003) maintains that these reasons vary widely and include a form of 
employment, cash from sales, household consumption, funeral purposes, a form of 
investment, bride-wealth, sales of skin and wool, transport and draft power. However, every 
survey of reasons for keeping cattle ranks people’s responses differently, such as most 
important and least important.  
Cattle  ownership by rural people has officially been considered to be inefficient and wasteful 
since the 20th century due to limited grazing resources (Andrew et al., 2003). Grassland 
deterioration and occurrence of soil erosion in rural areas are blamed on overgrazing and 
overstocking and are regarded as impacts of cattle ownership in a modified communal tenure 
system (Palmer & Bennett, 2013; Vetter, 2013).  
According to Shackleton et al., (2001), work that has been done on the value of goods and 
services derived from livestock is limited and has resulted in the perception that communal 
rangelands are unproductive and make little contribution towards the national welfare 
economy. This perception is further fuelled by the relatively small amounts of animal products 
from communal areas entering the formal market (Shackleton et al., 2001). Cousins, (1996) 
argues that the role and importance of livestock in the communal system have been 
investigated in South Africa; however, this work has mainly focused on cattle and reasons for 
maintaining high numbers in the face of accelerated degradation. The value of small stock has 
been ignored, with no systematic analysis of the role of livestock to non-livestock owners in 
communal areas. Furthermore, when productivity of both the commercial and communal 
system is directly compared, the production in the communal system is low because it is 
measured on a ‘per animal’ basis rather than ‘per hectare’ (Masika, 2004). However, the range 
of goods and services obtained by households in the communal system is ignored when such 
comparisons are made although they exhibit higher returns when all goods and services are 
valued.  
The contribution of livestock to rural livelihoods make it an important source of income. In 
most communal areas of southern Africa, low input livestock husbandry remains a primary 
land-use option (Shackleton et al., 2002). In the north Eastern Cape, the livestock system is 
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the result of land issues in which apartheid played a significant role in terms of land-use 
planning, land ownership, farmer support, policies, society and the economy in the 19th and 
20th centuries and which led to a decrease in livestock numbers (Beinart, 2003). However, due 
to the wide spectrum of benefits livestock provide, households with different income levels 
have different incentives to keep livestock (Moll, 2005). Some poor farmers, in the absence 
of formal insurance markets, tend to diversify between potential returns and risks associated 
with variability of climate and market to achieve a balance. It is difficult to assume generally 
that richer or poorer households are more likely to keep livestock or to say whether keeping 
livestock is more important for the poorer or the richer households. This study has therefore 
taken the opportunity to assess the household livestock-based livelihoods in the north 
Eastern Cape with particular focus on the beneficial goods and services livestock provide to 
both livestock and non-livestock owners. This aspect was important as part of the input into 
livestock water productivity, taking into consideration that the demand for livestock products 
is increasing and that livestock is only one of many sectors that has the potential to satisfy 
human demands. This study used a designed questionnaire survey, where each household 
reported their livestock holdings and composition. Beneficial goods and services such as 
offtake, milk, wool/hides, manure and traction derived from livestock by livestock owners 
were also reported. Information on livestock holding was important so that we could 
upscale/estimate livestock holdings for the whole village following Census, (2011). Non-
livestock owners were also interviewed on the annual contribution of livestock products in 
their livelihoods because livestock are shared among households in rural areas. Lastly, 
perceptions of livestock grazing distribution during the wet and dry seasons were recorded to 
assess whether livestock owners know where their animals spend most of the time grazing 
during the wet and the dry seasons.  
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4.2. Materials and methods 
4.2.1. Sampling approach and data collection 
Data for this study were collected from households in two villages located near Cala, Eastern 
Cape Province, South Africa. Both villages are located within the Sakhisizwe Local Municipality 
The respondents included both livestock and non-livestock owners in two river rural 
quaternary catchments, T12A and S50E, Mgwalana and Mahlungulu, respectively (Figure 3.1). 
One hundred and twenty (120) households were sampled during two fieldwork periods: 
November 2015–January 2016 and May 2016–August 2016. The data were analysed as single 
data because of the similarities in the farming practises between the two villages. The 
household head was interviewed, and in cases where the household head was absent, the 
most senior person was interviewed. Data were collected through a face-to-face interview 
conducted by the researcher during the dry and wet seasons with the help of a local assistant 
who accompanied her from one household to the other. The questions were administered in 
the local language (isiXhosa), which is the language best understood by the respondents, and 
later translated into English. There was one enumerator for each household to conduct the 
interviews. The interviews were conducted during the day and recorded/captured using Kobo 
collect toolbox that was installed on an Android mobile device. 
On the first day of data collection, an introductory workshop was held with community 
leaders and community members to provide clarity on the survey and schedule appointments 
for interviews. Ethical clearance was obtained from the Rhodes University Ethical Clearance 
Committee for approval to conduct the survey. Information on household livestock holdings 
and composition was recorded. Livestock beneficial goods and services such as livestock 
offtake, milk, manure, wool/hides and traction were also recorded in each household. 
Livestock owners were interviewed about their perceptions of where their livestock spend 
most of their time grazing during the wet and dry seasons. The national census data were also 
used to define the categories of dwelling type and identify the number of households in both 
villages (Chapter 3). As there were population and household level data from the census, this 
study scaled up these household-level results to the village as follows:  
݊݋݅ݐ݈ܽݑ݌݋݌ ݇ܿ݋ݐݏ݁ݒ݅ܮ =  (4.1)             ݏ݈݀݋ℎ݁ݏݑ݋ℎ ݂݋ ݎܾ݁݉ݑ݊ ܺ ݈݃݊݅݀݋ℎ ݇ܿ݋ݐݏ݁ݒ݈݅ ݊ܽ݁ܯ
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A detailed sampling approach and estimation of values of livestock goods and services is 
presented in the previous Chapter 3. 
 4.2.2. Statistical analysis 
R statistical software 3.1.1 was used to generate boxplots and means of different livestock 
composition in different households and household head gender. Descriptive statistics were 
also computed for livestock holding, and beneficial goods and services derived from livestock 
by different households.  
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4.3. Results 
4.3.1. Composition of livestock holdings in Mgwalana and Mahlungulu villages 
In Mgwalana and Mahlungulu villages combined, only 74% of the interviewed households 
own livestock. Livestock composition by number (n=3539) in both villages is dominated by 
sheep (72%), cattle (19%) and goats (9%). The total livestock numbers for the interviewed 
households are sheep (2530), cattle (701) and goats (308) in both Mgwalana and Mahlungulu 
villages. The average livestock numbers owned in each household are about 21 sheep, six 
cattle and three goats. Following Stats SA on population upscaling, the villages together 
comprise 201 households, suggesting an estimated livestock population of 4221 sheep, 1206 
cattle and 603 goats. 
 

 
Figure 4. 1. Livestock composition in Mgwalana and Mahlungulu villages. 
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4.3.2. Cattle holding in different households and dwelling type 
The results of the study reveal that male-headed households living in brick buildings own 
more cattle than female-headed households (Figure 4.2). Male-headed households living in 
brick buildings have mean cattle holding of (n=10) whereas females living in brick buildings 
have a mean livestock holding of (n=7), while males and females living in traditional buildings 
have a mean cattle holding of (n=4).  

 
Figure 4. 2. Average cattle holding per gender and household dwelling. 
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4.3.3. Sheep holding in different households and dwelling type 
The results of the study reveal that male-headed households living in brick buildings own 
more sheep, with the mean holding of (n=59) (Figure 4.3.). Female-headed households in 
brick buildings have a mean sheep holding of (n=23), while female-headed households in 
traditional buildings have a mean sheep holding of (n=18) whereas male-headed households 
in traditional buildings have a mean sheep holding of (n= 20). 

 
Figure 4. 3. Average sheep holding per gender and household dwelling 
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4.3.4. Goat holding in different households and dwelling type 
The results in Figure 4.4 represent the goat holdings in different dwelling types and household 
head genders in both Mgwalana and Mahlungulu villages. The results reveal that male-
headed households in brick buildings own more goats than male-headed-households living in 
traditional buildings. Similarly, female-headed households in brick buildings own more goats 
than female-headed households in traditional buildings. The mean goat holding in all the 
households for both villages is less than five goats. This mean resulted because many 
households did not own goats and those who own, own a very small number of goats. 

 
Figure 4. 4. Average goat holding per gender and household dwelling. 
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4.3.5. Contribution of livestock goods and services to livestock owning households  
The results reveal that households benefit significantly from livestock goods and services 
(Table 4.1). On average, 38% of the households who own livestock use milk as part of their 
household nutrition. The results indicate that households benefit from livestock through 
selling hides, wool and mohair for household income. The results also show that 73% of the 
households use manure. Only 25% of the households reported that they use their animals for 
traction services. For the purposes of economic analysis, traction is estimated at R300.00 per 
day. The respondents gave this quote as the average value for hired oxen. Manure is 
estimated at R50.00 per wheelbarrow. The price of milk is estimated at R6.00 per litre at the 
farm gate (Farmers Weekly, 2016). In overall, the livestock goods and services were reported 
to be contributing a mean of R 3208.00 per annum. 
Table 4. 1. Annual contribution of livestock beneficial goods and services to rural households 

Beneficial goods 
and services 

Mean household 
outputs (R)  

Minimum 
outputs (R) 

Maximum 
outputs (R) 

Percentage of 
household (%) 

Milk 1021.91 732 5940 38 
Hides 505.68 500 500 74 
Wool 1017.04 500 1500 74 
Mohair 502.84 500 500 74 
Traction 117.61 150 600 25 
Manure 963.07 50 3500 73 
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4.3.6. Contribution of livestock beneficial goods and services to non-livestock owners 
The results reveal that 26% of the sampled households do not own livestock but benefit from 
livestock goods and services. About 3% of households reported that they benefit from milk 
from livestock. About 26% of the households in both villages reported livestock contribution 
from hides, mohair and wool. This contribution is through assisting during sheep shearing and 
livestock slaughtering when the owner does not want the animal skin or cannot pay shearing 
costs. Traction (13%) and manure (23%) are also reported to contribute to the livelihoods of 
non-livestock owners (Table 4.2). The contribution of livestock products to non-livestock 
owners is through other households paying lesser price for livestock products and 
contribution through exchange of labour by livestock products. The average annual net was 
of livestock contribution was R2688.00. 
Table 4. 2. Contribution of livestock beneficial goods and services to non-livestock owners per 
annum. 

Beneficial 
outputs 

Average household 
outputs (R) 

Minimum 
outputs (R) 

Maximum 
outputs (R) 

Percentage of 
household (%) 

Milk 205.88 723 3660 3 
Hides 554.69 500 1500 26 
Wool 648.44 500 1500 26 
Mohair 500 500 500 26 
Traction 164.06 150 450 13 
Manure 617.17 100 3100 23 
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4.3.7. Livestock sales from livestock owning households  
The results of livestock sales are sub-divided into three different categories based on the 
number of animals sold in each household (Table 4.3). The average number of sales 
reported by livestock-owning households is between 1-10 animals (cattle, sheep or goats) 
per year, depending on the household needs. However, this includes confirmed deaths, 
livestock loss (theft or predation), exchange and traditional slaughter. Livestock loss was 
included in this study because the study was measuring the value of all livestock owned by a 
household. About 70% of the sampled households have sold part of their stock but still own 
livestock, while 24% of the households have sold all their livestock and are left with nothing. 
Only 6% of the households report that they have not sold their livestock. The net annual 
average for livestock sales was reported to be R43329,00. 
Table 4. 3. Average annual contribution of livestock offtake to livestock owners (ZAR). 

 
  

Livestock owners 1-5 sales (n=53) 6-10 sales (n=22) >10 sales (n=9) 
R15 169,00 R50 181,00 R88 666,00 
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4.3.8. Livestock grazing during the wet and dry seasons in Mgwalana and Mahlungulu village 
The results in Figure 4.5 reveal that 92% and 71% of the respondents report that their 
livestock spend most of their time grazing on unimproved grassland in the wet and dry 
seasons. The (16%) of the respondents reported that animals spend time grazing on cultivated 
lands only in winter. Thirteen percent of respondents and eight percent of the respondents 
report that livestock graze close to the homestead in the winter  and summer  seasons 
respectively; however, in reality livestock graze mostly around the homesteads, along the 
roads, and in abandoned cultivated lands in both seasons.  
 

 
 
 
 
 
 

 
 
Figure 4. 5. Perceptions by livestock owners of livestock grazing patterns during dry and wet 
seasons in both villages. 
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4.4. Discussion  
4.4.1. Livestock composition and ownership 
In this study, livestock numbers were found to be significantly different from one another. 
The livestock composition (by number) in both villages is dominated by sheep (72%), followed 
by cattle (19%) and goats (9%).  These ratio of cattle to sheep in the study area is surely related 
to terrain and the agro-ecology which is better suited to sheep rather than to the cultural 
practices. The farming system in both villages is composed of multi-species, which Abate et 
al., (2010) point out is a way to satisfy the farmer’s livelihood with different livestock 
functions. This study did not focus on the micro-livestock component of rural households, but 
Lahiff, (1997) argues that most rural people in South Africa keep at least some type of micro-
livestock such as pigs, chickens, ducks, geese, turkeys and pigeons which constitute a 
frequently overlooked rural household economy component. The study reveals that livestock 
production is diverse; sheep production is the major product followed by cattle and very little 
goat production. However, with regard to animal husbandry practice, differences are known 
to exist, such as the type of animals kept and the rate of offtake of an animal in each 
household. Andrew et al., (2003) argue that the type of animals kept in a household is 
influenced by the composition of household, gender roles, the use of cattle for traction, and 
the degree of traditional transfer such as bride-wealth. High numbers of sheep dominate the 
livestock production in this study, possibly because of the Xhosa approach that leads to cattle 
ownership being dominated by men (Gwelo, 2012) and that sheep production has the 
advantage of ease of husbandry over cattle and they have no cultural importance. Very few 
goats are found in the study site, possibly because the rangelands in the villages are mostly 
grasses with no shrubs, and since goats are browsers, there is insufficient food available for 
them. Although goats are of significance for cultural ceremonies, people complained of high 
rates of theft (pers. comm.) of goats which may explain the low goat numbers reported.  
The study records a high number of female-headed households, but with high livestock 
numbers recorded in the male-headed households. These results suggest that males keep 
large numbers of livestock rather than selling them. These numbers are rather  connected to 
cultural constraints to women owning goats, sheep and particularly cattle in the first place as 
these are seen as male livestock. However, Bank and Qambata, (1999) state that livestock 
husbandry and ownership follow a largely gendered division of labour which can cause people 
to ignore the normative roles: women generally keep livestock close to home, such as pigs 
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and chickens, which were not included in this study. Furthermore, Andrew et al., (2003) argue 
that female-headed households or widows may be nominal owners of sheep, goats and cattle, 
a role which is commonly seen as stewardship, and one in which the elder son will formally 
take over the livestock when the mother dies.  
In total, both villages comprise 201 households, regardless of a dwelling type. The average 
livestock holding of 21 sheep, six cattle and three goats was revealed in the study. Scaling up 
of the livestock population in this study required working with census data where the number 
of households were generated, and the mean livestock population was used to estimate 
livestock population. This is an accepted method, which in this study, was adopted from Stats 
SA. The estimated livestock population in these villages is 4284 sheep, 1224 cattle and 612 
goats. This was important in determining the livestock population. 
4.4.2. Contribution of livestock to rural livelihoods 
The average net annual value of livestock goods and services, excluding offtake, is R3208,00 
in livestock owning households and R2688,00 in households without livestock. The average 
net annual value of livestock sales is R43 329, 00 in livestock-owning households. However, a 
study conducted by Shackleton and Shackleton, (2000) into the direct-use value of secondary 
goods and services that are attributed to cattle and goats in the Bushbuckridge found that 
the average net annual value of goods and services to be R2848,00 per cattle-owning 
household, R415,00 per goat-owning household and R163,00 per household without 
livestock. Besides livestock sales, milk production forms the highest average net annual 
output in livestock-owning households. However, other households have stopped milking 
their animals due to drought and because the animals do not get enough feed in the 
rangelands (pers. comm.). Another reason for not milking their cattle may be the fact that 
people struggle to buy supplements throughout the year and, when they happen to buy them, 
the feed is only available for a short period. The estimated annual economic livestock 
production value in South African Development Trust communal areas is R1200,00 per 
household (Adams et al., 1999). However, Cousins, (1999) argues that the invisible capital 
makes a significant contribution to rural livelihoods, which is mostly the livestock value as a 
wealth store and which observers underestimate.  
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Livestock also provide meat for household consumption and cash from live animal sales. The 
animals provide social economic status to their owner; they are considered a means of 
demonstrating wealth, and are used for traditional rituals, such as bride-wealth payment. 
Andrew et al., (2003) believe that this livestock contribution component is underestimated 
and undervalued and very little has been written about it. However, there is a lack of evidence 
suggesting a decrease in the significance of livestock to rural people, although there are 
challenges in their livestock ownership. Cousins, (1999) further argues that the decrease in 
the economic fortunes is fuelled by ever-greater need for livestock in rural households, which 
can act as a safety net and supplement cash earned in the urban sector.  
The survey reveals that traction is the least beneficial output derived from livestock by some 
communal people, regardless of cattle ownership. The respondents report that the use of 
tractors has led to the decreased use of cattle for traction (pers. comm.). Households who 
only use animals for traction are those who headed by males and those who have only oxen 
to do the job. Animal traction is reportedly charged at R300.00 per day, regardless of hours 
spent on traction. Animal traction may assist households to increase the total production of 
their crops by increasing the cultivated areas. According to Williams, (1997), animals that are 
used for traction increase their weight because of their work, which results in significant meat 
production, which is further influenced by the forage quality and quantity available Adesina, 
(1992) further states that oxen are used for traction to reduce the practice of slaughtering 
young male animals, which leads to larger carcass weights. Castration of the ploughing oxen 
leads them to add weight/muscle, but the market preferentially wants 18-22 month old 
steers, so heavy 8-year old oxen don't fetch a particularly good price, for all their size. 
Lastly, the results reveal that the average annual value of manure is R1580,00 regardless of 
livestock ownership, with some households reporting that they use animal dung for fuel. 
Animal manure supplies the soil with organic matter which improves the soil structure, 
reduces soil erosion, and increases water-holding capacity; it also has a beneficial effect on 
soil microorganisms (Makinde & Ayoola, 2012). According to Makinde and Ayoola, (2012), 
animal manure is an important source of nitrogen for crop production as it helps reduce the 
input costs and results in increased production and profit. Animal manure contain nutrients 
that are slowly released into the soil and have a long residual effect because they can be 
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stored for a longer time in the soil. Dovie et al., (2002) also report animal manure as one of 
the beneficial outputs derived from livestock in communal areas.  
4.4.3. Benefits of livestock to non-livestock owners 
Shackleton et al., (2000) state that livestock allow for high degree of sharing of scarce 
resources with the community members that do not own livestock. This is evident as 
households who do not own livestock are reported to benefit from livestock goods and 
services. The average net annual secondary benefit of R2688,00 is reported by non-livestock 
owning households. Shackleton et al., (2000) estimate 7% of the net annual value of all 
beneficial outputs is derived from non-livestock owning households and further maintain 
(Shackleton et al., 2001) that poor households and households that own smaller livestock 
numbers make greater use of livestock products than better-off households do, and therefore 
use more alternatives such as tractors, and pasteurised milk instead of fresh milk.  
Livestock husbandry also contributes to job creation through employment of livestock 
herders, livestock handling and maintaining kraals. Tapson, (1997) observes that most rural 
people have a huge interest in livestock production, even if they do not own any livestock. 
Furthermore, the value was calculated based on the amount of livestock products non- 
livestock owner get from livestock owning household through cash or kind. 
4.4.4. Livestock grazing 
The results of this study reveal that livestock spend most of their time grazing on unimproved 
grasslands in both the wet and dry seasons. The reason for such grazing patterns could be the 
fact that these animals are left to graze on their own on the unimproved rangelands without 
being monitored, following a decline in livestock herding in these communal areas. Andrew 
et al., (2003) state that livestock herders move livestock to increase the consumption of 
available resources across the landscape. In other countries such as Lesotho, herding appears 
to be the main mode for sustainable utilisation of rangelands as it allows for flexible and rapid 
adaptation to seasonal variations in plant resources and the availability of water. In the north 
Eastern Cape, herding has declined drastically and few households can afford to hire a herder 
because young boys are now no longer available as free labour to herd livestock because of 
mandatory schooling. This is in contrast to Lesotho where there are available herders to look 
after the animals for the whole day. The herder attends to livestock every morning and 
evening, particularly since livestock can get lost easily because sheep (unlike cattle) usually 
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do not return to the kraal at night if left alone and can be vulnerable to predators such as 
jackals (Allsopp et al., 2007). 
Crop residue is very important to livestock in the sourveld of Cala where the natural grassland 
has a very low nutritional value in winter, and the results reveal that animals spend time (15%) 
grazing on cultivated lands in winter. Supplements containing nitrogen (fed as urea) improve 
intake and digestibility. When the crop residue is treated, intake and digestibility is also 
improved (Palmer & Bennett 2013). The respondents report that animals do not graze in areas 
cleared of wattle, along riverbanks and inside wattle plantations. These results are at odds 
and in contrast to the findings of a study conducted by (Gwate, 2018) in the same area which 
shows that clearing wattle stimulates growth and these areas are more attractive to animals. 
These results suggest that communal people need better information about the nutrient 
conversion that takes place in the soil after the eradication of wattle. Gwate, (2018) reports 
that both sheep and cattle graze intensively in areas cleared of wattle and along the 
riverbanks, probably due to the greater amount of nitrogen in these areas after clearing of 
wattle, and to nutrient deposition along riverbanks during floods. This shows that the people 
interviewed do not have a clear idea of what their livestock should be feeding on, because 
they generally rely on herders for information about where the animals graze. The reduction 
in the use of herders by livestock owners further exacerbates this lack of information about 
livestock grazing patterns.  
Livestock spend  time in cleared areas because of the presence of nitrogen (Gwate, 2018). 
Although respondents do not recognise this, it does not mean that livestock do not graze 
there. The results suggest the importance in distinguishing between what people think the 
animals do and what they actually do. Furthermore, the people’s idea of ‘unimproved 
grassland’ may be different from this study’s interpretation. However Bennett et al., (2010) 
argue that poorly resourced farmers in communal areas mostly rely on natural rangelands, 
which are a valuable, inexpensive resource. 
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4.5. Conclusion and recommendations  
It is evident from the study that uneven distribution of livestock among households remains 
a critical component of the rural livelihoods of the north Eastern Cape communal rangelands. 
This is particularly the case for communal areas where severely limited livelihood options 
prevail, and livestock production will most likely remain the only livelihood option for some 
households. The study shows that there are numerically more sheep than cattle and goats in 
the village. The results also reveal that livestock contributes significantly to rural livelihoods, 
through improved food security and cash income on sales. Even households that do not own 
livestock benefit from livestock goods and services such as milk, manure and traction.  
Livestock are reported to spend most of their time grazing on unimproved grasslands in both the wet 
and the dry season. This means that communal people need to be better informed about the 
importance of allowing and herding their animals to feed on areas cleared of wattle, as these are the 
most productive areas. The study conducted by Gwate (2018) in the same area reported that areas 
cleared of wattle yielded high grass biomass and that livestock such as sheep and cattle favored those 
areas.  
 
 There is also a need to encourage people to use their animals for traction to improve the amount of 
muscle when the animal is slaughtered. Provided adequate quality and quantity forage is provided. 
Additionally, government programmes, which seek to change agrarian and land production system, 
should recognise the importance of livestock production in the rural economy.  
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CHAPTER 5. DERIVING AN EVIDENCE-BASED ESTIMATE OF LIVESTOCK WATER PRODUCTIVITY  IN 
COMMUNAL RANGELANDS IN THE NORTH EASTERN CAPE PROVINCE, SOUTH AFRICA. 
This chapter will be published in a suitable journal. BG collected, analysed data and wrote all 
the text in this chapter 
ABSTRACT 
Globally, livestock production plays a significant role in satisfying human needs, such as 
beneficial economic, social, cultural services, and providing nutritious foods. Livestock may 
be used as a guarantee against inflation and can be converted into cash through sales. 
However, livestock are considered as the major consumer of fresh water and their influence 
on global water use is increasing, due to the growing demand for livestock products. Previous 
studies show a significant variation in livestock water productivity among farming systems, 
which requires further investigation. The objective of this chapter is to derive an evidence-
based estimate of LWP in communal villages of the north Eastern Cape Province in South 
Africa. The study quantifies LWP for various households in rural villages and assesses the 
livestock goods and services that benefit rural households. Further, the study focuses on the 
water used by the rangelands, which is calculated using MODIS ET. There are slight variations 
in LWP among households in different wealth categories, as better off (0.34 USD.m-3) attain 
a high LWP followed by middle-wealth and poor households (0.29 USD m-3). These results 
could be explained by the differences in livestock ownership, availability of labour, dwelling 
type and net beneficial goods and services obtained by different household. Livestock 
holdings, gender of the household head, and labour have a positive impact in improving LWP. 
The results provide an important direction to influence policy on ways to invest to reduce the 
livestock water footprint. 
Keywords: Livestock water productivity, Livestock productivity, Livestock products. 
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5.1. Introduction 
Globally, livestock production plays a significant role in satisfying various human needs such 
as providing highly nutritious food products and beneficial economic, social, cultural and 
ecological services (Thomas, 2000). Livestock possession may be used as a guarantee against 
inflation, where livestock can be converted into cash through sales from time to time 
(Alemayehu et al., 2012). However, this may not be the case during drought years, which may 
lead to destocking. During drought, animals die because of insufficient forage and water leading 
to people selling their stock regardless of the need for income. Alemayehu et al., (2012) estimate 
that about 144 million people in sub-Saharan Africa practise mixed farming and draw their 
livelihoods from livestock. However, because of health problems such as the animal health 
problems such as livestock diseases, lack of feed, shortage of capital, degradation of natural 
resources, the low genetic potential of indigenous breeds, and limited access to improved 
technology, livestock productivity is generally low. This is refuted by the interest in the Nguni 
and other Zebu cattle for their ruggedness, adaptability and tick-resistant qualities. 
Furthermore, livestock production has been widely criticised for its negative impact on water 
resources and the environment (Descheemaeker et al., 2010). However, evidence suggests 
that such examples arise from industrial livestock production systems where forage and 
grains are produced using large quantities of water (Peden et al., 2007).  
Livestock production accounts for 20% of agricultural evapotranspiration (ET) worldwide 
(Peden et al., 2009) and is projected to grow rapidly with the increasing demand for animal 
products. Future agricultural water needs can be reduced by providing less water for livestock 
production. The water needed to grow feed is far greater than the water required by livestock 
for drinking, which accounts for only 2% of the total livestock production need (Peden et al., 
2007). The feed that the animal consumes determines the physical water productivity of an 
animal product. Molden et al., (2007) estimate that an amount of between 3000 and 15 000 
litres in ET is required to produce 1 kg of animal product. However, these estimates vary 
depending on the feed type, management practices, crop residue used, processing and the 
ability of the animal to convert feed into animal products.  
It was further estimated that demand for livestock products increased by 6 to 8% in 2012 
(Alemayehu et al., 2012), because of the increase in human population size Thornton, (2010) 
argues that the rise in income levels, urbanisation and increased population size are possible 
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drivers of the increased demand for livestock products. According to Steinfeld et al., (2006), 
people tend to change their eating habits and lifestyle and spend more money on livestock 
products as their incomes increase. The challenge facing agriculture in attempting to satisfy 
the changing demand for animal food products is the sustainability of natural resources such 
as water, soil, air, and biodiversity (Steinfeld, 2004).  
In South Africa, high livestock populations have been maintained in the communal areas, 
significantly in excess of the official recommended stocking rate (Dovie et al., 2006). This has 
had long-term consequences in rangeland degradation due to the impact livestock have on 
communal rangelands and has led to the perception that livestock production is unproductive 
(Vetter, 2013). This evidence is based on rangeland examination of changes in vegetation over 
time, and of standing biomass. The need for destocking was a result of evidence of rangeland 
degradation in these communal areas from time series livestock data (McAllister, 1992), who 
was then the erroneous or at least highly contentious basis for Betterment Planning.  
Although there have been studies looking at the role and importance of communal livestock 
in South Africa (Cousins, 1996), attention has been focused mostly on reasons for keeping 
livestock and their value (Shackleton et al., 2001). However, the quantification of livestock 
products (goods and services) and the amount of water used in producing those from 
communal rangelands is lacking, as are the costs associated with livestock production and the 
value of livestock products (goods and services) to households in a livestock production 
system.  
Against this backdrop of scientific evidence, the study arrives at a concept of LWP which is 
defined as the ratio of the net beneficial goods such as milk, offtake, manure, skin, hides/wool 
and services, such as traction, derived from livestock against the amount of water used by the 
rangeland to produce feed for grazing such as (Kebebe et al., 2015). As this study is in a 
communal livestock production system, the concept measures the ability of livestock to 
convert available rainwater into livestock goods and services (Kebebe et al., 2015), which is 
expressed as a model/equation. The numerator of the equation represents the net annual 
beneficial outputs and their associated costs at farm gate, while the denominator represents 
the amount of water used (MODIS ET) from rangelands.  
Different studies (Haileslassie et al., 2011; Blümmel et al., 2014; Gebreselassie et al., 2009; 
Peden et al., 2009; Descheemaeker et al., 2010; Kebebe et al., 2015; Bekele et al., 2017) have 
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estimated LWP in a mixed crop- livestock system. These studies indicate the scope for 
improving LWP and show a significant difference in LWP among and within farm households 
and farming systems. As part of the study aimed at determining whether communal 
rangelands of the north Eastern Cape can sustain  livestock production, LWP was described 
to identify areas of possible intervention to improve livestock production in communal areas. 
Livestock products for various households in a diverse livestock production system were 
reported through a household survey questionnaire. Information such as household 
demographics, household livestock holdings, net annual beneficial goods and services derived 
from livestock and their anticipated cost at the time of the study were also recorded. Further, 
livestock production inputs such as labour/herding availability and supplying additional feed 
were also gathered. Areas where livestock were reported to be spending most of their time 
grazing were identified as domains where MODIS ET was extracted (refer to Chapter 2). 
However, only MODIS ET from unimproved rangelands was used in calculating LWP.  
5.2. Materials and methods 
5.2.1. Study site description  
The study was conducted in the north Eastern Cape Province, South Africa, in the former 
homelands of the Transkei. The study sites fall under quaternary river catchments T12A and 
S50E centered around (31°32'13.80"S, 27°46'42.87"E), (31°42'22.69"S, 27°41'03.80"E) 
respectively, in the town of Cala (Figure 3.8). Both villages lie on communal land that is 
traditionally administered under local chiefs. The vegetation is described as Drakensburg 
foothill moist grassland in the mountainous area and is incised by river gorges of dry forest 
(Mucina & Rutherford, 2006). Dominant and common species in the study sites are 
Sporobolus africanus, Heteropogon contortus, Eragrostis plana and Aristida congesta, which 
form grass swards (Mucina et al., 2006). The respective study sites receive a long-term mean 
annual rainfall distribution of 654–786 mm (Schulze et al., 2008) which characterises the wet 
and dry seasons and coefficient of variation is 25%. The mean annual potential evaporation 
and mean annual soil moisture stress are 1638 mm and 68% respectively (Schulze et al., 
2008). The geology is mostly mudstone and sandstone of the Tarkastard Subgroup and the 
Molteno Formation, as well as Jurassic Age dolerites. Dominating soils are well drained with 
more than 800 mm of depth, with sedimentary parent material of 15–55% clay content 
representing soils from Clovelly, Griffin and Oak Dale (Mucina & Rutherford, 2006).  
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5.2.2. Farming system 
A farming system is a group of farms or households which have a common function and 
structure and are expected to produce at the same level (Haileslassie et al., 2009). According 
to Ebanyat et al., (2010) a farming system may consists of mostly mixed livestock-crop farming 
which may result from differences in population densities, climate, diseases, cultural practices 
and economic opportunities in communal areas. In the study area, households keep cattle, 
sheep, goats and poultry (Gwate, 2018) to provide meat, milk, manure, traction power and 
to serve as standing assets (Cousins, 1996) that can be converted into cash at times, and for 
socio-cultural activities. Manure fulfils a key role through nutrient cycling between and within 
households which enables the sustainable use of smallholder plots (Garrity et al., 2012). 
Livestock and crops are both competitive and complementary, because livestock provide 
traction power and organic fertiliser, while crops provide residues during the dry season 
(Haileslassie et al., 2009). A nuanced understanding of the nature and direction of this 
complementarity would be beneficial to livestock and crop intervention strategies. Traditional 
livestock herding in these areas has slowly gone out of favour, although some households can 
afford to pay a herder. The loss of herders has been a challenge, especially as fences to control 
the grazing of livestock have fallen into disrepair. Livestock are moved away from the 
homesteads but often come back to graze around, resulting in nutrients being transported 
from the landscape to the homesteads and riparian zones. Highly productive grazing lawns 
(Palmer & Bennett, 2013) form around the homesteads and areas associated with livestock 
handling. It is not known what proportion of feed for livestock is derived from crop residues, 
but livestock and crops do compete for land and water and  the crops are grown on, as these 
could be used for grazing. However, crops seldom compete with livestock for natural 
grasslands, as much of the natural grassland cannot be cultivated for crops, due to slope, soil 
depth, rockiness, remoteness etc. In many of the communal areas, all land that can be 
cultivated has been cultivated at some stage. Households practise low-input rain-fed 
agriculture, leading to low levels of production.  
5.2.3. Livestock water productivity (LWP) model/equation 
In estimating LWP, the net annual value of livestock goods and services were considered in 
the numerator. Evapotranspiration (ET), which forms the denominator of the model, was 
calculated based on MODIS ET extracted from the unimproved rangelands (Chapter 2). The 
beneficial goods and services from livestock such as milk, manure, livestock offtake, traction 
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and hides/wool were estimated and converted into monetary values (ZAR) using the 
communal farm gate value. The communal farm gate value refers to the value of unprocessed 
animal products at the farm. In calculating these goods and services, all livestock types kept 
by households were included. Information on livestock herd structure, and the goods and 
services in a given year were calculated to estimate the value of these products and services, 
as suggested by Haileslassie et al., (2009) and Descheemaeker et al., (2010). The model was 
developed in a spread sheet by Haileslassie et al., (2009); however, this study used a modified 
LWP model by Kebebe et al., (2015) and was used to estimate LWP values that were later 
converted to USD. The model was used on the basis that the study was conducted in a 
communal area where there are no records for animal husbandry-related activities as is the 
case in a commercial livestock production system. There were no records of drinking water, 
of veterinary services water use, milking water use, or the value of the breeding stock for a 
livestock lifespan. Hence the study chose the more simplified model which only includes the 
annual productivity and annual water ET. The model can be mathematically specified as 
follows. 
ܹܮ ௜ܲ = ∑೔సభ೙ (ை೔∗௉೔ାௌ೔∗௉೔)

∑ೖసభ೙ ௐ஽ೖ                                                          (5.1)  

Where: 
݅ is the unit of observation; ܹܲܮ is livestock water productivity; ܱ௜  is the quantity of the ݅௧௛ 
livestock output such as milk, offtake, hides/wool and manure; ௜ܵ  is the service type such as 
traction of the ݅௧௛ livestock obtained over a year; ௜ܲ  is the local market price (ZAR) of the ݅௧௛ 
good or service type; ܹܦ௞ is the amount of water used in ET for the production of grass in 
the rangelands. To assess multiple benefits, one can monetise and use monetary equivalents 
such as rand per cubic metre of water depleted. Although non-monetary cultural benefits 
remain important, they are normally not included in the computation of monetised benefits 
of livestock. 
5.2.4. Household survey design and data collection 
An introductory workshop with extension officers, community leaders and community 
members were held prior to data collection to provide clarity on the survey and to schedule 
appointments for interviews. Ethical clearance was obtained from Rhodes University for 
approval to conduct the study. A consent form was provided prior to the interviews for all the 
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households, requesting their authorisation. Livestock and non-livestock owners were 
randomly selected for interviews. One hundred and twenty (120) households were 
interviewed, depending on their availability and willingness to participate in the study. The 
questionnaire was designed to extract information on annual livestock beneficial goods and 
services such as milk, offtake, hides/wool, traction and manure. Further information on 
livestock holdings was also gathered. Information pertaining to livestock production inputs, 
such as labour, and whether households buy additional feed for livestock was also gathered. 
Offtake in this study referred to stock sales, stock loss, and animals slaughtered for 
consumption. This information was important in developing an LWP model for the surveyed 
households. The interviewed households were further classified into three different wealth 
categories (better-off, middle and poor), where multiple criteria focused on physical 
ownership of key assets such as livestock holding, dwelling type and technical efficiency were 
used rather than precarious annual cash income (Bekele et al., 2017). Furthermore, their 
anticipated values at the time of study were used to estimate the wealth category of a 
household (refer to Chapter 3). It is important to acknowledge that the 'three defined income 
classes' represent a snapshot in time, a 'cross-sectional analysis' of ever-changing categories. 
In fact, the fortunes of rural households are known to change very suddenly via shocks at for 
instance, the death of the main breadwinner. 
5.2.5. Sampling approach: Estimating the value of livestock goods and services 
Livestock form a vital component of agriculture, worldwide. They provide ecosystem service 
output and have cultural value (Haileslassie et al., 2009). However, in this study only offtake, 
milk, manure, skin, hides, wool, and traction were considered. To quantify these outputs, total 
livestock production of each household was estimated through a survey questionnaire 
administered in 2015–2016. The reported livestock goods and services in each household 
were converted into monetary values. The livestock holdings were converted to Tropical 
Livestock Unit (TLU) using a conversion factor of 0.79 for cattle, 0.1 for sheep and goats 
(Haileslassie et al., 2009). Livestock goods and services were estimated and are well described 
in Chapter 3. This study used MODIS ET extracted from GEE for the unimproved rangelands. 
Details of the method are clearly described in Chapter 2. 
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5.2.6. Statistical analysis 
Differences in mean livestock beneficial goods, services and LWP among households and 
wealth categories were tested using one-way ANOVA. The data were compiled with the 
assumption of ANOVA when checked for normality and homogeneity of variance. During the 
data manipulation, where many outliers were captured due to variation and sample size, data 
were transformed using Log function.  
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5.3. Results 
5.3.1. Household characteristics in different wealth groups 
The mean household characteristics by wealth groups are presented in Table 5.1. The 
household wealth categories are calculated using dwelling type, household livestock holding 
and TE (Chapter 3). Livestock beneficial outputs were similar across different wealth groups, 
but TLU are significantly different among wealth group categories. Better off households have 
more livestock holdings than middle and poor households. The results reveal that livestock 
production input such as the money spent on labour and buying additional feed is not 
significant between better-off and middle wealth households (Table 5.1).  
Table 5. 1. Means of household characteristics among wealth groups. 

Household 
characteristics 

Better-off (n=33) Middle (n=33) Poor (n=54)  
 
 
 
 
 
 
 

Livestock holding 
(TLU) 

2.04a 1.78b 1.98c 

Expenditure (ZAR) 
(labour and 
additional feed) 

11.58 11.59 11.45 

Outputs (ZAR) 13.63 13.27 13.16 

Different superscripts a,b,c within a row represent significant differences at P< 0.05. TLU: 
Tropical livestock unit: 250 kg live weight. 
5.3.2. Livestock water productivity in different wealth group categories 
Table 5.2 illustrates mean LWP obtained in the study site for the three defined income classes. 
No variations in mean LWP were obtained by middle and poor household wealth groups. 
Better-off households obtain a higher LWP (0.34) followed by the middle (0.29) and poor 
households (0.29). Results from other, similar studies conducted in Ethiopia are reported for 
comparison. These studies show differences in LWP obtained in different wealth groups. All 
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these studies show a similar trend, where wealthier households obtain higher LWP compared 
with middle and poor, although in the case of this study, the differences are not significant 
between middle and poor households. 
Table 5. 2. Mean livestock water productivity. 

Household 
characteristics 

Better-off 
(n=33) 

Middle (n=33) Poor (n=54) Reference 

LWP (USD m-3) 0.34a 0.29b 0.29b  
LWP (USD m-3) 0.26a 0.20b 0.16c (Kebebe et al., 2015) 
LWP (USD m-3)) 0.30a 0.24b 0.16c (Bekele et al., 2017) 

Different superscripts a,b,c within a row represent significant differences at P< 0.05.  
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5.3.2. Household livestock types in different wealth group categories 
Figure 5.1 illustrates the total household livestock types among different wealth categories. 
High mean numbers of different livestock species are reported in better-off households, 
followed by middle-wealth households then poor households. The highest proportion of 
livestock species found in the village are sheep, irrespective of wealth groups. Goats form the 
lowest livestock percentage kept in the village by all the wealth group categories. The results 
reveal a mean sheep holding of better-off (mean=49), middle (mean=23) and poor(mean=2) 
among wealth groups.  
Figure 5. 1. Proportion of mean livestock species among household wealth groups. 

5.3.3. Livestock beneficial goods and services in different wealth groups  
The results of the analysis showing comparisons of mean livestock beneficial goods and 
services quantified separately on an annual basis and converted into monetary values among 
the different wealth groups are presented in Table 5.3. The results indicate a variation in 
terms of individual beneficial goods and services derived from livestock by different wealth 
groups. However, a significant variation is evident between better-off and poor households, 
with the exception of wool, which is similar across the three groups. Milk, offtake, and traction 
are higher in better-off households, while middle and poor are similar. Manure production is 
different among the wealth groups with better-off households obtaining high manure 
followed by middle, then poor households. Overall, significant differences in beneficial goods 
and services correspond with wealth status, being higher in better-off households and lower 
in poor ones.  
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Table 5. 3. Means for livestock beneficial goods and services (ZAR) of households in different 
wealth groups. 

Livestock 
beneficial 
output 

Better-off 
(n=33) 

Middle (n=33) Poor (n=54) RMSE 

Milk 7.31a 6.24b 6.34c 1.31 
Offtake 11.06a 10.50b 10.39c 16.96 
Manure 9.68a 8.93b 7.39c 5.80 
Hides/wool 7.73 7.57 7.45 3.31 
Traction 5.22a 4.40b 4.82b 8.08 

Different superscripts a,b,c within a row represents significant differences at P< 0.05. RMSE= 
root mean square error.   
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5.3.4. Contribution of livestock goods and services to different wealth groups 
Figure 5.2 Illustrates the contribution of annual goods and services type derived from 
livestock by different wealth group categories in rand value (ZAR). Irrespective of wealth 
status, offtake value generates the highest proportion, followed by manure. In terms of South 
African Rands, offtake is reported to be higher in better-off (mean=R241.39) middle 
(mean=R173.77) and poor (mean=R182.18) households. Livestock beneficial outputs and 
services such as traction are the benefits that generate the least, irrespective of wealth group 
categories, while milk and hides/wool have a similar maximum value.  

Figure 5. 2. Proportion of estimated means of livestock beneficial outputs contributed from 
livestock (ZAR).   
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5.4. Discussion 
5.4.1. Household characteristics as the implication for livestock water productivity 
From this study it is evident that the availability of household labour and livestock resources 
are the pillars of household productivity that stratify villagers into wealth group categories. 
These results are similar to those found by Kebebe et al., (2015) and Bekele et al., (2017) 
which show a significant effect of resource legacy of households on the LWP. Wealthier 
households are better able to hire additional labour and buy supplementary feed than poor 
households. Furthermore, the high livestock numbers possibly facilitate their ability to 
generate cash from livestock through sales. According to McDermott et al., (2010), labour is 
a prerequisite for sound, productive livestock management. The availability of labour is an 
important positive relationship as it improves production of livestock goods and services. 
According to Asfaw et al., (2011), family labour plays a significant role, given that it is of a 
lower rate than wage labour. Although poor households can have family labour invested, it is 
evident that with the given livestock holdings, they cannot adequately sustain themselves.  
TLU was higher in the wealthier households, followed by middle, then poor households. This 
indicates that wealthier households stand a better chance of cultivating their croplands at the 
right season with adequate frequency of tillage for better land. Moreover, as described by 
Bekele et al., (2017), proper agronomic practices are mostly performed when enough family 
labour is available. The overall beneficial outputs derived from livestock are almost similar 
across the wealth groups; however, wealthier households are higher than middle-wealth and 
poor households. Higher overall outputs ultimately contribute to higher LWP. The differences 
obtained in beneficial outputs among wealth groups reflects the variation in total household 
livestock holdings among wealth group categories.  
5.4.2. Livestock water productivity  
Although rainwater plays a significant role in livestock production, the increased scarcity of 
freshwater resources raises concerns about the rainwater conversion efficiency into livestock 
goods and services (Kebebe et al., 2015). Mean LWP varies significantly among different 
wealth groups. Better-off households have higher LWP, followed by both middle and poor 
households. Like other studies Kebebe et al., (2015), Bekele et al., (2017), better-off 
households obtain higher LWP than middle and poor households. However, middle and poor 
households obtain similar LWP.  This study reveals that wealthier households keep their 
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livestock as standing assets rather than selling them, while poor households sell their livestock 
to get cash, and use other livestock products. The numerator of the LWP equation summarises 
the net annual beneficial goods and services obtained from livestock, while the grouping of 
the wealth categories uses standing livestock and dwelling type as an index of wealth. These 
results suggest that being considered a wealthier household does not automatically mean 
higher LWP. A possible explanation to variations in LWP among wealth groups can be 
explained by the variations in livestock household holdings, access to labour, and other 
household assets, which was evident as wealthier households own more livestock than 
middle and poor households. Kebebe et al., (2015) make the point that wealthier households 
have the advantage of their high numbers of livestock to be able to convert available feed to 
higher beneficial outputs such as milk, offtake, manure, traction and wool/hides. Results from 
other studies, such as those of Kebebe et al., (2015) and Bekele et al., (2017), are used for 
comparison in this study, which reveal variation in the mean LWP obtained in different studies 
among different wealth groups. On the other hand, differences in the mean LWP obtained in 
these studies could be linked to differences in livestock products prioritised and obtained in 
terms of least and most importance in the different studies.  
MODIS ET of 379 mm is reported in this study, which could play a major role in explaining the 
differences in LWP in different studies. The relatively low ET compared to annual rainfall can 
be explained by the low leaf area of the vegetation available to livestock. These findings 
suggest that households with low livestock holdings cannot sufficiently utilise feed from crop 
residues and grazing lands. Haileslassie et al., (2009) found that, in the Ethiopian highlands, 
most of the livestock beneficial outputs were from households which own high numbers of 
livestock. Variations in LWP among different wealth group categories suggest the possibility 
of improving LWP with the current level of knowledge, given that farmers have better access 
to land, labour, and oxen for traction. The results on LWP are consistent with those of 
Haileslassie et al., (2009), who also found that better-off households have higher LWP. Water 
use in cultivated lands and areas around the homesteads is not included in the analysis; it is 
difficult to separate the two domains successfully because of the small gardens available in 
different households. This could possibly be the reason for differences in LWP among 
different wealth groups.  
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5.4.3. Livestock beneficial outputs 
Households use the advantage of keeping different livestock species to derive sustainable 
outputs and services using available resources. The current study considers outputs such as 
milk, offtake, manure, hides/wool and traction to estimate the annual beneficial outputs 
derived from livestock in each household. However, other studies (Behnke, 2010), point out 
that livestock under mixed crop-livestock system in developing countries like Ethiopia 
perform economic and social functions that are not easily measured in monetary values. 
According to the findings of this study, offtake is the prime share of beneficial outputs derived 
from livestock, followed by manure, but these results vary among wealth groups. The 
variations in offtake among wealth groups is also found by Bekele et al., (2017) and Behnke, 
(2010), who reported a low animal offtake rate in a mixed farming system. On the other hand, 
Kebebe et al., (2015) report manure and traction services as a prime share of the annual 
beneficial outputs in Ethiopia and Bekele et al., (2017) report milk production followed by 
traction services and manure as prime beneficial outputs, regardless of wealth status. Manure 
is very important in replenishing soil fertility and, in the current study, it is the second-highest 
beneficial output, followed by milk and traction, reported in different wealth groups. 
Wealthier households possibly have the advantage of being able to replace traction animals 
because they own more of them.  
The differences in milk production among the different wealth groups is possibly because 
wealthier households are able to retain particular crossbred animals more readily than poor 
farmers. Even though there is variation in milk production among the wealthy groups, it 
contributes the least to the overall total annual outputs. However, milk production should be 
encouraged in this area, with appropriate animal husbandry and management interventions 
as needed. The primary purpose of keeping livestock in mixed farming is to maintain a 
continuous livestock herd and complement crop production. Bekele et al., (2017) suggest that 
an increase in the number of livestock in an individual household could lead to increased LWP 
in the short term. The study also finds wool/hides as one of the annual beneficial outputs 
derived from livestock in the study area, which indicates the extent of willingness and 
different abilities of households to keep sheep.  
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5.5. Conclusion and recommendations 
Livestock interact both positively and negatively in the management of natural resources. An 
example of this positive relationship is that livestock can be used to remove moribund forage 
during the dry season and re-distribute nutrients across the landscape.. On the other hand, 
the negative relationship that exists between livestock and the environment is that livestock 
can selectively and continuously graze the rangeland, causing increased erosion along cattle 
paths, removing desirable grazing species by continuous grazing, replacing 
palatable/desirable species with woody shrubs and less palatable/nutritious grasses such as 
E. plana. The positive relationship between livestock holdings and LWP suggests that there is 
a possibility of improving water use efficiency through increased livestock beneficial outputs. 
The positive relationship between livestock holdings with LWP and labour with LWP among 
wealth groups suggests that strategies to improve water use need to focus on providing extra 
feed and labour.  
Considering that the study area is a mixed crop-livestock system, complementary 
interventions could be suggested to increase water productivity in different households. This 
will in turn boost the capacity of all household group categories to achieve improved LWP. It 
is also necessary for research to better understand the role of livestock in the integrated 
livestock-crop system and to address the implementation of a South African livelihood 
improvement strategy from livestock. In addition, the findings of this research can help in 
making a decision on where to invest the resources to achieve increased LWP in a communal 
production system. 
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CHAPTER 6. ASSESSING LIVESTOCK DISTRIBUTION IN COMMUNAL RANGELANDS OF THE 
EASTERN CAPE SOUTH AFRICA: TOWARDS MONITORING LIVESTOCK MOVEMENTS IN 
RANGELANDS. 
This chapter will be published in a suitable journal. BG wrote all the text in this Chapter, TZ 
assisted with data collection and analysis. 

ABSTRACT 
Rangelands provide ecosystem services to support livelihoods, biodiversity, and livestock 
production. In the past, rangelands were managed in a semi-nomadic manner, where 
pastoralists would distribute livestock to different parts of the rangeland depending on the 
availability of forage. However, the distribution of livestock rangeland use has not been a 
subject of many studies as the devices to monitor livestock were not available. This study used 
the global positioning systems to assess livestock distribution in a communal rangeland of the 
Eastern Cape. Experimental animals (sheep and cattle) were selected randomly from 
participating households and were fitted with a neck GPS collar, which recorded the 
geographic position at five-minute intervals during both a wet and dry season in 2016/17 in 
order to assess the livestock use of the rangeland. Livestock growth rate were also assessed 
by weighing livestock on the day of collaring using an electronic scale, and again on the day 
of removing collars for both dry and wet seasons. Three production domains where livestock 
grazing occurs were identified and grass species composition was surveyed. Lastly, 
normalised difference vegetation index for the area was downloaded from Landsat imagery 
using Google Earth Engine to determine the most productive parts of the rangeland. Livestock 
grazing distribution was analysed using time local convex hull, which is an R package used to 
analyses movement data.  Hull sets were created to identify the areas where livestock spend 
most of their time during the grazing day. The grass species composition survey revealed that 
Hyparrhenia hirta, a robust perennial C4 grass that is moderately resistant to continuous 
grazing, was the dominant grass species. This was followed by Eragrostis plana, suggesting 
that rangeland had been disturbed. Furthermore, areas around the homesteads had higher 
NDVI. In this study, lack of livestock herding might have been the reason why livestock spend 
most of their time grazing around the homesteads, together with the fact that the animals 
are saving energy. These results suggest a need for livestock owners to use herders so that 
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the animals can use rangelands optimally. This is assumed to  improve the grazing distribution, 
species composition and the forage quality and quantity. 
Keywords: GPS, Grazing, Livestock, Rangelands. 
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6.1. Introduction 
Rangelands form an important support system for the livelihoods of millions of people, for 
livestock production, and biodiversity conservation (Odadi et al., 2018). However, because of 
climatic and anthropogenic factors, many rangelands are considered severely degraded 
impacting negatively on people who rely on land for grazing and livestock production (Zhang 
et al., 2016; Shackleton et al., 2003). Rangeland degradation is chiefly related to poor grazing 
management, which is often cited as a major contributor to rangeland degradation and 
reduced rangeland stability (Odadi et al., 2017). In areas where rangeland degradation is 
severe, such as Africa, communal rangelands are the most degraded ecosystems and 
sustainable grazing management is important to improve the value of a rangeland in terms of 
socio-economic and ecological systems (Odadi et al., 2017).  
South African communal rangelands make up only 13% of agricultural land on account of 
colonialism under which the indigenous people were restricted to small areas, and land rights 
were delineated along racial lines through the 1913 Native Land Act (Samuels et al., 2007). 
These communal rangelands were administered by the local chiefs or village headmen who 
determined who could own livestock on the common rangeland or ‘amadlelo’, how many 
livestock were permitted per household, and where the livestock should graze at different 
times of the year. With the implementation of the restrictive legislation after 1913, and the 
“Betterment Planning” following the recommendations of the Tomlinson Commission in 
1954, traditional livestock management governance became fractured. Villages could no 
longer practise the principles embedded in a herding culture as camps (or paddocks), gates 
and fences replaced the decisions of herders under whose care livestock had roamed freely 
and had been able to select daily grazing areas based on their own preferences (Bailey, 2004). 
Household livestock herds are generally quite small (5–10 animals per household) (See 
Chapter 4), and individual owners influence decisions about where animals are left to forage. 
At the household level, farmers seldom have the resources to employ a herder to guide 
livestock to different grazing areas throughout the year. However, the loss of herding skills, 
as well as the recent mandatory school attendance laws, has further eroded the role of 
herders in determining where livestock should graze in different seasons. Many parts of the 
rural Transkei and other dry land regions have been subjected to ploughing, followed by large-
scale abandonment, leading to substantial changes in the species composition of the 
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rangeland (Palmer and Ainslie, 2009), favouring more robust, less palatable grasses such as 
Eragrostis plana, Hyparrhenia hirta and Sporobolus africanus.  
Livestock grazing in past years was managed in a semi-nomadic manner in pastoral 
rangelands, with frequent changes for pasture regeneration (Ellis & Galvin, 1994). Unlike 
other parts of Africa, such as Kenya, the nomadic pastoralists would move from places 
following a drying trend, and cultivation only occurred under irrigation or in areas where 
water could be sequestrated or stored (Ellis & Galvin, 1994). However, now land-use practices 
have changed from nomadic pastoralism to commercial farming, and rangelands that were 
traditionally managed with animals spread individually with the presence of the herders, is in 
contrast with sedentary pastoralism where animals are un-herded during grazing, but are 
controlled by fences (Odadi et al., 2018). Veblen et al., (2016) state that in this system of 
grazing management, livestock are typically allowed to graze for a period of time across a 
general grazing area, depending on the available forage and utilisation, then later moved to 
a new area to allow for regrowth. Nomadic people use herding to regulate animal movement 
while sedentary people use fences to control and move the livestock regularly. 
Currently, two distinctive grazing management systems to sustain livestock and manage 
natural resources have long been employed: commercial and communal farming systems 
(Samuels et al., 2007). The ‘white’ owned farming system is referred to as commercial and 
uses a method which adopts rotational grazing management, where camps are grazed for 
different periods. It is perceived to be ideal for managing livestock (Archer, 2004). However, 
O’Reagain and Turner, (1992) argue that there is not enough information to justify such 
claims. The commercial farming system aims at sustained maximum production of livestock 
products where plants are mostly used for animal forage and livestock are grazed in fenced 
paddocks and left unattended. Although perceived as productive and beneficial for livestock 
resource utilisation, this method has shown that resources are selectively grazed where 
animals may restrict themselves to certain parts of the camp (Baumont et al., 2000). By 
contrast, communal rangelands are regarded as completely uncontrolled as farmers are 
interested at maximising immediate benefits at the expense of natural resources (Hardin, 
1968). This theory maintains that communal farmers are only interested in increased profits, 
regardless of the impacts of livestock on natural resources. However, Allsopp et al., (2007) 
argue that it is the effect of too many people concentrated on a small piece of land rather 
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than the traditional grazing management practice that poses a threat to the natural resources. 
On the other hand, the reality on the ground has changed where now, communal farmers 
have started to recognise the need of managing the common resources 
The distribution of livestock in communal areas of South Africa has not been the subject of 
many studies as the technology was not available to determine when and where the animals 
have been grazing. However, interest in the distribution of livestock grazing has recently 
become a major concern for livestock managers (Turner et al., 2000), resulting in observations 
of general grazing behaviour by both human and different automatic recording devices. Living 
and non-living factors influence livestock preference of some sites over others, as well as 
animal behaviour. According to Lyons and Machen, (2001) in a free ranging situation, livestock 
selectivity is driven by several factors such as plant types (grass, forbs, and shrubs), forage 
quality, quantity and palatability, plant species composition, shade and shelter, human 
activities, insects, pests, soil, weather, topography, and water. However, in a controlled 
livestock production system (rotational grazing), graziers are able to control some of these 
factors in the activity of the livestock through timing and managing the duration of stay in a 
paddock. It is important to understand livestock grazing distribution in these systems because 
livestock in natural grazing systems try to make use of patchy mosaic of available forage in 
time and space in order to maximize intake. Understanding this and importantly what might 
limit their ability to do this effectively (such as  fencing, lack of water ) enables grazers to think 
about ways to maximise forage utilisation and potentially how to improve livestock 
production. 
 
Studies looking at animal location and walking speed have been conducted in past years (Frost 
et al., 1997) using GPS which has rapidly advanced to become a standard method since the 
mid-1990s. These systems, mounted on neck collars, are used to track habitat use and 
behaviour routes of wild ungulates (Schlecht et al., 2004). Dorrough et al., (2004) used GPS 
technology to track pasture use of cattle and study grazing areas of hill sheep. Independent 
information generated from remote sensing images is used to determine the relationship 
between vegetation characteristics and animal landscape preferences. The improved 
developments of GPS technology now make it possible to track free-ranging animals using 
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radio transceivers and positioning data (Tomkins & O'Reagain, 2007).  
 This study assesses the grazing distribution of cattle and sheep under a continuous grazing 
system, using GPS collars to identify patterns of rangeland use where interventions would be 
most beneficial to improving livestock production. Factors such as vegetation composition 
were determined and the NDVI was used as a proxy for plant production as well as ‘active 
greenness’ associated with a concentration of nutrients such as N and P. The animal weight 
during collaring was recorded to assess livestock performance without herding. The study 
area was then divided into different domains following Schieltz et al., (2017), to identify 
where most grazing occurred since animals can select grazing sites based on the nutritional 
and forage quality preferences to improve their productivity (Lyons & Machen, 2001). In the 
north Eastern Cape, where the study was conducted, livestock herds are mostly dominated 
by sheep and cattle, with some herds including a few goats (Chapter 4).  
 
  



117  

 
6.2. Materials and methods 
6.2.1. Site description 
The study site is in the northern part of the Eastern Cape Province, South Africa, in the former 
Transkei homelands. It is in the quaternary river catchment T12A (centred around 31°31'25S; 
27°45'27E) that is administered under communal tenure arrangement (Figure 6.1). The study 
site comprises vegetation of the Drakensberg foothills moist grassland (Mucina & Rutherford, 
2006) which is a broad arc of Drakensberg mountain and its surroundings. The topography 
ranges from steep mountainous escarpments to moderately rolling grassland incised by river 
gorges. Mudstones and sandstones of the Molteno formation and Tarkastad, as well as 
intrusive dolerites of Jurassic Age, dominate the geology in the study site. Well-drained soils 
on the sedimentary parent material dominate, with clay content ranging from 15–55% and a 
depth of more than 800 mm represent the soil forms such as Hutton, Griffin, Oakdale and 
Clovelly. On the dolerites, soil forms include Mispah rock complex, Short-lands, Balmoral and 
Vimy. The study site receives 654 mm (2000–2017) of mean annual precipitation during the 
summer rainfall period (Mucina & Rutherford, 2006). There are 26 frost days, indicative of a 
sub-montane form of a warm cool temperate climate, and the mean annual temperature is 
14.6 ᵒC. The study site is composed of important taxa of graminoids and geophytic herbs 
(Mucina & Rutherford, 2006).  
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Figure 6. 1. Study site map in the quaternary rive catchment T12A.  
6.2.2. Experimental animals 
Prior to embarking on this aspect of the research, ethical approval was obtained from the 
Rhodes University Research Ethics Committee (RUREC) to undertake the research with live 
animals. In addition, community collaboration was obtained after a workshop with the 
villagers of the community detailing the nature of the planned interaction with the livestock 
and the necessary sensitivity to cultural norms associated with livestock handling. This was 
necessary as there are cultural sensitivities with regard to a female handling livestock in the 
communal areas. Following approval from RUREC and the community, two data collection 
expeditions were conducted during the wet (November to February) and dry season (July to 
September). A total of 14 local Zebu-type cattle (Bos indicus) and 10 sheep were selected from 
herds of collaborating homesteads and were each fitted with a CatLog GPS tracking device 
inserted in a waterproof collar.  
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6.2.3. Description of the GPS equipment 
The CatLog Gen2 recorder is 4.4 X 2.7 X 1.3 cm with a low weight of 22 g. It is equipped with 
a ceramic patch antenna (GPS antenna) with three control status elements: the magnetic 
switch (to switch it on and off), micro USB interface (used for charging and communicating 
with the computer), status light (green) and charge light (red). To communicate with the 
device, an interface serial communication cable and micro USB adapter is connected to a 
computer USB port. The CatLog Gen2 device driver and control centre need to be downloaded 
for communication with the device. The GPS recorder was set to capture intervals of five 
minutes, to log if there was no satellite position available, capture a second chance after a 
ten-second delay, and to log temperature and speed. 
The recorder consists of a small chip recorder with an interface for data exchange, a charging 
USB port and GPS chipset. The battery capacity is 5200 m A (runtime approx. 2160 hours with 
five-minute intervals) with an accuracy of 5-10 m, depending on signal strength (position jitter 
is expected in low satellite signal reception conditions). The storage capacity of the equipment 
is up to 64 000 waypoints. It operates in temperatures between -10 to +50 ᵒC. After 
downloading, data are exported in a GPX, CSV (Excel) format. The equipment records time, 
date, position (latitude and longitude coordinates), speed, height, and direction. 
6.2.4. Mounting GPS on livestock. 
The selected animals were fitted with cotton collar belts individually adjusted to their neck 
size to carry the GPS equipment (Figure 6.2). The devices were inserted in a secure, 
waterproof pouch attached to a robust neck collar belt. The pouch was closed and sealed with 
silicon to prevent water damage. Collar belts were placed on the animals on 22 November 
2016 and were retrieved on 18 February 2017 for the wet season and were again fitted on 
the 4 July 2017 and retrieved on the 5 September 2017 for the dry season. After retrieving 
the collars, the position data were extracted from the GPS receiver using the CatLog Software. 
Data quality varied enormously, as data from 12 collars (five cattle and seven sheep) were 
unavailable for analysis, for several reasons, such as GPS failure to collect data for the whole 
period, battery life, or chip malfunctioning due to water contamination. Furthermore, six GPS 
collars from cattle did not have a full data set for the whole periods. 
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Figure 6. 2. Cattle fitted with the GPS collar in the grazing area. 
6.2.5. Data preparation, cleaning and generating Google Earth images 
Data from the GPS collars were downloaded using the CatLog Data Centre and stored in 
comma delimited ASCII text format (*.csv). Data files were renamed to follow a unique 
numerical convention starting with ARC01S, for the first collar activated in summer, and 
ARC01W for the same collar in winter. All animals were weighed and sexed at the time of 
collar attachment, and these data were stored in a database linked to the collar number. The 
time-stamp on data from the CatLog GPS receivers is in Greenwich Mean Time (GMT) and for 
use in South Africa, the time stamp was changed. Using the R packages lubridate and plyr, 
data from each collar were converted into Central African Time (CAT) and day/time segments. 
The day/time segments for the summer data were 6 am to 6 pm and described as day and 
night. This process was facilitated with R code provided by Zander Venter (pers. comm.). The 
location data from the CatLog GPS receivers is in a geographic projection (latitude longitude), 
but as this is a pseudo-projection, it is not possible to calculate area or distance, and 
conversion to recognised projection is required. In this study, the universal transverse 
Mercator (UTM) was selected as it is required for further analysis T-LoCoH (Dougherty et al., 
2018). Once again, this conversion to UTM was undertaken in R using packages rgdal and sp.  
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In order to reduce the incidence of collar failure, all GPS collars had been activated in the 
laboratory prior to placing them inside the waterproof containers. This meant that all collars 
contained some data not associated with livestock movement. All these data points were 
removed by sorting: firstly, by date and time, and removing all data prior to and after actual 
collar attachment, and also by defining the geographic limits of the village and removing all 
data points that did not fall within these geographic boundaries. As the CatLog data file also 
contains a speed estimate, data points that had recorded excessive speed (>5m sec) were 
removed. In this analysis, three cattle and three sheep were randomly selected from the 
experimental animals that had a full GPS data set for both wet and dry seasons. Google Earth 
Pro was used to plot livestock distribution movements from the kml files generated by T-
LoCoH in the study area.  
6.2.6. Time Local Convex Hull (T-LoCoH) R  
T-LoCoH is a package for analysing location data developed in the R system for statistical 
computation and graphics. It is used for constructing home ranges in movement data and 
explaining spatial-temporal patterns (Lyons et al., 2013). It generalises the non-parametric 
utilisation construction method and integrates time with space through a scaling that relates 
distance and time in the construction of local hulls in reference to the velocity of the animal. 
In both space and time, resulting hulls are local, enabling metrics for multiple dimensions and 
movement phase of time use including visitation and duration. As a sample for analysis, T-
LoCoH produces utilisation distributions (UDs) with high fidelity to temporal partitions of 
space by taking hulls rather than individual points and can differentiate various behaviour 
with internal space. T-LoCoH is also used to construct the UDs from a set of locations by 
combining minimum convex polygons (MCP) around each point (Getz & Wilmers, 2004). The 
T-LoCoH package contains analytical functions for data that have time values attached, such 
as movement data, and can analyse any set of points. However, it has been developed for 
data collected at regular intervals from a GPS device such as GPS collar. In each location, time 
information is used to produce the space used by the animal (Lyons et al., 2013). 
6.2.7. Vegetation sampling 
At the study site, 12 X 100 m transects were laid to determine the herbaceous species 
composition which was then assessed using a step point method as described by Trollope et 
al., (1989). A total of 100 individual species were recorded along the 100 m transect at every 
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1 m interval (Yapi et al., 2018). One herbaceous species at or nearest to the pointer was 
identified and recorded within the 1 m interval. If the pointer hit the ground, the nearest plant 
was identified and recorded. The grass species were grouped into Increaser and Decreaser 
species, depending on their response to grazing (Bransby & Tainton, 1977). The location of 
the transects were randomly allocated using a google earth engine which had a pointer in the 
area where animals were recorded to be spending most of their time grazing during both the 
wet and dry season, and the samples were taken during the months of April and May. 
Increaser species are divided into three classes: Increaser I, II and III, and are indicators of 
poor rangeland. Increaser I is mostly dominant in under-utilised rangeland and in conditions 
where little or no herbivory is taking place; they are generally unpalatable. Grass species that 
dominate in over-utilised rangelands are referred to as Increaser II, such as sub-climax and 
pioneer species that produce highly viable seeds and can quickly establish when exposed to 
the ground. Lastly, Increaser III are generally unpalatable and increase when selective grazing 
occurs. They are common in over-utilised rangelands (Yapi et al., 2018). By contrast, 
Decreaser species are an indicator of good rangeland and dominate in rangelands that are 
optimally grazed; however, they decrease in abundance in over- or under-utilised rangelands. 
These grass species were further classified according to whether they are perennial or annual 
grasses, depending on their longevity (Milton, 2004). Perennial grasses can live for more than 
two years, while annual grasses cannot. 
6.2.8. Normalised Difference Vegetation Index (NDVI) 
The presence of ‘actively green’ patches in the rangelands was determined using NDVI, which 
is an index that uses visible and near-infrared sunlight absorbed and reflected by the plant to 
explore green standing aboveground biomass. NDVI is used to estimate pasture performance, 
crop yield, and rangeland carrying capacity (Donald et al., 2010). It is chiefly directed to the 
ground parameters such as photosynthetic activity of the plant, ground cover, LAI, surface 
water and the amount of biomass (La et al., 1987). Healthy vegetation will generally absorb 
most of the visible light (400–700 nm) that falls on it, reflecting a large portion of the near-
infrared light when there is moisture present in the leaves. On the other hand, unhealthy 
vegetation reflects more visible light and less near-infrared light. Bare soils reflect moderately 
both the infrared and red portions of the electromagnetic spectrum. This study focused on 
the satellite band that is most sensitive to vegetation information. NDVI was produced from 
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the European Space Agency’s Sentinel 2 sensor using a Java script (Appendix 2) in GEE with 
an instruction during both wet and dry seasons while the collared animals were being 
monitored. The NDVIs were created using the GEE script (Appendix 2), and the images were 
annotated in PowerPoint to indicate the location of different domains.  
6.2.9. Assessing animal live weights for daily weight gains 
Animals that were to be collared were captured on the day of collaring, weighed using an 
electrical weighing scale and ear-tagged for identification. The animals were weighed twice, 
once on the day of collaring and once the day of removing the collars to measure daily weight 
gain for both season. The same animas that were used as focal animals. The study randomly 
selected three cattle and three sheep as focal animals to measure daily weight gains for 
performance. The animals were weighed in the morning after an overnight stay in the kraal 
without water or feed. The average initial weight of 284 kg and the average final weight of 
376 kg for cattle was recorded for the wet season, and an average initial weight of 38 kg and 
average final weight of 44 kg was recorded for sheep in the wet season. In the dry season, the 
average initial weight for cattle was 330 kg and average final weight of 290 kg. For sheep, the 
average initial weight was 44 kg and the average final weight was 40 kg. The daily weight gain 
of each animal was calculated using the difference between initial and final weight divided by 
the number of days on feed during collaring. The initial weight referred to the weight of an 
animal recorded on the day of collaring, while final weight referred to the weight of an animal 
recorded on the day of removing the GPS collar. 
6.2.10. Data analysis 
All data were analysed using T-LoCoH software in an R environment (Lyons et al., 2013; Lyons, 
2014). T-LoCoH initially facilitates the processing of raw position data into the correct time 
zone (all raw GPS data are collected using GMT time zone), followed by sorting into daytime 
and night time periods. T-LoCoH allows for conversion of the geographic projection of GPS 
system (latitude, longitude) to a UTM projection. This conversion is necessary to correctly 
calculate distance and area. Using T-LoCoH, the time stamps on the raw data were corrected 
to Central African Time. Data were cleaned up for GPS positions that did not occur within the 
study area, or where the speed was > 3m/s. These errors mainly arose as the GPS receivers 
were activated in the laboratory to avoid complications with in-field activation. Poor data 
points (where the positions had < 3 satellites for triangulation) were also deleted from further 
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analysis. All activities between 08h00 and 18h00 were regarded as grazing. It is acknowledged 
that livestock have other activities such as drinking, chewing the cud or walking during 
daylight hours; however, there was no mechanism on the GPS collar for discriminating these 
different activities, and further analysis assumes all animals were grazing.   
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6.3. Results 
6.3.1. Wet season cattle movement in the study area 
The animals represented here include two cows (ARC4 and ARC7) and one castrated male 
(ARC10) animal (Figure 6.3). T-Locoh provided isopleths constructed from hulls that revealed 
that the animals spent time grazing on a 10% (iso level=0.1) of all recorded points in an 
extremely small area during the wet season. This is shown by the area in red (Figure 6.3). 
Although the animals did move to other grazing areas, they did not spend much time there. 
The edges of the animal distribution that are shown in purple reveal that the animals roamed 
around the rangelands even though they did not spend much time. 
 

a 
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b

c 
Figure 6. 3a, b and c. Isopleths constructed in different hulls, sorted by area, indicating 
proportions of the total points enclosed by three focal cattle during the wet season. 
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6.3.2. Wet season movement of sheep in the study area 
 The representative animals included two female (ARC18 and ARC19) sheep (ewe) and one 
ram (ARC21) (Figure 6.4) grazing during the wet season. The outputs from the analysis that 
provided the isopleths constructed from hulls revealed that most of the grazing occurred in 
only 10% of the available grazing area during the wet season. The greatest elongation (red) 
around the homestead represents the areas in which most grazing occurred. The edges 
(purple) at which the animal moved around were also revealed for the duration of the study, 
even though the animals did not spend much time grazing.  

a 
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b 
  

c 
Figure 6. 4 a, b and c. Isopleths constructed in different hulls sorted by area indicating 
proportions of the total points enclosed by three focal sheep during the wet season.  
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6.3.3. Dry season cattle movement in the study area 
The outputs from the T-LoCoH analysis show isopleths for mature cattle during the dry season 
in Mgwalana village. The results revealed that the animals (ARC04W, ARC07W and ARC10W) 
spent most of their time grazing around the homesteads and along the riparian zones (10%) 
of the grazing land available for livestock grazing (Figure 6.5). This is shown by the area with 
greatest elongation (red). The edges of the animal distribution that are shown in purple reveal 
that the animals roamed around the rangelands even though they did not spend much time 
grazing. 
 
 
  

a 
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b 

c 
 
Figure 6. 5a, b and c. Isopleths constructed in different hulls sorted by area indicating 
proportions of the total points enclosed by cattle during the dry season. 
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6.3.3. Dry season sheep movement in the study area 
The outputs from the T-LoCoH show isopleth levels for mature sheep (ARC18W, ARC19W and 
ARC21W), which were constructed from hulls sorted by an area during the dry season. The 
analyses revealed that most of the grazing occurred in only 10% of the available grazing area 
around homesteads (Figure 6.6). The greatest elongation (red) around the homestead 
represents the areas at which grazing occurred the most. The edges (purple) at which the 
animal moved around were also revealed for the duration of the study, even though the 
animals did not spend much time grazing.  
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 b
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c 
Figure 6.6a, b and c. Isopleths constructed in different hulls sorted by area indicating 
proportions of the total points enclosed by sheep during the dry season. 
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6.3.4. Google Earth images of cattle grazing during the wet season 
The Google Earth image (Figure 6.7) shows the grazing distribution of three cattle during the 
wet season in Mgwalana village. The red, green and blue colours represent different animals 
and show that the animals spent most of their time grazing around the homesteads, around 
the riparian zones and unimproved grasslands. Grazing occurred during the day as the night 
time points were removed from the analysis. However, the animal shown by the green colour 
did move and graze on unimproved rangelands during the day in the wet season. 

 
Figure 6. 7.Google Earth plot showing the distribution of three different cattle grazing during 
the wet season in Mgwalana village (T12A) rive quaternary catchment. 
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6.3.5. Google Earth image of sheep grazing during the wet season 
The Google Earth image for three mature sheep during the wet season shows that the animals 
spent almost all their time grazing around homesteads (Figure 6.8). Most of the time was 
spent in only one domain, with few points on the unimproved grasslands. There were very 
few points that were recorded along the roads and riparian zones during the whole time of 
collaring. 

Figure 6. 8.  Google Earth plot showing the distribution of three different sheep grazing during 
the wet season in Mgwalana village (T12A) rive quaternary catchment. 
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6.3.6. Google Earth images of cattle grazing during the dry season 
The Google Earth image shows cattle grazing distribution during the dry season in Mgwalana 
village. These animals roamed around looking for grazing, as they were not herded (Figure 
6.9). The image shows that the distribution was concentrated on areas around the 
homesteads, followed by riparian zones and unimproved rangelands. The image shows that 
the animals are not using the available grazing land effectively as they repeatedly grazed in 
one area throughout the period of collaring.  
 

 
Figure 6.9.  Google Earth plot showing  the distribution of three different cattle grazing during 
the dry season in Mgwalana village (T12A) rive quaternary catchment. 
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6.3.7. Google Earth images of sheep grazing during the dry season 
Figure 6.10 shows the grazing distribution of three mature sheep in Mgwalana village during 
the dry season. The image shows that the animals spent most of their time grazing around 
the homesteads, on unimproved lands and river banks to the extent of crossing their grazing 
border to other areas where they do not belong. 

 
Figure 6.10. Google Earth plot showing  the distribution of three different sheep grazing 
during the dry season in Mgwalana village (T12A) rive quaternary catchment. 
 
6.3.8. NDVI of the areas were livestock grazing occur 
The normalised difference vegetation index from GEE product based on MODIS Terra surface 
reflectance for the period of livestock collaring was extracted to determine the active green 
growth of the areas where most grazing (domain) occurred in both wet (Figure 6.11a) and dry 
(Figure 6.11b) seasons. In both Figures a and b, the blue arrows show cultivated lands, the 
orange show the unimproved grasslands, and the red arrows show areas around the 
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homesteads. NDVI for the wet and dry seasons were different, with the wet season showing 
more active green areas than the dry season (Figure 6.11). In Figure 11a, which represents 
the wet season, a high NDVI is represented by bright green, with dark green showing low 
NDVI. However, Figure 11b represents the dry season, which shows low NDVI values 
represented by dark green. The bright green during the dry season is the wattle plantation.  
a) 
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b) 

 
Figure 6 11. NDVI for three grazing domains in Mgwalana village: (a) wet season (b) dry 
season. Bright green represents the active green growth in the study site, while dark green 
represents inactive green growth in the study site. In both figures, blue arrows show 
cultivated lands, orange show unimproved grasslands, and red show areas around 
homesteads.  
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6.3.9. Distribution of livestock by number of locations and time 
Table 6.1 shows the distribution of the grazing livestock by number of locations, steps taken 
per day, animal weight gain and area covered during grazing in the wet and dry seasons. There 
is a difference in the number of locations covered by different grazing livestock in both 
seasons. The total area covered by cattle is much greater than the total area covered by sheep 
in the wet season, but in the dry season, the total area covered by both grazing livestock does 
not differ. However, the area covered by sheep during the dry season is greater than the area 
covered in summer; grazing occurred in a very small proportion of the land (0.05-0.08 ha). 
Over time, the sampling is not consistent as both cattle and sheep moved location. For both 
seasons, the number of steps taken per day by both grazing livestock does not differ. The 
analysis reveals that, even though there is a shift in location, it still occurs within a relatively 
a small area. The distance (10–50 m) all the animals travel in a short time at low speed 
indicates that the animal spends most of its time during the day grazing. This is the same for 
all the animals, regardless of gender. However, in the dry season, both cattle and sheep 
register a higher number of locations than in the wet season. The results show that distance 
covered within the location over time occurs in the same area and the animal spends most of 
its time during the day grazing. During the wet season, both sheep and cattle gained weight. 
The daily weight gain for cattle ranges between 0.29 to 0.57 kg/day while the daily weight 
gain for sheep ranges from 0.06 to 0.10 kg/ day during the wet season. Although one of the 
cattle gained 0.31 kg/day, both sheep and cattle lost weight during the dry season (Table 6.1).  
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Table 6. 1. Livestock distribution by the number of locations over time during the wet and dry seasons in Mgwalana village. 

             Wet season     
Animal type Animal 

No. 
analysed 
 
 

Total 
number of 
locations 

Av. Distance 
travelled 
(steps) 

Number of 
locations per 
day 

10 % area 
covered 
(ha) 

Total 
No. of 
points 
used 

Total area 
covered 
(ha) 

Length of 
the 
recording 
period 
(days) 

Speed 
(km/hour) 

Growth 
rate 
(kg/day) 

Cattle ARC04 3911 2600 90 0,02 7347 126,69 79 0,70 0,38 
Cattle ARC07 1741 1500  93 0,01 7254 397,8 78 0,74 0,57 
Cattle ARC10 2900 1500 94 0,01 7238 122,80 77 0,85 0,29 
Sheep ARC18 10176 7000 93 0,18 7254 48,79 78 1,35 0,06 
Sheep ARC19 3189 1900 90 0,09 2160 39,48 24 0,07 0,10 
Sheep ARC21 2052 8000 69 0,18 1035 59,58 15 0,87 0,10 
               Dry season     
Cattle ARC04W 8513 5200 94 0,20 6016 160,50 64 2,94 0,31 
Cattle ARC07W 8734 5200 93 0,26 6720 119,71 64 0,81 -1,03 
Cattle ARC10W 6242 5800 93 0,11 4185 107,39 45 0,81 -0,57 
Sheep ARC18W 8659 5300 93 0,05 5952 111,54 64 1,24 -0,04 
Sheep ARC19W 8850 5300 94 0,11 6016 72,52 64 0,52 -0,11 
Sheep ARC21W 8702 5200 92 0,07 5888 141,03 64 1,00 -0,06 
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6.3.10. Grass species composition in the grazing area  
Eight dominant herbaceous species were found in the study site, together with seven grass 
species and forbs (Table 6.2). The composition comprises 57% Increaser II species, 26% 
Increaser I species, 17% invader species and 11% forbs. Of the eight-species found in the study 
area, 50% are of low grazing value, 25% are of moderate grazing value and another 25% are 
of high grazing value. All the species found were perennial grasses except for the forb, which 
was unknown.  
Table 6.2. Overall, mean percentage abundances of species composition in Mgwalana village. 

Plant species Ecological status Grazing value Plant form Abundance (%) 
Eragrostis plana Increaser II  Low Perennial 23 
Hyparrhenia hirta Increaser I Moderate Perennial 26 
Sporobolus africanus Increaser II  Low Perennial 10 
Forb Increaser II  Low Unknown 11 
Paspalum dilatatum Invader High Perennial 17 
Microchloa cafra Increaser II  Moderate Perennial 11 
Cynodon dactylon Increaser II  High Perennial 2 
Cymbopogon 
plurinodis Increaser II  Low Perennial 0,25 
Total    100 
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6.4. Discussion 
6.4.1. Livestock grazing distribution patterns 
 The results of the livestock distribution patterns for the wet and dry seasons are presented 
in several ways and all show that, during the daytime grazing periods, livestock spend a great 
deal of their time strongly associated with human features. The preparation of hull sets 
presented for three cattle and three sheep using T-LoCoH shows that, in both seasons, the 
animals spend most of their time grazing on 10%, very small area (1-5ha) near anthropogenic 
features, for example, homesteads, along roadsides, in abandoned cultivated lands and 
riparian zones. This strong association is possibly due to the active green growth around these 
areas; even though the grazing resource is very limited, the grass is generally very short, and 
is mainly stoloniferous species such as couch grass (Cynodon dactylon) and kikuyu 
(Pennisetum clandestinum) and does not offer much bulk forage (Palmer & Ainslie, 2009). 
However, livestock are able to ‘learn the landscape’ (Launchbaugh & Howery, 2005) and know 
that they have to come home, which may be one of the reasons for the strong association 
with anthropogenic features. 
The photosynthetically active green growing grasses generally indicate high-nutrient enriched 
sites and are adjacent to stockades and houses, riparian zones and soil conservation 
structures (Palmer & Ainslie, 2009). These represent the classic grazing lawns of the natural 
African rangelands (McNaughton, 1985), on which most of the grazing occurs. The presence 
of these plant species may be facilitated by the combination of high stocking rates and 
continuous grazing around the homesteads. On the other hand, the difference in the NDVI 
values for different seasons could be linked to cold weather that does not allow plants to 
absorb more light. The decrease in NDVI could also be associated with the decrease in the 
amount of plant cover during the dry season.  
The cleared surfaces associated with human habitation (roads, footpaths, cultivated areas) 
create larger runoff areas that provide water to small patches (run-on areas). These patches, 
akin to the patch dynamics described by Ludwig et al., (2005) provide short, green, nutrient-
rich grass throughout the year. Continued revisiting to these sites replenishes the nitrogen 
and other nutrients on a daily basis through dunging and urination. According to Cid and 
Brizuela, (1998), livestock avoid grazing near faeces, but when decomposed and highly 
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nutritious biomass is available later, they will prefer such grazing, resulting in limited grass 
growth at a later stage. This daily enrichment is similar in nature to the effect of resident 
indigenous antelope that create and occupy grazing lawns (bontebok, blesbok and black 
wildebeest). Although there is limited understanding about the sustainability and dynamic of 
these lawns, Augustine and McNaughton, (2004) show that “periods of positive plant growth 
following the onset of rains coincide with periods of low N turnover rates, whereas higher 
rates occur late in the wet season following plant senescence and throughout the dry season”. 
These higher rates may be what attract herbivores to stay on these sites, even when the 
alternative grazing in the natural grasslands may be of better quality.  
More extensive free-range grazing on upland grasslands did occur, but the density of animals 
was very light. This may be associated with the small livestock numbers which, according to 
Stephenson et al., (2016), tend to function as a single unit. Harris et al., (2007) found that 
small herds usually graze close to one another and Stephenson et al., (2016) argue that cattle 
are social animals and tend to associate in groups when grazing and normally behave similarly, 
moving to watering points, grazing and resting together. The analysis of the information 
provided on location changes over time; the distance travelled and the speed at which both 
sheep and cattle moved shows that they spend most time during the day grazing. According 
to Schlecht et al., (2004), the speed for resting animals should be zero, high for a moving 
animal, and low for a grazing animal. In this study, cattle travel in search of grazing because 
they are not monitored, unlike a study by Odadi et al., (2018) who found cattle that were 
monitored travelled less distance in the wet season, so saving energy which resulted in weight 
gains. However, in the wet season, both cattle and sheep travelled long distances in search 
for food and lost weight in the dry season. Odadi and Rubenstein, (2015) state that the 
number of locations covered by the animal looking for grazing during the dry season 
contributes to weight loss. Lyons and Machen, (2001) argue that animals decide where to 
graze based on their perception and knowledge of consumed plants in the area and their 
potential choice memory which later develops a map-like representation of the different 
areas within the rangeland. The animals have a long-term memory (Lyons & Machen, 2001), 
which makes them return repeatedly to the areas where they previously grazed in search of 
forage until the forage is exhausted.  
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6.4.2. Factors affecting grazing distribution 
The livestock distribution across the landscape suggests that there are several factors that 
affect how livestock use the landscape as some of the grazing land was not used by free-
ranging animals. The factors observed in this study include topography, distance from water, 
and plant composition and were also found by Lyons and Machen, (2001). Another reason for 
conducting this study was to validate the responses gathered from the interviewed 
households (Chapter 4) on where their animals spend most of the time grazing during the wet 
and dry seasons. The responses revealed a poor understanding of about where their animals 
spent most their time grazing. They reported that their animals spent most time grazing on 
the unimproved grassland, but this is not the case as the livestock distribution patterns show 
that the animals spent most time grazing around the homesteads. These grazing patterns, 
according to Bailey, (2004), may reduce stream bank stability, reduce vegetation cover and 
increase soil erosion. Areas located along the steep slope received less grazing in this study, 
possibly because the steep slope was far from the watering point and there was no available 
shade for rest; shade being one of the factors affecting livestock distribution (Bailey, 2004). It 
is posited that, during the dry season, animals move further in search of grazing if the resource 
is limited. However, this study reveals the opposite. Possibly, the animals do not move far in 
search of forage in order to conserve energy. The patterns of animal distribution in this study 
show that unrestrained domestic livestock will only move to natural grasslands areas (usually 
at higher elevation) for short periods during the wet and dry season grazing cycle. Lyons and 
Machen, (2001) state that topography is one of the causes for poor grazing distribution, 
because cattle prefer flat and gently rolling terrain, such as valley bottoms, level benches and 
low areas between drainage. The fact that cattle were seen grazing on a steep slope during 
collaring suggests that they may be unwilling rather than unable to graze on a sleeper slope. 
However, sheep which are smaller, surefooted and more agile can make more use of steeper 
slopes but are limited where rugged terrain can limit their landscape use (Lyons & Machen, 
2001). The collared animals demonstrated that livestock prefer certain grazing sites to others 
because of the terrain. In addition, roads play a role as the study reveals that animals grazed 
along the road, which according to Bailey (2004), enables the animals to travel and graze on 
the vegetation alongside.  
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Distance to water (the river, in this case) may be a strong motivator of grazing distribution for 
both cattle and sheep. Water acts as a limitation at which the mechanism for foraging 
operates. According to Lyons and Machen, (2001), livestock need free access to water for 
improved production. Distant water sources decrease livestock production efficiency because 
they use energy to travel from the grazing area to watering points, thus making availability a 
major source of poor grazing distribution across the rangeland. However, plants that are near 
the watering points are heavily grazed, which results in reduced forage production. In their 
study, in which animals were fitted with GPS collars, Lyons and Machen, (2001) found that 
watering points are the main factors determining the distribution, movement and 
concentration of grazing animals. Their results reveal that areas that are close to watering 
points receive more grazing than areas that are far from the watering points.  
Different livestock species have different forage preferences, strongly influencing grazing 
distribution. Cattle prefer grazing on grasses and tend to avoid bushes; however, sheep prefer 
short green grass. The species composition also plays a major role in grazing distribution. 
Although different plants may be found in the rangeland, they receive different grazing 
pressure because of their chemical composition (Lyons & Machen, 2001). In this study, the 
most abundant species in the area was H. hirta, a robust perennial C4 grass moderately 
resistant to continuous grazing. It grows along the road verge and in disturbed soils or 
abandoned arable lands. Another species that was abundant in the study area was E. plana, 
which grows in disturbed and overgrazed soils. Although this species tolerates overgrazing 
because of its strong root production, succession ability, drought tolerance and its ability to 
compete for resources (Scheffer-Basso et al., 2016), it has low forage value and can result in 
livestock economic losses.  
6.4.3. Livestock grazing distribution and implications for proper grazing management 
The results of livestock grazing distribution and the impacts on species composition call for 
the development of a proper grazing management to monitor livestock movements in 
communal rangelands. Some of the results this study reveals suggest that livestock herding, 
which was found to improve livestock technical efficiency (Chapter 3), would be ideal if it was 
introduced as one of the management tools for livestock monitoring in rangeland utilisation. 
Livestock herding is a process whereby people move livestock in a rangeland from one place 
to another for even rangeland utilisation. As the fences in the study sites have fallen into 
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disrepair, livestock herding could be one possible way to manage rangelands. Norton et al., 
(2013) argue that proper grazing management can improve grazing distribution of livestock. 
In this study animals were not herded but they were left on their own to select their preferred 
grazing sites. Herding is more effective and is a proven tool for controlling livestock 
distribution, especially when livestock behaviour is considered. In the over-utilised areas of 
the rangelands, improved grazing distribution could result in an increased stocking rate 
because of more available forage in the rangeland (Samuels et al., 2007). A herder in 
communal rangelands could move livestock to different grazing areas for improved, even 
grazing distribution as the herder purposely relocates animals to alternative sites without 
harassing them from their preferred sites; harassment often makes them return on their 
preferred site. According to Norton et al., (2013), the herder should remain with the animals 
in the rangelands until they get used to the area. Bailey, (2004) states that livestock herding 
where people move livestock on horseback from one location to another has long been 
recommended as a management tool to modify grazing patterns of cattle for even utilisation 
of grasses. Although livestock herding is too costly as it needs labour, over-utilisation of 
preferred areas such riparian zones and around the homesteads make herding necessary to 
reduce the negative impacts caused by heavy grazing. For improved livestock grazing 
distribution, rangeland management in communal areas is often difficult because of the 
topography and the annual variation in standing biomass.  
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6.5. Conclusion and recommendations 
Analysis of the livestock grazing distribution on the landscape reveals that the animals in 
Mgwalana village spend most time grazing around the homesteads and along riparian zones, 
in both the wet and the dry seasons. The possible motivation for this grazing habit in both 
sheep and cattle is linked to repeated revisiting areas that are actively green for the most part 
of the year. Species grazed had moderate grazing value, which is also a strong motivation for 
continuous grazing in these areas. An abundance of couch grass (Cynodon dactylon) and 
kikuyu (Pennisetum clandestinum) between the homesteads and on the run-on areas near 
roadways was also observed which animals favoured than other grasses in the rangelands.  
Livestock owners or herders need to observe where their animals spend most time grazing as 
the bulk of the rangeland is not used. Extending grazing areas will improve grazing 
distribution, improve species composition, and forage quality and quantity. It is important to 
inform owners and herders about the implications of the current grazing distribution for the 
rangeland condition, and for households to have herders who will move livestock into the 
areas that are lightly grazed for even grazing distribution. It is also important to encourage 
and advise livestock owners to fix their fences and gates so that they can rest some camps 
during the growing season, allowing the species composition to improve by reducing 
overgrazing on continuously grazed lands. Alternatively, there must a committee set by the 
local people to at the rangeland use. 
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CHAPTER 7. CONCLUSION AND RECOMMENDATION FOR FUTURE RESEARCH 
7.1. Introduction 
Rangelands are important for biodiversity and need to be conserved as they are also a home 
to people worldwide (Vetter, 2013). Further, biodiversity and ecosystem health are 
recognised as significant for production, physical and spiritual human well-being, and 
sustained harvesting of natural resources. However, in many areas under communal tenure, 
these services are threatened by degradation (Millennium Ecosystem Assessment, 2005). For 
the purpose of managing communal rangelands, acceptable and feasible ecologically 
appropriate ways need to be identified (Vetter, 2013), such as livestock rangeland use. 
Rangeland ecosystem services, such as grazing, are influenced by many factors, both global 
and local. In South Africa, there is an ongoing debate about the state of communal rangelands, 
which are believed to be at the point of ecological collapse when they are assessed in terms 
of standing biomass and species composition (Vetter, 2013). The Eastern Cape Province in 
South Africa is reported to be among the worst degraded provinces, with rangelands under 
the communal tenure system being dramatically degraded compared to their commercial 
counterparts (Meadows & Hoffman, 2002). Livestock mortality is high because severe 
degradation promotes detrimental shortages of feed for livestock, leading to reduction in the 
performance of animal production and reproduction (Zerfu et al., 2010). In the former 
homelands of the Eastern Cape, where rangeland degradation takes place in the form of 
overgrazing, rangelands are perceived to be unproductive and unable to sustain livestock 
production. This has an implication on the rangeland’s ability to provide feed for livestock, 
upon which most people depend for their livelihood. However, household livestock 
production has not been quantified, which poses a challenge in ensuring proper water use 
efficiency by the landscape. On the other hand, Molden et al., (2007) emphasise the 
importance of managing water and resources to enhance food security. In communal 
rangelands, people depend on livestock that feed on rangelands, and thus, increasing LWP 
has the potential to improve livelihoods. For this reason, there is a need to describe LWP in 
communal rangelands of the north Eastern Cape in order to improve rural livelihoods from 
livestock. To address this challenge, this thesis refers back to Chapter 1, which addresses the 
challenges in communal rangelands and livestock production in the north Eastern Cape. This 
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study aims to contribute towards a better way of managing rangelands for improved water 
use and livestock production in communal rangelands. The objectives of this study were to 

 provide an overview of the state of communal rangelands in the Eastern Cape 
Province, South Africa; 

 describe the biophysical attributes of the ecosystem in the north Eastern Cape 
communal rangelands; 

 assess the performance of livestock production in the north Eastern Cape communal 
rangelands using a stochastic frontier analysis as an application; 

 assess household livestock-based livelihood strategies in the north Eastern Cape 
communal areas, South Africa; 

 describe LWP in the north Eastern Cape communal areas; 
 assess distribution of livestock grazing using GPS collars in a communal rangeland. 

7.2. Key results 
The results described in this thesis show that an increase in LWP can be achieved if 
interventions are applied at the appropriate entry point. Firstly, this study described the 
biophysical attributes of the ecosystem such as ET, ANPP, cover and PsNet in a communal 
rangeland where everyone has an equal access and no obvious, conventional grazing 
management is practised. Results of this study show an estimated amount of MODIS ET of 
379 mm in communal rangelands, which is approximately 50% of the total annual 
precipitation. Vegetation cover was found to be a good predictor of the potential green 
biomass production. The aboveground net primary production (ANPP) and carbon produced 
was comparable with other studies in communal rangelands, implying that many factors exist 
that determine the annual herbage production other than grazing pressure. However, proper 
rangeland management, such as proper resting of rangelands to improve basal cover, 
productivity and production, is necessary. The rangeland production was measured by 
fencing exclosures to determine ANPP and measuring the amount of carbon occurring in the 
rangeland. This study revealed that the rangelands of the north Eastern Cape are good 
rangelands. The study further assessed the performance of livestock production at household 
level which averaged 79% of technical efficiency, suggesting that there is an opportunity for 
improvement in the households that are performing above 70% technical efficiency level. 
When looking at the household practices in livestock rearing, livestock herding is another very 
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important intervention which this study recommends for improved livestock productivity. The 
results of the technical efficiency analysis reveal that livestock herding allows for effective 
utilisation of the rangeland where a herder moves livestock to the most productive parts of 
the rangelands. The results also suggest that further knowledge about market information 
and livestock husbandry at the household level is necessary so that the livestock water 
footprint can be reduced, thus improving production. Household livestock-based livelihoods, 
such as beneficial goods and services obtained from livestock, suggest that livestock 
contribute significantly to rural livelihoods. There was also evidence that households who do 
not own livestock benefitted significantly from livestock beneficial goods and services. It is 
evident from the study that the uneven distribution of livestock ownership among households 
remains a critical shortcoming in securing food and services in communal rangelands, most 
particularly for communal areas where severely limited livelihood options prevail and 
livestock production will most likely remain a livelihood option only for some households. The 
study reveals that there are numerically more sheep than cattle and goats in the village, and 
that interventions should focus on both sheep and cattle in this area.  
This study further showed that an increase in LWP is possible if more effective grazing 
management (e.g. herding and rotational grazing) and supplementary feeding is practised. 
One way to achieve this is through better management of natural grassland for improved 
water use (e.g. higher basal cover, a reduction in non-palatable shrubs and the removal of 
invasive alien plants), thus enhancing rangeland productivity for improved livestock 
production. The positive relationship between livestock holdings and LWP suggests that it is 
possible to improve WUE through increased livestock beneficial outputs. The positive 
relationship between livestock holdings with LWP, and labour with LWP among wealth groups 
suggests that strategies to improve water use need to focus on feed (e.g. rangeland 
management for improved herbage) and additional labour for animal husbandry activities 
such as milking, herding, caring for young and sick animals, and collecting supplementary 
feed. We expected to find that livestock spend most of their time grazing on areas cleared of 
wattle, but the results showed that livestock spent most of their time grazing on areas around 
the homesteads in both the wet and dry seasons. These areas represent highly productive 
grazing lawn where nutrients are transferred from the landscape by livestock. On the other 
hand, areas cleared of wattle have a high nitrogen content, enabling the regrowth of highly 
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nutritious grass (Gwate 2018). Livestock owners need to be informed about the importance 
of controlling their animals when feeding in areas cleared of wattle, as these areas are the 
most productive, but subject to rapid deterioration after the N levels are depleted. The study 
recommends excluding these areas from grazing immediately after clearing, and to apply 
remedial actions that increase soil pH (e.g. addition of agricultural lime) to allow robust 
perennial grasses to re-establish in the cleared areas. Finally, in most cases, livestock are not 
herded, leading to selective grazing, which in turn, leads to changes in species composition, 
with species such as the unpalatable Eragrostis plana becoming abundant.  
Animals that were weighed during the study revealed positive performance (i.e. a weight 
increase) in both male and female cattle during the wet season, but poor performance in the 
dry season (i.e. animals lost weight). The performance of livestock during the wet season was 
positive, given the fact that these animals were only grazing and receiving no additional feed.. 
Finally, government programmes which seek to change agrarian and land production systems 
should recognise the importance of livestock production in the rural economy.  
7.3. Implications for possible interventions in rangeland production and rural livelihoods 
In areas where water scarcity is a major problem for livestock production, a great opportunity 
exists to improve rural livelihoods and decrease land degradation through increasing LWP 
(Descheemaeker et al., 2010). Exclosures (e.g. temporary fencing of areas cleared of wattle 
as well as nutrient hot-spots) will encourage vegetation restoration and enable water 
resources to be more effectively used to increase biomass production and to restore 
ecosystem services such as grazing. Better vegetation cover can lead to reduced storm flows 
and channel more water to productive evapotranspiration (Descheemaeker et al., 2009). 
Combined with increased total biomass, higher water use efficiency can be achieved, thus 
increasing LWP. This could further improve livestock production and productivity, which 
might encourage people to keep fewer productive animals and reduce land degradation. 
Improved market access and the availability of more animal products would lead to increased 
water productivity, thus improving rural livelihoods from livestock in communal rangelands. 
In rural households, the adoption of possible interventions for improving water productivity 
is likely to be governed by socio-economic conditions, making it important to understand 
gender and wealth dynamics. Communal people are likely to adopt interventions if incentives 
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to invest in water management and land empower them to make appropriate decisions in 
managing livestock, water and land. 
Livestock production is an effective, practical way out of poverty in rural livelihoods and 
opportunities exist to improve LWP at scales of household levels, such as labour and providing 
additional livestock feed. However, little research has been carried out on the subject, or 
existing knowledge being translated into policy and technology to improve livelihoods. 
Chapter 3 has shown that improved labour following Frontiers Analysis can improve livestock 
efficiency. Better training of household labour (up-skilling) to actively carry out livestock 
husbandry and improve skills in the activities mentioned above can also improve LWP.  
7.4. Conclusion 
The main achievement of this study was to contribute towards improved rural livelihoods 
from livestock in communal rangelands of the north Eastern Cape. Rules and regulations on 
rangeland resource use such as livestock grazing, and rangeland use such as resting, are 
possible ways to manage rangeland production on the communally owned rangeland of the 
north Eastern Cape.  

1. Firstly, it is recommended that community leaders should have the authority to 
govern livestock grazing. Proper resting for a full growing season of the areas that are 
grazed by livestock is recommended to improve basal cover, productivity and water 
use by rangelands. Improving rangeland productivity through grazing management is 
a possible way of improving LWP. Adaptive stocking density and appropriate herd 
composition so that a herd can be moved to different grazing areas may positively 
influence vegetation ground cover, species composition and ANPP, thus improving 
water use. The disc pasture meter can be a useful and important management tool 
for poorly resourced farmers, which will allow them to measure the grass growth and 
allowing them to graze and rest their rangelands at an appropriate time for the next 
growing season. It is a very non-technical tool which can be easily used by the local 
farmers. 

2. Each household should have a herder to move livestock to areas that are not being 
grazed to enable more rangeland use by livestock. This will enable households to pool 
resources and manage livestock and grazing together. Thus, improving the decision 
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making in communal areas. Furthermore, policy/government should intervene 
through the Extended Public Work Programmes (EPWP) to provide labour for livestock 
herding which will, in turn, improve livestock distribution, as will providing feed 
throughout the year and increasing the frequency of visits by extension services. 

3. These interventions should be targeted at more affluent female-headed households 
so that they become more successful at food production. This is because the more 
affluent households own more livestock and were found in this study to be producing more 
than the less affluent. So this study will intervene on them so that they can employ the less 
affluent households. In so doing, the more affluent households will be able to produce 
more and be able to create jobs for the poor households. 

4. Owners should be encouraged to use their animals for traction to improve the amount 
of muscle before the animal is slaughtered 

7.5. Recommendations for future study 
Possible interventions to improve LWP require further research where the interventions are 
applied to selected households and monitored with other households as controls. This should 
be followed by another household survey to assess the effect of the interventions. Since 
livestock and crops complement each other, research that assesses LWP in a crop-livestock 
system is necessary so that production from cultivated lands can be measured, as crop residue 
is used as livestock feed in the dry season. Research is needed to better understand the role 
of livestock in an integrated water management system because critical human health issues 
are linked to water and livestock management through food security. This has to be addressed 
in the United Nations Development Plans (UNDP) Sustainable Development Goal (DSG) 1, 
which calls for a reduction in poverty. An integrated developmental research strategy needs 
to focus on improving water productivity in crop-livestock enterprises to enable communal 
people to improve efficiency in enhancing food security and adapting to climate change. 
Research for a development approach which prioritises empowering women in agriculture 
and poor farmers is needed as this study reports female-headed households as being more 
technically efficient. 
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Appendix  

Appendix 1. Example R script to sort and re-process raw Catlog collar data to correct time zone, 
projection and analysis using T-locoh 

#This R application has been put together to import the logging data from the CatLog 
GPS sensor  
#into the t-locoh package. 
#Some of the most important first steps are to get the data from the logger into a 
*.TAB file  
#which is placed in the following directory c:/Program 
Files/R/R3.1.1/libraries/datasets/data. 
#Alternatively, you can use the R command   
#setwd ("c:\\Users\\gushab\\Documents\\catlog\\data\\R") 
 
 
#Installing t-locoh 
local({pkg <- select.list(sort(.packages(all.available = TRUE)),graphics=TRUE) 
+ if(nchar(pkg)) library(pkg, character.only=TRUE)}) 
 utils:::menuInstallPkgs() 
dep.pkg <- c("pbapply", "sp", "FNN", "rgeos", "rgdal", "maptools", "png") 
pkgs.not.installed <- dep.pkg[!sapply(dep.pkg, function(p) require(p, 
character.only=T))] 
install.packages(pkgs.not.installed, dependencies=TRUE) 
#The downloaded binary packages are in 
### C:\Users\gushab\AppData\Local\Temp\RtmpQJyPit\downloaded_packages 
#utils:::menuInstallLocal() 
 
#Sorting Catlog  GPS collar data (in TAB format) into new time zone and day/time 
segments 
 
library(lubridate) 
library(plyr) 
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#If you want to use a separate directory for all your work, then you need to edit the 
line  
#beginning 'setwd' and make sure the path is correct. If you don't want to do that and 
just use 
#the default 'R' directory make sure *.TAB file in c:/Program 
Files/R/R3.1.3/library/datasets/data 
 
#Import TAB file with GPS points and attributes created by Catlog Software 
catlog01<-
read.table("c:/Users/gushab/Documents/catlog/data/R/ARC03/ARC03.tab", 
header=TRUE, sep="\t", na.strings="NA", dec=".", strip.white=TRUE) 
head(catlog01, 200) 
tail(catlog01) 
 
 
#Remove missing (zero) GPS positions. This selects only those Latitudes with  
#values < 0, in other words all negative Latitudes.  
catlog01 = catlog01[catlog01$Latitude < -31.521,] 
catlog01 = catlog01[catlog01$Latitude > -31.5413,] 
catlog01 = catlog01[catlog01$Longitude < 27.819,] 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/lat_long.pdf") 
plot(catlog01[ , c("Longitude","Latitude")], pch=20) 
dev.off() 
 
#Remove any high speed values (while the GPS was in a moving car) 
#catlog01 = catlog01[catlog01$Speed < 5.0,] 
 
 
#Merge data and time columns and convert to POSIXct 
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catlog01$datetime <- paste(catlog01$Date,catlog01$Time) 
catlog01$datetime <- as.POSIXct(strptime(as.character(catlog01$datetime), format = 
"%m/%d/%Y %H:%M:%S", tz = "GMT")) 
head(catlog01, 200) 
tail(catlog01) 
 
# Convert GMT to Africa time 
catlog01.gmt <- as.POSIXct(catlog01$datetime, tz="GMT") 
catlog01.gmt[1:3] 
local.tz <- "Africa/Johannesburg" 
catlog01$localtime <- as.POSIXct(format(catlog01.gmt, tz=local.tz), tz=local.tz) 
head(catlog01, 200) 
tail(catlog01) 
 
class(catlog01$localtime) 
 
catlog01$localtime[1:6] 
 
 
#Segment time series into desired segments 
#Separate into night and day 
day <- with(catlog01, catlog01[hour(localtime) >= 6 & hour(localtime) < 18 , ]) 
head(day, 200) 
 
#night1 <- with(catlog01, catlog01[hour(localtime) >= 18, ]) 
#night2 <- with(catlog01, catlog01[hour(localtime) <= 6, ]) 
#night<- rbind(night1, night2) 
#night<- arrange(night, TEMP) 
#night<- arrange(night, localtime) 
#night<- arrange(night, TEMP) 
#head(night, 30) 
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#Now you can write both the 'day' and 'night' files in csv format that can be  
#imported into QGIS. 
 
#write.csv(night, file = "Nov2016_all_clipped_night.csv") 
 
#NB NB NB, Read the output file 'ARC03_Nov16_Feb17_day.csv'.  
#Separate by weeks. If you have lots of data points (which you will have), it will be  
#necessary to split them into weekly sets that are easier to work with. Here you will 
need to specify 
#the dates of the weeks that you will deal with. 
#date1 <- as.POSIXct("2016-11-18 12:00:00") 
#date2 <- as.POSIXct("2016-11-28 12:00:00") 
 
#int1 <- interval(date1, date2) 
 
#week1<- catlog01[catlog01$datetime %within% int1,] 
##week2<- catlog01[catlog01$datetime %within% int2,] 
 
write.csv(day, file = 
"c:/Users/gushab/Documents/catlog/data/R/ARC03/ARC03_Nov16_Feb17_day.csv") 
 
head(day) 
tail(day) 
 
#Write outputs to file 
#write.csv(week1, file = "Nov2016_all_clipped_week1.csv") 
#write.csv(week2, file = "Nov2016_all_clipped_week2.csv") 
 
library(lubridate) 
library(plyr) 
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catlog01<-
read.table("c:/Users/gushab/Documents/catlog/data/R/ARC03/ARC03_Nov16_Feb1
7_day.csv", header=TRUE, sep=",", na.strings="NA", dec=".", strip.white=TRUE) 
require(tlocoh) 
 
#To work in t-locoh, you will need to re-project the latlong data into UTM. 
 
class(catlog01) 
head(catlog01) 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/tlocoh_lat_long.pdf") 
plot(catlog01[ , c("Longitude","Latitude")], pch=20) 
dev.off() 
 
require(sp) 
require(rgdal) 
catlog01.sp.latlong <- SpatialPoints(catlog01[ , c("Longitude","Latitude")], 
proj4string=CRS("+proj=longlat +ellps=WGS84")) 
catlog01.sp.utm <- spTransform(catlog01.sp.latlong, CRS("+proj=utm +south 
+zone=35 +ellps=WGS84")) 
catlog01.mat.utm <- coordinates(catlog01.sp.utm) 
head(catlog01.mat.utm) 
colnames(catlog01.mat.utm) <- c("x","y") 
head(catlog01.mat.utm) 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/tlocoh_utm.pdf") 
plot(catlog01.mat.utm) 
dev.off() 
 
 
#setting up the locoh xy object with the UTM co-ordinates and the new local time 
catlog01.lxy <- xyt.lxy(xy=catlog01.mat.utm, dt=catlog01$localtime, id="ARC03", 
proj4string=CRS("+proj=utm +south +zone=35 +ellps=WGS84")) 
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### NB NB NB Wait until the y/n promt before proceedings 
 
#summary of the data in that object 
summary(catlog01.lxy) 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/tlocoh_lxy.pdf") 
plot(catlog01.lxy) 
dev.off() 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/hist_lxy.pdf") 
hist(catlog01.lxy) 
dev.off() 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/freq_lxy.pdf") 
lxy.plot.freq(catlog01.lxy, deltat.by.date=T) 
dev.off() 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/freq_lxy_T.pdf") 
lxy.plot.freq(catlog01.lxy, cp=T) 
dev.off() 
 
catlog01.lxy <- lxy.thin.bursts(catlog01.lxy, thresh=0.2) 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/lxy_ptsh_add.pdf") 
catlog01.lxy <- lxy.ptsh.add(catlog01.lxy) 
dev.off() 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/freq_sfinder_lxy.pdf") 
lxy.plot.sfinder(catlog01.lxy) 
dev.off() 
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pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/freq_sfinder.pdf") 
lxy.plot.sfinder(catlog01.lxy, delta.t=3600*c(12,24,36,48,54,60)) 
dev.off() 
 
#identify nearest neighbour 
catlog01.lxy <- lxy.nn.add(catlog01.lxy, s=0.003, k=25) 
 
summary(catlog01.lxy) 
 
catlog01.lxy <- lxy.nn.add(catlog01.lxy, s=c(0.0003, 0.003, 0.03, 0.3), k=25) 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/lxy_mtdr.pdf") 
lxy.plot.mtdr(catlog01.lxy, k=10) 
dev.off() 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/tspan_lxy.pdf") 
lxy.plot.tspan(catlog01.lxy, k=10) 
dev.off() 
 
lxy.exp.kml (catlog01.lxy, 
'c:/Users/gushab/Documents/catlog/data/R/ARC03/ARC03_kml') 
 
#save your work 
lxy.save(catlog01.lxy, dir=".") 
 
#creating hull sets 
catlog01.lhs <- lxy.lhs(catlog01.lxy, k=3*2:8, s=0.003) 
 
summary(catlog01.lhs, compact=T) 
 
#create isopleths 
 
catlog01.lhs <- lhs.iso.add(catlog01.lhs) 
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#plot isopleths 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/iso_utm.pdf") 
plot(catlog01.lhs, iso=T, record=T, ufipt=F) 
dev.off() 
 
pdf("c:/Users/gushab/Documents/catlog/data/R/ARC03/iso_utm_08.pdf") 
plot(catlog01.lhs, iso=T, k=15, allpts=T, cex.allpts=0.1, col.allpts="gray30", ufipt=F) 
dev.off() 
 
print(catlog01.lhs) 
#please extract table of areas of isopleths from the print out on the screen 
 
#export isopleth to kml for Google Earth 
 
 
lhs.exp.shp (catlog01.lhs, 
'c:/Users/gushab/Documents/catlog/data/R/ARC03/ARC03_shp', iso=TRUE, 
id='ARC03.pts3926.k24.s0.003.kmin0', s=0.003, k = 24, hs.names = 
'ARC03.pts3926.k24.s0.003.kmin0') 
 
lhs.iso.rast (catlog01.lhs, 
'c:/Users/gushab/Documents/catlog/data/R/ARC03/ARC03_img')  
 

Appendix 2. Google Earth Engine script for determining Sentinel 2 NDVI values associated with 
the livestock grazing patterns. 

////////////////Sentinel 2 section////////////////////// 
//Data availability for Sentinel 2 is Aug, 2017 - 2018 
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//SENTINEL-2 data contain 13 UINT16 spectral bands representing TOA reflectance 
scaled by 10000: 
//Band  Use  Wavelength  Resolution 
//B1  Aerosols  443nm  60m 
//B2  Blue  490nm  10m 
//B3  Green  560nm  10m 
//B4  Red  665nm  10m 
//B5  Red Edge 1  705nm  20m 
//B6  Red Edge 2  740nm  20m 
//B7  Red Edge 3  783nm  20m 
//B8  NIR  842nm  10m 
//B8a  Red Edge 4  865nm  20m 
//B9  Water vapor  940nm  60m 
//B10  Cirrus  1375nm  60m 
//B11  SWIR 1  1610nm  20m 
//B12  SWIR 2  2190nm  20m 
 
///Bring up the collection imagery by date. These can be turned on an off as needed. 
/*Sentinel-2 maximum NDVI composite 
/source: https://groups.google.com/d/msg/google-earth-engine-
developers/GBhCHMclAng/ltX8WbhwAAAJ 
*/ 
    var mgwalana = /* color: #98ff00 */ee.Geometry.Polygon( 
        [[[27.795238494873047, -31.533463627254644], 
          [27.80013084411621, -31.529933760027777], 
          [27.800045013427734, -31.526989053684495], 
          [27.794272899627686, -31.527921858908748]]]); 
 
Map.setCenter(27.8,-31.5, 10);     
 
var s2 = ee.ImageCollection("COPERNICUS/S2") 
.filterDate('2016-11-01', '2017-01-28') 
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.filter(ee.Filter.lte('CLOUDY_PIXEL_PERCENTAGE', 70)) 

.filterBounds(mgwalana); 
 
var rgb_viz = {min:0, max:2000, bands:['R','G','B']}; 
var ndvi_viz = {bands:'NDVI', min:0, max:0.7, palette:'000000,00FF00'}; 
s2 = s2.select(['B2','B3','B4','B8'], ['B','G','R','N']); 
 
function addNdvi(img) { 
  var nd = img.normalizedDifference(['N', 'R']); 
  return img.addBands(nd.rename('NDVI')); 
} 
var ndvi = s2.map(addNdvi); 
var ndvi_composite = ndvi.mosaic().clip(mgwalana); 
print(ndvi_composite) 
var greenest = ndvi.qualityMosaic('NDVI'); 
Map.addLayer(s2.median(), rgb_viz, 'RGB (median)', false); 
Map.addLayer(ndvi, ndvi_viz, 'NDVI'); 
Map.addLayer(greenest, rgb_viz, 'RGB (greenest pixel)',false); 
Map.addLayer(s2.select('N','R','G'), {min:0, max:3500}, 'VNIR', false); 
Map.addLayer(mgwalana); 
Export.image.toDrive(ndvi_composite); 
 

Appendix 3. Example of a script for  frontiers analysis  
1               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
buk-dat     DATA FILE NAME 
buk-out.txt   OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
120              NUMBER OF CROSS-SECTIONS 
1               NUMBER OF TIME PERIODS 
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120              NUMBER OF OBSERVATIONS IN TOTAL 
2               NUMBER OF REGRESSOR VARIABLES (Xs)  
n               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
n               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 
                                AND YOU HAVE RESTRICTED MU [OR DELTA0] TO BE 
                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 
                                VALUE FOR THIS PARAMETER. 

 
 
 


