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Abstract

An Index of Biological intagrity (IB) has been developed for rangeland condition assessment in arid
northwestern Namibia. The uvsefuiness of termites as blo-indicators has been tested and reliable
sampling nrotocol for tevinite diversity in an arid ervironment has been developed. The study was
conducted mainly at a high- and low-intensity site on each of three farms. Two of the farms were
communally owned; the other was commercially owned.

No singls rellable method for rapld termite diversity assessment seems to detect all termite taxa
present. Three different metheds for sampling termites generated differert results. A standard belt-
transect, a defined search protecal and a baitirg experiment using three different types of bait, were
compared. The search protocol required the lowest sampling effort, however produced the poorest
results by detecting \he lowest number of taxa. Tt * standard belt-iransect and baiting methods, bath,
produced simllar sesults in numbers of taxa found, but ofien-sampled different termite taxa.
Trinarvitermes sp. weie found mainly by applying the transect rnethod, representatives of
Macrotermas, however, through the baiting experiment. Microtermes and Psammctermes ware
detected with any of the used methods. They were the most frequently found termlte taxa in the study
area. From the results it becomes apparent thet {1) several termite taxa are highly seasonal and (2}
certaln sampling methods are appropriate for certaln 1ermite taxa. Compared to other arid regions in
Africa and elsewherse, the number of termite taxa collected from the study area {11 genera, 18
identified taxa) is close to numbars samplad from similar enviroenments.

The 1Bl includes measures of vegetation (forage quality, herbac: ous, woody and litter biomass), soil
parameters {ntrogen (N), organic carban {OC}, phosphorus (P}, C:N ratio, light fraction (LF) and LF:.C
ratio), as well as tenmite .liversity measures such as the community composition of functlonal groups.
Applicaiion of the combined 1Bl at six study sites of varying land teniure and lanrd use Intensity reveals
that the ecological resource base on the communaily owned farms was mors constrained than on the
commercially owned farm.

Organle Carbon (OC} levels were extremely low, ranging between 0.12 and 0.27 %. The OC level
could e the factor limiting soil resilience In systeme as arld as the study area, The OC |evels were
espacially low under high land use intensity on the comimunal farms. The G:LF ratio was used as an
indicator of sofl resilience. The turnover of light fraction, the “active™ QC poal, into soil erganic matter,
the "slow® and more siable OC pool, is indicative of transformation processes thet are crucial to the
meintenance of soll fertility. Tne CiLF ratio ranged betwesn 5 and 9% in March 1998 and 6 and 17%
in QOctober 1998 at the six study sites. The higher levels measured in QOctober, towards the end of the
dry season, are explained by the work of termites and other soll related fiora and fauna, which
contribute to the replenishment of soil nutients afier the growing s4ason (October-March). It was
conspicuous that at one of the communal farms the CiLF ratio remained Jow over the ssasons. Soil
fertility was overall lowest at this site. The number and composition of termite taxa found at the
various study sites differed, as did the composition of functional groups. This could affect the soil ~
soil biotic interface and interaction, since not all termite species will contribute to undetlying
ecosystem processes in a simllar fashion.

The term “land use intensity" was defined and explored in deteil in this study. Livestock numbers
obtzined annually by the Ministry of Agriculture Indicated that stocking numbers were highest at the
commercial fanm. This farm, however, obtained the best IBl scores in the habitat assessments.
Stocking numbers at the commerclal farm averaged 441 L8U over a 10-year period, whereas the two
communaily owned farms recorded averages of 372 and 3566 LSU respectively. All farms were of
simitar size. |t was therefore concluded that stocking numbers, per se, are a poor indicater of land use
intensity. In-depth investigations at one of the coinmunal farms aimed to establish, in closs
collaboration with the farmers, {1) refiable stocking numbers at thei* farms and (2) causes of land
degradation. [t is recommended that stocking numbers on communal farms ought to be established at
a household level and net on a farm level. Tracking of animal numbers should be done in &
participatory fashion and en a menthly basis to galn useful insights into de-stocking and restocking
dynamics on communal farms. The farmers identifiad various causes of Jand degradation on their
fatm, neming especially lack of access to secure emergency grazing areas under prolonged drought
conditions, and lack of decision-making powers on their own farms,
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FOREWORD

Namibia signed the "International Convention to Combat Desertification™. As a resuit
Namibia's National Programme fo Combat Desertitications (Napeod), a collaborative
effort betwsen the Ministry of . griculture, Water and Rural Development (MAWRD),
the Ministry of Environment and Tourism (MET) and the Desert Research
Foundation of Namibia (DRFN), was launched. The programme addresses the
nolitical, socio-economic as well as biophysical aspects related to deseriification and
iand degradation. The focus of its first phase was a National Workshop t¢ ZSombat
Desertification, which produced a draft peolicy and framework for a National
Prograinme. [t supported the overall objeciive of combating desertification by
oromoting the sustainable and equitable use of natural rescurces suited to Namibia's
variable environment.

Phase Il of Napcod ran from 1995 1o 1989. One of the programme’s objectives
addressed the need to establish and implement an appropriate inter-disciplinary
research programme to detive a reliable knowledge base on the characteristics of
desertification in the Nemibian context. f became apparent that the lack of
understanding of natuial variation versus environmental degradation in Namibia Is of
major concern. The elaboration of an ecological information base for monitering and
evaluation purposes was also consldered important. To date, habitat condition
assessment is largely based on subjective measures and perceptions of individuals,
and land-use planning is only rarely derived from data collected in the field. it was
stated that all resaarch activities should be finked to training and capacity buiiding of
Namibians at all levels.

The "Desert Research Foundation of Namibia" (DRFN), a private Namibian
organisation, co-ordinated the research and training objectives of th= Napcod Il
programme, This PhD study was conducted under the auspices of DRFN and ihe
activities were incorporated into the overall research framework of Napced. The
research questions of this PhD project were formulated keeping the needs
expressed by the National prograrnme in mind. The results will hopafully contribute
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to a better understanding of ha.. i condition and natural resource use in weastern
Namibian rangelands and ultimately provide some useful tools for their assessment.
The results of this PhD form the foundation of parts of phase three of Napcod (1999-
2003) implemcnted by DRFN and Namibla's Economic and Policy Research Unit
(Nepru), and in that sense wil{ bc developed on a national scaie.
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INTRODUCTION

Namibia, the most arid country in sub-Saharan ‘‘rica (Figure 1), depends on
earnings from agriculture, particutarly livesisck and game production, as well as
indirect benefits deriving infer afia from wilc. fe and tourism (Tapscott, 1994). Large
areas of Namlbia are rangelands which are primarily used for livestockfwildlife
production. Management systems include conservation areas, nomadic pastoralism,
mixed subsistence farming, and commercial livestock farming (Tanscott, 1994},

Figura 1: Sateliite image of Africa. The yellow valour code depicts areas with low biomass
and of high aridity. The south-western tip of Africa, including most parts of Namibia, is the
most arid part in sub-saharan Africa.

Given the ha ~h natura! conditions of Namibia's' environment, i.e. the extremely low
(Figure 2) and variable rainfall conditions (Hutchinson, 1995), it becomes clear that
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careful and appropriate land-use management has o bs practised in order to make
best use of the natural resources and maintain a healthy environment {e.g. Seely et
al., 1994; Tapscott, 1984; Behnke ef af,, 1993).

\ 100-200 - Annual Mean Rainfall
Loy - mm
i

s e T : ol 7u0-500

i : B 660-700

N ! £ 500-500
¢ 0-100 B 400-500
%, i 0} 200400

Figure 2: Rainfali range ¢ ap of Namibia

Although there is discusslon on whether Namibia's environment is particularly prone
to desertification and land degradation {e.g. Sullivan, 1998}, Seely & Jacobson
(1994) maintain that as a result of normal but difficult ecological conditions, past and
current iand-use and land managemsent, as well as polifical and socio-economic
pressures and constraints, the environment is put under severe pressure. The
- w-guestion is how to manage Namibia's rangeta ‘s al‘ld their natural resousees Mea wansewn, per
responsible and sustainable manner, guaranteulng their Iong—té;m pfoductlv:ty and "
maximum outputs. This not only places the responsibility on rangeland sclentists to
investigate and recommend suitable management strategias, but also requir:;s the
input from resource users, extension personnel, and politicians alike, who will have
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to learn about the issues at stake and may have to commit themsalves to changes in
atlitudes and habits.

Globally, desertification and/or land degradation manifests itseif in 2 reduction of
secondary productivity, induced by changes in rangeland conditions (e.g. Milton ef
al., 1994; Walker, 1993; Stafford-Smith & Pickup, 1893). It is not clear whether or not
overall secondary productivity is declining in Namibia and this needs io be carefully
investigated. However, verbal communications by farmers Indicates that livestock
were doing much better in the past, compared to foday. Poor rainfall conditions and
tack of management authority are mentioned as the main causes of the problems of
communal farmers (Chapter 3). Reference is also made to the possibility that
rangulands are becoming less productive e.g. due to overgrazing, leading fo
deteriorating soil condition and changes in forage species composition. This notion
needs {o be carefully examined, especially with the background of current thinking In
range science. It is now accepted.that.-many dr/and-ecosystems do not follow

-equilibrium dynarmics. Based-on e variability ot rainfall witichi EXceeds a Coefficient

of Vartation of 30%, Namibia would be characterised as a non-equilibrium system,
where the risk of environmental degradation due fo overgrazing l¢ thought to be
unlikely. It is believed that livestock populations rarely reach levels likely to cause
imeversible damage, and that it is mainly rainfall determining t+ ¥ availability of grass
in the rangeland (Behnke et al., 1993; Scoones, 1995). However, to date we have
very little understanding of how weil Namibla's rangelands are,

Although most farmers claim to assess the condition of their farmland en a more or
less regular basis, such an assessment seldom ssems fo be based on habitat
measurements that would allow for unbiased comparative analyses. It is not clear
which habltat parameters would provide the most meaningful dascription of habitat
condition in Namibian rangelands, particularly considering that the vegetation base -
of an extremely ephemeral nature. Furthermore, if productivify. and sustainability of
the range and faimt are © be gauged, indicators have to be considered, which
include the assessment of the socio-economic situation of the farmers, the families’
and the individuais' livelihoods. Whereas this PhD study mainly focuses on the
development of indicators of range condition based on the concept of biological
integrity, an parallel study was conducted, exploriig such socio-economic and
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livelihood offented indicators. The resuits «f this [atter study are produced elsewheres,

but are considered in this PhD.

Structure of the thesis

This thesis is presented in four parts, which are organised in individual chapters. The
structure is visualisad in Figure 3.

Structure of the thesis
PART [

Literature review & conceptual frameworlk
«Rangaland ecalogy in arid systems

*Rarge condition assessment

Biological Integrity & ecosyatem function

+Soll resiliance and soil fauna

‘Dishrbancas

PART Il

Background to the study area

+Huzh catchment i nocth-western Namibia R
. winmmarcial ol comipunal farms

sLand use Intensity and range management at the three

study fams

PART [

Index of Biologlcal Integrity (IBI)
sTemites a5 potential Indicators

» Other hlo-physical indicators

» Index devslopmaent and site assessmont

PART IV

Final digcussion & conclusions

‘Ranga assessment [oals - the usefulness of the 181
sNan-equitibrium systems and land degradation
*Pastoral developments in Namibia - recommendations

Figure 3: Structure of this thesis.
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PART }

CHAPTER 1 - LITERATURE REVIEW

1.1. Rangelands at non-equilibrium

Range sence ‘hange of paradigms

Recent biologlcal research in African rangelands implies that the standard views of
0 ogy are flawed by wrong assumptions, leading to inappropriate
‘ "+agtock and range (Behnke & Scoones, 1993). Today, a large body

[ i plant-herbivore interactions, rangeland ecology and rangeland
man:: £.1. = ef al. (1993) summarise new directions in range scienve. This
colie --on of paper i viantly illusirates the shift in paradigm In modem rangeland

science from w ‘nle. fixad approach 0 a more adaptive cne, accounting for
variable environmental conditlons and given management necessities.

Previously it was believed that all rangelands functioned as equilibrium systems and
it was assumed that the number of livestock affects forage production (Behnke &
Scoones, 1993; Ellis ef af, 1983; Ellis 1985). The interaction of herbivores and plant
productivity was belleved to be strictly density dependent, thus plant production
would directly determine livestock productlon and vice versa. Consequently,
overstocking would deplete forage production and limitation of livestock numbers
would keep forage production at equilibrium. Based on this notion the concept of
carrying capacity and optimal stocking numbers was developed, using vegetative
measures, such as succession and decreaser/increaser concepts, as indicators of
range condition and a baseline for the assessment of stocking rates (for a review see
below). For mesic systems these concepts have provided invaluable insights into the
relationships between animal numbers and proeduction and may have provided good
Information for management directions (Clements, 1916; Dyksterhuis, 1949),
However, in more arid ecosystems as well as under non-commercial management
systems the equilibrium paradigm seems not to apply unconditionally. Environmental
conditions determine how herbivore plant interactions are characterised (Behnke et
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al., 19083; Ellis & Swift, 1988; Mentis et af., 1993, Scoones, 1995; Walker, 19983;
Westoby ef af., 1988} and for example, rainfall and soil conditions may be the
primary drivers for plant production. Based on this appreciation, two complementing
concepis have been formulated, the quasi-equilibriumi and non-equilibrium
paradigms. The quasl-eguilibrium paradigm states that stocking numbers do affect
plant production, but only fo 3 certain extent (Coppeck, 19983; Eliis, 1895; Galvin &
Eltis, 1996). In a non-equilibrium system, stocking numbers do not determine plant
production (Behnke & Scoones, 1893; Ellis, 1995; Ellis ef al., 1993), thus plant
production is a density-independent variable. While total amount of plant production
~~=trols herbivore numbers, herbivore numbers will not significantly affect total plant
+ Jduction. However, plant specles composition and struciure, e.g. represented by
tree:grass ratios, can be alterad through nerbivory (Walker, 1993).

The non-equilibrium paradigm applies to arid systems, characterised by low and
variable rainfall conditions, where the annual rainfall is beiow 400mm and the
coefficient of variation above 33% (Ellis & Swift, 1988; Ellis, 1995; Galvin & Ellis,
1996; Walker, 1993). Most of Namibia’s rangelands are situated in regions where
such climatic conditions prevail. A number of authors of recent publicafions drawing
from work conducted in arid o semi-arid Namibia pay tribute to the non-equilibrium
concept, which negates the immediate effects of density-dependent overgrazing on
the natural resource base. According to the research, stochastic environmental
variation (e.g. rainfall} overrides or masks the impacts of pastoralism on the
vegetation {e.g. Sullivan, 1896; Sullivan, 1998; Ward ef al, 1998; Ward et &f., In
press),

However, a few voices of criticism on the newly dsveloped paradigm have become
loud over the past years and words of caution have been voiced, indicating tha
issues are possibly more complex. In & recent paper, for exampls, lllius & O‘Connar
(1999) chalienge the non- and disequilibrium concept in the sense that they argue
that (a) such concepis do not justify the view that herbivory has little impact in
climatically variable systems, (b) animal numbers are regulated in a density-
dependent manner by the limited forage avallable in "key resource" areas which are
utilised in the dry season, (¢} uncoupiing animal populations from vegetation carries
an increased risk of degradation. They underpin their arguments with relevant data.
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Other authors indicate that degradation of the natural resource base in non-
equilibrium systems would only occur under exceptional conditions such as
proionged drought (e.g. Toulmin, 1995). In the Namibian context drought should be
considered as natural and expected, therefore effects on the natural resource base
can be expected to occur.

In the book “Living with Uncertainty” (Scoones, 1995), the various contributors give
directives for how to manage variable non-equilibrium systems. In the forefront
stands the call for more adaptive and opporiunistic range exploitation. it is generally
described that traditional nomadic and pastoral strategies as applied e.g. by the
Turkana people in Kenya (Ellis & Swift, 1988, Galvin & Ellis, 1896; McCabe, 1987) or
the Namibian Himba people {e.g. Bollig, 1997), are indeed adequate for managing
rangelands in arid systems (Scoones, 1995). These are people who track the natural
resource base and move their animals according to resource availability, exploiting
key resourcss in “tight" times, and applying mixed livestock-crop farming strategles.
The main management directives given, call for flexible and responsive planning
processes that are in tune with the pastoralists' needs (Perrier, 1995). They suggest
various effective tracking strategies, including alternative feed supplies for livestock
(Bayer & Waters-Bayer, 1995), effective livestock marketing {(Holzmann & Kulibaba,
1995), and discuss social welfare interventions (Holzman & Kulibaba, 1995; Toulmin,
1985), for instance supportihng effective de- and restocking (Toulmin, 1995).
Appropriate resource tenure systems are discussed (l.ane & Moorehead, 1995),
facilitating flexible, mobile and adaptive resource management and the need for
community-based and setvice-providing institutions are outlined as well {Sylla,
1895}, In Namibia, existing land-tenure and policy arrangements, lack of access to
land, high expectations on the ranges’ productivity and the economic setting are
difficuit and may not favour sdaptive management.

Although most interventions that deal with managing variable systems are related to
ihe improvement of land-use practlces and institutional capacities, it is still important
to rellably determine rangeland condition. To manage rangelands effectively it is
necessary to track and monitor the natural resource base on a continuous basis.
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1.2. Assessing and managing range quality: a review of concepts

Under the assurnption that rangelands would function according to the equllibrium
paradigm, the concepts of Succession (Clements, 1916) and Range Condition
(Dyksterhuis, 1948) evolved. The belief was that setting a certain stocking rate would
allow ranges to progress to a specific point along a wonfinuum of botanical
corvJosition. Progress was towards the single permitted climax, whereby productivity
obtairi. 1 was maximal and sustainable. This would be coupled o the range being
maintained in good condition, assessed from the Range Condition concept (Abel
1993; Bartals ef al., 1993; Behnke & Scoonss, 1993; Bester, 1993; Ellis & Swift,
1988; Joyce, 1993; de Leeuw & Tothill, 1993; Mentis &t af,, 1989; Reed of al., 1997;
Scoones, 1893, Tainton, 1881; Walker, 1993; Westoby ef ai., 1988). Assessment of
condition was done by comparing ratios of decreasers to increasers. Decreasers
were plants that were desirable (palatable & digestible) from the context of stock
productivity (maximum production per head) and the increasers (unpalatable &
indigestible to a greater or lesser degree} were those that increased with increasing
stocking rate. Rising numbers of increaser grasses led to increased grazing pressure
and reduced stock productivity. Determinafion of the ratio of decreasers fo
increasers was therefore crucial to determination of range quality. Quality of forage
in rangelands (the suggested ratio of decreasers to increasers) was achieved by
adhering to stocking rate, calculated from carrying capacity, derived from the
observed ratio of decreasers {0 increasers. Bad management lead to undesirable
changes in vegetation composition (Behnke & Scoones 1880} in a way that
productivity per unit area declined (Behnke & Scoones 1893). As a result, destocking
was seen fo be the optimal strategy to help reverse and restore th: degraded veld's
preductive capacity.

The thinking of much of the sixties !o sighties was tainted by the *“Tragedy of the

Commans” concept that would blame farmers in communal and open access areas
in Africa of mismanagement of the range due io overstocking (Hardin, 1968).
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However, since then Hardin's viewpoint has been revised and heavily criticised (e.g.
Scoones ef al., 1993; Scoones, 1895).

Today it is clear that destocking is not the only way to reverse land degradation (e.g.
Hary et al., 1996} and it Is apparent that restoration of rangelands and the natural
resource base should not be seen simplistically (Bakker & Berendse, 1999). The
suite of arguments presented above does not hold for systems that are not at
equilibdium, and thus where herbivory does not affect pfant production in a
predictable fashion. In such systems it may be the prevailing environmental
conditions, e.g. attributable to Global Climate Change {GCC), that lead to vegetation
changes, not ‘overgrazing’ per ss. This may lead to a misunderstanding of the
problem of land degradation, with false implications for iand management. However,
as lllius & O'Connor (1999) point out, a combination of environmental and harbivore
interactions can be expected,

In essence it can be said that it is not only sfocking numbers per se that are
imporiant io management in arid to semi-arid systems, but that the concept of land-
use intensity and resulting impacts on the vegetative and soil systems need to be
defined in a broader sense. I is not only the stocking numbers, grazing systems and
the type of livestock farmed that affect the farmers and the range. The existing
management opportunities, often determined by the set policy framework, and the
operational support systems to deal with droughi, thus the socio-economic and
political environment, are also extremely important.

1.3. Bioioglcal Integrity and ecosystem functioning

Changes in rangeland condifion are probably most conspicuously portrayed by

changes in vegetation such as the larger scale conversion of gra:aslands1 to
shrublands (e.g. Schlesinger of af., 1990), of perennial to annual grasslands {e.g.

The term grassland is used in this {axt 10 describe rangelands with a pradominanty grassy vegetatlon component, falling into
the cfassical Namibian vegetation 2ones {e.g. Namib Desert, Nama Karao).
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Seely & Jacobson, 1984), or of palatable to unpalatable vegetation systems (e.g.
Milton, 1994). Vegetation parameters are often used In the delineation of
environmental as well as land-use gradients and of change (e.g. Milchunas &
Lavenroth, 1993; Ward & Olsvig-Whittaker, 1993; Nash & Whitford, 1997). However,
it is important to look at the less conspicuous system parameters driving such
alterations as well as ecosystem functioning per se. These are, to a large extent, the
underlying biogeochemical processes which uliimately supply water and nutrients to
the plants, and hence determine soli fertility and finaily primary and secondary
productivity. Such processes are dependent on abiotic components and are largely
mediated by soif bicta.

Soll biota are recognised key actors in inaintaining and Improving soll characteristics
such as nutrient status, organic matter stabilisation and water balance, and
protecting against processes such as leaching and erosion {Lee & Wood, 1971a;
Lee & Wood, 1971b; Anderson, 1988a). Generally, soil micro, meso- and
macrofauna modulate the chemical and physical atiributes of soil through
mechanical and physiological processes, ultimately coniributing to soil fertility and
stosystem productivity. Some soil organisms impact such bingeochemical
processes more than others do (Anderson, 1894). The diversity and composition of
soil biotic communities and the functions associated with them vary within and
between ecosystems and may shift under changing land-use regimes (Swift &
Anderson, 1993; Anderson, 1994). Similarly, environmental fluctuations, induced for
example by global climate change or pollution, may alter naturally established soll
biotic structures {e.g. Whitford, 1982). Even today very little is known about the fill
implications of biological diversity for ecosystem performance per se, although
numerous attempts have been made by researchers to elucidate the issue (e g.
Huston, 1994). However, one of the main discussions that also relates to the
problem of desertification, revolves around the question of whether the loss of
particular ,:.ries andfor communities may disturb or even intermipt crucial
tingec . sriical processes and ulfimately lead to an impoverishment of ecosystem
functioning and performance (e.g. Naeem et al,, 1994; Whitford, 1896). This needs
to be critically examined, and possible causes that lead to changes in biodlversity
clearly dentified, in order to allow for appropriate resource management.
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As pointed out in the ecological literature, there is no such thing as a single most
sensitive species that can reflect habitat condition over a broad scale (Crains, 1986;
Noss, 1990). Multi-scale and muilti-factor approaches are recommended. [t was
suggested that an Index of Biological [ntegrity {IBl} {e.g. Karr et al., 1986; Karr, 1987)
adapted to Namibian rangelands be developed as part of the Napcod programme.
Aside irom the general discussion about what needs to be measured, biclogical
diversity or blological integrity (Angermeier & Karr, 1994), the concept embodies an
approach that aims to provide practicable management toois for habitat condition
controls. Indices based on biotic parameters such as species richness and
composition, abundance and condition of selected target taxa, as well as trophic
composition of the system are being developed, and are thought to indicate different
levels of ecosystem disturbance or, vice versa, ecosystem functioning (e.g. Karr,
1981; Karr, 1991). The appeal in applying such a concept to terrestrial ecosystemns
seems to be the broadly based and functional approach to indicator studies as well
as the practicability of its application. However, a good understanding of the
ecosystem under investigafion is required. Although not much was known
specifically about the ecosystem under investigation, basic concepts elaborated for
arid rangelands e.g. in Behnke ef al. (see ahove) provided good guidelines as to
what fype of indicators might be ussful In the research context. These could be
incorporated into an 1Bl for Namibian rangelands.

1.3. Disturbance ecology

There has been considerable debate on the definition of disturbance and its
implications for biodiversity and ecosystem functioning. White & Pickett (1985)
describe disturbance to be “any relafively discrete event in time and space that
disrupts ecosystem, community, or population structure and changes resources,
substrate availability, or the physical environment’. Disturbance has long been
recognised as an important factor influencing community structure and dynamics and
today it Is widely acknowledged that disturbance is 2 natural process occurring at
different temporal and spatial scales (e.g. White & Plckeit, 1985; Wiens, 19885;
Remmert, 1981; Sousa, 1984; Sprugel, 1991). Ecologisis and conservationists
recognise that many forms of disturbance are important components of the natural
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systems, including phenomena such as fire, storms, floods, frost eic. Many plant and
animal communities even depend on such disturbances, aspecially for regeneration
(e.g. Pickett & White, 1985). However, disturbance may also lead to degradation of
natural communifies by e.g. promoting establishment of iivasive plants (Hobbs,
1893), loss of key stone species (Walker, 1992; 1995) and habitat fragmentation.

Ecological disturbance theory has daveloped over the past years and several modgels
were suggested. The diversify-stability hypothesis was first formalised by McArthur
(1955), who suggested that compiex natural systems are more stable than simple
systems. However, the diversity-stability concept did not persist in scientific
discussion in its original form and was further developed by Pimm (1979}, who
suggested that it is not the change in the model's complexity that affects the system
the most, but that such a mudel reacts pariicularly sensitively to the removal of
specific species from the system. Thus, he Indicated the importance of functional
relationships within systems, an idea which was elahorated later e.g. in the resiliencs
concept of Walker (1992; 1995). The Intermediate disturbance hypothesis suggested
that species diversity should be highest at moderate levsls of disturbance (e.g.
Connell, 1978; Petraitis of al., 1988). The ecosystem resilience approach {e.g.
Walker, 1992; 1995} contrasts the ordinary species (biodiversity) approach through
its functiona!l dimension. He acknowledges that ecosystem condition depends not
only on single specles but also on complex multi-species interactions that mediaie a
number of ecosystem pracesses. The representation of species in functional groups
is thought to be important. Promoting and maintairing diversity of funclionaily
congruent species - particularly of so-called keystone specius - enhances the
resif-nce of an ecosystem. Walker (1995) links redundancy and ecosystem
resilience in variable and exfreme envircnmenis: redundancy, characterised by the
adaptation of an organism to a wide range of environmental conditions, acts as a
buffer during severe periods of drought and =zilows for effective recovery from
disturbance.
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1.4. Termites as so-called “ecosystem engineers”

Termites are usually regarded ss pests and farmers actively eliminate fermites from
their fields and pastures {e.g. Wood ef al 1980; Logan ef al., 1990; Logan 1981).
Occasionally termites’ contribution to other trophic levels i.e. as food source for
organisms such as aardvark, birds, monkeys, and even humans, is acknowledged
(e.g. Kok & Hewitt, 1990; Logan, 1992; Willis ef af., 1992). Termites play a major role
in the structuring of soils {e.g. Anderson, 1988a; Lee & Wood 1971a; Lobry de
Bruyn & Conacher, 1990) and even of entire landscapes (Anderson, 19984). They
contribute to the nutrient turnover and decomposition processes, pariicularly in arid
environments {e.g. Crawford, 1881; Crawford & Seely, 1994; Whitford, 1991; Holt &
Coventry, 1990). Drawing from studies that were conducted in dry ecosystems all
over the world, it can be anficipated that the biological, chamical and physical
processes associated with termites are of significance to the functioning of these
systems.

Only a few studies conducted in this region, however, fully appreciate the termites’
potential as keystone species {e.g. Bond, 1993), or as, mere adequately termed, so-
called "scosystem englneers” that contribute actively to ecosystem functioning.
Jones ef al. (1994) define "ecosystem engineers” as “organisms that direcily or
indirectly modulate the a : :pility of resources (other than themselves) to other
species, by causing physical state channes in biotic or abiotic materials®, As outlined
in more detall in Part 1ll, termites may well fall under this usfinition (e.g. Whitford et
al., 1992; Didham et a/., 1996).

In the Namibian context, it is relevant to study aspects of termite biodiversity, since
termites are thought to form the major part of soil macrofauna in the more arid sreas,
contributing to various ecosystem processes (Crawford & Seely, 1994). Measured by
biomass, fermites are the most numerous and predominant herbivores in savanna
ecosystems (Wood & Sands, 1978). Tern.i:2s have various attributes that possibly
make them good indicators for ecological analyses. These are, for example: their
taxonomic and ecological diversity, their relatively sedentary habits, their taxonomic
tractability, the fact that Individuals are present throughout the year and their
functional importance in ecosystems (Bond, 1993; Soule & Kohn, 1289). However,
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there are also problems that make termite studies difficult to undertake and the
resulting data difficult to Interpret (Eggleton & Bignell, 1925). Sampling for termita
diversity, for example, remains difficuit and time-consuming. Whereas specios
richness can probably be determined fairly reliably, population parameters and
abundance measures are extremely hard to obtain. This is particularly true for arid
systems, where many species are subterranean, and populations may spread out
over large areas. Also there is little information available on the biology and the role
that individual termite species play in ecosystem processes,

1.6. Soll resilience

Sail fertility is probably the single most important factor aside from water availability
that affects agricultural productivity {e.9. Gresnland & Szabolcs, 1994). Primary
productivity is dependent on solil nutrient status, nitrogen {N) and phosphorus (P) are
often limiting factors in African savannas (e.g. Bell, 1982; Scholes, 1990}. Organic
carbon {OC) and light fraction (LF) content of the soil are important to soil chemical
and soil physical characteristics of the soil. It is through the breakdown of the organic
material that the oil nutrlents are replenished. However, there are a number of other
important nutrients, often referred to as micro-nutrients. Soii fertility is considered to
be an important indicator of rangeland condition (e.g. Behnke ef af,, 1683) and the
effect of land use practices on soil condition have to be monitored and consequently
to be managed (e.g Greenland & Szabolcs, 1884). In the context of this research,
the impact of grazing and other rangeland uses on the soil system was investigated.
Historically, most rangeland studles have focused on forage production and animal
response, however recently more research efforts have attempted to link thess to
soll systems i.e. to the cycling of nutrients e.g. N between biosphere, lithosphere and
atmosphere (e.g. Custers, 1987; van de Koppel, 1897; de Mazancourt, 1999;
Schuman et al., 1999). The concept of soll resilience has been reviewsd in
Greenland & Szabolcs (1994) and is broadly characterised as including all the
processes that enable soils to counteract stress and alterations. Soil resilience
includes such important properties as the buffering capacity of a soil to chemical,
physical and biological impacts. The potential for renewal after soil loss is very
important, as is the funcfioning of important soil processes such as decomposition
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and nutrient transformation (e.g. Szabolcs, 1984). The role of soil biota and, in the
context of this research, termites, has aiready been mentioned.

1.7. Objectlves & oy guestions

The conceptual model underlying the research questions suggested for this PhD
study is depicted in Figure 1.1. The aim of the research was to develop appropriate
methods for rangeland assessment and {o determine the biological integrity of the
system., Three themes have been identified as being important for such
assessments: firstly, land practices znd secondly, farmer livelihoods. A third category
of issues revolves around the stafus of biological Integrity of the system. Rangeland
integrity can only be assessed if we have a good understanding of the dependencies
and socio-econoemic relations betwsen the farmers and their famms.

Blological infegrity:
- biodiversity &
functional properties

- N

Rangeland assessment E'IZ?% t::spractioes

- qualitative measurements —————» |- land use history

- quaniitative measurements - land tenure Livelihocds of farmers
- incomes/
dependencles on farm

and natural resources

Flgure 1.1: Concepht o framework of the thesis.

To be able to practice adaptive rangeland management, information on the current
state of the habitat and varlous aspects of the use of the land must be considered.
To achieve thls, it is important to delineate the most eiffective and practical ways of
assessing rangeland condition as well as land uses. In the context of this study,
measures of biologlcal integrity and geophysical surrogates, aspects of biodiversity,
its functional properties and effects on the environment, are used for habiiat
assessment. The results of the scientific investigation are compared with common
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local and indigenous practices, which are usually qualitative in their nature. The most
suitable set of indicators is derived from these different approaches. Land uses at
the farms are investigated in some detail, firstly to defing land use infensity at the
sites more accurately and secondly tc identify causes that may lead to habitat
deterioration.

A flow chart, visualising the functional linkages between vegetation, livestock, solls
and soil fauna i.e. termites, conceptualised for arld Namlblan rangelands, is
presented in Figure 1.2. Key aspects of this system are included in the measure of
biological integrity of the study sites. This concept forms the basls for the ecologicai
measure of habliat condition presented in part ill of this PhD thesis.
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Objective 1

To review the environmental and soclo-economic sltuailon In relation o
rengeland management and desertificaiion in the Huab caichment area In
western Namibia and to establish profiles of the three selected study farms.

Key questions:

(1) What are the environmental and socio-economic factors underlying land use
practices and rangeland management on communal and commercial farms in
western Namibia?

a) How does the political history of Namibia and the environmental setting
in the study area affect current land uses and management?

b} How can the long-term pattems of rainfall in the study area be described
and how do these affect farming and land use practices in the study
area?

(2) How do the three selected study farms differ in land use Intensity as defined by
land use, land use history and management?

(3) Which factors determine rangeland integrity at the communal farm Olifantputs?

Ohjective 2

To determine whether termites are suitabie indicators of blologlcal integrity in
western Namibian rangeiands,

Key questions

(1) What are the minimum sets of termite paramsters that need to be measured and
type of approaches that need to be carried out in order fo use termites as
indicators of biological integrity?

a) How can termite specles richness, composition and relative abundance
be reliably and efficiently determined?

b) Using data from a broad survey in western Namibia, are termite specles
richness, composition and refative abundance correlated with land use
practice and land tenute. i so, how?

(2) Do measures of termite species richness, composition and relative abundance

derived from in-depth investigations at Olifantpuis prove to be suitable
indicators of biological integrity?
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a) Are termite species richness, composition and relative abundance
correlated with environmental factors such as above and below ground
vegetative biomass, total soil carbon and light fraction?

Objective 3

To assess the biological integrity of three selected farms In western Namibian
rangefands and to determine the offect of land use practices and land tenure
on their biological integrity.

Key questions

(1) What minimum set of indicators, Including termite, soil and vegetation
parameters, provide a reliable reflection of biological integrity in westemn
Namibian rangelands?

a) Which set of factors, including termite, soil and vegetation parameters, is
o be measured in order to obtain a robust modet for the assessment of
blological integrity?

b} Do total scil C, N and P decreass with increased land use intensity and
with a move from commercial fo communal land tenure?

c) Will fodder availability and quality decrease with increased land use
Intensity and with a change from commercial to communal land tenure?

d) How do termite species richness, composition and relative abundance
vary with land use practices and land tenure?

{(2) How do the farmers perceptions of rangeland integrity compare with scientific
measures?

a) Do communal and commercial farmers assess the siatus of their land for
grazing potential, livestock production, bioiogical integrity? If so, what
methods do they apply?

b} How do the farmers categorise the status of six selacted study sites?

c) Are the indicators used by farmers for the assessment of grazing potential,
livestock production and biclogical integrity different from the ones used in
the scientific approach?

d) If the farmers assess the land based on their own, traditional qualitative

measures, are the results similar to the results obtained by quantitative
measurement?

Partl Chapter 1 15



PART il

CHAPTER 2

BACKGROUND TO THE STUDY AREA AND SITE SELECTION

2.1 Damaraland: the historical and sogio-political background

In the context of this study it is important {o realise that the Namibian
environment and also the study area in Damaraland have been under human
influence and land uss for thousands of vears. Life forms and land uses have
differed between societies in the past and stlll do so today.

Early inhabitants and land uses

Western Namibia, despite its arid and highly variable climatic conditions and
the hostlity of the desert environment, was inhabited by prehistoric societies.
Evidencs of hunter-gatherer and early nomadic pastoralists have been found
throughout the western part of Namibia (e.g. Sulllvan, 1998; Kinahan, 1991).
Khoe San speaking people, for example, have lived along the Kulseb river as
well as in the mountainous escamment for centuries and relics of human
presence in the form of rock paintings are found across the central Namib and
what Is known as Damaraland (Sandelowsky et al., 1979).

Nomadic Khoe speaking pastoralists and herders In the central Namib and
adjacent areas are thought to have been present for at lsast the past 2 000 -
4 000 years (Sulltvan, 1998; Sandelowsky, 1977; Kinahan, 1983, 1990, 1991).
They exploited the opportunities presented by a variable environment through
extensive mobility, aggregation at focal sefifements during rain periods
followed by disparsal in response fo resource scarcity in dry periods, Stock
posts were linked to larger settlements sliuated several kilometres away
(Kinahan, 1983, 1991, 1993). The Bergdamara, a Khoe San speaking people,
who inhabited the Namib transition zone in western Namibia, reportedly
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inhabited the plains in western Namiblz keeping many caitle as well as
collecting veld fruits for subsistence (Lau, 1987; Sullivan, 1998). In about
1550, QviHereros are reporied to have moved o Kaokoland from their eastern
grazing areas. They also moved further south with their cattle, migrating into
areas in which Khoe-San speaking people such as the Bergdamara were
living.

The homelands

In the 19" century, when European settlers and farmers invaded native
southem Africa, the Rhenische Misslon established what later consfituted the
apartheid homelands. What was initially created as a support system and
retreat for the logal pastoralists, was later defined as exclusive reserves,
Rules against the collection of veld fruits, hunting of game and keeping of
livestock were implemented and zones were declared for use by European
settlers only. The areas provided by the Rhenische Mission in which the
African populafion refained their land use rights were the only subsistence
strongholds of the people. Work opportunities were only on the white farms
and enterprises. Fransfontein was one of the first reserves to be established
in 1898 (Adams & Wemer, 1990).

During the German colonial rule, the police zone, which effectively separated
the northern and southern part of Mamibia was implemented. Within the police
zone in the south, direct administrative control ailowed for the settfement of
Europeans and the confinement of the non-labouting indigenous population fo
reserves, The German-Herero (1804-1907) war was a brutal result of years of
confiscation of property and alienation of the rights of Africans by the German
colonialists. A great majority of Hererc and Nama people were killed during
this war and the Damara people were algo dramatically decimated.

After the first world war Germany lost her colonial “rights” to the South African
UN Mandate after which South Africa’s Natlve Land Act of 1913 guided
segregation politics in Namibia. After 1822 the proclamation of additional
small reserves (less then 5% of the land for 90% of the population) was
instituted during a "first schedule” of resetlernent. Fransfontein, Okombahe
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and Sesfontein were set aside for Damara-Nama people and the Ofjihorongo
reserve was created in the same area for Herero people. Later, under the
"second schedule” of 1925, Otjihorongo was Incorporated in so-called
Damaraland with the existing Nama-Damara reserves (Adams & Werner,
1990). Black people were only 2llowed to settie and farm in the areas set
aside for them. White farmers were encouraged to move into the “vacated”
areas and to establish commercial farms either on ' se or freehold tifles. The
success of the ensuing national Land Seitlement Frogramme in terms of
increases in the white farming population is astonishing: between 1813 and
1962 the number of surveyed and seftled farms increased from 1 138 fo 5
500. The white population rose from 14 830 to 72 000 and the total area
occupied grew from 11 490 000 to 39 812 000 hectares (First, 1963; Sullivan,
1998; Rhode, 1994). The establishment of cormmercial farms was supported
by the Administration and subsidies of various kinds were granted to the white
farmers.

The reserves were govemed under the overall conirol of a2 white
commissioner, but the day fo day running of affairs fell to a “reserve board"
comprising the "paramount head”, two headmen and councillors from each
area of the reserve (Koehler, 1859). The traditional leaders often acted as
puppsts of the SWA Administratlon.

Most of the active labour population, young and middle aged man, left the
reserves to seek employment in the urban areas, the mines or as labourers on
adjacent farms and enterprises. Mainly women, elders and children remained
in the homelands, dependent on monies sent from their spouses and on
subsistence farming from a small area of land.

After the Odendaal commission

In 1962 the Commisslon of inquiry Into South West Aftican Affairs, better
known as the Odendaal commission investigated the land requirements of the
main ethnic groups residing in the proteciorate. Based on the
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recommendations made by the commission in the early 1970s, separate
development laws for the various homelands under segregation politics were
put into place. (Adams & Wermner, 1990).

In western SWA Damaraland, extended boundaries were created to include
the Fransfontein, Okombahe and Otfihorongo reserves together with
Sesfontein o the north of the red line, a relic of the early police zore (Eirola,
1887). Adjacent ‘smmercial farms, which were mainly deserted by their
former white owners due to difficult farming conditions, were incorporated into
Damaraland. Altogether an additional 4 million hectares of surveyed and
fenced commercial farms, unsurveyed state owned land and game raserves
(Odendaa! Report, 1964), were added. A total of 223 previously white owned
farms, seffled only since the 1930's and covering an area of 1,872,794 ha
were included (Odendaal Report, 1964; Rhode, 1994; Suilivan, 1998). These
farms varied in size from 4,000 fo 25,000 ha, averaging about £,500 ha
(Odendaal Report, 1964). Typically these had been extensive cattle and small
stock enterprises dependent almost enfirely on black labour. The arid
environment and the sparse grazing meant that stock had continually to be
distributed and moved over considerable distances betwesn camps and water
points. By the time of the Implementation of the Odendaal plan many of these
farms were already abandonead by their white owners and tenants or used as
grazing reserves for famming enterprises based closer fo the central
commercial areas. Compensation payments were made by the State, often to
the benefit of white farmers, who had left the area anyway due to
unfavo. able economic dependencies on South Africa, {Kambatuku, 1996;
Rhode, 1994). Afier allocation of these °redundant’ farms to the black
population, an average farm allocation per family amounted to approximately
250 ha per family compared to approximately 8,500 per white farm previously
{(Rhode, 1894).

Puring the time when the Odendaal Plan was implemented there was no
traditionai land allocation system in place. In the seventies and eighties a form
of “traditional” leadership was created through the establisnment of twelve
wards, each with ward heads and councillors, howaver all were under strong
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strveillance from the South African Administration. These homeland politics
which were instigated, reated dependency especially because of the flow of
economic resources through the South African government,

Although the increase in tc:al [and area especially of the Damaraland
homeland may look impressive, its agricultural potential is limited. An acute
lack of surface and underground water renders large poriions of land useless
for stack and arable production. Poisonous plants and deficiencies in base
alemants, both in the water and soil, have been additional problems in the
areas opened up for seffiemant. No [ess than 87% of Damaraland, for
example, falls within the desert or semi-desert agro-ecological zone, while
40% of Darmnaraland lles in the Namib Desert.

In the past, fixed cairying capacities were also calculated for the communal
areas (Adams & Werner, 1980}, The Flve Year Plan for the Development of
the Native Areas (Windhoek, 1966) recommanded a fotal carrying capacity of
182 454 LSU for the entire Damaraiand {Adams & Wemner, 1880). in the lats
70s a carrying capacity of 84 000 LSU was reccmmended. The SWA
Administration publicised that land degradation was happening in the
communal farming areas due fo mismanagement by the iocal farmers. This
notion is often still malntained. 1 here is evidence that, for political reasons, the
inttial cari"ing capacily suggested for Damaraland was exaggerated and
natural climatic variability, suggesting a much lower carrying capacity in dry
than in wet years, was not taken into account.

Post independence

After the independence of Mamibia in 1980, regional boundaries were re-
d*wn in 1992 in an effort to neliralize the apariheid past. L amaraland was
then divided between the Erongo and Kunene regions. Mow that central
govemment and state ownership rule, the ftribal {eadership is pecoming
increasingly more symbolic, particuiarly since no customary or traditional laws
are in place. However, overall, Damaraland retains its social, economic and
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administrative identity and recent decentralisafion, development and land
policies are aimed at re-strengthening the reglons.

Current development plans for the regions also affect the farming an.
agriculiural sectors. After independence there was the notion that the land
guestion did not primarily refer to an absolute shortage of land iri the region
but more to a lack of infrastructure to utilise land efficiently (Adams & \*' mer,
1990). Subsequently, a number of boreholes were drilled to make optimum
use of the available grazing in the area, wl x led fo controvarsial views on
grazing and land management practices. Insreasing pressure on the land and
increasing competition for available pastur.s weie observed. Indications were
that poorer communal farmers were becoming marginallsed, and that richer
stock owners were ‘encroaching’ on the land avallable to poor pastoralists
{Adams & Werner, 1990}, Mention has also been made that formerly "saved”
emergency grazing areas are used earlier in the season.

It can be concluded that pastoralists have used the study area for centuries.
However, it becomes also clear that the inwnsified land-uses today may put
great pressure onto the natural resources avaliable in this arid environmiant.

2.2 The Huab catchment — environmental background

The catchment of the Huab river (Figure 2.1.}, one of the major westward
flowing ephameral rivers in Namibia, was selected as study area for this
project. Within catchments, environmental interactions and connections can
have profound effects both on water and rangeland resources. Vegetation
clearance in the upper reaches of a catchment may, for example, lead to rapld
run-off of surface water after rainfall. Soil erosion may be a result, reducing
the potential for regeneration of vegetation. Rapid water run-off may also
impair the ground water recharge of aquifers, leading tc the lowering of the
ground water table. Jacobson ef al (1995) point to the importance of
catchments for sustainable development in western Namibia,
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Flguie 2.1: Huab Catchment: geographical situaiion in Namibia

The location of communal and commercial farms in the catchment Is shown in
Figure 2.2. It is apparent that the communal farms are situated more to the
west, towards the coast, where the rainfall gradient is declining (see Figure
2.5.)
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In all maps the three farms Weerlig, Olifantputs and Halt, indicats the main
study sites. The additional farms, Grootherg, Olifantwater, Waterval and de
Riet were the Napcod pilot sites and the research described in chapter §, a
termite survey, was conducted at these sites.

Cormresdigl fanring amsas
Demarcated commnal faims

Conservation area

Figure 2.2: Huab Catchment: communal and commercial farming areas
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Environmental background data for the catchment are best illustrated in the
form of maps. In the following, getation biomass distribution (Figure 2.3)
(after Mouton, 18597), underlying geology (Figurs 2.4), as well as coarse-
grained rainfall distribution pattems (Figure 2.5}, are presented.

o H A ' favs

Figure 2.3: Huab cafchment: Landsat TM (1996), Green colfor codas ropresent iow
vegetative biomass, red and yellow represent a higher reflectance of vegetation, thus
a higher biomass.

Vegetative biomass distribution in the catchment (Figura 2.3) strongly foliows
the rainfall gradient within the catchment (Figure 2.5.). The three study farms
are situated relatively close to one another and vegetative biomass production
can be expectad to be relatively similar, although depsndent on local rainfall
distribution patterns. The farm, Weerlig, might be slightly wetter, being
situated further inland.
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Flgure 2.4: Huab Cafchment : Geology

The three study sites are situaied o~ =hLualar parent material, which is
predominately made of gnelss. In arid environments the parent material is the
dor .ating factor determining soil formation and soil fertility. Consequently
soi properties at the three study sites could be expected io be similar.
{Chapter 8),
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Figure 2.5: Huab Calchment - annusal mean rainfall, interval 80mm

The three main study sites are situated in an area of a relatively similar range
of 160-2680mm mean annual rainfall. Atthough mean annual rainfall is not a
particularly descriptive way of expressing the extreme variability and
patchiness of its distribution, it gives a feel for the magnitude of rainfall
expected. In-depth investigations of the naturs of rainfall in the Huab
catchment based on the analysis of data from nine rainfali stations were done
by Zeidler & Oiszewski (unpubl.} and will be published separately. However, a

Part. Il Chapter 2 28



few main points on the rainfall situation in the study area will be drawn from
the data:

The climatic conditions In the study area seem to suggest that agriculiural
practices other than small stock farming are generally not suitable. However,
even Small Stock Drought (88D}, periods without rainfall thar would aliow for
grass production for more than 80 days after an injtial productive rain, is a
common ocelrence. The spatial and temporal distribution of rainfall suggests
the need for adaptive management practices such as nomadism and migration
to allow for optimal resaurce exploitation and conservation. These are “normal”
practices among most farmers (see chapter 4) and have been observed by
various authors working in adjacent areas (e.g. Bollig, 1997; Suilivan, 1998;
Rhode, 1994).

As far as Namibia is concemned, several variations of the effects of El Nifio
can be identified (Olszewski, 1998). Beginning with the very dry El Nifios of
1924, 1864 and 1883, wetter varieties, 1931, 1840 and {1958, for example,
have occurred. However, 2 problem with Et Nifio years is that rainfall
precedes the agricultural season and therefore harvests are sometimes
poor. Extremely high temperatures and high evaporation ofien accompany
these early rainfall events,

The 1934 rainfalt year was an exceptionally good one for Namibla, which s
sometimes referred to as a “replenishment” year, allowing for recharge of
underground aquifers. Such years of good rainfall are more of an exception
than the norm and should be regarded as such. it shotild also be rnoted that
the major influx of white seftlers to the area fook place after this fantastic
rainfzil event. By the sixties, many of these farmers had mioved from the area
due fo "relatively” deferioratlng rainfall conditions,
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2.3 Pariner selection & study sites in the Huab catchment

The main assumption underlying the study site selection is that all sites are
simitar in their geological characteristics and therefore in the parent material
that determines soil formation. Therefore, originally, soil conditions have been
similar at the sites. Differences in measured soil characteristics foday. can be
interpreted as changes, which occurred during the shorter-term biolegical time
horizen. This assumption is crucial o the study and differs from other studies,
which have attempied fo compare results from foday with baselines
established earller. The probiem with such comparisons over time is that
especially for communal areas no comparative data are available and often
the methodologies applied do not allow for comparison of the data.

Farms and famers with different backgrounds, including representatives fram
the communal as well as commercial farmers In the area, were part of this
study. They were chosen firstly because they farm under different land tenure
conditions that place specific land-management opportunities and constraints
on them. Secondly it is iikely that the way the farmers perceive the habitat as
well as land-use intensity might differ.

Three farms were selected for this research: Weerlig, Halt and Olifantputs.

Olifantputs is one of five partner villages of Napcod I, situated in the
communal farming area of the former Fransfoniein reserve. A good and
interactive relationship has been established between the Napcod programme
staff and the villagers and the interactive involvement of outside researchers
could be integrated into the programme's envisaged process of information
and knowledge sharing. The Napcod programme has initiated the
establishment of research activities based on Participatory Rural Appraisal
{PRA) methodology and baseline data on social issues as well as on the use
of natural resources.
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A number of peopie from each farm were involved in the research process
because in the communal areas the decision-making process with respect to
land-use management doas not reside with only one designated fammer. Also
farmflivestock owners sometimes live in an urban sefting and only visit the
farm occasionally. The herdsmen, hired personnel or family members, camy
out day fo day management such as selecting the grazing area. However, it is
ultimately the farm/livestock owner who takes decisions about matters such as
stocking numbers.

The three farms were chosen for their relative similarity of prevailing soil and
vegetation fypes. The soils can generally be described as sandy, red
Arenosols, in some areas bordering on Lithosol types (von Harmse, 1978).
The dominant vegetation type is characterised as Mopane savanna (Giess,
1971; Scholes, 1994). Vegetation biomass production across the Huab
catchment (Figure 2.3), one of the major ephemeral riverine systems situated
in western MNamibia (Jacobson ef al, 1995) in which the study sites are
situated, is linked to an increasing rainfall gradient from the west to the east
{(Mouton, 1997} and is extremely variable from year to year, depending on
local rainfall events. The study sites fall info a similar rainfall bracket with
mean annual rainfall between 150-250mm (Figure 2.5) and according to other
sources that take the variability of rainfall into consideration, a rainfall range of
179 - 587mm per year (Dsalie et al., 1993), Local variability is significant and
should be monitored on site. Cverall the three farming areas are characterised
by similar ecological background data, but different land-management
systems and stocking rates (chapter3). Farm Weerlig is under commercial
land-tenure, whereas Qlifantputs and Halt are communal farms. The later farm
iz a so~-called Odendaal farm, which was . nder commercial ownership until
the early sixties before being made available for communal farmers.
Olifantputs is the largest community with 13 households. Stocking numbers
and management practices varied between sites. This selection of study sites
allows for comparison of habitat condition between sites of different land-use
history and [and-use intensity.
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At each of the farms two study sites were chosen - one site with low and cne
with high land-use intensity. The site seluction was based on the resident
farmers' subjective perception of land-use intensity. All study sites were
situated in the bottom of the valiey. At Ofifantputs for example, the sites were
chosen on the recommentiations of two of the older men, Festus Hamukwea
and Frederick INanuseb, who pointed out one area close to the village which
was heavil jrazed and was a main pathway for tne livestock on the way to
the waterhole situated within the village. The low intensity site, situated
approximately five kilometres from the viltage and close o the border of the
neighbouring farm, is, according o the iwo informants, too far away from the
borehole to be sultable for more permanent grazing by the catlle, This grazing
ground is apparently only used in extreme periods at the end of the dry

season,

At the farm Halt the resident herder sslected the two sites in a similar way.

Danie van Vuuren, the owner of Weerlig, maintained that on his farm ali sites
were managed under similar intensity bacause he practised rotational grazing.
However, based ., personal assessment, one camp near th ‘e was
chozen as the higher impact site, and a low impact site w - in a
camp a few kilometres away. For the final assessment of r..ige conditios, all
sites were treated in a similar way and the ranking of each site was on an
individual basls. The low and high impact classifications were oniy tools in
selecti 3 sites with the help of the local farmers,
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PART il

CHAPTER 3

LAND USE HISTORY AND LAND USE INTENSITY ON THE THREE
SELECTED STUDY FARMS

3. The Farms

In the following sections, farm histories, current and past lani uses and
indications of land use intensity manifested in longer-term records of stocking
numbers are described for the three study farms. The information and data
were derived from records avallable from the archival files (Windhoek)
(Manuel, 1997} and from the State Veterlnarian in Outjo, as well as from
intervisws with the farmers, PRA activities and a questionnaire. The data from
the questionnaire are Inciuded in a database (Appendix 1) and references in
the text are made to the database entrias. In-depth investigations conducted
at the farm Olifantpuis on management practices and consiraints are provided
in Chapter 4, Some baseline information was obtained from the Nafional
Archivas in Windhoek.

3.1 Weerlig

Fermr background

Weerlig is a commercially owned farm, situated approximately 40km north of
Fransfontein the former district town of Damaraland South. The area of the
farm is 5,032 ha.

Mr - -an Vuuren applied for L farm Wearlig in 1920, and a temporary
leas: .+ 2ment for five years was formulated. The van Vuurens purchased
the farrn in 1944, Since this time the farm has been family property. Today
0D.P.J. van Vuuren, 8.P. van Vuuren's grandson, owns the farm.
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The records in the Archival files indicate that already in the early ‘40s the van
Vuurens realised that the farm Weerlig was not appropriate for large scale
cattte farming but that sheep farming wae more appropriate. A first farm dam
was constructerd at the time, and others were to follow. In the early stages two
dweliinys were established.

Today 14 water polnts are maintained at Weerlig, drawing on a ground water
aquifer. The farm is divided into 30 paddocks and rotational grazing
management is practised. Four families are living on the grounds of the farm,
including the van Vuuren family and the houssholds of his labourers. Up to 17
people stay permanently at Weedig. Mr, Van Yuuren cwns a sescond fam
elsewhere. However, in dry years such as 1988 Mr. Van Vuuren had {o move
his livestock to otiier emergency grazing areas.

Land use infensily

in June 1898, a questionnaire was used to establish current stocking rates
(Table 3.1) as well as to track sales and purchases of stock (Appendix 1). in
Juine1998, four times 22 many small stock wers held at Weerlig than large
stock. Table 3.1 indicates how the ownership of livestock is distributed on the
farm. Most cattle and all sheep and horses befong fo Mr. Van Vuuran and his
family, all goats, two cattie and all donkeys belong to others living on the farm,
mainly the foresman. No animals were owned by abseniee farmers or
‘emergency grazers”.
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Table 3,11 Livestock ownership at Weerlig {June 1998)

Weeilig

Total | Decision maker | Oihers in household | Others elsewnara
Cattle 152 150 2 )
Goats 100 0 100 0
Sheap 503 503 0 g
|Donkeys 10 i} 10 0
Horses 10 10 0 i
}Pigs 0 1] 0 0

During 1997/1998 Mr. Van Vuuren bougit only 10 sheep. According to the
guestionnaire {Appendix 1) no sales were made at all. However, off-takes
were relatively high, due to slaughtering, piedators and stock theft.

Mr. Van Vuuren practises rotational grazing, putting equal grazing pressure on
ail his paddocks.

Stocking numbers for the years 1990-1998 from annual livestock censuses
were provided by the Ministry of Agriculture, Water & Rural Development
(MAWRD) and are displayed In Figure 3.1,

The recommended stocking rate' for Weerlig ana adjacent farms Is 1 LSU per
25ha. Hence for a farm the size of Weerlig (5,100 ha) a stocking rate of 204
LSU or 1,224 S8U is recommended. From the stocking rate data available
7.om MAWRD it seems that the farmer at Weerlig continuously overstocks.

1 Therz is information nn iow Ehe recommanded stocking r: tes were Jerlved. However these are the valuas MAWRD
uses as & guiding valae.

2 apeording o th~ Agricuttueal Exiension Services 1 LSU {Large Stock Unit} Is cateulated at 400kg tive weight and 5
85U (Small Statk Unita) are calculated as 1 LSU.
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Stocking numbers versus CC
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Figure 3.1: Weerlig slock vs Carrying Capacily (CC) 1990 — 1998; the line { —---) indicates
the carrying capacily for the farm (determined by MAWRD). The upper limif Is caloulated for
88U and fower limit for LSU. In practice large and small stock ere mixed.

Decision making process

Mr. Van Vuuren is the only real decision maker on the farm. His farm workers
do report observations they make on the farm, however they do not often take
final decisions.

3.2 Halt

Farm bacliground

Halt is situated at the western fringe oi the communal area of Fransfontein. in
1950 farming rights were granted to Mr. Pearson, who established Halt No.
379 as a commercial farm. The farm covered 2i: avea of 5,634 ha.

in the Archival files [t is recorded that in his early days Mr. Pearson made

sevaral attempts at drilling boreholes for ground «ater. Of 13 placed
boreholes only two had good fiow. M:. [marson fene.« five camps. Halt was
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already used as an emergency grazing area under the early management of
Mr, Pearson who had applied to the land boards for an emergency grazing
license. It should be mentioned that in the Archival files mention is made at
various occaslons that no additional stock (e.g. for emergency grazing) were
allowed on the farm due to low rainfall and comparatively high stocking
numbers,

Today Halt is inhabited and used by three heuseholds. Mrs. Dina Giel is the
senior farmer whe “inherited” the farm from her father. Mr. Simon Awaseb and
Phillipus Ganeb head the two other households on the farm.

Three waterholes of which two are mainly used for human consumption and
one for the livestock support the farming area. The farmn is divided nto three
paddocks, which were all in use in June 1998,

The three individual households are composed of six, six and five members
respectively, which were all living on the farm for most of the time.

Land use infensity

The data obtained from our investigations show that caitle numbers were low
at the time of the census in Juna '88, 34 cattle were recorded (Table 3.2),
however, numbers increased dramatically after June, when emergency
grazers were moved onto the farm (Giel, pers.com).

From the numbers collected, it becomes apparent that tha stocking rate is
generally low, however, it shoote up when other farmers in the ares need
emergency grazing. Farmers at Halt reported that compensation might be
pald by outside farmers who bring their stock in for grazing.

The three camps at tialt are used for some rofational grazing. However, the

reports on how the different camps are put to use were not consistent
amongst the farmers. Some said that the camps are changed every three
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months and others maintained that the animals are only rotated after six
mor. his (QHA1, QHA2, QHA3).

The data of the June 1998 survey, revealing current stocking rates as well as
livestock sales and purchases of stock are presented in the Appendix 1 and
summarised in Table 3.5. Most animals on the farms belonged to the decision
makers and household heads, however almast 30% of all goats were owned
by absentee fammers (Table 3.2). It should be mentioned that tater in the
season large numbers of cattle were moved onto the farm for emergency
grazing (Dina Giel, pers, com.).

Table 3.2; Livestock swnership at Halt {June 1998}

Halt
Total | Daclsion maker | Others in housenold | Others elsewhere
Cattle 34 31 3 0
Goats 342 161 28 63
Sheep 8 g 0 0
Dankey 17 8 3 B
Horse 7 4 3 0
|Pigs 6 8 0 0

Stocking rates at Halt No, 379 are displayed in Figure 3.2. Cattle numbers
malntained at the farm are relatively low, small stock humbers are reported to
be more than 10 times as high in average. Horses and donkeys numbers,
ranging between 31 and 61, seem to be fairly high corsidering that only three
households are situated on the farm.
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Stocking numbers vs CC

4000

BROQ - o m o me s s e e e e ......__.\,.___.. e s e e
3000 e e et e e e e _ . ,T....__.______.......___.._..‘. i i e .._._.___..,,.'__,_\_____.._.___._

2500 - _.._ tep e e e b e em e i e et s o peeeam e § o iR s mrrmm i 1+ 2 g ek a1 [ s e R
: - | ‘®Lsu
Ossy:

2000 1+ s o
1500 e -

1000 |

500

Number of stock

1880 1991 1962 1953 1694 1995 1896 1997 1998
Year

Figure 3.2; Sforking rales and Carrying cepacily at Hall; the line { - ) indicates the
recommendad carrying capacily for the farm {by MAWRD). The upper limit is calculated for
88U and lower limit for LSU. In practice rarge and small siock are mixed.

According to MAWRD the recommended stocking rate for this region is 1 LSU
to 30 ha. At a size of approximately 5,500 ha the recommended stocking rate
for this farm is 183 LSU or 1,100 SSU, Stocking rates on Halt are above the
recommended stocking rates for most years (Figure 3.2), howevser less so
compared to the other two farms under investigation.

Decision making process

Mrs. Dina Giel scems to be the most senior decision maker at Halt. In the
Awaseb household, the moether, a pensioner, is considered to be the decision
maker. Phillip Careb is an absentee farmer working in Windhook, His son
i-.0ks after his animals and farm.
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3.3 Olifantputs

See also chapter 4,

Farm background

Qlifantputs is situated in the Fransfoniein communal area, which was
established as part of Damaralarnd in 1898, Mainly Damara-speaking people,
but also some Hereros, settled in this arez. Fanuel Amporo who chose the
area for the good available grazing establisned the farm Qlifantputs ifself in
1853. There was no water accessible at that time. The first borehole was
urilled in 1954 and a windmill was established in 1957. Since that time more
farmers moved into the area and permanent seiflements were formed
{Chapter 4; Napcod, unpubl). Today the village comprises 13 households
with approximately 66 household members staying on the farm permanently,

Land use intensity

in order to develop a gocd undsrstanding of how livestock management and
decision-making works at Olifantputs, livestock numbers and other baseline
data were collected at a household level, not only at farm level (Chapter 4),
These data were produced by using a questiorinaire and through fanllitated
interviews carried out with students communicating in the local languages.

The stock numbers derived from the quastionnaires which were completed in
June 1988 are displayed in Table 3.3) These data were collecied after two
years (1996 and 1997) of particularly good rainfall thus stock numbers were
extremely high at that time.

Examining the livestock purchases, sales and losses in some detail (Appendix
1) shows that off-takes during the year 1997/98 were comparatively high.
Altogether 132 small stock and 83 cattle were sold during the year, only faw
animals were purchased. Almost 10% of all goats were slaughtered during the
year for own consumption. Many catile and small stock were stolen, died of
starvation or fell victim to predators. 61 donkeys were kept at the village.
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Farmers resident at QOlifantputs owned the largest nurbsar of livesiock,
Approximately 7% of cattle and small stnck are owned by nibsentee farmers.
(Table 3.3). However, on the household level some e detailed insights
were obtained (Chapter 4).

Table 3.3: Livestock ownership at Olifantputs (June 1988)

Dlifanipuis
Total | Declslon maker | Others in household | Othars clsewnere
{Cattle 457 406 4 T'{i
{Goats 1046 955 24 67|
Shesp 205 19€ 0 9
Donkays 58 44 10 4
Horses 8 6 0 g
Pigs 0 [¥} 0 i)

MAWRD staff determined stocking numbers at Olifantputs over the past years
(Figure 3.3).° numbers have increased since the 1992 drought and were
highest in 1% »mall stock numbers vary a lot and were highest in 1994
following the drought of 1992/93 and lowest in 1886,

According to the MAWRD, the recommended slocking rate for this region is 1
LSU to 30ha. At a size of approximeitely 5,000 ha, the recommendad stocking
rate for this farm is 167 LSU or 1,000 SSU. According to the livestock census
data of MAWRD, for the fime period of 1990-93 farmers at Olifantputs
continuously overstocked (Figure 3.3).
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Figure 3.3: Olifantputs stock numbers vs. carying capacily (CC); the line { —- ) indicales
the recommended cairying capacily for the farm (by MAWRD). The upper limit is calculated
for 83U and lower limit for LSU, In practice farge and smail stock are mixed.

Decision making process

On a communal farm with 13 households, decision making processes are
extremely complex (see Chapter 4).

3.4. Congclusgions

All three farms are continuously stocked above the recommended limits. The
fact that the recommended limit was higher per hectare at Weerlig than at the
two cormmunally owned farms, indicates an average stocking rate of 216% of
the recommended iimit at Weerly (at 1 LSU per 30 ha) and 223% at
Olifantputs and 194% at Halt (both farms at 1 LSU per 25 ha). Donkeys and
horses have been excluded from these caiculations, however their impact on
the natural resource base could be ssvere through trampling as well as
foraging and snould be evaluated in future.
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The carrying capacity concept has been thought to be useless in highly
variable environmentis (e.g. Behnke et al,, 1993; Scoones, 1995), where
stocking numbers should rather be adapted according to the status of the
natural resource bhase, depending mainly on the amount and nature of rainfall
during the season (Hocking & Mattwick, 1993). In order to assess land use
intensity and impact, annual stocking numbers should be viewed in relation to
rainfall and grazing condition, and in a management and policy framework
(various authors in Scoones, 1995). However, no unifying “formulae” are
available at *-is stage which would allow for easy "caloulation” of the expected
impacts.

Table 3.4 shows substantial differences in numbers in our two data sources.

Tah!s 3.4 LSU recorded at the farms by MAWRLD {12/98) and a questionneire based census
(06/98)

MAWRD (12/98) | Census (06/98) | % difference
Weerlig 483 251] ‘3§|
Halt 303 76 19
Giffantp. 454 668! 147

Comparing the LSU values provided by MAWRD for Diecember 1998 and the
questionnaire data from June 1998, it is apparent that at Weerlig and Halt the
census recorded much lower animal numbers. The LSU numbers at Weerlig
were In June only 52% of the numbers recorded by MAWRD in December. At
Halt the numbers in June were cnly 20% of what was reported for December
by MAWRD. This relationship was reversed at Olifantputs, were animal
numbers (LSU)} in June were 147% of the numbers counted by MAWRD in
December. Emphasis needs to be placed on coliecting -eliable stor ung
numbers over time.

Livestock owners should do tracking of animal numbers on a regular basis to

galn a better picture of the actual land use intensities. Dynamics of stocking
numbers are extremely variable. Migration, presence of emergency grazers,
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purchases, sales, losses through predation, and theft, are ail factors that
influence the actual stocking rates (Table 3.5) with large fluctuations.

Table 3.5 Livestock add-on and take-off dynamics over a year (1997/98) at the three farms in
redatlon to total stocking numbers in June 1988 — a summary of data from Appendix 1

% of ammal off-fakes and adg-ons (pased on June 1otel] |
Tofal #in | % absentea | boupht siarvad ]slaugme predzled| stolan)  TOTAL
June 1998|  owned d o5 aif-take
Waarlly |Gatla 150 al W o Ef [} ] ) 3
oals & Shaep 803 [ 2 9 Ui 8 7 18 3
Halt Catta 34 a ol 2% 305 12 [l 41 110
Goals & Sheep 253 25 0 f‘[ 5 13| 8 12 48
Qlifan'puts |Cattle 457 10(54]_'_| 0 18‘ ) ‘1‘" 0 5 30
Goats & Sheep 1251 5 2 11] 3 [£] 5 7 a5
* plimber in brackets woLld count cattie in lousenolts HamikwealGerza 23 200 owned by absanies famar Gernze

On the communal farm, ownership of livestock as well the dynamics
surrounding management decisions of which type of stock and how many
stock to keep and whether to sell or purchase animals are made on a
household level, not on a community basis. it therefore seems necessary to
assess livestock numbes on a household level rather than on a fart basis to
really understand the dynamics around the counted number of stock present.

Chapter 4 of this thesis is an in-depth siudy undertaken at the farm
Olifantputs, |t addresses some of the aforementiored issuet because it
seems important to understand such household level interactions and
declsions to understand how management in communal areas works, It is
equally important to identify where management problems lay, to be able fo
finally make recommendations for interventions. Aiso it will be the housshold
level, which holds promising information for usefu! and practical indica’ rs as
well as monitoring systems of land uses and possibly deseriification,
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PART Hl

CHAPTER 4

LAND USES AT THE COMMUNAL FARM OLIFANTPUTS

It seems impossible to make staternents on communally owned farms where, as in
the case of Olifantputs, 13 different households use and manage the area. I the
scope of this study it was decided it is necessary to look at mechanisms on the
household level rather then seeking an universal “communal " explanation to
understand the rationale behind decision making and management of the natural
resources on communal famms.

As already pointed out in the literature review, the book “Living with Uncertainty”
edited by ). Scoones addresses some of the organisational and institutional frame
condifions that enable or hamper sustainable management of the range in arid
environments. Such igsues also need to be examined in the cordext of Ofifantputs.
An in-depth study focusing on socio-aconomic structures and dvnamics at the village
has been conducted (Napcod, unpubl.). This study will be uswu as reference matetial
fur the foliowing section.

4.1, Introduction & methodciogies

The methodological approaches varied a great deal and the type of information
generated were in the form of notes from Interviews, drawings, diagrams and
matrixes derived with community members through PRA methods, quantitative data
from physical counts and information provided through answers to the
questionnaires. The different tools of, and apprraches to, information gathering
generated results which complemented each other o.id alse allowed for triangulation
of the information. Reference to the statements ar! information provided are given in
parenthesis. The reference number given corresponds to the database which
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contains the computerised information from the questionnaires (Q reference), PRA
activitles (OP reference) and interviews (dated) (Appendix 1).

4.2, Olifantputs historic and demograghic background

History of establishment

According to the oral history of Olifantputs (OP 43 & 44), the village was established
ir 1953 by Fanuel Amporo when the first permanent water sou ce, a donkey-driven
horehole, was estabiished. in the following years a number of familius settled in
Olifantputs. Fanuel Amporo was the headman of the village, deciding on grazing and
seftling rights of those newly arrived. Today still, Ampora’s family and descendants
play a prominent part in local politics and decision making in the region. Many of the
families staying a2t Olifanipuis foday share a long association with the village.
Qlifantputs presently comprises 13 households. These are (1) Amporo, (2) Bamm, (¢
& (4) Gertze/Hamukwea, {§) Goagoseb, (6) Haraes, (7) J. Howoseb, (8) S. Howosels,
(9) Nanuseb, (10} Shiwana, (11) Tsawaro/Ruijindo, (12) Veverako and (13)
Katjimune/Nerongo. According to an estimate by the villagers (OFP8G) 136 people
inhablt Olifantputs and 66 people stay at the village maost of the time i.e. 50% of the
inhabitants stay on the farm only temporarily. This is largely due to a number of
children attending boarding schools, and family members, mainly “nse of an
economically productive age, seeking employment in the urban centres. Olifaniputs,
however remains "home” especlally to the eldsrs, and the village is the place for
retirement.

Boundaries

Olfantputs is situated in the south of the former Fransfontein reserve. No physical
village boundarles are in place, because fencing is prohibited in communal areas.
Howevar, the old fences demarcating the reserve, the remainders of a village fence
{OP81 & OP82 & OP83) and the existing calf camp can be found. The area of
Qlifantputs is estimated to ronsist of 5 000ha (Murorua, pers.com). Olifantputs is
surrounded by a number of neighbouring villages. The neighbouring villages are
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Petrusfontein, Middelpos, Karates towards the north and Bampos in @ southerly
direction. Fransfontein fies to the east f the farm. (OP 93).

Community-based decision making structures

Jonas Howoseb, ag viliage elder, was electad headman afbar the late Salomon
Amporo passed away in the mid-eighties. Today other official village representatives
and decision makers are Charlie Bamm, who is a suuncillor (Murorua, pers. com.)
and Frederik Nanuseb, the secretary and Festus Hamukwea. In addition to the
traditional community leadership, a Water Point Committee was elected to strengthen
community structures and support community-based decision making, planning and
resource management.

Housechold levef decision making structures

Six housesholdz at Olifantputs are led by females, the remeining six by rnen
(Appendix 1). The household heads and their spouses make most housshold
decisions. Explicit decisions about livestock farming seem to be taken by individuals
in the household who are not necessarlly regarded as the housshold heads. For
instance, in the Bamm household it is the sons that reaily seem to be steering
household decisions. Similarly, in the Veverako household, the mother, Sarafina, is
stated as a household head but i is in fact her children who own and make decisions
regarding the livestock (QOP7).

4.3 Llvestock and range management

Livestock farming has traditionally been the main activity at Olifantputs, in fact the
vilage was initially founded as a cattle post. Livestock farming Is the ptime
agricultural activity in the entire area, which from a climatic point of view, is not
suitable for crop farming and plant cuitivation (Chapter 2). However, a few rain-fed
gardens are maintained, and the Headman, Jonas Howoseb, iftigates his garden.
Livestock numbers at Olilantputs were monitored on various occasions during
October 1997 to October 1998, however, the questionnaire based survey conducted
in June 1998 provided the most detailed data (Figure 4.2; Appendix 1).
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Livestock numbers presented here are the total number of animals present per
household. They include livestock owned by the housshold as well as livestock that
belongs to absentee farmers or were given to the household to care for. Numbers
range from 0 - 205 head of cattle per household (Figure 4.1; Appendix 1). For goais
the range is 0 - 240 fiead, and for shesp Q - 78. It shouid be mentioned that the
Hamukwea/Gertze household represents the same family and should, strictly
speaking, be interpreted in this way. Ownership structures within ane household are
more complicated, and several family members have their own shargs in the
household herds.

Figura 4.1; Stock num’ 18 per househald

The Hamukwea and Gertze households have almost 55% of all cattle and sheep on
the farm. These fwo housaholds aiso own 25% of all goats counted at Olifantputs in
June 1998. The Bamm household aiso owns a large number of animals and with
almost 250 goats has the largest herd in the village. Most of the other households
keep below 40 head of cattle and some have fairly large goatherds with numbers
ranging between 50 and 150 head. About five househoids keep very low numbers of
animals, amounting to fewer than fifty altogsther.
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Absentes owned livesifock

When inspecting the ownership of livestock at the village (Figure 4.1, Appendix 1), it
becomes apparent that there is relatively little absentee stock. Forty-seven catile and
23 goats and sheep are hosted, which amounts to about 7%, if Thomas Gerize is
exciuded.

Dynamics gver the past 12 months

Overall it seams that the households at Olifantputs reacted to the prevailing dry
conditions by selling some of then livestock during the 6/37-6/88 time period.

For some households the off-take numbers were relatively high in relation to animals
owned, although total numbers were mostly below 20 head of catile sold in the sama
period. Farmers Bamm and Hamukwea sold most livestock. However, in relation to
their overall herd sizes these numbers are not particularly high. C. Bamm soid
approximaisly 30% of his catfle, and a much lower percentage of his goats. F.
Hamukwea sold approximately 15% of both his cattle and his goats. In relation fo this
the Rutjindo household sold a much higher proportion of their animals, that is, 100%
of their goats by selling the 20 they had (Figure 4.2).

Bgomns |
i@coan .
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Flgure 423:  Tolal sales of livestock af Olifaniputs 6/97 - 6/28
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A number of goat owners have not been mentioned and there are no clues provide:i
as to where ficae owners would take their animals. This will have implications for
land use intensity at the various sites.

Whereas it is the household heads that take decisions such as which direction the
herds of particiilar owners are supposed to move, it Is the herders who take the day-
to-day decision of where fo let the animals graze. The herders have a good
knowledge of where the browse and grazing are suitable at the time. The four
herders, Joseph Ayonga, France Nangedha, Danlel Mghuwste and Willlam
Numbinga present at Olifantputs in October 1998, mentioned that they sought out
food the goats liked o eat (10/98, herders). The animals seemed io browse most
treas growing on the farm, however, they preferred young Mopane leaves and Acacia
pods, and also feed on Cafophractes leaves and flowers and parts of Boscia spp.

Goats and sheep are usually kept in the same herd, accompanied by dogs and the
herder for protection against thieves and predators. It should be noted that about
43% percent of small stock loss per annum (6/97-6/98) were attributed to these
factors (Appendix 1). Small stock is kept in protected kraals ovemight ar d only goss
out to browse and graze for a couple of hours. During the rainy season they move
approximately 4-5km into the veld, while in the dry season, when most resources are
depleted or scarce, they have to walk an average of 5-7km to find enough browse
{OP64). Although goats are malnly browsers they also feed on the remaining grass
stumps in the rainy season (10/98, herders). The goats have the advantage that
browse is more perennial than grazing. The goats drink once a day.

Caitle are not herded st Olifantputs but remain out in the grazing area throughout the
night and move back to drink at the waterhols in the early moming hours. Then they
are kept in the vicinity and the cows are milked, if milk is available (mainly in the rainy
season). Apparently they drink for a second time In the aftemoons before departing
for further grazing. The caives are separated from their mothers overnight. They stay
in the only camp available on the farm; the calf camp.
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No rotational grazing is practised at Olifantputs, thus the area is continuously
exploited where and whenever gond food Is available. The farmers identify this and
overgrazing as two of their main problems on the farm.

Coping with drought

Damaraland normally has very lov' rainfall. During "disaster drought” (Anon, 1987)
conditions are o bad that livestock die of starvation and the farmers have to apply
drought coping strategies. In this variable environment farms should be managed in a
way that enough grazing is available for livestock over a number of years of expected
poor rainfall. However, where this is not the case, other strategies need to be
applied. At Olifantputs these are foremost (1) fo move the livestock, particularly the
cattle, for emergency grazing fo other areas, (2} sell animals to reduce siock
numbers, and {3) feed supplementary fodder. All three strategies will be described
with data from Olifantputs for the year 1998.

Emergency grazing

1995 -1997 were relatively good rainfail years in wastern Namibia, Vegetation growth
was good after 96/97 rainy season (Zeidier, pers. com.} and grazing was availabls. In
March 1998 grass biomass per ha was already as low as 20kg/ha and deteriorated o
12kg/ha in October 1998. Thus avallable grazing declined rapidly. By June 1998, the
farmers at Olifantputs had already moved most of thelr cattle as well some goats to
other farms. Usually this is done with permission from the Ministry of Agriculture, but
always with the consent of the owner of the selected grazing area. In the case of
Olifantputs the following movements were tracked (10/98, Shimali):

Malnly the four households of Hamukwea, J. Howoseb, Rutiindo and Amporo had
moved some of their livestock. The animals of the Hamukwea family were moved to
a farm some 30km from Olifantputs, a former Odendaal farm called Nerial-Lofdal,
situated west of the Fransfontein area. A. Rutjindo and T. Amporo hoth negotiated for
emergency grazing on Naute farm, which is an Odendaal farm even further to the
west. J. Howoseb, the headman, received permission from the farm ownar, Mrs.
Poppy IHauses, to bring his 53 cattle to the farm Losshoof.
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Although most of these farms were also stroke by drought the owners permiited
emergency grazers access. When the owner of farm Nortal-Lofdal was asked why he
had allowed other farmers to bring their cattle he simply said: “we felf syirpathy for
the Clifantputs farmers and we decided to help them.”

Supplemeniary fodder

Only few of the farmers at Qlifantputs mentioned feeding supplementery foed as one
of their actions against drought (QOP1-13). However, when asked whether they did
supply extrs food at fimes, a number of them came up with supplements given. All
farmers provided salt licks for their livestock. Luceme was another common extra. In
former times, luceme was grown in the local gardens but when the gardens are dry
this is not an aption and uzerne needs {o be brought in from elsewb=re. Oth~r extras
were bone meal, maize stalks, mealie maal and cabbage. Two farmers meniioned
the use of a mix of natural supplements, including Acacfa eroloba pods, sunflower
seeds, maize stalks and grase. Another natural food used was mopane leaves, which
had been stored. It was observed that individual farmers were raking grass stalks ina
manner similar to making hay.

In the 1982/93 drought as well as in 1894 the Government provided livestock
subsidies in the form of cash allocations for supplementary fodder. A numhber of
households at Olifaniputs were recipients of such subsidies (Napcod, unpubl), but
this has been criticlzed as supporting unsustainable land use, especially under
drought conuitions.

Other (economic buffers)

Drought preparedness is a key word in Namibia's Nationa! Drought Policy. Besides
agriculturally based activities, communities and individual farmers could and should
investigate other opportunities to be less vulnerable to such emergency situations.
Mobilization of savings, diversification of incomes efc. are just a few of the concepts
that could be considered. It is clear that at Olifantputs several households have very
slim buffers for coping with extreme situations. It could not be established how far
individual households were safely bound to urban family connectlons, which could
provide a social . ckstop system n times of great need. Data looking into existing
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structures and mechanisms are provided in the Napcod study (unpubl.), which was
carried out simultaneously o this study,

4.4 Livestock related environmental problems

Tha discussivn on whether environmental degradation is taking place in north-
western Namibia or not has been going on for a long time and there have been some
outspoken voices (e.g. Sullivan, 1998, Rhode, 1994). However, it cannot be denied
that there are problems, and as one farme. expressed these iiclude;

“(We have) no choice to improve our land since the main incoms is only farring
with livestock. Since the land Is shorf and has a great humbor of people, if is
difficult fo manage #. For example | can decide fo concenirate grazing my
animals on one side of the camp while the other side (is) racovering but while
doing that someone else will use the other side. If | was alone, I could have tried
a lot of ways of management such as selling some of my animals or preventing
over-utilising of the field. But now, whethcr you try to minimise your number of
livestock, you only risk yourself because the other people are not doing the
same”, Everyone is irying to have more animals. The more animals you have the
more money you can receive”, (3/98 5. Howoseb).

Foreign catile

One of the main concerns of the Olifantputs community is that “foreign” catfle, owned
by villagers from neighbnuring settlements, access their grazing area and even mors
disturbing t» them, their water pgint (3/98 Festus Hamukwea). All households
(QOP1-13) have mentioned foreign cattle as the main reason for “overuse of natural
resources”. In communal areas no community has the right to exclude "outsiders”
from using resources, even if they are situated in “their” area. Now, especially with
the new water costing system coming into place, this will mean that local farmers
may have to "pay" for the “foreigners”. At Olifaniputs this causes great concern.
During various problem analyses (M&E 5/98), this issue has come up as the main
"anvironmenta!l” problem facing the village.
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During a one-day survey conductea in October 1997, animals were counted at the
water point and their household affillation was determined by individual brand marks.
Catile of eight owners from Olifantputs could be ideiitified unambiguously. A number
of caitle had "oreign® brand marks and one type of mark could not be associated
unequivocally. Altogether 638 cattle were counted at the water point during that day.

Catila shaarved at the waterhele per day

10%

‘OFcraigncatiie
WHamukeaaiGertza
DOthar fanmers

Figure 4.4: Parcentags of forelgn cattle drinking at Olifanipuls

Cattle numbers per household were very different from the numbers obtained during
the June 1998 survey. This could be due to many reasons: the observation was
carried out at a different fime; a number of cattle came to the borehole to drink fwice;
not gll catfle came to drink during the time of observation. However, this should not
be of concern fo the research question posed, to determine the percentage of foreign
cattie drinking at the Clifantputs water hole. From the data obtained (Figure 4.4) in
the worst case scenario, 9.6% of the animals visiting the borehole were “foreigners”.
if the animals with the “unequivocal® mark did, after all belong to an Oiifantputs
resident, the number would drop to 4.7% “foreign” invaders at the water point. In
contrast to this it is one “family” that makes up for 43% of all cattle watered at
Olifantputs water point alone!
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4.5, Conclusions

The information presented in this chapter adds an additional dimension o the
establishment of desertification indicators and monitoring, which complements
ecological one presented in the following chapters. Whereas it is important to revea.
whether (and degradation does Indeed occur, possibly under specific management
regimes, it is as important to link issues such as land degradation to the livelihoods of
individual people and focal communities. We have fo understand how communal
farming systems work and how they support the livelihoods of ‘ural people. We also
have to work out the true causes that may iead to land degradation, espscially in
communal areas. These connections of sociological and ecologicai research have to
be made to address issues of desatiification in Namibia. This is especially important
if practical recommendations for interventions should be made.

it is not good enough to say that communal land tenure systems per se are
constraining sustainable land management {&.9. Scoones, 19985). Often it is “outside”
issues that are constraining management e.g. praciices such as de-stocking because
of limited opportunities (e.g. Toulmin, 1995), i.e. markets and poor policy frameworks
{(e.g. Holtzmann & Kulibaba, 1895; Lane & Moorshead, 1995; Sylla, 1985). Individual
farmers have indeed a good understanding of the issues at stake, and dealing with
everybody as “the culprits” has never been very successful. If we consider land use
intensity as mainly imposed through high stocking numbers and poor grazing
practices, according to the study at Olifantputs the main issues that cause
overstocking are:

« A few farmers who keep exiremely high numbers of livestock at the farm, ranging
up to 200 cattle and 240 goats, These are residents and absentee farmers. The
majority of people living af Olifantputs own only relatively low numbers cof cattle,
usuaily below 40 head or s catile at all. Goat herds range between 50 and 150
heads for an averz ;: ‘amily, however several families only keep individuai
animals and make a modest living off their livestock (Figure 4.1).
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s “Foreign™ cafile that use the limited grazing as well as wafer resources. These
animals come from neighbouring villages and cannot be controlied. The residents
of Olifantputs call for a fence t- allow them to manage their own grazing and
water. However, considering that only 10% of all catile observed at the waterhole
seem to be “foreign” it seems to be the ownership struciuras at the village itself
that are really confounding the problem of overstocking and need to be addressed
at that level. The Hamukwea/Gerize househcld alone makes up 43% of all cattle
drinking at the borahole (Figure 4.4).

¢ Lack of incentive to de-gtock in poor rainfall years. This is a result of, for examnie,
poor prices fetched on the market for livestock from communai areas, which value
an average goat of an communal farmer 30% lower than goats from commercial
farms (AGRA auction at Cutjo, October 1988; Murorua, pers. comm.). This
situation Is confounded during prolonged times of drought, when many of the
animals are In poor condition. The high risk of loss of animals io predation
especially by jackals, theft and disease, threatens the income base of the
farmers. At Olifantputs 6% of cattle were lost in the year 1987/98 to these factors
and almost 20% of smail stock (Figure 4.2).

¢ Lack of communal decision making and support systems, as well as competitive
farm management,

s Lack of safe and rellable places to move animals to for emergency grazing, The
farmers seem to be reluctant to ieave their livestock in emergency grazing areas
because they have littte control of their animals if these are far from home and
often the areas made avallable have limited water gvaiable and as well as
payment of herders might be expensive. Although most of the farms used for
emergency grazing in 1998 were at average distance of only 30 — 50 km from
QOlifantputs, these areas were often considered unsafe. It ¢ yms that the farmers
at Olifantputs have become more settled and are not keen to move with their
znimals themselves. They rather employ herdars or caretakers; however, thers ia
little overseeing authority that can be practised if these are far away.
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e The grazing areas are utiliced to the extreme. Emergency grazing areas are
made available privately or through the government often only at a very iate stage
w. en the resources at the farm are already heavily used. (At Olifantputs less than
12 kg per ha of vegetative biomass was available in October 1998, however,
there were still animals grazing on the farm, see Chapter 8). Simflarly animals
seem fo be muved back to the farm early, either because of the wiovementioned
concemns connected {0 emergency giazing areas or in hopeful anticipation of the
onset of the rainy season, Little is known of the condition of the emergancy farms
themselves. However, the farm Halt is often used as 2 emergency area.
According to the research presentad in Part (Il of this siudy, especially chapter 8
and 9, this farm Is characterised by poor soil condition and is possibly not in a
good condition if considering the biological integrity concept.

s Grazing areas cannot be managed, e.g. rested, This is for example because there
is 70 consensus amongst the farmers to set grazing areas aside and free grazing
by catfle is practised. Also there are no camps and fences in place, which would
direct the movement of the animals. Water poiris distributed across the farm
could reduce the land use intensity at the “peak sites” at the vilage and would
possibly reduce movement costs of animals {Bayer & Waters-Bayer, 1995).
However, such an intervention would possibly also reduce management options
and lead to an even more pronounced over-vtilisation at more water polnts, if not
managed carsillly. it may help to train herders to recognise habitat condition and
become involved in planning whers to move herds.

Thesse issties that have besen mainly raised by the farming community a* dantputs
seem to be much in line with issues addressed in the book “Living wil.. onceriainty”
{Scoones, 1995). Many management aspects, which are seen fo be crucial fo
facilitate adaptive range management in arid environmerts, are not in place at
Olifantputs. There are also a number of additional issues relating to desestification at
Cifantpute, which have not boen raised In this ciwoter. One of the most pressing
zsues would be the amount of groundwaier available at the study farm, and the fact
that the Department of Rural Water Supply {DRWS) budgets for only two-thirds of the
actual consumption at Olifantputs. The village is assumed to consume 13,100 | per

Part Il Chapier 4 5¢




day, whereas cross-validated data derived by Napcod calculates a daily consumption
of up to 20,278 | per day (Napcod, unpubl.).

It is necessary to assess whether the level of incomse that can be generated through
farming astivities at a farm sltuated in the study area as ...arginal as Olifantputs will
be sufficient to fulfil the expectations people hava for development and their own
fivelihood security. It seems that farming alone does not provide encugh income to
support families to a leve! that would be desirable for rural communities in Namibia.
Therefore other sources of income need to be fapped and developed. Sandford
{1995} reckons that, instead of spending much government monay on rangeland
development which might only bring meagre rewards, it might be more economically
to spent the resources on re-equipping the expanding pastoral population for non-
pastoral occupations.

If we look for indicators of desertification we possibly have to look for indicators of
sustainable development and livellhood security, which need to Include socio-
economic aspects such as income and expenditure from agricunural activity and
other, time inputs on faiming activities, and fife quality indicators. The list is long and
what seems o be important is to acknowledge that social and ecolegical indicators
have to be considered together to monitor whether rangelands are fit to support
sustainable livelihoods in Namibia.

Whether the natural resources and rangeland are over-utllised and possibly even
degraded will be investigated from a biophysical ecological point of view as part of
ihis research project and is presented in Parls i and IV of this thesis. Insights into
local as well as sclentific indicators of habitat condition using a set of biophysical
measures will be described. The effect of land managament practices on the natural
resource base wil! also be investigated.
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PART W§

Deteriorating rainfall conditions, overuse of natural resources such as water and
grazing, problems arising from decision making structures, as wall as indications
of a permanent loss of productivity of the range were mentioned by farmers as
serious consiraints to farming in the Huab catchment in westemn Namibia. Most of
these concerns were purely anecdotal, Part 1! oi this thesis (1) establishes
whether termites could be good indicators of range condition and what methods
for sampling termites are useful, (2) investigates whether the natural resource
base in the form of the rangeland/grazing area is impaired, by studying ecological
functions and processes, and {3) investigates possible causes of degradation if
such processes are detected, (4) An Index of Biclogical Integrity (IBI) based on
termites as representatives of the soil macro fauna, as well as on other bio-
physical indicators such as soll and vegetation paraimeters is developed,

Because the emphasis of this study is placed on termite related research an ip-
depth literature background is presented at the beginning of Part lil.

LITERATURE BACKGROUND ON TERMITE STUDIES

Termite research in southern Africa - a historical overview

Termites are abundant in the troplcs (MacKay, 1921) and there have been
studles of their biology and ecology over the past two centuries. The historical
period of isopteran taxonomy extends from the early description of the genus
Termes by Linneaus in 1758 to Holmgren's publication of a first classification of
this order in 1911/1912. During this period of about 150 years, termite taxa from
southern Africa were described by De Geer (1778), Latreille (1804), Rambur
(1842), Hagen (1853-58), Gerstdcker {1891), Sidstedt (1897-1211), Haviland
{1898), Wasmann (1902-1908) and Silvestry (19L , {after Coaton, 1874). During
the following decade it was parficularly Sjtstedt (1914, 1924, 1926} and Fuller
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(1921, 1922} who contributed greatly to the collection and identification of the
Isoptera in Namibia (former South West Africa), at that stage counting nine
genera and 18 species (Coaton & Sheasby, 1972). In the 1960's the National
Survey of |soptera of South Africa, which was inltiated in 1858, was expanded to
Include adjoining countries such as Mozambique, Zimbabwe, Botswana and
Namibia. During the years of 1964 and 1967 six survey expeditions were
conducted throughout Namibia, sampling the termite fauna on 16km intervals
across the country (Coaton & Sheaby, 1972). The full collection represents one
of the most intensive efforts of its kind in the world and a number of publications
derived from these surveys, including manuscripts on new specles and genera
descriptions, some related o natural history and biological information, as weil as
amazingly comprehensive distribution maps were produced. For Namibia al
samples were identifled to the genus level and some io the species level.
Specimens belong fo 4 families, 10 suh-families and 33 genera. The full
reference collection is archived at the National Insect Collection, Agriculiural
Ressarch Council (ARC), Plant Protection Research [nstitute, Pratoria, South
Africa. Zeidler (1997) computerised the data from the Namibian collection and
distribution maps are now available in a GIS.

Boullion (1970) provides a comprehensive review on the termite fauna of the
Ethioplan region, including information on its evolution, biology, physiclogy, and
ecology. Brian (1978) provides an overview of global termite ecology.

Termite studies conducied in arid fo semi-arid Africa

It has been suggested that termites play a major role as soil organisms in arid
Namibian ecosystems, contributing to processes such as decomposition,
particularly during dry periods when most other soil organisms are Inactive
{Crawford, 1981, Crawford et al., 1983; Crawford & Seely, 1894). Drawing from
studies that were conducted in semi-arid savannahs in Nigeria, Kenya,
Zimbabwe and South Africa, it can be said that the biological, chemical and
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physical processes mediated by termifes are also significant in these refatively
dry African ecosysiemns (Wood & Sands, 1978; Deshmukh, 1989).

Termites affect physical soil parametars and process rates through, for example,
the distribution and breakdown of soll organic matter, the alteration of soil
nutrient composition and changes in soil texturs. Studies on the composition of
mound and gallery systems of various representatives of Macrofermitinae in
semi-arid regions in Kenya (Arshad, 1981, Arshad, 1982; Bagine, 1984;
Dardington, 1982), South Africa (Griffioen & O’Connor, 1990) and Zimbabwe
{Watson, 1978} and Trinervitermes from South Africa (Lalker ef al,, 1982), show
that fine gralned soil particles as well as exchangeable cations, nitrogen and
occasionally organic carbon are accumulated in termite mounds. This suggests
that important constituents contributing to soll fertility are amassed in termite
structures. Griffioen and O'Connor (1990) also show that a distincf herbaceous
flora is associated with the soils of termitaria. However, based on her sh dies
carried out on the Az :rotermitinae in Tanzania, Jones (1980) hypothesises that
these termites confri. ute little to carbon, nitrogen and phosphonus actumulations
in the soil. On the contrary, she suggests that soil organic matter s removed
from soll and accumulated in termitaria, thereby reducing the organic matter
content of dry tropical solls. A lack of organic matter dispersion through the soil
would lead to high erodability and poor nutrient- and water-holding capacities of
soils, and thus to their impoverishment,

When trying to assess the impact of termites on ecosystems it is important to
consider their role as primary consumers, secondaty producers and as agents of
transformation within the system, In African savannahs total termite biomags can
outnumber large mammal herbivore biomass (Wood & Sands, 1978; Gandar,
1982)., For Nylsviel, a South African savannah system, it was calculated that
large mammal biomass was 6kg/ha, while termite biomass constituted 10kg/na.
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The annual consumption per unit of biomass by termites was 50% greater than
that of large mammals (Gandar, 1982; Deshmukh, 1989). Other studles do not
provide such pronounced results but certainly underline the notion that termites
are important consumers in various African ecosystems (e.g. Wood & Sands,
1978). Biomass and consumption rates do not necessarily reflect the relative
significancH of different species of termites in production ecology. The efficiency,
with whach individual termite taxa fix and return energy and nufrients to the
acosystem, is ~f great interest.

More - ~rignted termite ressarch was the focus of various studies
condL - of Africa. Work done for example in the more arid
savannai s - 42 and Kenya investigated, amongst other, the role of
temites & z deu. - . of grass, wood and [itter (Ohlagu & Woods, 1979;

Collins, 198%; Buvt:, 1641}, and their effects on soil systems (Woaod at al.,
1983). From this type of r.search a great number of termite process-oriented
synthesis were published by =.g. Woods (1978, 1978), Woods & Sands (1978);
and Anderson (1988a,b, 1995). Anderson focused on invertebrale mediated
transport processes in soils, such as the translocation of organic matter.

Ferrar (1982a, 1982b, 1882c, 1882d) investigated termite communities in two
sub-habitats, the broad-leafed and fine-leafed savannah, as part of the Sauth
African Ecosystem Project at Nylsvlei. He studied population parameters, such
as fermite species richness, community composiiion, population size, biomass
and activity patterns. Scholes & Walker (1983) used his data and they grouped
termite species according to their feeding habits. Two classes, the litter and soil
feeders were distinguished. In order to obtain some quantitative estimates on the
contribution of termites to biomass cycling, litter and soil mass consumption were
calculated, and the combined organic matter consumption for the broad-leafed
savannah was then compared with consumption rates in other savannah
ecosystems in Aftica. The fine-leafed savannah only had low termite numbers.
The results suggested that in fact termites consumed only 1.5% of the litter in the
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broad-leafed savannah, and it has been speculated that decompaosition through
microbig; activity predominates in this habitat. This result differs greatly from
findings in other regions in Africa, where termites seem to play a more significant
role In soil organic matter tumover (e.g9. Wood & Sands, 1978; Gandar, 1982).

However, in southem Africa, and paricularly South Africa, termite research has
traditionally been conducted in the context of pest control. The work done by
Coaton, Sheasby, Ruslle and colleagues at the National Insect Collection laid the
comerstone of termite rasearch in the region. Other termite research in southarn
Afric.  .wsed on the harvester termite Hodolermes mossambicus. This species
is regarded as a severe pest organism on pastures throughout its distribution
area in sub-Saharan Africa (e.g. Coaton, 1958; Nel 1968; Nel & van Aswegen,
1971), and is said fo compete with larger herbivores for food resources under
drought conditions (Braak, 1995). A multitude of literature on H. mossambicus is
available, covering toples such as food consumption, preference and acceptance
{8.g. Nel & Hewitt, 1969a; Botha & Hewilt, 1978; Duncan &f al,, 1920; Van Biljon
& Hewitt, 1990), foraging and aggressive behaviour (Duncan, & Hewitt, 1989;
van der Linde ef af,, 1989), energy and nitrogen budgets (Hewitt ot al,, 1890), H.
mossambicus' contribution to other trophic fevels (Kok & Hewitt, 1890),
connections fo abiotic conditions (Nei & Hewitt, 1969b; Mitchell et af., 1993) as
well as on other misceilaneous aspects of its physiology, biclogy, particularly
population biology and social structure {e.g. Coaton, 1981; Darlington ef al,,
1977; Hewitt ef al. 1969; Hewitt of al., 1972; Nel ef al., 1969; Nel & Hewitt, 1978;
Watson, 1976; Watson et al., 1971). However, some literature on other taxa, e.g.
Cubftermes, Trinervitermes, Macrofermaes, in the region is also available (e.g.
Griffioen & O'Connor, 1990; Laker af al., 1982; Dangerfield ef al., Dangerfield
1990; Dangerfield, 1991).

Currently a number of new termite projects are being established in southern
Africa, most of them taking a functional approach to the study of these insects.
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Drawing from studies conducted around the gloke: termite Impacts on soif
properties and primary productivity

Although the conspicuous physical structures such as above-ground termite
mounds and elaborate subterranean gallery systems built by termites has
attracted the attention of varlous early termite biologists and pedobiologists, it
was onfy Lee & Wood (1971a,b) who provided a first comprehensive overview of
the role termites play in supporting scil chemical and soil physical processss,
which they describe primarily for Australian environments. Lobry de Bruyn &
Conacher (1990) published a thorough literature review Incorporating more
recent studies conducted on soil macrofauna, specifically termites and ants in
Australia (see alsc Lobry de Bruyn & Conacher, 1994a,b). The review provides
soma good background information as a context in which to base soll related
aspects of termite research, which could be complemenied with research
conducted in the United States and eisewhere over the past 20 years.

Authors ltke Harverty, Nutting (1975a,b, ¢}, LaFage et al. (1973) respectively, and
Bodine & Ueckert (1975) and Ueckert, Bodine & Spesars (1976) were some of the
pioneers who addressed more functionally oriented questions related to fermite
research in the United States, They present some early work on subterranean
termites in Arizona, infroducing new balting methods for effective population
assessment and developing models for studying biomass consumption and
decomposition rates. In 1977, a'long-term study was Initiated at the Jornada
Experimental range, southern New Mexico, and a suife of studies and
experiments was periormed over many years by a number of scientists, which
probably represents the most comprehensive Investigation on termite ecology
and termites’ interaction with and impacts on their environments. Numerous
publications have derlved from this remarkable research effori. MacKay, Zak &
Whitford (1990) give an overview of the natural history and role of subterranean
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termites in the Chihuahuan desert, synthesising 15 years of intensive termite
research.

Two termite specles, Gnathamitermes tubiformans (Bukley) and Amitermes
wheeleri (Desneux), predominate/occur in the northemn Chihuahuan desert, the
iatter being the less common species {e.g. Whitford et al., 1992); MacKay et al.,
1987). Both species are subterranean, and only surface to resume foraging
activitiec when climatic conditions are favorable (e.g. Johnson & Whitford, 1975).
Studies oi. ~opulation parameters such as activity patterns and population size
were supplemented with detailed Investigations delineating the termites’
involvement in processes such as organic maiter and nutrieni cycling {e.g.
Schaefer & Whitford, 1981; Whitford et al., 1982; Whitforc! ot al., 1983; Parker et
al., 1982; MaciKay ot al., 1885; Silva ef al., 1985; MacKay et al. 1987; MacKay et
al,, 1992; MacKay et al,, 1994; Nash & Whitford, 1995; Moorhead & Reynolds,
1991), alteration of soil physical aspects (e.g. Elkins et al., 1986}, and impacts on
plant communities (MacKay et al., 1990). These extensive studies revealed that
termites do indeed contribute greatly to important ecosystem processes.
Summarising the results from the different publications, it can be stated that the
most emphasised and measurable impact of the abundant termiles was clearly
observed to be organic matter transiocation and fragmentation. It has been
suggested that in fact termites may play the most significant role in litter
decomposition In arid environments (MacKay et al., 1994). Whether termites take
on a pivotal role in active nutrient cycling stllt seems unclear. Termites have been
described as acting e.g. as nitrogen sources and sinks, respectively, Schaefer &
Whitford (1981) and Parker et al. {1882} conclude from data from experimental
plots at the Jornada Experimental Range that nitrogen increases in plots from
which termites were excluded, thus suggesting that termites deplete soil nitrogen
reserves. Alternatively soil fauna, including termites, coniribute to nitrogen and
phosphorus levels through the high turnover rate of dead bodies of termite
individuals as well as nitrogen and phosphorus enriched faeces (e.g. Hewitt et
al., 1990). More recent laboratory research supports the notion that termites are
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capable of actively fixing atmospheric nitrogen if supply from food sources is
deficient {Slaytor & Chappell, 1994; Curtis & Waller, 1995). Clear resulis wers
obtained assessing the influence of termites on soil physical structures. Water
infiltration and retention capacities were found to be improved through organic
matter enrichment in the soil, and accumulation of smaller grained soil particles
such as clay. Extenslve sublerranean gallery systems enable better water
drainage into the soils (Elkins et al., 1986). The complex interaction of termites,
nutrients and water properties could not be readily separated, but exclusion of
termites definitely leads to changes in plant species composition and differences
in vegetation performance over a three to four year period. Annual fluff grass
{Erioneuron pulchellum) for example, disappeared from treatment plots without
termnites, as phenology was negatively affected (MacKay st al., 1990). Recent
termite research at tha Jomada Experimental Range have focused on the effect
of termltes on soil hydraulic properties as well as on studies of food and bait
preferences and the detection of such sources (e.g. Taylor, 1996). Rasults of a
study that was pursued in semi-arid Australia suggested that subterranean
termites may be even more important defritovores and soil modifiers in Australian
ecosystems than has been documented for the Chihuahuan desert (Whitford et
al., 1992).

A clear picture emerges that defines the possible role subteranean termites play
as ecosystem engineers in arid to semi-arid areas.

Classification into functional groups — a usefyl approach?

Classification of termite info “functional groups® based on frophic characteristics,
hence into categories such as soil, wood, litter- and mixed-feeders (e.g. Scholes
& Walker, 1993; De Souza & Brown, 1994; Egglefon et al., 1995; Zeidler, 1997},
is helpful for describing community composition. However, there are reservations
about the category’s usefulness in understanding termites' significance In
sustaining ecosystem processes. Not much information Is provided for example
on the termite’s’ impacts on bio-geochemical processes. It could be argued that
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these are primarily determined by the feeding habits displayed; soil-feeders for
example might contribute less to organic matier cycling but are probably more
important in the alteration of soil physical properties than wood-fesding termites
and those living in wood. Subterranean, organic matter feeding species on the
other hand may have the most pronounced consequences on soil physical as
well as soil chemical aspects.

However, it should be mentinned that Bouche introduced a classification of soil
macrofaunal units into so-called ecological categories as early as 1959. This
concept has been applied widely for earthworms, distinguishing epigeic, anecic
and endogenlc faxa ( e.g. Menaut et al., 1985; Lavelle, 1983). Aitempts have
thus baen made to Incorporate some more functional information by adding soil-
related atiributes such as soll mixing, burrowing, organic matter transiocation fo
the classification. A similar approach for termites has been suggested (Lavelle
pers. comm.), but the above reservations about the usefulness of broad

grouplngs apply.

Loss of biodiversity

Land-use

Changing land usa is most likely to have the greatest impact on biodiversity and
ecosystem functioning at present. Effects on termites have been under study for
years, but have recently been intensified. Some early work In West Africa
(Sands, 1965; Bodat, 1967) indicated that termite abundance and biomass is
reduced by forest clearing. The researchers atiributed the observed decrease in
termites primarily to limitations in food availability, as well as to changes in
habitat conditi~ such as e.g. microclimate. However, at that stage no
conclusions \ 2= drawn pointing to the fact that a loss of termites may
sigmiicaniuy (npair ecosystem performance. Even contemporary termite research
addressing impacis of land-use and disturbance on termite communities and/or
trophic groups {often referred to as functional groups} explicitly (e.g. De Souza &
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Brown, 1994}, often seems to lack such a functional approach and restricts itself
to measuring changes of faunal aspects without considering the extent to which
ecosystem function may be damaged by e.g. termite faxa losses. It should be
noted that most of this research was conducted in more humid environments.

De Souza & Brown (1994) as well as Eggleton et al. {1995) observad changes in
“functional groups” across land-use gradients. Both studies revealed that soil-
feaeding termites seam fo be particularly sensitive to forest clearance, whereas
wood-feeding termites seemed to be more resilient to disturbance, as are litter
feeders, which often rely on a mixed diet, including dry woad. The sengitivity of
soil-feading termites was attributed primarily to the fact that these are often soft-
hodied termiies, which may react strongly to changes in microclimate. it should
be noted that no significant immigration of savannah termite species into the
disturbed areas was observed.

A study that explicitly fested the impact of sheep-grazing on subferranearn
termites in Australia revealed tha! neither termite abundance nor diversity were
inversely affected on grazed freatment plots comparad to ungrazed controls
(Abensberg-Traun, 1992), These findings were firstly aftributed to the fact that
food apparently was not limiting to the species under study. Secendiy it was
speculated that the mound colonies might benefit from a reduction in grass
cover, which would allow for easier harvesting frips. However, it is also possible
that impacts were not detected because the treatment area was too small to
really affect termite calonies, which may forage over extremely large territories.

Climate change

Generally it can be stated that scil inhabiting crganisms are not particulariy prone
to climatic changes since soil is a relatively buffered environment, showing litlle
differences in temperatures and humidity (e.g. Whitford et al., 1992). However,
as we have already seen in the examples above, some termite species seem to
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be affected by changes in microclimate (De Souza & Brown, 1994; Eggieton et
al., 1995),

Climate also seems o restrict termites in their bio-gecgraphic distribution e.g.
through factors such as rainfall and temperature {(e.g. Buxion, 1981; Coaton &
Sheasby, 1972; Haverty & Nutling, 1976; Zeidler, 1997). For Namibian termites
Zeidler {1997) established that genera richness increased throughout the country
withh increasing rainfall. Four genera showed negative associations with rainfall,
while 22 genera were positively related with rainfall in their spatial distribution.
Consequently sume response to larger scale climatic alterations can be
expected,

However due to their social organisation as well as to their protective nesting
constructions, social insects in general and termites In particular are said to be
relatively resilient fo disturbance (Brian, 1983). In times of limited food resources
e.g. during prolonged periods of drought, termite colonles may live off their stored
food resources. As long as the royal pair, the only cclony members that
contribute directly to the reproductive potential of the colony, survive, the colony
may remain, although the total number of colony members will possibly ba
reduced (Oster & Wilson, 1878). The architecture of nesting and gallery systems
allows for thermal regulation as well as for maintenance of relatively constant
humidity within the constructions (e.g. Tumer, 1983), thus makiny the termites
less dependeant on outside climatic conditions.
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PART i

CHAPTER 5

TERMITE SPECIES RICHNESS, COMPOSITION AND DIVERSITY UNDER
DIFFERING LAND-USES IN SCUTHERN KUNENE REGICN, NAMIBIA

5.1, Infroduction

This chapter presents the results of a broad survey conducted at five farms in
formier Damaraland, which were selected as the Napcod pilot sites in the
north western part of Namibia (Chapter2). A preliminary study was corducted
to establish the naturs and occurrence of termites in the study area. A
standard termite sampling method was tested and refined for application in
arid environiments using a standard beli-transect method, which was inittally
developed for tropical areas (Davies, 1997, Eggleton ef af., 1997). The aims
of the survey were fo establish tarmite inventories for each site and 1
investigate whether aspects of termite diversity are determined by land-use
practice and land-use in* sity in the siudy area

5.2. Methods

Study sites

An inventory of termite spaciss richness and composition was conducted at
the five Napcod study sites, namely De Rlet, Waterval, Olifantswater,
Olifantputs and Grootberg (Figure 1.2, Chapter 2). The sites have differing
land-use histories and are situated along a rainfall gradient (Table 5.1).

At each placs, two sites of different land-use intensity were sampled. The high
land-use intensily sites were at villages whers most agricultural activities
oceur. Here, livestock impacts are usually high, particulady at waterholes and
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kraals. The low land-use impact sites were placed approximately 3.5km into
the open rangelands, where livestock and human induced land-use intensity
were lower. Overall, 10 study sites at five farms were sampled for termites in
Datnaraland.

Sampling method
Sampling in the southem Kunene region took place in March/April 1897, after
the rainy season.

A standard belt transect method as suggested by Davies (1987) and Eglaton
et af, (1997) was used. A 100m long line transect is laid out and distinguished
into 20 sampling sectlons of 2m x 5m. Every second section is further divided
into two, and two searchers examine one of the two seclions respectively for
termite presence. The search of each 1m x 5m sub-plot takes 1 hour, All
termite specimens detected are coilected for later identification. All possible
habitats are searched, even the top 5 — 10cm of the soll. The method is
dascribed in more detal in Chapter 6, which reviews termite sampling
methodologies tested as part of this research, However, In this study, the ten
sampling sections were spacad along a 200m belt fransect, instead of using a
300m transect across a 1ha area as described for chapter 6. The sampling
affort was consequanily mors intensiva in this study.

Analyses

Termite specles richness (i.e. number of species) was compiled for each site.
Funciional properties of termites were summarised as frophic groups,
taxonomic groups and nesting groups, which refer to above or below ground
dwelling termites as well as tree living species. These records were derived
from literature accounts summarised in Zeldler (1937) and reproduced in
Appendix 9. Diversity indices were also calculated for each site, using the
Shannon-Weaver Index tu determine richness and evenness and the
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Table 5,1: Land-use histories and land-use intensities af the 5 Napcod study sites in southem
Kunene region, Namibia.

Suudy site Ecnlogieal description Land-use history”

DE RIET Rainfall range’; 59-33%mm Commercial, communal
(820"28"074 since 19468

E14°11'155) Solls*; Acid igneous rocks, metarnorphic rocks, alluvial sands

Vegetation® Medium dense mixed riparien wondland,
grassfond on pains and pediplaing

Faidherbia  wlbida, Acacia erioluba, Coluphospherum
mopane, Selvadora persica a.o.

WATERVAL “Rainfall range’: 179-587tnm Commercial, comraunal
{S20°2()'388 sitce 1968
E14%15°559) Solls®; Acid igneaus rocks, calcrete & calcareous racks, dark

alluviat sand & foams

Vegetation®s Open mixed bushiond plains
Colphosphertan  mopane, Acacia reficiens, Catophractes

alexandri ao.
OLIFANTWATER | Reinigll range’: 179-587mm Communal since 1898
(S20°00"418
E14°52'§74) Solls®: Adic igneous rocks, calerete & calcarsous roeks,

arenosols (mainly red), dark alluvial sands & loams

Vegetatfon™ Open Commiphora dominated bushland on

hilly terrain

Commiphora spp., Colophospherus mopane, Terminalia

prinioides, a.0.
OLIFANTSPUTS | Ramiall range’s 179-587mm Commw—l since 1695 |
{820°16"799 {village founded £952)
E14°58'1813 Sollg* Acidic igneous rocks, metamsrphic rocks, arenogols

{mainky red)

Vegetatlon”: Open Mopane dominated bushland with

wooded prasstands on plains

Colophosphermm mopane, Comnphora spp., Termtinalia

rinoides a.o.
GROCTBERG Infail yange™: 179-587min Commercinl, communal
{S19°48'530 since 1992  (before
E14°22°212} Solls® Acidic igaeous rocks, calcrete ond calcareous rocks, | governmental,

arenasols (mainly red), dark alluvind sund and loams agricuttural research

station)

Vegetntion®; Open Mopane dominated bushiand  with

wonded grasslands on plains

Colophospherim mopane, Commiphora spp., Terminalia

prinoides a.0.

1After Dealie et al., 1993

2After von Harmze, 1978

*After Mouton et al., 1997

*National Archives Windhoek, Namibia

Simpson Index as a measure of dominancs (Magurran, 1991). The use of the
Shannon and Simpson indices as diversity measures was based on a number
of assumptions, which are described and discussed in more dstail in Chapter

8. A two-sample t-fest was used to test whether diversity was significantly
different at the high or low intensity siies. Results obtained from samples
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collected from the transects were calculaied separately from results that
included offtransect (search) samples. A qualitative comparison of the
regionally obtained termite inventory from the National Survey of the Isoptera
1863-88 {NSI) (Coaton & Sheasby, 1972) was made with the data obtained in
this study. During the N8|, Coaton and collaborators searched for tarmites
using a standardised search protosol, spending 4.5 search hours in a single
location. The sampling locations across all Namibia were selected along
major roads where sampling took place at 16km intervals, The computerised
data of the NS! were used for comparative purposes.

8.3 Results and Discussion

The sampling resulis from the broad survey are summarised in Table 5.2.

Termite diversity

Termite diversity In westem Namibia is generally low. The Shannon Index
ranged betwean no specimen (0) found and 1.46 at the richest site,
Ollfantputs. The Simpson index calculated a dominance ranging between no
specimen (1) found and 0.28, agaln at Olifantputs (Table 5.2), Termite generic
richness and spatial distribution throughout Namibia (Zeldler, 1997) suggests
that termite generic richness is positively correlated with rainfall. Rainfall at
the study sites is generally low and extremely variable (Chapter 4), indicating
that a relatively low number of termite genera may be expected. Termite
generic richness has been found to be proportionally linked {o termite species
richness world-wide (Egglston ef al,, 1994}, Due to the small sample
numboers, few clear differences in diversity are discernible between the plots.

Huwever, diversity is generally higher at the low impact sites In the
rangelands compared fo the high impact sites at the settlements (Olifantputs,
Waterval, Grootherg & Olifantwater), aithough statistically no significant
difference at the 85% confidence limit could be established {two sample t-
test, two tailed, p=0.07 for the results obtained through the transect method).
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Tahble 5.Z. » List uf termite specles collected at each zampling site, and diversity Indices saiculatad.
Pilot sltas usad by Namihia's National Programme to Combat Deserfifleation Il (Mapead H).
‘exonoimic and funclional groups abbreviated as follows.
Taxanormic groups: H = Hodotermifidae, R = Rhinotermitidae, T = Termitinae, M = Macrotermmitnae, N = Nasutarmitinas
Nesting groupa: h = hypopeal, e = eplgesl
Trophic groups: G = grass fesding, WLSD = wood, litar, soll & dung feeding, HLSD = hurus, itter, soll, dung, FW = fungus
srower, wood, W =weod
In brackets [ ] are specias that wers oollscted off the transects, during the addiionat search
Taxon Groupinga] Glifantawater | ONisnputs Waterval Grootherg Be Riet
low | High [ Low | High | Low | High | Low | High | Low | Figh
Trangect ]
Hedolermes H.h,G 1 [ 1
mossambicus
Psammuolermes allocerus [Rh,WLED 1 3 ] 3|
Amitermes hestalis T.0,WELSD 1 Bl 1
Cubifermes T,h,HLSD 1
Macrotermes michaeiserti [M,e,FW 1 2| 1
Mscrotermes sp. M,e,F\W 1
Odonlolarmes M., FW 1 B
iCrotarmes WPV ] 1
Tringrvitannas rapuin  [N,h,W 1 1 4]
Other a*
transect {excl.
unidentiflabls}
hannon W. Index 0,69 0.45 1.48 a a 0.64 [}] a 0.5
{Diversity; He) {056 |
Simpson Index 0.5 0.7 0.26 T[1(D.63)" 0.54: 1 1 0.58|
{Dominance;: D) .
off tranaact
Shannon W. Index 0.78] G.69 o 104
(Divarstly; Hs) :’
Simpson index 0.54 0.5 1 0.3a

Tincl. 3 in. ~vituals from a zample with same morphalogica! specimens, not idsnbied.

This, . owever, Is not true for the sites of de Riet, where this relationship is
reversed (Table 5.2). This could be atiributed to the fact that these are
situated in an area of rainfall ranging between 59-339mm, which is more arid
than the other sites (179-587mm). In such arid systems, resource availability
as well as microclimatic conditions may be restricting termite invasion.,
particularly at the low impact sites. Dung inputs as well as ariificlal woed
sources (e.g. kraal fencing) might provide additional resources at the high
impact sites.

Species assemblages

Termite species assemblages differ between farms as well as across the
land-use gradients (Table 5.2). Whether this is atiributable to differing
environmental parameters or land-use histories is not clearly discemible.
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However, a few paiterns can be described. De Riet is situated in an area,
which is more arid than the others (Dealie ef al, 1993). At this site
Hodotermes mossambicus as well as Psammofermes aliocerus are found.
These are the classic arid land species, routinely found in extremely dry
environments (Zeidler, 1997).

Although Waterval is situated in a more meslic area, only two species were
identified, H. mossambicus, a grass feeder, and Trinervitermes rapulum, a
wood eating species. it should be noted that the soil surface at this farm is
particularly rocky and calcareous, probably not suitable for termite invasion. At
Grootberg, fwo fungus-growing species, Macrofermes michaelseni and
Odoniotermes sp. were found. Additionally, a specimen of H. mossamblcus
was coliected. At Waterval as well as Grooiberg none of the usualily abundant
smaller generalist feeders such as Psammotermes alfocerus or Amitermes
hastatus were found. However, these two species are present both at
Olifantswater and Ofifantputs. This may be of relevance considering that
these species are extremely active in the breakdown of dung, and the
relatively high livestock numbers at the two farms. In high intensity areas
where resources other than dung might be scarce, they might play, together
with dung beetles, a notable role in the translocation of organic matter.
Qiifantputs has the highast specles richness, with at least five different
specles.

Comparison: National Survey of the Isoptora (NSI) 1963-68 - Southern
Kunene Survey 19097

Termite taxa found in southemn Kunene region in the NSI study were
compared to the present study. Seven termite taxa that were recorded at the
time of the NSI were not found during this survey, namsly Anguilitormes,
Epicalotermes, Microcarotermes, Macrotermes subhyalinus, Trinervitermes
dispar. T. trinervoides and T. rhodensiensis were recorded from the region
before and are now absent. Why these taxa were not detected during this
recent study needs {o be carefully examined fo draw rellable concluslons. The
strength and value of a data set such as the NSI is that it formed an inventory
of a snapshot nature of biodiversity 30 years ago against which changes can
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be gauged, setting a baseline for long-term monitoring. However, the reliability
of the historic as well as recently obtained data sets needs o be evaluated
{see also chapter 6).

Arboreal species, such as Angufifermes and Epicalotermes, for example,
were not found during the recent survey, It is possible that because of the
wide spacing of frees in the area, arboreal [lving species were not detected
using the fransect sampling technique. Furthermore Coaton & Sheasbhy
{1972) only recorded [imited distribution of Macrofermes subhyaliinus in the
reglon. It seems extremely probable that this species was simply not detected
in the later study. During the N8I, several Trinervilermes species were
represented in this region. The only species that was found in southem
Kunene during the 1997 survey was T. rapulum (Table 5.2). However,
subsequent sampling, which was done after the 1997 survey, suggests that
other Trnervitermes may be active during different seasons in the year.
Microcerotermes, a genus that was spatially abundant during the NSI, was not
found during recent investigations at all.

Possible sources of error and suggestions for improvements

A number of samples could not be identified because they were damaged or
only workers were collected. Although a worker key is now available (Sands,
1998) it is still difficult for laymen fo use such a key. Expert identification of
samples is extremely costly. Termite samples collected with the transect
method are sometimes damaged because specimens are detected when
turning over the soil. Great care has to be taken when searching the soll, as
samples need to be protectad from desiccation under field conditions.

This broad survey highlights difficulties of sampling termlites in a semi arid
environment where populations are limited and possibly wide spread.

The calculated diversity indices need to be interpreted with caution, because
sample numbers are extremely low. It is difficult to draw unequivocal
conclusions on whether differences in termite taxa and assemblages derive
from environmental variabiiity or land-use impacts.

Part lll Chapter 5 75



The beauty of applying the standardised transect method is that it provides
results that can be quantitatively analysed and compared between sites
worldwide. However, for application in arid fo semi-arid envircnments there is
a need for modification. Chapter 6 explores three different termite-sampling
methods and compares their results for reliability and efficiency. Chapters 7
and 8 follow on with more in-depth investigations bringing together the termite
diversity data and ecological background data.
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PART Il

CHAPTER 6

TERMITE SAMPLING METHODS

6.1. Introduction

Termite diversity is difficuit to determine reliably. Abundance is an even
harder aspect to measure in these social insects. A number of methodoiogies
have been used in the past o sample for fermite diversity and abundance in
various ecosystems and habitat types. The aim of this study was to test three
different methods and to develop a rellable sampling protocol for termite
diversity in arid lands. Three commonly used methods, including the use of a
belt transect method (Davies, 1887; Eggelton ef al., 1897), a standardised
search protocol (Coaton & Sheasby, 1972}, and baiting experiments (e.g. La
Fage, 1973, Ferrar, 1982¢), were tested. The efiectiveness and efficiency of
the methods are compared and recommendations for a sampling protocot are
made.

6.2, Methods

Study areas

The experiments were conducted at the three farms Olifantputs, Halt and
Woeerlig. The full termite sampling protocol was first developed at Olifantputs.
It was then tested at the faom Weerlig. At Halt no baiting experiment was
carried out. Sampling fook place at the high and low Intensity sites established
for all project investigations {Chapter 2).
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Termite parameters were measured between October 1997 and Ocfober
1998, Including both a rainy sesson {(March 1998) and two dry-season
samples (October 1297 & Ocfober 1998). The samples are defined as wet
(January-May) and dry (June-December) season samples.

Transect method

A standard beli-fransect method (Davies, 199" Eggleton ef al.; 1897) was
modified. Ten 2mx5m sections were sampled for w*miftes. The sections were
subdivided into two sub-sections and searched by one invesfigator each.
They were spaced evenly along a 300m line fratsect, which was separated
info three 100m sections placed at regular distances across a 1ha plot (Figure
6.1.). Each sub-section wes searched for termites for 30 minutes. All wood,
dung and other debris were examined and the enfire soll-surface was
loosenad and searched to a depth of 5-10em in order to locate sub-terranean
termiies (Figure 6 2.). Al termites collected from each of the sub-sections
were kept in vials of alcchol and preserved for later identification.
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Flgure 8.1 Sampling design. Two 1 ha plots are sampled for termils diversity. In plot A the
transect as wall s search methods are eppiied. in plct B 1o balting experiment Is estabiished.
The varluus baft types are marked T = Tollet paper, D = Dung and W = Wood. Ali nine biocks have
the same sampiing design using nine bails in & sub-section as indicated in the left corner.
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Figurs 6.2: The transect method of sairpling used

Standardised search protocol

Each 1ha plot was searchad for termites. One haur was spent searching in
each plot. All possible termite microhabitats were searched, including the bark
of trees, visible termite mound structures, fallen logs and others. All
spermens collected were put into vials of alcohol for later identification.

Baiting experiment

The baiting experiment was started at Olifantputs first in October 1997 and
ran for one year until October 1898. Additional baiting experiments were
established on the farm Weerlig in December 1987. These plots were also
active until October 1998.
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A 1ha permanent plot was estabiished adjacent to the 1ha plot that was
searched for termitus applying the transest and searching methods (Figure
8.1). The plots were situated in areas that were simifar in their environmental
parameters and types of microhabitats. Three types of baits were placed in a
regular spacing in each of we 1 ha study plots: (1) toilet paper rolls, (2) dung
samples and {3) soft wood tongue depressors. The 1ha plot was divided into
nine blocks. Three blocks were used for the placement of a specific type of
bait. The locaifon was allocated randomly and foliowed the same pattern at
each study site, Nine replicates of one bait type were placed in each of the
respective biocks. This design resufted in 3x0@ baits of each bait type heing
laid out at each study site. Altogether 81 bait samples were provided in sach
1ha-study plot {Figure 6.1).

The baifing experiment was conducted over a one-year period for the toilet
paper baits and wood baits. Fresh dung baits were offered during the October
1997 and April 1098 field visits.

Toilet paper

The bails were seen as an addition fo the existing, natural forags. The
spacing of the baits &t 1Jin intervals was theoictically detived from the
expe; “nental set-up of Feirar {1982¢) who recommended 5m spacing for his
study sites in a savanna eccsystem at Nylsviey, South Africa. in a more arid
system resourcs inputs are considered to be lower, thus spacing of the baits
should be larger (Ferrar, 1982¢),

The toiiet roli baits, whick were prevented from unrolling by a clear tape strip,
were half buried in the soil. A stone was placed on top of each of them as
protection against passing c~itle and rainfall (Figure 6.3.). The rolls were
examined on each sampling date and any termite specimans present were
coliected and placed into a vial. The percentage of toilet paper eaten was
visually estimated and noted. The bait was then placed back into the ground
or was replaced If more than 80% - 100% had been removed. Consumption
was calculated In a curmnulative rmanner upon inspection of the baits.

Part lll Chaptsr & 80



Figure 6.3: The bait methoad of sampling

Wood

Three soft wooden sticks (14 cm long, 1.5 cm wide) were bundied and stuck
into the soil so that half of the stem was placed ..nder ground {Anderson &
ingram, 1993). The wooden baits were checked during all sampling occasions
ar-1 the proportion eaten was noted.

L ung

The dung baits were prepared in the laboratory. A 6cm diameter and 6om
deep tin was filled with fresh cattle dung and placed with the open side down,
The tin was buried approximate 50mm into the ground fo protect the bait from
rapid desiccation and disintegration as a result of climatic conditions. At the
onset of two major field excursions conducted in October 1997 and March
1998 dung baits were laid and checked for termite infestation on several
occasions, however not in defined time intervals, After checking, the bait was
returned to its original position on the ground. The fresh dung baits were only
axamined over the perivd of each field trip, which lasted no longer than four
weeks. No long-term consumgtion of dung baits was monitored.
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6.3, Results

Taxon richness & composition af sites

Table 6.1 Indicates which termite taxa were found using the different sampling
methods at the various study sites, Both, the baiting and the transect method
detect 78% of each taxa, whereas the search method only sampled 64% of all
taxa,

Tammite taxon numbers found at the six study sltes range between sight and
13 for specimens that could be identified to at least the genus level. The
highest number of termite taxa were found at the famm Weetlig where 13
termite taxa were found at the high land-use intensity site and eleven at the
low intensity site. At the farm Qlifaniputs, eight (kigh intensity site) and nine
{low intensity site) taxa were found respectively, at both sites at the farm Halt
nine termite taxa were present,

Some termite taxa were detected using all the applied sampling methods,
however others were only found by using a specific method. This is
especially true of representatives of taxa that were less abundant. Whether
this is a matter of chance needs discussion, however, it seems that certain
taxa would prefer certain types of balt, while others do not consider baits at
all.

Rhadinotermes was found using only the ftransect method, and
Baucalflotermes was detected using only the baiting experiment. Specimens of
the genus Macrofermes were found mainly at the baits and during searches,
and were seldom detected using the transect method. In contrast to this four
different species of Trinervitermes were found using the transect method. All
T. rapulum and rhodesiensis samples, and most 7. dispar specimens were
collected only on transects and with no cther sampling method. Cubifermes
were mostly found through the searches, Microfermes and Psammotermes
were found in all sampling procedures.
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Table 6.1: Termite taxa found at six study siles in southern Kunene region, Namibia.
1. Farm codes: Olifantputs: low intensity (OPL), high intensity (OPH); Weerlig: low infensity (AWLL}, high intensity (WLH): Halt: low intansity {HAL), high Intensity {HAH)
2. Sampling methods: B=Baiting, T=Transact, S=5earch
3. Bait type: “=dung, 4=toilet paper, +=wood
4, Season: O=dry, @=wet

Temmits taxa OPL OPR WL WLH HAL
[Metho:l Bait Sepson (Mathod iBait  iSeason |Method |Baft Seasan |Method [Balf Season |Method (Bait Season |Mefhod Season

RHINGTERGITIGAE

Pesammolanritnes

 Fsammolanmes
P. aliocenis B1,S #4008 IB1.5 o% (00 BT 4408 BIS [&53100 15 o% 1S ©

[ TERNMITIDAE +

Termitnae 8 4] BT (o1 T.5 o.®

Amiicames BT &5 j0® BES ¢ o0& (5 . TS 0] T a

Microcarolanmss B *% 8 T .

Cubienmes S [] T.8 a B,S [ . [ [ E [

VAT gulitermes B > - T [ S o

Macrotenminas

Macrofermes B.T * 3 BS [« [0® B 5 e BS e r T.5 0% |5 ®
4. michaslssni | B 3 . ) M
M. subhyalinus B L) ) B > [

M. vilrifalus S ]

Qdoniolenmes T.5 Oe¢ |B * 0 T Os |BS * 4 oW T.5 [ T.8 [+X7]

M=miermes BT &% o BS | 0,0 BTS ¢ %ie ETS i9o0]e T.5 . T5 S

Nasutermitnas :

Baucsiictermes _fE o »

Trnenvilennes BTS | 0e [BTS & [0 [_E_T.S +4 j08 § . T8 0% |18 X3
T. dispar T . T O BT * ® T . T ®
T. repulum T [4) T (4] T 4]
T. thodensiensic T 3] T 6] T [+) T o
T. tinervoides B 3 (] BT [3 0.8 BT.S (e 08 [BT +* oe IS (] 5 o]

Fhadinolermes | il ®
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Different types of baits

The resuits (Table 6.1) revealed that tern. : taxa do Indeed have preferences
for specific types of bait. Toilet paper bait was the type most frequently
attacked, perhaps because the cellulose in the paper Is easily digestible.
Trinervitermes and Macrotermes were most commonly collected from this bait
type. Angulifermes and Baucaliotermes, two rarely detected genera, were
found in the dung balis only. The wood baits were attacked only occaslonally,
namely by the genera Amifermes, Microtermes, Psammolermes and
Qdontofermes. Microfermes and Psammofermes were found with all three
types of kaits used.

Seasonality of fermite activily

Table 8.1 also reflects the season during which the various termite taxa were
found at the study sites. Overall, it Is apparent that termite activity and species
numbers are highest during the wet season (Table 6.1). Genera samples such
as those of Angulitermes, Baucaliofermes, Cubitermes, Microcerofermes,
Rhadinotenmes, as well as most of the Macrofermes, Microtermes and
Trinervitermes dispar were colleclted in the wet season. Trinervitermes
trinervoides were found both during the dry and wet season, as were
Psammotermes and Odonfotermes. Trineivitermes rhodesiensis and T,
rapufum were found exclusively during the dry season.

Bait consumption

The mean consumption of the toilet roll balts at each of the four study sites
was calculated. The mean consumption was highest at OPH, with 138%"
(n=20). At WLH 101% (n=23) were consumed, at OPL 62% (n=24} and at
WLH only 38% {(n=18). The consumption rate was signlficantly different
(ANOVA, p<0.001). No comrelations were made with termite species
occurrence, diversity or other data.

i Becauss baits were replaced after they were consumed to =80%, consumption rates above 100% are talculated.
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6.4. Discussion

A reliable sampling protocol for termite diversity has been tested however no
gingle reliable method for rapid termite diversity assessment seems to detect
all termite taxa present. In this research, three different methods for sampling
for termite diversity generated different results. From the results it becomes
apparent that (1) several termite species are highly seasonal and (2} certain
sampling methods are appronriate for sampling certain termite spacies.

A baseline inventary for most termite specles can be established by using
either a balting experiment or the standard belt-transect. The baiting method
generated the highest numbers of termite taxa. A variely of baits offered Is
desirable, but the use of only toilet paper seems to be a good option, since
this bait type vielded the highest number of taxa and involved a relatively low
sampling effort and error.

Since the sampling periods of this study were preceded by two years of good
raipfall (Chapter 2) it can be speculated that the humber of termites found in
the region, altogether 11 genera and 18 speciesftaxa (Table 6.1, Table 6.2),
gives a falily complete piciure of the termites present in the area.

Compared to other arid regions in Africa and elsewhere, the number of termite
taxa collected from the study area (11 genera, 18 identified taxa) is close to
numbers sampled from similar environments. Eggleton ef &!., 1894 derived a
correlation between generic and specles richness. According to the
established relationship, for an arid environment approximately 15 genera
comprising 20 species can be expected o ocalr. Lepage (1972) recorded 19
termite species from a study area of 100ha in the Sahelian savannah in
Senegal, as did Sands (1965) for 4ha in .o wworthern Guinea savanmah,
Nigeria. The number of termite species found in the Ethiopian bio-
geograp'.:! region is generally much higher compared to the Neotropical

Congumption of one toilet roll woulkd be enumerated with 100%, cansumptian of two with 20085 etc.
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and Indo-Malayan regions (Eggleton ef al., 1994). This also seems to be true
for arid areas, e.g. Namibia.

Termites were sampled from thres different farms and at each farm from two
study sites of differing land use intensity. This was done to compare whether
iand use intensity and management affc  ~-mite community composition
(chapters 7 & 8). Differences in o e. ...obers present were indeed
detected, with the highest number of taxa being recorded frorh Weerlig, the
commercial farm. Taxa numbers were lowest at Qlifaniputs, the farm situatad
in former Damaraland reserve, thus in the communal area,

From the llterature, provisional functional or feeding groups for termite taxa
occurring in Namibia were established (Appendix 2). Placing the various taxa
in "functional groups” reveals differences in the six study sites. Whereas at
both sites at Olifantputs the majority of taxa are either fungus growers or
grass feeding, at Weerlig this balance is shifted to a dominance of wood and
litter feading taxa. At Halt high intensity site (HAH) woodfiitter and fungus
growers are in equal in numbers but are outnumbered by grass feeders, At
Halt low intensity site (HAL) wood/litter and grass fesders are equal in
numbers but are outnumbered by fungus growers. This shift in dominance of
functional groupings is based only on taxon presence data, not on abundance
data. It can also not be esiablished whether these differences are related to
differences for example in woody biomass per sz, which was the highest at
Weerlig (chapter 8). However, this wouid not explain the difference batween
HAL and the low intensity site at Clifantputs (OPL). [t is conspicuous that
grass feeding termites are a lot mere dominant af Clifantputs high intensity
site (OPH), OPL and HAH than anywhere else, and possible functional
relations to soil processes are explored in more detail in chapter 8.

Termite richness has not changed substantially over 30 years. Comparing
Coaton and collaborators termite diversity data of the Namibian Survey of the
isoptera (NSI 1962/63; Table 6.2) for the broader study region In the sixties
(11 genera, 14 identified taxa, Table 6.2) shows similar results to those
derived from this study. It is therefore suggested that a search protocol can
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derive a robust reflection of the overall termite diversity. Experience of the
collectors, however, seems to be a significant factor.

The main differences between the termite data from the two sampling events
are that the genus Epicafolermes and the species Hodofermes mossambicus
were not found in the recent investigation. Epicalctermes is a tree living
species, which was probably not identified by the applied sampling
methodologies, however it should have heen detected through at least the
search protacol. It is unexpected that no Hodofermes were found during fthe
investigation, as It Is so common.

Table 8.2: Specles {ists from termite diversity survays conducted In southern Kunene region
over the past 30 years: a comparison of taxa fotind during the respeciive surveys.

"NE) (1963-68) WMarch 1987 Nepcod sites 1097708 =tudy
Amitermes Amitermes {prob. hastafus) Amitermes
Anguilitermes Cubltermes Anguilitermes
Cubltermes Hodotermes mossambious Baucaliotermes
Epicajotermes Macrofarmes Cubitermes
Hotofermas mossambicus Macrotermes michaclseni Macroiermes
Macrotermes Microtermes Macrotarmes subhyalinuz
Macrolarmes subhyalinus Odontolermes Macrolarmes michaelsen!
Macrotarmes michaelzent Trinervitarmes Macrolermes vitrilatus
Microcerotermes Trinervilermes rapulum Microcerstermes
Microtermes Microleres
Odonfolenmes Odanfotermes
Psatnmolermes aflocenis Psammolermes allccerus
Trinesvitermes Rhadinotermes
Trinervitermes dispar Trinervitermes
Trinarvitarmes dispar
Trinenvillermes rapultim
Trinerviternes rhodosiensis
Trinervitermss trinarvoides
TOTAL: TOTAL: TOTAL:
+ 11 genera e 7gonera « 11 genera
a 14 jdentlied taxa e g identified taxa « 18 identlfied taxs

However, this could be due to the fact that sampling took place in a perod
with relatively good rainfall. H, mossambfcus is known to forage primarily on
dry grass stalks (Botha & Hewitt, 1978). it could be speculated that this
termite species would become active under prevalling drought conditions.

Other species that had not been recorded from the arca before were found
during this study. These are Baucaliolermes, Rbhadinotermes and
Macrotermes vitrilatus. The latter two can be expected to occur in the area,
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since the genus/species’ general spatial distribution throughout Namibia
includes parts of the southem Kunene region. The single record of
Baucaliofarmes is surprising. A single species, Baucaliolermes hainesi Fuller
has been recorded from Namibia (Coaton & Sheasby, 1972), with its spatial
distribution restricted to the south east of Namibia. Baucaliofermes show a
very strong correlation with low rainfall, with an increasing probability of
occurence with decreasing rainfall (Zeidler, 1997). Whether the presence of
this species in north western Namibia is a sign of changing environmental
conditions, especially climatic conditions, should be carefully examined.

The haiting method using tollet rolls provides additional information. Two
observations can be made (1) bait "consumption” was higher in the wet
compared to the dry season and (2) at high land use Intensity sites
(Olifanfputs vs Weerlig and Olifantputs high vs. low) more baits showed
termite activity, The higher rate of bait consumption at the high intensity sites
could be a reflection of higher termite activity or alternatively of severe
resource [imitation.

While the search protocol generated low species numbers, it also detected
species that were not detected using the cther methods. The search required
small inputs In time {1 hour for a 1ha area compared to 10 hours spent on the
transect) and few materials and should therefore be considered as a useful
backup methodology. The search produced the least quantifiable outputs.

With any of the methods used It remains a problem fo collect scidlers for easy
identification. Although today an identification key to the worker class of
termites exists (Sands, 1998), identification of soldiers is easier and more
reliable. It is especially difficuit to detect soldiers with the transect method.
This is probably particularly true In arid ecosystems, where surface
temperatures are high and temmites generally retreat below the soil surface. It
should be mentioned that the sampling effort for the transect study is very
high. The sampling of ten sections demands approximately two or more man-
days. It is possible that an increasing number of sampling secfions would also
lead to an increase in termite specles detected.
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All specimens aund on baits should be collected because occasionally more
than one specles attacks the same bait. Toilet roll baits are the "simplest” and
most efficient in their application as they attract large numbers of species and
individuals and a relative consumption rate can be noted. Dung, however,
attracted a few species that were not detected by any other methed. It should
be noted that fresh dung in particular seemed to be attractive, probabiy
because of the high moisture content, A drawback of the baits is that they are
easily disturbed by humans as well as by passing animals.

Eggieton (pers. com.) suggested that the transect method would possibly
detect a number of soll feeding termite species, which wera not detected
through the search sampling protocol applied by Coaton & Sheasby (1972).
The results of this current investigation do not corroborate this, However, it Is
clear that particularly Trnervitermes species are only detected with the
transect methodology. These species are thought to be grass feeding in
Namibia, however, not encugh blological data are available fo reliably
determine the fesding group to which they belong. Generally, it is clear that
few or no exclusively soll feeding termite species occur in the study area,
which is generally low in soil organic matter.

White this chapter focuses on iesting termite sampling methodologies and
establishing termite taxa inventories from the six study sites, the following
chapters explore the suitability of using termites as potential indicators of
biological integrity in conjunction with other environmental data.
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PART il

CHAPTER 7

PRELIMINARY INVESTIGATIONS OF I[NDICATORS OF HARBITAT
CONDITION ASSESSh..AT AT THE COMMUNAL FARM, OLIFANTPUTS

7.1. Introduction

After testing vatious methods of sampling termites, the data can now be used
to test whether termite diversity measures are indeed suitable indicators of
habitat qualily. The following chapier presents research that was carried out
at the farm Olifantputs in October 1897. An experimental design for selacting
suitable Indicators of habitat condition was implemented. Biological indicators
such as diversity measures of termites were used, along wilh other selected
bio- and geophysical indicators to describe two study sites on the farm, one
under high and one under lower fand use intensity (Chapter 2).

Defining and measuring rangeland degradation is extremely difficult “he
problem of having to differentiate between changes in the em
attributable fo natural variation versus frue land degradation neev  w we
addressed in particular. Several papers question the use of simplified
vegefation models as suitable indicators of degradation (e.g. Behnke &
Scoones, 1993; E£llis ef al, 1993; Coppock, 1993; Tapson, 1993; Stafford-
8mith & Plckup, 1993) and a set of biophysical indlcators of lan . jradation
is defined. it incorporates measures of soil change, indicated by a decrease in
fertility, water holding capacity, infiitration and soll loss in excess of soil
formation. Vegetation changes are characterised by & loss of productivity
over time unrelated to rainfall patterns, cover, species composition and shifts
hetween vegetation transition states that result in decreased fodder.
indicators of livestock production are condition~scorlng of animals, calving and
death rates, and milking yields (Behnke & Scoones, 1993). These indicators
have been considered in the preparation of this study.
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From the above it seems justifiable to place an emphasis on soil related
research. Whereas inherent soil fertility is manly determined by the
undetlying base rock and long term weathering processes, the so-called
resilience of soils or the ability to regenerate to an equilibrium after
disturbance {Sw.., 1994} arises from a range of recovery or regenerative
processes, including the activity ¢f the biota (e.g. rcot development & soil
fauna) (Elliott & Lynch, 1994), Soil bivta are classified as micro-, meso- and
macro-fauna and flora. Their involvement in soil related processes such as
the nitrification and mineralisation of components and soil organic matter
(SOM) cycling, affect soil chemical and physical properties. The role of soil
hiota in maintaining soil processes has been demonsirated extensively and
has been reviewed in the literature (Anderson, 1988; Swift & Anderson, 1993).
Termites are particularly prominent representatives of the soil fauna in
Namibia (Crawford & Seely, 1994, Zeidier ef al, 1989) and are therefore
considered in parficular in this study.

In the following a few main concepts and properties around soil fertility that
are relevant to the research presanted in this PhD are described.

Decomposition
Despite new inputs from the atmosphsre and from rock weathering and ptant

adaptations fo minimise the loss of nutrients, most of the annual nutrient
requirements by land vegetation are supplied from the decomposition of dead
materials in the soils (Swift of al, 1979). Decomposition of organic matter
completes the cycle by releasing nufrient elements for plant uptake.
Decomposition is a general term to refer to the breakdown of organic matier.
Mineralisation is a more specific term that refers to the processes that release
carhon and nuirients such as phosphorus and nitrogen, A varisty of soil
animals includ ng termites translocate, fragment and mix fresh organic matter,
however it is " fungi and bacteria whivih perform the bic-geochemical
transformauon; - 10ils (Schlesinger, 1891; Anrlerson, 1995).
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Solf carbon
Sail carbon in the form of Soil Organic Matter (SOM) is the largest biospheric

poot of carbon with a turnover rate of decades to centuries {Schlesinger,
1991). Soil contains incrganic carbon, which is nof very reactive in short time-
scales, and organic carbon {OC), which occurs in three different pools of
differing turn over rates. The “active” pool consists of small litter particles,
which are easily transformed, and with turnover rates of hours to months.
These form the Light Fraction (LF). The light fraction is thought to build up, in
particular, In the soils through the activity of macro fauna. In arid Namibia the
soll fauna is dominated i.e. by termites. 2-5% of S8OM is in the bodies of living
microbial biomass, which also contribute to the active pool. The "slow" pool
has a tumover rate of decades to centuries and consists of hard ic
decompose particles of humic substances and clay-associated organic
matter. The “passive” pool contains essentially inert organic substances
(Schimmel, 1995; Scholes & Walker, 1993; Scholes & Scholes, 1896). The
"active” pool, especially containing the light fraction, is extremely important for
the sustainability of soil systems. Changes in the light fraction will ultimately
result in changes of the "slow” SOM pool, because of the quantity and quality
of the inputs. This pool is the key o medium and long-term sustainability
acting in the range of decades and centuries.

Nitrogen
Nitrogen is the element most frequently [imitihg primary production in

terrestrial systems, and often, secondary productivity as well. % 15 an
important component for building stiuctural and metabolic proteins in living
organisms. Soil nitrogen forms the largest terresirial pool of ritrogen. Nitrogen
ocours as organic nitrogen, which Is mainly bound to carbon compounds, and
inorganic nitrogen, which is particularly important fo primary productivity.
Inorganic n'trogen is released through the mineralisation of SOM. The C:N
ratio provides a measure of N availability per C.

Phosphorus
Phosphorus is the element second most likely to be limifing in terrestrial

ecosysiems. it is an essential part of call nuclei and genstic material. The soil
phosphorus forms the largest terrestrial pool of phosphor ..., Phosphorus is
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the least mobile of nutrients. It is bound by Aluminium (Al) and tron (Fe) ions
in acid soils, which “logk the nutrlent” and lead fo infertile soils.

Soif water
Water Is the medium that transports soluble nutrients in the landscape and

makes these avallabie to plants. If plays a dominant role in controlling the rate
of many chemical anu biological processes and most nutrient cycles follow the
water cycle. Water penetration info the soll Is important and soil pores, e.g.
created by animal burrows such as termite galleries, are important lo prevent
run-off. SOM as well as clay particles retain water and increase the water
holding capat.y of soils. SOM and clay both are translocated and
accumulated in the soil by tarmites.

This pilot study formed the background for the study presented in C pter §,
which aims to test the suggested Indicators on the three farms Olifantputs,
Halt and Weerlig, respactively.

7.2. Methods

Study sile selection

The same study sites, OPL and OPH, already introduced in Chapter 6 were
used for these investigations. A more detailed background to the sites is also
given in Chapters 2 and 3.

Data acquisition & sampling method
(&) Termite data

Various termite parameters, le. taxa presenc: diversity and resource
consumption were investigated (Chapter 8). These data are used in this
chapter to establish possible relationships between termite diversity and
habitat condition.

Terniite diversity was calculated in two diffeient ways, using the Shannon
Weave: [ndex of diversity and the Simpson index of dominance. Both these
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indices use relative abundance as the parameter in their calculations. Reiative
abundance of termites was computed on the basis of census data from the
haits, following Davidson (1977} for calculating ant diversity data, Davidson
established that the value p; In the Shannon Weaver Index (H'=- p; In p; )
corresponds to the proportion of the total baits attacked by the i th species.
Hence, this index measures diversity .n the basis of resource expioitation
rather than the relative abundance of colonies or workers of each species.
The same relatlonship was assumed for calculating the Simpson index (D=2
pf). A simllar ratioriale has been assumed for termites (Johnson & Whitford,
1975).

The data are provided and calculated for each of shx bait sampling events,
including samples from the wet and dry seasons. As shown in Chapter 6
some termite taxa show strongly seasonal activity patterns. it Is assumed tha.
sampling during the dry and wet seasons dstects maximum termite taxa
richness and related measures. These maximum numbers olght to be used
for the termite parameters assessed in this study.

The termite data collected from both, the (1) low intensity site (OPL) and (2)
high intensity site (OPH), were compared using two-samnle t-tests and the
equivalent non-parametric statisfics when data were not normally distributed.

(b) Sampling design

Sampling for vegetation and soil parameters fook place only during the dry
season in October 1897. The previous vainy season vielded good rainfall and
biomass production was at a maximum during the wet season around March
1897 (see Appendix 7). Since then biomass, however it was still better in
October 1987 compared to the following seacnns. Although the vegstation
and soil daty were anly collected during one seasw, the termite data related
fo this study covers a longer time period, including the wat season sarmple of
March 1898. The termite sampling took place on the saime plot.
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A 1ha study area was selected at OPH and OPL respectively. Within each
1ha, three sub-plots measuring 10mx10m were selected randomly for
sampling, Sampling for all parameters fook place in each of these sub-plots,
using a random design. The applied sampling procedure is depicted in Flgure
7.1.

10x10m (1)Tree and shrub spacles
comprsition and hiomess were
assessed racording all woody
vegetation by species In each of
tha thres 10x10Gm sections.

{2) Within each 10x10m sestion five
0.5x0.5m sub-sections were
selacted

G Each was sampled tor:
r—l {2} Herbaceous blomass
{b) Litter & dung

{3} Within the 0.5x0.5m subsecion a
0.25x0.25%0.25 =oil block was sampled for
rapt blamass & seil fauna,

{4) One scll sample was taken at three sites

L—I par s]ub-plnt. using ad?;g-an goil corer. The
samples wers analyse:

al G4 ] falLight fraction carboa

{h)Tatat arganic carban

(c)Total nitrogan

{djTotal phosphonus

Termitoa were sampled at ihe same plots using the baiting methad {Chapter 8

Figure 7.1: Sampiing design. Three 10m*® sections of this kind were allocated randomly
across a 1ha study area for investigations. Alf these sections were sampled in a simifar
fashior

(c) Vegetation data

Tree and shrub species composliion and biomass were determined following
Rutherford (1982). All woody vegetation occurring in a2 10mx10m sub-plot was
identified and the circumferences of the stems were muasured. From these
data the biomass of woody vegetation in the sub-plot was calculated using the
general species regression equation developed by Rutherford (1982) for
combined tree species. This equation was used because species composition
was diverse and did n-t necessarily incorporate species for which individual
formulae were definerl. Herbaceous blomass was determined through clipping
and weighing. Five 0.5mx0.8m sub-sections within each 10mx10m sub-ptot
were sampled for standling herbaceous biomass, These sub-sectlons were
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also used for litter and dung collected from the ground and weighed in the
laborat::ry. Root biomass was assessed by sieving the soil volume of 0.25m®
taken from the designated sampling quadrates (Figure 7.1) and weighing the
oven-dried roots. All data were calculated to the hectare. The soil volume was
calcuiated using a bulk density value of 1.6 derived from the literature (Miller
& Donahue, 1980), a value, which could be expected for the prevailing soil
types at the study sites.

(d) Soil data

Soll cores were taken to a depth of 0-30cm. From these, total soil carbon
using the modified Walkley Black method (Nelson & Sommers, 18982,
Appendix 4), total nitrogen applying the Kjeldahl oxidation method (McGill &
Figueiredo, 1993; Appendix 4) and plant available phosphorus following the
Olsen method (Shoenau & Karamanos, 1893; Appendix 4) were determined.
Light fraction analyses were done using a standardised wet sieving method
(Anderson & [ngram, 1893, Appendix 4).

(e} Data analyses

All parameters were compared between the two study sites OPL and OPH by
two-sample t-tests (p<0.05, unless stated otherwise). ANOVA was run o
establish within-site variabliity. All data were tested for normality and relevant
non-parametric statistical procedures were applied (Mann-Whitney U-test and
Kruskal-Wailis).

7.3. Resulis

The data obtalned from the termite balting experiment are presented in
Chapter 6 and are summarised In table 7.1. Numbers of baits attacked by an
individual termite taxon (here genus level) are given per sampling event. The
calculated diversity indices are also Included.
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Table 7.1: Termite genera collected ~t Ollfantputs {Oct.87 — Oct.98) durlng baiting experiment
and diversity indices (Shannon Weaver Index = H'; Simpson index = I} caleulated

“Eite | Sampla | Psammo- | Ami- | Matro- | Odonto- | Micro- | Trneri- | Teml # by 7]
gyant fermes termes | lermes | termes | termes | termes | sampled

OPL | 10/47 ] 1 4| 657§ 0.63
12797 Z 2 [ 7
KR 10 T 1 | 0a2 0.8
Da/ga2) 28 Z 3 53 | 0.5 073
[ 24 1 i Z 28 | G.mb | 0.75

R 7 ] g1 0.5 | 0.68 |

 OFH | JWio7 i 1 6l 11

R T [ 01
LEETRE B 1 B | 045 | 0.72
Ta/96(2) 16 [ 2 1 24 a2 | 084
04798 15 ] 3 4 22 | 0.85 | 0.51
058 | 1 | 1 7| 069 05

Six different termite genera, namely Psammotermes, Amitermes,
Macrotermes, Odoniotermes, Microtermes and Trinsrvifermes were found at
Olifantputs, using a balting experiment. Specimens of the genus Amitermes
ware only found at OPL and a single specimen of the genus Odontolermes
was found at OPH. All other genera were found at both sites, but only cne
genus, Psammolermes, seemed to be relatively abundant. Sample numbers
were generally higher during the wet season in March/April ¢compared to the
dry season {September/October), as were numbers of differerit genara found.
Several genera were only found during the wet season samplirg.

T-tests on ail the termite parameters obtained during the va-ious sampling
events showed no significant difference for either diversity or dominance
between the two study sites.

Table 7.2 summaiises the various environmental data collected. The mean
value scored for each sub-plot is displayed as well as the signiflcance tests for
the comparison between values of OPL and QPH. Species composition of
woody vegetation Is recorded as a "taxa present” list.

It is apparent fiom the data that the mean values for all of the parameters
measured, except the herbaceous biomass, are higher at OPL compared to
OPH However, these values are mainly significantly different only for the soil
parameters. The mean for total nitrogen in the soil is signifleantly higher at
QPL with 0.054% (p<0.001, two-sample t-iest, two- tailed) than at OPH,
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Table 7.2: Environmental data for the high and low Intensity study sltes at Ollfaniputs
collectad in October 1297,

VEGE TATION/ORGANIC WMAT TER BIOMASS

Trealshnib Traalshrub specles Litterf | Heibs | Roots Icg.'_l'i?'4
blomass Dung ! kpfha
katha kpha
Lew mienaity site 104.4 | Colophospermum mopane, Acacla 1024 436 478
senegalensis, Calophractes alaxendrd,
Sldv 1125 | Maylonus senagafsnsis, Cormiphara spp. 556 32 421
[“Figh Infengity sita 100.6 Af?ga é‘.;r!ma‘. Bosela foeliga, Calophracltes B48 102.4 208
alaxan
Sidv 162.3 _ 512 118 200
 ___SOLs
P {plantavail.) | TotalN% Tolai G G:N Light fraction % CiLF
ppm (OC%)
Low intensity site i0.42 Q54 047 818 0.U56 12,58
Sidv §.37 0.025 .27 2.14 0.048 7.47
High Intansity sita 7.53 0.027 014 525 0.042 348 |
St 4.08 0.068 0.04 1.38 0.013 294

where only 0.027% were measured. Within-plot variability is significant at
both study sites (ANOVA, p<0.001, n=15) and iwo sites at OPL had
particularly high N-contents compared to all other sites. Totai carbon {(OC%)
was found at significantly higher levels at OPL compared to OPH (p<0.001,
two-sample t-test, two-tailed). For the OC samples, a similar patiem in within-
site variability can be detected as for nitrogen, singling out two plots with high
values, Caiculating the C:N retio reveals that this is significantly higher at OPL
{p<0.001, Mann Whitney U-fest), scoring 8.2 and anly 5.3 at OPH. There was
no significant difference in the light fraction (LF) content at elther site.
However, the C:LF ratio, which could be used as an index of organic matter
mineralisation, is higher for OPL, aithough not significantly so. it should be
noted that the data set of OFL contains outliers. Removal of the outliers leads
to a much highr C:LF ratio ranging at 16:8. This would also mean that the
C.LF ratio was significantly different between OPL and OPH (p=0.003, two-
sample t-test, two tailed).

The data from the vegetation-related sampiing do not show significant
differences betwesn the two plots, although tree, litter and dung as well as
root biomass were higher at OPL. This relationship was not found for
herbaceous biomass, which scored higher at OPH. Looking at the data from
the ANQVA it is apparent that herbageous biomass was indead very similar at
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all piots at OPH as well as OPL, however, there was one mejor outlier
recorded for OPH, with a high value, [n this plot, bitinas: inputs were
exceptionally high.

7.4. Discussion

Comyzaring vegetation, soil and soil biotic, i.e. termite measures between two
sites of differing grazing intensity, reveals some first indications of which
parameters might be useful in discriminating between sites of varying habitat
integrity/condition.

The vegetation parameters measured generally did not discriminate between
the two sltes, although trends such as higher vegetative biomass and below
and above ground inputs were found at the low land use intensity site. This
was not true for hrrhaceous biomass, which was higher at the high intensity
site. The fact tf » -2 are no significant differences in herbaceous biomass
could possibly ii....8 that by October, grazing resources were similarly used
at all sites, particularly considering that Olifantputs is a communal farm where
cattle can move freely, using grazing wherever available. The extremely low
figures for herbaceous biomass, 102.4 kg/ha at OPH and only 43.6 kg/ha at
OPL. suggest that the grazing resource was extenslvely used by October,
which is shortly before the rainy season and not much grazing was left o feed
the cattle which were still on the farn. There Is no unequivocal explanation
why herbaceous biomass was higher at OPH, a site situated nearby the
village and the watering point. No records were made on the species
composition and therefore it can not be qualified whether the standing
biomass was perhaps made up of unpalatabie specles. As also In all other
parameters measured variabllity in the collected data biomass is extremely
high, which fllustrates the patrhy resource distribution in this area.

Litter and dung are subject to such patchiness. Windblown litter accumulates
at the base of perennial grass tussocks or trees or In soil depressions. Dung
is distributed vnevenly and the chance of collecting dung at a selected study
plot is wow. Dung mass also varies a lot, depending on what animals dung has
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been sampled and how "decomposed” it is. Dung and liter were not
separated in the collection procedure and it cannot be determined which of
the two parameters is contributing most to the high biomass inputs recorded.
With 1024 kg/ha at OPL and 648 kg/ha at OPH litter and dung inputs were
much larger compared to the herbaceous resource. It was consplcuous that
mest of the litter was made of broken off grass stalks. This could explain the
high amount of litter recorded from the sites, which exceeds the amounts of
standing herbaceous biomass. At OPH litter biomass is 25 times higher than
standing herbaceous biomass. However, sldctly speaking this resource is also
available as grazing to livesiock.

Excluding tree biomass, above ground biomass was 2.2 times greater than
below ground biomass at OPL and 3.6 times so at OPH. Considering that tree
biomass was similar at both sites and herbaceous biomass was even higher
at OPH, this is surprising. Considering only herbaceous blomass as above
ground Input the above to below ground blomass ratio shows that at OPL
below ground reserves are 11 times larger than above ground, whereas at
OPH below ground vegetation biomass is almost 50% less than the remaining
above ground herbaceous biomass. it could be expected that below ground
reserves would be quite high because roois often remain in the soils even if
the aboveground pait of a plant is grazed. The herbivore pressure on below
ground resources Is also much less, Although this study also did spot checks
for soill related fauna other than fermites, only few organisms were found,
Inciuding several spiders. A more in-depth study conducted near the study
farms (Nghitlla, 1995) used Berlese extraction methods to detect soil meso-
and microfauna. However, few soil organisms were found, and the study
concluded that termites indeed were the most abundant organisms. This
would indicate that below ground herbivery could be very low in the area.
However, the fact that root blomass is lower at OPH could be atiributed to the
lower tree biomass or different vegetation fypes found at the site, which could
possibly have different root systems, 3. more annual herbaceous vegetation
with less developed roots compared to more perennial vegetation with
strongly developed root systems.
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Woody biomass was similar at both sites, however, slightly higher at OPL.
Most of the tree blomass at OPH was constituted by one large tree (Boscia
foetida). Tree specles composition is a bit different. Whereas at OPL a
number of mopane irees were found, none ware reported from OPH. It is
likely that this can be atiributed to exploitation of this spacies close o the
village — mopane wood is used for fires and as a building material. Mopane
leaves are the main forage for geats and even for caftie when grazing is
depleted. Considering this, it is possible that the herbaceous blomass at the
perceived low int .isity site was lower because in this area animals would also
be able to find browse (i.e. mopane tree leaves).

When the biomass of all the vegetation parameters ara summed up, resource
availability is higher at OPL compared o OPH.

The measured vegetation parameters provided some useful insights into the
nature of the two study sites. However, for future studies it can be
recommended that more qualitative data be collecied, especially on the
grazing potential of the vegetation, i.e. by determining the palatablility of the
species ocourring there. Litter and dung inputs should possibly be considered
separately to gst a betier fesling for the magnitude of contribution from each
resource, Some of the applied field sampling metihods, especially the
assessment of below ground vegetative biomass and herbaceous cover, were
extremely time consuming and other standard procedures shouid be explored.
Sampling design could possibly be impiroved so as io fake the extremely
patchy distribuflon of the resources into account. An increase In sample
number of the varicus parameters could be & first improvement.

Soll fertility is considered a major contributor to habitat conet ‘on, although
rainfall is the primary frigger of primary production in areas as arid as
Damaraland (Scholes, 1320). A variety of the measured soil parameters
seems to supply extremely useful information, pointing at differences in
"habitat integrity/condition” between the two study sites, as well as providing
insights info the general “fertility/quality” of the area,
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Generally, the southem African savannahs, including the part of Namibia
where this study took place, are characterised as arid and eutrophic
savannahs, growing on relatively nutrient rich substrates (Scholes, 1990}. in
arid areas soil formation is predominantly determined by the underlying parent
materiat and time (Singer & Munns, 1992}, The parent material determines for
example the rate of soil formation, type and content of nutrients, the amount
of clay as well as the soil colour (Miller & Donahue, 1990).

Olifantputs is situated on parent material made predominantly of gneiss (see
geological map, Fig. 1.3, Chapter 1). Gneiss is a metamorphic rock formed
malnly from granites, rhyelites and andesites, which are igneous rocks mainly
containing feldspar, quartz and dark minerals. Gneiss Is considered to form
medium fertlie soils (Miller & Donahue, 1990). The soil carben, nitrogen and
phosphorus pools are in a constant flux with natural inputs mainly coming
from animals and plants living above and below the ground, The organic
matter is translocated into the soils where it is transtormed and relocated.
Losses to the atmosphere as well as e.g. through leaching into the grcund
and sometimes ground water occur. However, In an ervironment as aricl as
the study area, it is unlikely that soil nutrients are lost through leaching.

For the interpratation of the data of this study it is assumed that in gedlogical
time the fertility of the soli was similar at both study sites, which are situated
on the same parent material. Any significant difference in soil parameters are
therefore interpreted as the result of shorterterm Impacts, e.g. land use
intensity, which may affect the biota. Biota, including vegetation and animals,
are main contributors to the cycling of nutrients on a shorter time horizon,
primarily contribufing to the dynamics of the “active” and shorter-term pools of
soll nuirients, which ultimatsly effect the longerierm pools (se— lterature
review),

Most of southern Afrlca's savannahs are particularly N Hmited altt: sugh P also
plays a significant role as a limiting factor for plant growth (Scholes, 1963).
Comparing the plant-available P concentrations obtained from the soll
samples at Olifantputs, these range batween 10.42 ppm at OPL and 7.53 ppm

Part il Chapter 7 102



at OPH. These are relatively high values, considering that application of
phosphorus ferti!  rs are usually recommended from values around 2 ppm in
southern African savannahs. In a broad-leafed savannah system in South
Africa P levels were measured as 5.1 ppm. P is not a limiting factor in soil
fertility at Olifantputs, particularly also when considering the results for N and
C, indicated below,

At Olifantputs mean nitrogen contents were 0.054 % at OPL and 0.027 % at
OPH. Comparina these values with N values from a southem African
savannah system at Nylsviel, South Arica {Schoies & Walker, 1893), the N
content at OPH seems extrameiy low. Considering that both study sites at
Ofifantputs were situated on similar substrafes and habitats, i can be
speculated that the low nitrogen content at OPH is caused by more recent
impacts. However, it could be expected that N inputs are high at the high
intensity site, due to defecation. Mevertheless it seems that N limitation 1s
more critical under high land-use and grazing pressure, possibly because the
N content in soils is closely linked to carbon and its cycling (see below).
Studies e.g. by Frank ef al, (1995) and Schuman sf al. (1999) point to the
effect of grazing pressure on € and N distribution in the = ~ rofile. These
studles indicate that net N and C remain similar under long-term grazing
regimes, however, the distribution within the soil profile as well as between
the soil-plant interface shifts. This was not addressed in detail in this study,
where 20ill samples were tal’en from the top 15 cm of the soil, which are
considered o be the volume from which plants extract their nuirients {e.g.
Miller & Donahue, 1990).

The organic carbon fevels recorded from Olifantputs fay between 0.47 % at
OPL and 0.14 % at OPH. These values are very low, even compared to a
nuirient poor savanna system - OC levels at Nylsv!si range between 0.32 %
and 0.92% (Scholes & Walker, 1993). Although &vid solis are known to
contain low soil organic matter and to vield low org- nic carbon levels (Scholes
ef al., 1994), the values obfained from Olifantouts seem cruclally low and
seem to be even more impoverished under high land use intensities or
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grazing pressurcs. A difference of 70% in fotal OC content between soils at
the low and high intensity site seems dramatic.

“ he imbalance of the OC content in the scils at Olifantputs is also illustrated
by the extremely low G:N retios, recorded as 8:1 at OPL and 5:1at OPH, boih
below the "rule cf the thumb" for these types of environments which would be
expectad to be in the area of 10:1 (e.g. Miller & Donahue, 1990}. Generally
there is more N associated with C at Olifaniputs. This lsads to a conclusion
that at Olifantputs, nuttients such as N and P are conserved ana C losses are
high and inputs low. The C:N ratio is significantly different at OM- compared
to OPL. The extremely low C:N ratio at OPH underlines that it is the OC that is
the crucial soil component being affected by land use impacts at the study
gites.

The ratio of total OC and the light fraction, C:LF, is calculated as 13:1 at OPL.
and 4:1 at OPH. Although the resulis are not statisticaily significantly different,
removing an outlier data point from the OPL data set pushes the ratio for this
site to 17:1, now indicating a significant difference between the two siles
(p=0.003; two-sample t-test, two-tailed}. In any case it is apparent that at OPH
the associated C is extremely low compared o LF. This seems to indicate that
at OPH, v&here the tota! OC level is already exiremely low, the fraction &, ‘is
made of LF, thus non-humified organic material, is disproportionatly high. This
would indicate that it is the converslon of the “active” OC pool to the "slow”
OC pool that is not taking place, or at a very low rate. Again, it is in the end
the "slow” pool that guarantees longer-term sustainability of the soil system.

The modification of LF to SOM is mediated by soil migrobes. However, Zsidler
ef al. (1999} hypothesised that the conversion of LF into humifled G could
possibly also be linked fto termite activity in north western Namibian
rangelands. As predominant representative of tha soll macro fauna at the
study sites at Olifantputs, termites are thought to not only function as
translocators of organic matter from the soil surface Into the soll, but also to
directly affect nutrient mineralisation through mutualistic associations with
micro-organisms e.g. in thelr digestive systems (e.g. Lavelle ef al., 1994). No
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in-depth studies of the soll microbidl system at the study sites have been
conducted so iar however, Crawford & Seely (1994} point to the activity of soil
microbes after rainfall events in the Namib. It shouid be investigated in future,
if it s the lack of microbial aclivily that inhibits the transformation of LF into
more stable fractions of SOM with a slower turnover rate that leads to a low
CiLF ratio at the high land use intensity site. Also It would be interesting to
understand whether termites could indeed piay a significant role in LF fo SOM
transforration themselves in arid environments.

it would be interesting to establish whether termite abundance differs between
the study sites and if termite activity might affect the soil carbon pool. A study
by Jones (1990) indicates that termites of the family Macroterminae deplete
the soil carbon content, aithough other studies point fo soil carbon
concentrations n relation to termite activity.

In this study, specles assemblages of termites as well as diversity indices
cailculated from the termite data did not reveal significant differences between
termite communities at either OPL or OPH. Although two specles were
present at only one of the two sites, this could be attrlbuted to a sampling
“arror”, not defecting all species present by the applied sampling protocol.

it should briefly be discussed that the termite data used in this study reflected
termite diversity measurements taken over a one year period (October 1997-
October 1898), while the soil and vegetation data were measured only once,
in October 1997. This was done primarily because the termite data from
Ociober 1997 did not seem to provide a good reflection of termite diversity at
the sites. Only a few specimens of the genera Psammotermes allocerus,
Amitermes sp. and Trinervitermes rhodensiensis were collected from OPL,
and Odonfofermes and Nasutermitinae, prob. Trinervitermes from OPH. As
pointed out in Chapter 6, a termife sampling protocol combining varicus
methods and taking place over the two pealk seasons (dry & wet), are
necessary o establish a imore complete picture of species presencs.
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It can be concluded that OFL, a site that was identified by the farmers as
being grazed and used only lightly compared to OPH, has a higher soil fertility
status today, although hoth sites were assumad to be historically similar and
to have undergone similar pedogenic processes resulting in soils of similar
fertility {Chapter 2). It should be noted that both sites are low in soil organic
carbon, but that they seem to differ greatly in the way the "active” and “slow”
pool dynamics work. It would be interesfing to further establish how the
dynamics of these pools work under the differing land use impacts. If would
be Important to establish, whether the low [evels of carbon maintain, perhaps
even deterlorats, or whether they fluctu: naturally and possibly imp.uve
again over time.

To prevent lasting soil degradation, managemert interventicns to restore the
soil organic carbon pool should be applied. In agriculiural systems it Is
common practice to improve soil carben levels through application of organic
matter such as plant residues and manure {e.g. Miller & Donahue, 18980),
however such Interventions would not re-establish the soil biotic systems if
these are disturbed. In the Narniblan context it seems that such remedies
would be impractical and a long-term reduction of land use intensity, i.e.
grazing is possibly the only way to prevent soil degradation. However, it is
important to study and monitor if the cruckal links in the nutrient transformation
cycle including a great number of key players such as soil biota are indeed
censtrained. If so targeted interventions may have to be planned.

Although this pilot study could not establish whether termites are indeed
suitable indicators of habitat condition, important functional links could be
drawn. A number of potential vegetation and soil related indicators were
tested and especially soit carbon levels were identified as an Important factor
discriminating between range condition at two land use intensity sites at
Olifansiputs. The followlng chapter will establish whether land tenure and
agsociated with it, land use practice and land use intenslty affect range
condition ditterently.
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PART Ul

CHAPTER 8

TOWARDS AN INDEX OF BIOLOGICAL INTEGRITY FOR HABITAT
ASSESSMENT IN NAMIBIA — DEVELOPING INDICATORS AND MONITORING
TOOLS: RESULTS FROM THREE FARMS OF DIFFERING LAND USE AND
LAND TENURE IN NORTH-WESTERN NAMIB!A

8.1. Introduction

The preceding chapter pointed out patential indicators to be measured for habltat
assessment. These were primarily soil nutrient based indicators, measuring e.g. soil
nitrogen (N}, organic carbon {QC), light fraction (LF) and the C:N to C:LF ratios.
Several vegetation parameters were suggested, including herbacsous biomass,
Sampling procedures were to be Improved and particularly measures of palatability
and racords species composition wers suggested. These suggested indicators were
to be fested, This was done at the study sites Weerlig, Halt and Olifantputs, Weenig
and Halt, although situated in a similar environmental setting as Olifantputs (Chapter
2), differ in thelr land tenhure, land management and land-use intensity histories and
current practices (Chapters 2 & 3). This is a good setting to test whether the selected
set of indicators indeed provided a good tool for distinguishing natural variability in
the ecosystem from degradation processes. It also may provide clues as to whether
different forms of land tenure, land management and land-use intensity affect the
natural resource base to varying degrees.
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The aim of this research Is to develop reliable and practical methads for range
condition assessment and monitoring by using two complimentary approaches: (a)
using locally existing farmers' knowledge (Chapter 10), and (b} applying scentific
methods to determine range/habitat condition (Zeidler et a/., 1998). This research
explicitly investigates whether and how existing land tenure systems in Namilbia
affect range condition by combining detailed data derived from the community-based
research and information exchange presented in Part |l of this thesis. with ecological
techniques.

It is unlikely that thers is a single most sensitive specles that can reflect habitat
condition over & broad scale {e.g. Cralns, 1988; Noss, 1990). This study takes a
multi-factor approach, atiempting to establish proce s-orienied linkages between
land-use, rainfall, vegetation, soil and particulariy soil biota

8.2. Methads

Vegetation, soll and soil faunal parameters, namely plant species composition,
abundance of dominant species, above ground annua! net primary production
{ANPP), total soil carbon, light fraction, total soil nitrogen and phosphorus, termite
specles richness, composition and refative abundance ware chosen as indlcators of
biclogical integrity of western Namibian rangelands, Additionzlly, dung and litter
biomass at each site was measured to get an idea of resource availabllity for
termites. The Indicators were chosen based on a literature survey, existing
knowledge of the study area and the results from Olifantputs presented in Chapter 7.
The synthesised conceptual framework is presented in Figure 1.4 (Part 1).

(a) Sampling design and number of samples

All samples were taken during March and Cctober 1898 from a 1ha plot at each of
the six study sites, A combination of line intercept and quadrate methods was used
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to measure the various vegetation, soi! and termite parameters. Three 100m line
transects were run across the 1ha sampling area along which the sampling
quadrates were located.

{1) Every 2m a 0.25x0.256m quadrate was placed
2 where plant species composition and biomass were
assessed using the estimation method by T'Mannetje
& Haydock (1963). Tree densiy was defined using
3 the nearest iree nelghbour method {(Milfer-Dombois,
1974). Along the three 100m long transects 150
vegetation data polnts were measured.

(2) In every fiftih quadrate {svery 10m) litter and dung
were collectad,. Their dry weights were determinsd in
the lab. Altogether 30 samples weras talken.

(3} Every 30m a 2x5m rectangie was overlaid within
which the vegetation, fitter and dung parameters were
measured, and tenmites as well as soil samples were
collected, Altogether 10 termite and composite soil
samplas were collected along the three line transects.

- LFDE m‘l?iu CT{ T

Figure 8.1: Fiald sarpling design: one of three 100m transecis is depicied. The drawing is Idsalised,

(b} Vegetation

Herbaceous vegetation; species composition, biomass and forage qualify

Species composition and biomass estimates were measured applying the “Dry
weight rank” method after T'Mannetje & Haydock {1963}, reviewed in Bames &f ai.,
1982. The species composition of the three most dominant herbaceous specias
within each 0.25mx0.25m quadraie was estirnated. This was done by recording them
according to rank frorn one to three, with one being the most dominant species.
Additionally biomass estimates for the samples were made, ranging from one o five,
from lowest to highest. Bare ground was recorded as a zero value. The biomass
estimate was done In a purely subjective manner - ranking by eye. To determine the
actual blomass of the various ranks assighed, random samples for each ranking
class were clipped, dried and weighed. The average biomass scored for each rank
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could thus be determined and a dry-ranik-weight curve established. This was used
for analysis in a computer model developed for this dry-weight-rank methodology
(Carter & Scholes, 1899). The model calculates the herbaceous biomass per ha, as
well as determining the species composition across the one-hectare study site. Van
Oudtshooven (1992) provides palatability velues for southern African grass species,
which are included in digestibility calculations in the modal. The highest palatability
value, five, indicates that the forage value of the species is excehent. Herbs and
forbs for which no palatability values are available were categorised as “very bad",
thus as one. This was done rather than assigning random values because they
looked rather unpalatable from their appearance (either splky or woady).

Ajong the three 100m line transects across a hectare, 150 quadrates were sampied.
Plant samples were collected and later identified in the [ab. A reference collection
has been established which is currently housed at Gobabeb Training & Research
Center (GTRC), Namibia.

Woody vegelation

Tree density estimates per hectare were generated by applying the "Nearest free
neighbour” methed described in MUiler-Dombois (1974) and Greig-Smith (1983).
Sampling points derivad from the line fransect in 2m escapements. The nearest tree
from the sampling point was selected and the distance to the nearest tree neighbour
measured. The distances were calculated and inseried into the type 1 and type 2
formulae (Mueller-Dombois, 1974), which were compared. One hundred and fifty
(150) sampling points were included in the inventory.

in a pilot survey conducted in October 1997 tree and grass species present at the

study sites were esiablished. The most common species are listed in this chapter
(Table 8.2).
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(c) Litter & dung mass

The amount of dung present at each site was estimated because it was believed that
such a feature might provide an indication of land-use intensity. Dung and [itter
biomass inputs may also reflect resource availability for termites. Dung and litter
were collected from 30 0.25m2 quadrates in each 1 hectare plot. Their dry weights
were determined in the lab.

(d) Solls

Three soil cores were collected to 30cm depths within each of the ten 2rmx5m plots,

in which termites were collected. These were combined in one composite soil

sample. The samples were analysed for:

« Light fraction by sieving, ficiation and ashing (Anderson & Ingram, 1993;
Appendix 4)

» Organic carbon using Walkley-Biack's method (Nelsocn & Sommers,
1982;Appendix 4)

+ Total nitrogen using Kieldahl's digestion (McGill & Figueiredo, 1293; Appendix 4)

+ Plant available phosphorus using Olsen's method (Shoenau & Karamanos, 1993;
Appendix 4

The C:N and C:LF ratios were calculated from the results obtained.

(e} Termitas

The termite data used in this chapter were mainly presenied in Chapters 6.
However, the data are processed in additional ways, depicting the taxon presence,
defined ratios thereof, functional groupings and the Shannon-Weaver and Simpson
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diversity indices for the farms Weerlig and Oifantputs, where baiting experiments
were carried out.

Taxon pressnce - absance is displayed in the form of a matrix using blnary values for
presence and absence. Only data from the transects and searches are included
because the baiting experiment was only established at Olifaniputs and Weerlig but
not at Halt, The data from the presence -- absence mainx are also used in a cluster
analysis,

{f} Additional data

Rainfall is acknowledged as a main daterminant of ecosystem functioning in the
study area. Rainfall patterns in the study arez have been discussed in Chapter 2. No
data directly from the study plots are available.

{g) Sampling effort

The ecological sampling protocol was conducted twice, once at the end of the
perceived rainy season, hence at the peak of the growing season (March/April} in
1998, and a second time before the expected onset of the rains {OctoberMovember)
1098. This allowed for the measure of bioclogical integrity at the relative seasonal
extremes. However, it needs to be noted that rainfall was poor during the 1997/08
season.

(h) Analysis

The ecological data were analysed in various ways. Flrstly, the mean and standard
deviation of each variable at sach of the six study sifes were calculated to get a
grasp of the dimension of the scores measured. The raw data were then used to
compare the values of the variables measured, testing (1} seasonal variation and (2)
variation amongst the low and high land use intensity plots. Two sample t-ests were
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applied or a Mann-Whitney U-test, if the samples were not normally distributed. To
compare the measures across all six study sites the raw data were used in ANQVA
or its non-parametric equivalent, Kruskal-Wallis test, if applicable. The March'98 and
Ocloberos series were analysed separately since a significant seasonal variability
was detected for most samples. A cluster analysis was performed on the termite
presencefabsence data.

8.3. Resulis

The results from the ecological survey conducted at two land-use intensity sites on
each of the farms Halt, Weerig and Olifantputs are summarised and presented in
table 8.1.

Vegetation, litter & dung

Comparing the overall herbaceous composition, biomass and forage quality, various
observations can be made. For example species numbers were generaily higher and
more diverse in March'98 compared fo October98 {Appendix 5) except at the low
intensity site at Weerlig, where more species were recorded in the later sample.
Schmidtia pappophoroides, Eragrostis porosa and Andropogon schinzli are the three
most dominant grass species recorded from the fanms. Whereas S. psppophoroides
is recorded from all three study farms and on each plot, E. porosa was absent on
various sites. A. schinzii only occurred on the farm Weetlig. Few other grasses
were found, but a diversity of herbs and forbs occurred at the farms. Whereas most
plants could be identified for the March samples, this was almost impossible for most
of the October samples, either because they were heavily grazed or browsed or
because they did not carry leaves, flowers or fiuits fowards the end of the dry
season. It should be noted that a greater number of grass species was found in
Octoberd7 (Table 8.2).
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Table 8.1: Data for the enviranmental parameters measured at Halt, Qlifantputs and Weerlig In March and October'28
HAL HAH OPL OPH WLL WLH
March'o8 |OcloberB8 |March'98 |October9d |March'98 | Ouloher9s |Marchd8 |Cctober98 |Marcih'88 |Octoberas [March@8  [Ocloberdg
VEGETATION
Forage quality (score) 3.33 3,01 449 3.86 Z.81 2.61 237 112 316 251 4.16 2.88
Herb hiomass (kg/ha) 228 16.3 218 5.2 204 124 196 7.6 2356 22.4 28.8 19,2
Woody biomass (% cover/ha) 3 5| 1 0.2 5 B 1 1 8 5 5 4
Litter biomass (kg/ha) 803 1063 4171 103 730 570 316 245 1071 497 945 521
Stebv. 543 805 485 147 469 963 704 285 1733 490 2672 1258
Dung biomass (kg/ha) 1) 23 205 160 262 98 K 212 22 10 30 99
Stav. 0 ag 474 553 1395 391 250 450 118 22 58 35
ERTES
N%|  0.0031 0018 0.0058 0.019] 0.0068 0024}  0.0034 0.023[ " D.0065 0.026] 0.0083] 0.024
Swdv.| 00017 00025 00016 00034 00009 00068  G.0017) 000200 00023 00056 0.0018  0.0075
0OC% 0.12 0.17 0.13 0.16 0.16 0.27 0.16 0.24 0.22 0.27 0.23 0.25)
Stdv. 0.02 0.04 0.02 0.02 0.03 0.08 .03 0.03 0.05 0.05 0.05 0.06}
[ P ppm 5.82 2.63 5.25 2.63 6.61 2.63 .97 263 9.55 263 12.3 2,63
Stdv. 4.76 0.73 2.56 2.61 6.11 3.43 8 1.39 547 242 13.43 1.65}
CN 40,97 10.44 3344 8.41 23 1145 §3.22 1047 3582 10.02 37.72]  10.41
Stdv. 12.49 4.23 7.01 1.53 3.15 2.17 18.6 204 10 1.41 7.19 2.19
CiF 5.03 6.24 4568 5.73 65 15.16 563 14,32 8.45 165 8.50 12.92
Stav. 255 2.1 1.77 1.74 2.52 10.93 2.7 2.1 Z 17 513 2.66 6.87]
LF % 0.027 0028 0.029 0.03 0.026 0.021 0.031 0.017 0.024 0.016 0.03] 0022
Stav. 0.011 0.004 0.007 0.009 0.005 0.005 a.01 2.003 0.004 0.003 0.016 0.007
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Herbaceous biomass was extremsly low: at all of the six study sites, not exceeding a
dry weight of 28.8 kg/ha. Standing biomass varied between the seasons and was
significantly fower in October (two sample t-test, p=0.03). Forage quality as
described by palaiability sc.res of the plant species presant did not change between
the seasons, Calculating the percentage of biomass loss beiween the seasons at the
various sites indicated that the pre-categorised high intensity sites were indeed
under higher grazing pressure. At Halt, 76% of biomass was lost beiween the
seasons at the high intensity site compared to 26% at the low intensity site. At
Olifantputs, 50% was consumed at the high intensity site, compared to 39% at the
low impact site, and at Weerlig the comparison was 33% biomass loss at the high
intensity site and only 5% at the low intensity site. The results from the dry-welght-
ranking model {(Figures 8.2 and 8.3) depict the condition of the grazing at each study
site by plotting forage quality against forage quantity. According to the illustration
both sites at Weerlig are in a better condition than ali other sites. Whereas the high
intensity site at Weerilg was classified as both of high forage quality and quantity
especially in March after the rainy season, the forage quality was poor at the low
intensity site. Although the forage quality at the high Intensity site at Halt was the
best of al, this site, situated close to the waterhole, had an extremsly low biomass
especially later in the year. The high intensity site at Olifantputs was the most
constrained, both for forage quantify and quality.

The fixed-point photographic series depicting the siudy sites over the seasons
reflects the extreme variability of herbaceous biomass (Appendix 7).

Tree density data were collected in March and October'88. Density is calculated as
percentage per hectare and was always higher at the low intensity sites. The highest
tree density was measured at Weerlig, where tree density was between 5-8% at the
low impact site and 4-5% at the high impact site. Both at Halt and Olifantputs tree
density was similar, ranging between 3-5% at the low intensity sites and between
0.2-1% at the high intensity plots.
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The most abundant tree species were recorded from the study sitrs (Table 8.2).
Colophospherum mopane is the most conspicuous and abundant tre : species In the
area and occurs at all sites, Additionally at Qlifantputs, Catophractes alexandri was
found abundantly at the low intensity and Acacia fortills and A. sr- :gal at the high
intensity site. A. erioloba grew at Halt's high intensity site. Boscia albitrunca was
recorded from the Weerlig low intensity site and Cafophractes alexandri and Acacia
tortifis from the high intensity plot.

Litter inputs varied between seasons and were higher in March, howevir a
significant difference was only detected at Halt high intensity site (Mann-Whitney U-
test, p<0.001) between the seasons, Litter inputs were always higher at the low
intensity study sites, and significanfly so at Halt and Olifantputs (Mann-Whitney U-
test, p<0.001). Lifter mass was highast at Weerlig's low intensity site where it
measured 1071kg/ha in March'98 (Table 8.1). This litter mass was reduced by 50%
o 497kg/ha in Qctober'gB at the same site. Litter was low at the high intensity site at
Halt. In March'98 417kg/ha litter biomass were measured here. A decline of 75% to
117kg/ha in October'd8 was recorded from this site.

Dung inputs differed less dramatically seasonally as well as between the low and
high land use Intensities (Table 8.1). Generally dung inputs were always higher in
March compared to October, however, at Olifantputs high intensity site this
relationship was reversed. The dung inputs at HAH, OPH and OPL were up to 10
times higher than at HAH, WLH, WLL possibly reflecting an intehsive animal
passage at the first set of sites.

Soils

Soll characteristics measured at the six study sites show seasonal as well as
possible related patterns to land-use intensity. Results collected from each farm are
presented, and seasonal as wel as site related differences and similarities are
indicated. Farm and site comparisons follow, All results are summarised in Table 8.1.
Only the main points will be presented in the following.
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Table 8.2: Grass and tree species recorded from 3x 100m line transects across a 1 ha study plot at each of the three study farms during a preliminary
assessment done in October 1997. More grass specias wera identifiable at that stage compared to the sampling events in 1998, a year characterised
by & poor rainfall season.

HAL HAH OFL OPH WLL { WLH
Grass Eragrosfis porosa Eragrostis porosa Anthepoa schinzii Eragrostis porosa Anthepos schinzli | “ithepoe schinzii
specles Schrnidtfa Schmidtia Eragrostis porosa Schridtia Eragrostis porosa Eragrostis porosa
pappoghoroides pappophoroides Panicum pappophoroides Panicum Panicum
Eragrostis sp. Eragrosiis sp. Schmidtia Eragrostis ap. Sctinidlia Schmidtia
Pogonarthria Eragrosiis cunvii'a Jappophoroides pappophorcides pappophoroides
Squarross Eragrostis sp. Eragrostis sp. Eragrosfis sp.
Siipagrostis Eragrostis curvula Eragrostis curviia
uniplumis Stipagrosiis Stipagrostis
uniplurmis unipiumis
Enneapegon { Panlcum maximum
scoparius ]
Aristida
Tree species | Colophospermum Colophospermum Calophractes Colophaspemmum Catophractes Caiophracies
mopang mopane alexandrf mopane alexandri alexandri
Acacia 2ricloba Colophospermum Acacia erfoloba Colophospermum Colophospermum
mopane Acacia fortilis mopane mopane
Acacia mellifera Acacla senegal Bosceia albitrunca Acatia tortilis
Acacia meliifera
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At Halt, comparisons of soil characteristics between perceived low and high land-use
intensity were noted as significant In March'98 for N (iwo-sample t-test, p<0.001)
values and the calculated C:N ratlos (two-sample t-test, p<0.001). The higher N
content was recorded from the high intensity site and, becausz OC levels were
similar at both sites, a lower C:N ratio was calculated for the low intensity slte. In
October P was the only component showing a significant difference {two-sample t-
test, p=0.01). All other components were relatively similar. Synthesising the main
results from Halt It is apparent that seasonal variability is greater than the difference
between the high and low land-use intensity. The N, OC and consequently also the
C:N ratio are exiremely variable, both within each study site as well as seasonally. At
Halt the LF and C:LF ratio both remained relatively stable, as did the P values.
However, P was extremsly low at the low intensity site in October.

At Olifantputs differences between the various soil parameters measured at the low
comparad to the high land-use intensity sites were significant for N (Mann-Whltney
U-test, p<0.001) and C:N ratio (Mann-Whitney U-test, p<0.001) in March'98. Lower
N values were recorded from the high intenslty site, and because OC levels were the
same at both sites, the C:N ratio at the high intensity sile calculated highe~ No
significant differences were detectsd for October, Comparing seasonal differences In
soll parameters at either land use intensity site reveals that all were significantly
different except for P. In summary, It can be concluded that P seems to be vary litlle,
whereas especially the N and OC valuas are more variable, both seasonally as well
as between sites. Overall seasonal variabillty was much greater at Olifantputs than
variations between sites of different land-use intensity.

The selected high and low land-use intensity sites at Weerllg show only very little soil
variation. In fact, only the LF shows s stafistically significant difference with higher
values at the high intensity site in Oclober (two-sample f-test, p=0.03). Between
seasons various components were different in the values they scored. These were
for Weerlig's low intenslty slte N, C:N ratio, LF and C.LF ratio and for the high
intensity site N and C:N ratio. Cverall, the soll components measured were variable
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seasonally, however, much less so ai the high intensity slte compared to the low
intensity site.

Because an extremely sirong seasonal variability was detected by testing fhe mean
values obtained at two study sites on a single farm, seasons were analysed
separately in the ANOVA's and Kruskal-Wallis statistics. The statistical results are
presented in Appendix 8.

Across the six study sites, Nitrogen (N) values measured in March’98 ranged
between 0.0031% at the low intensity site at farm Halt (HAL) and 0.0069% at the low
intersity site at Olifantputs (OPL). HAL and the high intensity site at Olifantpuis
(OPH) both range at the low end in N content of soils when compared with all sites.
They differ significantly from all other sites, comparing the z-values of the Kruskal-
Wallis statistics (Appendix 8). The four sites ranging at the upper end of the scale do
not differ significantly from another. In October'98 N values varied from 0.0164% at
HAL fo 0.0264% at the low i-iensity site at Weerlig (WLL). The Kruskal-Wallis
statistics revealed that the HZ . site with relatively low values differed significantly
from all but the high intensity site at Halt (HAH). The three sites with relatively high N
content in the soil, OPL, Weerlig high intensity (WLH) and WLL, are also significantly
gifferant from HAH. OPL measured medium high N values compared to the other
sites and only differed significantly from HAL. As already indicated through the t-
tests, N values measured in March were much lower across all study sites compared
to October.

Organic Carbon (OC) content ranged between 0,11 and 0.23% in March'98 [Figure
8.4). The sites at Halt both had the lowest OC content, low and high land use
intensity sites at Weerlig ranged at the high level and the two sites at Olifantputs
ranged in between. At ail farms the OC content was higher at the high land use site
compared to the fow infensity site but not statistically so. Both sites at Weerllg
differed significantly from all other sites (Kruskal-Wallis, see Appendix 8). The sites
at Qlifantputs differed significantly from all sites but not from HAH.
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The mean values for OC were overall higher in October, reaching from 0.16 (HAH) to
0.27% {OPL}). The two sites at Halt still confaln the overall lowest C content and
differ significantly from all other sites (Kruskal-Wallis, see Appendix 8). The sites at
hoth ather farms are very close in magnitude and do not differ.

The C:N values calculated from the above are very scaifered and range between
23:1 and 53:1 i, March and 8:1 and 11:1 in October. This dramatic drop in the C:N
ratioc over one season .esds . be discussed in the light of the great seasonal

variability depicted above,

(/1.

(31

|
/';' : j : : !

E 02 | ; :
E 016 /T ér./.; 7

0.4 / i

.06 |.

o
HAL HAH OPL  Gtudyelts OFH WLL we

Figure 8.4: Mean Organle Carbon (%) and standard deviation rmeasured at the six study sites during
March'08 (¢} and October'9s (&),

Phosphorus (P} contents ranged bstween 5.3ppm (HAH) and 12.3ppm (WLH) in
March. Largely, the sites at one farm were more similar to one another than fo sites
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on different farms, a finding corroborated by tha t-test results, which depicted no
significant differences between sites on one farm. Only the two low 2nd high
extremes, HAH ard WLH, differed significantly from another {Kruskal-Wallis,
Appendix 8).

Although the P values did not differ much between the seasons at each individual
site (see above), they did differ across the full range of all six farms. In October the P
values were fow with @ miniimum of 2.6ppm recorded at HAL and a maximum of
7.7ppm at WLL. The low intensity site at Halt is significantly different from ali other
sites except C <ruskal-Wallis, Appendix 8). WWL differed from all other sites but
WLH, and the other sites differed from Individuai sites at the two extremes.

Light fraction (LF) content of the soils was between 0.024 % (WLL) and 0.0314 % at
OPH in March’98. In October these values ranged between 0.017 % at WLL and
0.03 %g at HAH. in March it was always the high Intensity sites that contained higher
{evels of LF compared to the low intensity sites. Variability was much lower at Hait
compared 1o the other two farms. However, the only significant difference between
LF values across all farms, was betwean OPH and WLL, the two extremes (Kruskal-
Wallis, Appendix 8). In October the values scored for the LF were lower for the sites
at Olifantputs and Weerlig, but not for Halt. At both HAH and HAL measures for LF
remained faily simitar compared fo the measurements made in March. The
relationship qescribed for March, where it was always the high intensity site that had
higher levels of LF than the low Intensity sites, was not maintained at Olifantputs in
Qctober98. Both sites at Halt ware significantly different in LF content of soils from
{he other sltes except WLH {Kruskai-Wallis, Appendix 8).

The ratio of C and LF was calculated from the above measurements. The mean
values for the study sltes (Figure 8.5) ranged between 4.7:1 at HAH and 9.4:1 at
WLL in March and 5.7:1 at HAH and 16,5 at WLL in Ociober'98. The values found at
each farm ware close and variability between farms was generally larger. Both sites
at Weerlig differed significantly from HAH, HAL and WLL aiso from OPH, but not
from OPL (Kruskal-Wallis, Appendix 8). Weerlig maintained the highest C:LF ratio,
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C:LF ratio

Olifantputs’ values were in the middle range and Halt maintained comparatively low
ones. In October '98 the relationships between the sites had changed considerably,
At Qlifantputs the C.LF ratio increased the most by §7% at OPL and by 61% at OPH.
These values now ranged in the dimenslons of ratios obtained at Weerlig, which also
increased at both sites by 43%, thus at a lower rate. At Halt the C:LF ratio did
increase, but only very slighfly. Only the two sites at Halt were signiflcantly different
from the other sites {Kruskal-Wallis, Appendix 8).

10

HAL HAH oPL OFH Coww WLH

Figure 8.5: Mean C:LF and sfandard deviation calcuiated for each study site in March'98 (¢) and
October9s ().
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Termites

Table 8.3. depicts the taxon presance — absence matrix drawn for the two sampling
avents in March and October'98, Taxon numbers found at each site are summatised
from these data. The results from the cluster analysis produce a “tree” which is
shown in figure 8.6. Sites that are more similar in taxon composition are grouped
closer together than sites that are very different. OPH and OPL. group together at the
lowest level. They are very similar both in the taxa found at each site as well as in
overall taxon nus~her. At OPH, elght termite taxa could be unequivocally
distinguished and at «. 2, nine. This "Olifantputs group” links with the HAH branch at
a higher level, thus describing a relative similarity. The three remaining sites linked
up with the first three at a very high level only. Thus there are two distinct groups.
HAL and WLH link at a relatively low level, which indicates a fair sirv arity. Numbers
of taxa found at WLF are by far the highest (13). WLL seems to be the most different
from all other sites, linking only at a very high ievel with the second overall group.

Table 8.3: Termite taxon presencefabsence matrix from transects and searches at the six study sites
done In October'@7, March'98 and October'os (1=present, O=absant).

HAL HAH OFL OPH WLL WLH

Amitermes

Angulitarmes sp.
Baucaliolermes sp.
Cubitermas sp.
Macrotermes

Macroternmes michaglseni
Macrofermes subhyalinus
Macrotermes vitrilatus
Microcerotermes
Microlermes sp.
Odontotermes
Fsammotermes alfocerus
Rhadinofermes
Trinervitermes
Trinetvitermes dispar
Trinervitermes rapulum
Trinervitermes rhodesiensis
Trinetvitermes trinervoides
TOTAL numbsor of taxa presant
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TREE DIAGRAM

HAH -

OFH - i

OPL ——

HAL

WLH f

WLL

Figure 8.6; Dendrogramme of the cluster analysis performed on the lermite presernice/atsence matrix
for taxa found at iransects and durlng searches al the six study sites. The average linkage method
was used measuring Euclidean distance.

The results from the termite baiting experiment were partially presented in Chapters
6 & 7. In the context of this chapter, diversity indices such as the Shannon-Weaver
and Simpson indices were calculated for the farqm Weerlig, based on the same
assumptions made in Chapter 7 for Olifantputs. The calculated values for WLL
ranged between 0 and 1.39 for the Shannon-Wiener index of diversity and between
1 and 0.31 for the Simpson index of dominance. For WLH, the values were between
0 and 1.48 for the Shannon-Wiener and between 1 and 0.35 for the Simpson index.
On two occasions no termites were found at all at WLH.

8.4. Discussion

This study aimed to apply and further develop the vegetation, soll and termite
indicators used for habitat assessment at Olifantputs (Chapter 7} to discriminate
useful indicators of biological integrity (Figire 1.4, Part 1). This would allow an
objective assessment of range condition at three farms with varying land tenure
system and management practices and study sites under varying land use intensity.
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The overall sampling protocol was improved compared to the pilot study, increasing
sampling numbers across the 1ha study plots and sampling twice a year, covering a
wet and a dry season sample. This provides more robust data. In addifion the
seasonal sampling allows for examining ecosystem processes over time. The
baseline data collected from Olifantputs in October 1997 are used in the
interpretation of the data resulting from this sfudy. however, because of the
differences in sampling design and methodoiogies used these data are not rigorously
comparabie. Also the location of the study plots were not strictly overlapping.

The vegetation data collected from the three study sites are extremely variable and
their dimensions seem sometimes extreme. For exampia the herbaceous blomass
on all plots seems very low especially when comparad with the litter biomass inputs,
which are up to 10 times as high at a site. It was observed that especially at sites
where animals were passing frequently, litter biomass was mainly made up of broken
grass stalks. At other sites, as e.g. both shies at Weerlig, lifter biomass constituted a
large proportion of tres leaf litter. The large variability in litter distribution can be
explained primarily by the nature of the terrain, which is characterised by a patchy
distribution of soil depressions, grass tussocks and frees. Most litter is windblown
and accumulates in such patches.

Comparing the herbaceous biomass values for the March and October samples with
the fixed point photographs corroborates the notion that standing crop is indeed
exceedingly low. Expanding this evidence to the herbaceous biomass measured for
a 1ha plot ait both, OPH and OPL, in October 1997 (Table, 7.2, Chapter 7) a
succession is visible, Biomass deteriorated from March 1987, when herbaceous
biomass was high after a good rainfall season (see photograph Appendix 7). The
rainy season 1997/98 was poor in the study area {Chapter 2) and herbaceous
vegetation could not re- - ~.r. Sites such as HAH, OPH and OPL had aimost no
standing biomass le* w Cctober 1988, and what was left was often of poor forage
quality. Forage quality also declined steadily between the seasons (Table 8.1), which
can be explained by preferential grazing of plants of high digestibility values. All six
study sites were heavily grazed by October 1998, however, OPH and HAH were
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used the most and had on average 7.6 and 5.2 kg/ha standing biomass left at that
time. Land use intensity especially through grazing and trampling was the most
intense at these two sites (Chapters 2 & 3).

The dung inputs over time and between the intensity sites can be interpreted as a
reflection of land use intensity. Dung inputs at HAH, OPH and Q"L were by far the
highest, and were at least 10 times higher than at the farm Weerlig and Halt's low
intensity site. At Halt the differences of dung inputs between HAH and HAL reflect
that HAL is a site far from a water point, & factor limifing high land use intensity. At
Olifantputs land use intensity is generally high and so are dung inputs. it is
astonishing that in October 1998 dung biomass was still very high at OPH. This
could be explained by the fact that most animals would move past this area to and
from the waterhole, Including the browsing stock especially goats, which were still
numerous at that time of the investigation (Chapter 3). However, it could also be
speculated that decomposition of dung at that site was slow, possibly indicating
some limiting factor in the cydling of organic matter. The high variability of the dung
data can alsc be explained by the nature of its distribution and type. Droppings are
very scattered. Droppings of different animals stich as goat, caitle, wild animals,
produce faeces dissimilar in size and weight,

Woody biomass measured as percentage cover, points to the low tree density close
to the seitlements at Halt and Olifanipuis. This could possibly be a result of the
exploitation of the resource by the villagers. Waoody vegetation density was much
greater at Weerlig compared fo any other site, a factor that might be important when
interpreting the collecied termite data (see below).

Although the data on the vegetation are extremely useful in revealing the intensity of
the land use and especially the grazing impact on the study sites as well as
indicating potential organic matter inputs, they also have a few shortcomings that
should be mentioned. In this study area & major problem is the ephemeral nature of
the herbaceous parameters, Herbaceous resources, in this study described by
species composition, biomass and forage quality, are only truly assessable after a
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good rainy season. As illustrated by the fixed point photographs from the study sites
(Appendix 7) and supporied by the database on the herbaceous resources, it is
extremely difficult to collect reliable and meaningful data if all you find are a few
grass stalks. In years of little or no rainfall it is difficult fo discriminate between sites
that are degraded or are resting under condition of natural varlability of the system.

The measurement of soil condition at the study sites provides some useful clues not
anly of the fertility of the sites but also of shorter and Jonger-term impacts of land use
practice. Additionally functional connections can be made between measured soil
pioperties and prevalent biota. The conceptual framework 1o this was presented at
the beginning of the thesis (Figure 1.4, Chapter 1).

The main assumption made for the interpretation of the soil data collected at the six
study sites is similar to the argument led in Chapter 7. All study sites are situated on
the same geological parent matersial, namely gneiss (Figure 2.3, Chapter 2), and it
can be assumed that the inherent soll fertility is similar at all six sites. The land use
impacts, hows.ur, differ between them (Chapters 2 & 3 & 4). Although pagioralists
have used the region for centurles {Chapter 2), it has only been more recently that
the farming areas under investigation were permanently seitled. The relatively
shorter-term Impacts of prevailing land-uses at the three farms are thought to be
reflected in the current soil data, and the data will now be discussed.

The soil data suggest that the soils at the eix study sites are all fairly rick in
phosphorus, averages ranging between 5 to 12 ppm. Usually 2 ppm P would be
considered low in agricultural production systems in similar areas and fertilisers
would bs recoimmended.

The nitrogen data collected are extremely low especially in the March'98 sample.
Variability is high both seasonally as well as between sites. This is very unusual and
difficult fo explain in this magnitude. However, as will be discussed later some trenc.
may be related to variability similarly observed for total carbon. Also it shouid be
mentioned that N concantrations as low as those of this study are not measurad very
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accurately. Errors in both field sampling procedures and laboratory analysis are
relatively large so that it is difficult o detect meaningful differences between sltes.
However, also considering the samples taken from Olifantputs in 1997, it seems that
N levels are higher [n October than March, which could possibly indicate that the N
pool is restored before the onset of the rains and ultimately the growing season,
when plants would need soil nutrients for production.

The pilot study conducted at Olifantputs in October 1997 pointed to the fact that the
soils at that particular farm were extremely poor in total carbon content (Chapter 7).
The data from three farms and six sites of varying land use intensity corroborate this
point. Although the dramatiz difference in OC% at twe sites of varying land use
intensity found during the October 1897 survey is not manifested as strongly in these
data, the OC% values are low overall, ranging between 0.11 and 0.23 % CC in
March'd8 and 0.16 and 0.26 % OC in Cciobergs. The 0.47 % measured in
October'97 at OPL was not maintained at any farm in 1898. The strong seasonal
variability of OC% was illustrated In figure 8.4. An increase of OC levels after the
growing season even in a year of poor rainfall, as 1998, is remarkable. Processes
must be in place that allow for organic matter cycling and transformation from above
ground to below ground.

The role of termites as a link in such processas has been conceptualised in Part | of
this thesis {Figure 1.4) and has been addressed at various points. The main thread is
the role termites play in the translocation of organic matter from the soll surface Into
the soils {Anderson, 1988), as well as their contribution to the humification of organic
matter (Lavelle et al., 1894; see Chapter 7). The light fraction is thought to be directly
‘nfluenced by the translocation activities of the termites. This is why it is of interest to
also study the light fraction dynamics in the soil, particularly in relation to total OC
levels. The resuits of this study Indicate that by harch OC levels are relatively low as
are the C:LF ratios. This indicates that the LF, i:.:3 the “active” OC pool, makes up a
large part of the overall OC. The “slow” pool, made of transformed SOM, is smal! In
relation to the unmodified LF fraction. By October overall OC levels have increased,
however the light fraction is comparatively lower. This Is indicated by larger C:LF
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ratios. This finding points to the fact that the modification of LF to SOM is taking
place between March and October, thus this Is the fime when soil fauna mediating
such transformation processes are active. In addition It would indicate that between
October and March, the perceived growing season, soll nutrients are “used" e.g. for
primary production.

Interpreting the data over the seasons, a scenario can be depicted that suggests
how termite and microbial activity support the replenishment of the "slow" OC pool,
contributing to the generation of S8OM through translocation and transfori.ation
processes (Figure 8.6).

100 1% o
gg-- 14
: 8
z 70| 2 3
2 60 T
9 gl g e Territe Activity %
-’aé 40 | . g T
£ 30
® a0 ', 14
10 - LR 2
0l : 0

@es & @ ﬁé’"“’i \ﬁ‘ &gﬁ{; *‘pi éﬁﬂ@ .f‘

Figura 8.7: The C;LF rativ Is lowest around March, when {1} OC levels are vcomparatively low as well
as (2) the LF rallo of the OC is great {low C:LF). Belween March and Ocfobor this relationship
changes and the C:LF ratio increases and it can be assumed that the conversich of LF Into SOM Is
taking place during thls time period, It could be speculafed that termites as well as soif micrcbes
mediate QC replenishment and re generatfon of the “slow” SOM pool,

Basically OC leveis are the lowest during the growing season, when most of the
resources have been taken from the sails into the plant material. Termite activity and
diversity are increasing during this time as well, partially because of favourable
climatic conditions closer to the soils surface but also because of resource
availabllity. Termite activity and diversity were reported fo be high in March
compared to October {Chapter 6), however, relicts of termite activity such as above
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surface gallery sheeting are particularly conspicuous during the aiready much drier
months of June and July in the study area {(pers. obs.). It can be speculated that
during this time the termites relocate most of the organic material from the surface
into the ground, other species may be invaived in the transformation of LF info
humified OC. During the modification of LF to SOM other nutrients such as N would
also be released. This would explain the increase of N measured in October 1998
sompared to March 1998, as weli as decrease of the C:N ratios,

it should also be mentioned that the soils are low in clay content and thus might vary
a lot In OC levels. Clay facilitates the stabilisation of OC.

It can be calculated how much organic matter theoretically needs to be transiocaled
over the season to account for a 0.05% increase in OC%, the average increase
observed at the sites (Table 8.1). The following figures give an idea of the magnitude
needed. The calculations are speculative in nature, however illustrate interesting
ideas. Assuming that 41% of plant material will be transformed Into OC {Miller &
Donahue, 1990) the amount of plant material needed fo replenish the soil carbon
pool by 0.05 g per 100 g (0.05 OC%) over one hsctare (soll depth 0.15 m, bulk
denslty 1.6), calculates to 292.68 kg. The measured herbaceous biomass at the sites
would not be able to contribute this amount (Table 8.1), howevet, Including litter and
dung inputs and considering seasonal biomass Increases could amount for this
demand.

An important obseration is that in figures 8.4 and 85 the OC and C.LF
characteristics are more similar within each farm than they are between farms. At
Halt OC levels are the lowest and they also do not change dramatically over the
seasons. At Qlifantputs the OC levels are inifially low, however they Increased up to
88% between March 1998 and October 1998, and reach levels comparative to OC
levels measured at Weerllg later in the year. The slope of increase of the C:LF ratio
is the greatest at Olifantputs. These clues all indicate that the transformation process
ef LF into C is in fact the most active at Olifantputs. [t seems that the nutrient status
at Olifantputs varies the most between seasons, This extreme varigbllity of OC levels

131
Part IV Chapter 8



and percentage contribution of the various poois to the OC, seems to require equally
extreme responses e.g. by the soil fauna who are mediating these processes.

It should be noted that the differences in slope between seasonal nutrient levels at
the various farms might also have been triggered by unequal ralnfall. Since rainfall
monitering at the sites could not be continued over the time period of the study, no
evidence of this nature can be provided. Soil faunal aciivity might be triggered by
rainfall events (Crawford & Seely, 1994), therefore it could be possible that Halt did
receive less rainfall then the two other farms.

A number of interesfing questions arise from this research. Firstly it would be
important to understand if the low OC% levels measured in March '98 are an
absolute low or whether they would further deteriorate over the next season,
particularly at sites where organic matter inputs are so low that they will be a limiting
factor for resource translocation. This could particulary pose serlous problems at
sites that are heavily overgrazed and browsed. Since the OC% levels measured at
Qilifantputs in October '97 and October '98 already indicate a dramatic drop of 43%
{from 0.47 {0 0.27 OC%) at OPL, it is probabie that the soll OC pool and associated
nutrients are strongly dependent on rainfall and primary productivity but are also
impacted by prevailing land uses in the study area. It should be investigated whether
the observed patterns in soil carbon dynamics are Indeed dependent on termites. If
such correlation of soil fertility related processes and soif fauna, particularly termites,
hold, the study of their biodiversity and community composition becomes more
necessary,

Results from this research point to various biodiversity measures of termites as
potential indicators, Termite taxa diversity seems to respond to pressures other than
environmental variability. At six study sites with relatively similar environmental
characteristics, termite taxa diversity and composition varied. Looking at changes of
dominance of functional groupings and “tolerant” species seems to ba an interesting
approach to indicator research. Although the sampling procedures tested and
recommended from this study (Chapter 6) seem to provide a reliable picture of the
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aforementioned diversity measures, the gquesiion on how fo determine termite
abundance and effects on the ecosystem remain unresolved by this study. Other
authors have dismissed the termite taxa as potential bio-indicators for this reason
{Eggleton & Bighell, 1995).

In summary, the following patterns were derived for the study sites: The assessment
of termite parameters Hlustrated that the taxon composition at OPH and OPL were
relatively similar, and more similar to what was found at HAH than to all other sites.
Conversely HAL and WLH showed relative similarity of termite taxon composition.
WLL was different from all other sites. Termite parameters analysed in this manner,
taking taxon presence and overall taxon numbers into consideration, seem to be
related fo the grazing intensity established for each site (Chapter 2 & 3) and to
vegetation biomass (Table 8.1). Termite taxon richness seems to be reduced under
high grazing pressure. From the baiting experiments carrled out at Weerlig and
Olifantputs, however, it cannot be established if termite abundance is affected. The
data collected do not indicate significant differences In relative termite abundance
between the various study sites.

From the lifurature, provisional functional or feeding groups for termite taxa occurring
in Namibia were established (Chapter 6) and taxa composition found at the six sites
of this st} was Interpreted in the light of functional attributes. In the context of soil
parameters, it is conspicuous that grass feeding fermites are a lot more dominant at
OPH, OPL and HAH than anywhere else. Do they facilitate crganic matter
translocation e.g. in the form of grass stems info the solls and thus guarantes the
necessary link to soil nutrient status in solls? In the literature, the grass feeding
termite specles Hodotermes mossamblcus is reported azs a competitor to large
herbivores especially under drought conditions in southern Africa {Coaton, 1958,
Braak, 1995), and many farmers refer o that species as a pest (van Vuuren, pers.
comm.). No H. mossambicus were found in this study, although the species was
racorded from the area before (Chapter 5). This does obviously not mean that ;'
mossambicus is not oceurring In the area however, indicates a much lower presence
than expected. it could be considered that the smalier bodled, grass feeding species
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of the genus Trinervitermes, namely T. dispar, T, rhodensiensis and T. trinervoides,
occupy that "niche”. Whether this is only temporarily, during the time horizon of this
study, is not clear. However, farmer D. van Vuuren maintains that H. mossambicus
occurs on Weerlig farm during prolonged periods of drought. As indicated in Chapter
2 of this thesls, the study was conducted after a period of relatively good rainfalf,
excluding the rainfall year 1997/98 itself.

This study disctiminated some potential indicators »f habitat condition as well as
establishing baselinas of habitat condiiion at six sites during a wet and a dry season
sample. Now that the ecological baselines of three study famms of different land
tenure and management and two fand-use intensities at each farm are established,
these data can be used in the development of a preliminary Index of Biological
integrity (/BI} (Chapter 8). The following chapter summarises the baseline data
presented here and uses these for the ealibration of the metric underlying the iBl. IBI
ratings scored by the six study sites can then be interpreted against the land use
background data, and conclusions cnn be drawn on the effects of land use infensity,
land use practise and land tenure on the natural resource base,
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PART IV

CHAPTER 9

SYNTHESIS OF A PRELIMINARY INDEX OF BIOLOGICAL INTEGRITY (IBI)
FOR RANGELANDS IN NORTH-WESTERN NAMIBIA

The pressura fo provide sound tocls for the sustainable management of natural
resources world-wide lead to the generation of a great number of concepts for
habitat condition assessment over the past decade. Among others, concepts
such as ecosystem health {(e.g. Shrader-Frechette, 1994; Waliner-Toews, 19986;
Rapport ef ar., 1998) and biological and ecosystem integrity (e.g. Fausch ef al,,
1984; Fausch et al, 1880; Karr, 18996) have enjoyed particular popularity. The
aim of this study was to develop tools for the monttoring of blological infegrity in
Namiblan rangelands, using a process oriented approach to the study of
blodiversity. This approach has been adapted to include the concept of biological
integrity into a geophysical, climatic as well as socic-economic context to provide
a meaningful indication of rangeland condition. This was done because
rangsland condition is not only constituted by habitat condition in the narrow
sense, but also by the sacio-economic value of the sources available to
sustaining and improving the livelihoods of Namibian rural farmers.

This chapter includes recommendations for the definition of thresholds for a first
approximation for an Index of Biological Integrity (IB!) based on termite related
and geophysical parameters.

Figure 8.1 summarises the conceptualised idea of developing a metric for
measuring biological integrity, including vegetation, invertebrate biodiversity and
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soll faunal aspects, as well as soil condition which is providing the process
orlented link.
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Figure 9.1: The iBl, which provides a measure of blolpgical integrity (BI), serves as a tool to
assess range and habitat condition. By establishing threshold values of the |BI, areas that are
degraded can be identifled. Establishing critical threshold valuses of ths IBI also helps differentiate
between natural changes or human induced causes of apparent degradation.

Developing a multi-metric approach, measuring various ecosystem components,

for establishing criteria and measuring rangeland condition requires a step-wise

approach. Barbour ef &l (1995) suggest a model for desvelopment and

aggregation of bio-meftrics, which includes:

(1) classification of reference sites fo partition natural variability and to identify
homogenous regions,

(2) a survey of the biota to characterise the biological attributes that will serve as
the basis for the metrics,
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(3) selection and evaluation of candidate metrics, then calibration of the core
metrics for discrimination of impairment,

(4) transformation of the metrics through calibration to normalised scores,

(5) aggregation of the core metrics into an index, and

(6) development of bio- criteria thresholds for assessment.

The research presented in the preceding chapters has [aid the foundation for the
synthesis of environmental metrjcs and the establishment of criteria of range
condition on Arencsols, in the mopane savannah in arid north western Namibian
rangelands, including commercial and communal farming settings. In the first
step, suitable indicators were conceptualised and reference sites were selected.
Based on the model assumptions, extensive surveys of biota and habitat were
undertaken and standardised field survey methods were developed and tested.
The data were analysed and evaluated.

Synthesis of conceptual framework

Classes of environmental factors that may affect the biological integrity were
summarised in the conceptual framework presented In Part 1 of this study. A
summary of the kinds of effects that can be expected from degrading factors are
listed in Figure 9.2.

Score system dsvelepment from collectad baseline data

The scoring system underlying the index is derlved from the collected data from
the six study sites. Optimally sites of maximum integrity would be included in the
development of such a system to establish a benchmark against which to
measure the biclogical integrity to be expected in a particular habitat type.
However, in this study only six sites were included in the survey and all of these
have been under differing land use and land-use intensity for many years
{Chapter 3). It can be expected that some Impacts have occurred on all of the six
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sftes. Therefore the sites are only compared relative to ane another and not
against an absolute "best scenario” benchmark, which has not been established
for the study area.

Parametar Expacted impacts

1.} Soil biota
o Termite species richness & « decrease in species

sompaosition numbers and diverslty
» changes in functional

groups e.g. termlte

trophic groups from
wood/litter dominated to
grass/fungus growing

2.} Soll fertillty dominated communities

L]

N

» 0OC

e P ¢ decrease in soil nutrient

s N values

s LF » dispuption of LF to OC

e CiLF fransformation

3.) Vegetation
« Vegetallon richness & composition
» Forage guelity
»
L]
-
9

Herbaceous biomass Impalred forage quality

4 44

Woeody biomass decline of vegetative
Litter biomass biomass
{Dung biomass)
4.) Climafe
*  Rainfol » deteriorating rainfall
conditions
« frequent ocourrence of
droughts

Flgura 9.2,; The major classes of environmental faciors, which defermine biclogical intagtity (see
conceptual framewark, Part 1) that were measured In the scope of this sfudy.

The ecological data reflecting vegetation, soil, and termite “condition” at the six
study sites were presented in Chapter & and partially in Chapter 6. These data
are now used to davelop a scoring system, which allows the comparison of the
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ecological status of each of the sites taking all measured parameters into
consideration.

The data from Chapler 8 were plotted for each of the parameters, and the
minimum, 25% percentile, 75% percentile and maximum were marked, It was
decided that three different scores would be distinguished, score 1 describing a
poor condition, score 3 a medium condition and score 5 a good condifion. A
score of 1 would be given for measurements that ranged between the minimum
value measured for a parameter up to the 25% percentile calculated from the
entire range of measurements. A score of 3 would include a wider range of data,
lying between the 25% and 75% percentile. A score of 5 would only be assigned
o sites at which measurements were particularly high, ranging from the 75%
percentile to the maximum value measured. The range of data and cut-off points
for the three scores that could be obtained are presented in Figure 9.3 below.

Whereas the data and resuliing scoring system for the soil and vegetation are
straightforward, the termite parameters included In this concept need 1o be
described and discussed in some more detall. The development of an Bl Is an
=laborate process and it needs to be kept in mind that the research presented in
this study is only taking the first steps towards integrating termites into an Bl
developed for western Namibian rangelands.

Barbour et al. (1995) suggest that aftributes of community structure, taxonomic
structure, individual condition and biological processes should be incorporated
into a biological assessment (Figure 9.4}, becauss these are thought o provide a
good reflection of biological systems.
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Score 1

1.} Nitrogen

25% - C.006

S50IL PARAMETER

Score 3

75% - 0.024

Score 5

l

0.0031%

2.} Organic Garbon

25% - 0.156

75% - 0.2435

0.028%

0.114%

3.) Phosphorus

25%-5.12

78% - 7.52

0.267%

—

2.63ppm

4.} C:N ratlo

25% - 10.4

75% -~ 37.2

12,3ppm

L

8.4:1

5.} Light fraction

25% - 0.021

75% - 0.029

53.2:0

[

0.017%
6.) C:LF ratio

26%-£5

76%-13.9|

0.031%

471

1.} Forage o=ty

VEGETATION PARAMETER

25% - 2.54

75%-3.73

16.5:1

1.12

2.} Harb. biomass

28%-13.5

78% - 227

4.48

I

5.2kgfha

3.} Woody cover

25% -1

75%-5

28.8kgtha

L

|

02%

4.) Litter biomass

25% - 167

78% - 478

8%

|

51kg/ha

Part IV Chapter 8

139

535kgiha



Figure 9.3.: Scoring system developed from the ecological data (here soll and vegetafion
parameters) presented in Chapter 8. Score 1 is given for atiributes who's values range from the
minimum measurement to the 25% percentile, score 3 from the 25% to 75% percentlie and score
5 from the 758% percentiie {o the maximum measurement.

Caption for figura on previcus page

Community structure ! Taxonomic Individuz  andition Biological

compositlon processas
Y v v g

Taxa richness Identity Disoas. Trophic dvnantics

Relative abundance Sensitivity Anomalies Productivity
{Intalerance)

Daominance Contaminant levels Predatton rate
Rare ar
endangered Metabolic rate Recruwnent rate
key taxa

v v v ‘
v
BIOLOGICAL ASSESSMENT

Fip wea 2.4: Organisational structure of the lypes of atiribules that should be incorporated info
biowaglcal assessment (from Barbour et, al, 1995)

A It was established in the conceptual framework of this study, termites were
chosen as key organisms because they p'ay an important roie in supporting
crucial ecosystem processes such as the transiocatlon of organic matter into the
soils (Figure 1.4, Part I; Chapters 7 & 8). [n adapting the above concept (Figure
9.4) for termiltes in particular, attributes such as functional group composition,
colony size, and others could be included. It should be noted that because of the
particular nature of social insects "individual condition” shouid possibly be
interpreted as "colony condition”.

Various termite assemblage atlributes were measured in the scope of this study,

including aspects of taxa richness, relative abundance, dominance, identity, rare
and endangered specias and trophic groups (Chapters 8 & 8). Howaver, only a
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small selection of these was measured at all six study sites, because the baiting
experiment was only conducted at Olifantputs and Weerlig, but not at Halt. |t
was decided to Include only a few selected atiributes In the development of an
IBl based on termite assemblages at this stage, because it was the aim of this
study fo derive measures ihat would help distinguish the condition of six study
sites of varying land use practices and Intensities.

The termite attributes selected were (1) taxa richness as described by generic
richness and (2) the ratio of four differentiated trophic groups, namely woodfitter,
humus, fungus and grass feeder (Chapters 6 & 8). It was assumed that higher
numbers of taxa present would be a pesitive biological attribute. The valuation of
the trophic groups was based on the recearch presented In Chapter 8, where it
was argued that a high percentage of wood/litter feedars in the community
composition migint be a positive atiribute. The reverse was assumed for the other
three trophic groups (Chapter 8). it is acknowledged that these relationships
need to be tested and further investigated in future, however they were thought
1o be useful for this study, considering its preliminary and exploratory nature. The
foliowing scoring system was derived for the termite parameters {Figure 9.5).
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TERMITE PARAMETER

Score 1 Score 3 Score §

2} Taxon numbers | 28%-8.75 75% - 11.5

I |
8 13
2.) Woodllitter feed ratig25% - 6.63 75% - 3.45

I |
10 2
3.} Humus feed ratio | 25% - 10.6 756% - 13

| B
10 14
4.} Fungus grower ratioj 25% - 2,69 75% - 3.63

I 1
2.5 4
5.} Grass feud ratio 25% - 2.5 75% - 4.75

l |
25 7

Figure 9.5: Scores developed for the fermile paramelers {see also Figure 9.3).
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Table 9.1: Scores obtained from the six study sites on the soil and vegetation metrics.

—| T
N oC P GN |LF |C:iF |Soif score [Forage (Herb. |Wood. [Litter b.{Yey. score| TOTAL
_ 1 quality |b. b. . :i
HAL |March'08 1 1| 3 5| 3 1 14 3 5 3 3 14] 28
Ocfoberss 3 a1 3 2 3 186 3 3 3 5 14 30
HaH [March'os 1 1 3t 1 12 5 3 1 3 12[ 24
Octoberss 3 1 G 3 6] 5 1 1 T 8 24
OPL |[March'd8 3 a 3 a 3 3 18 3 3 3 3 2] 30
Ocfoberds 5 5 3 3l 1 5| 22 i 3 3 10 3z
OPH |March'a8 1 1 3 5[ §| 3 18 1 3 1 1 8 24
Octobaros 3 Al 1 3 1 3 14 1 i 7 1 VT
WLL |Twamh'93 3 3 s 3| 3 3f 20 3 5 5 5 18] 38
October'os & & & 1 1 5 22 1 3 3 3 6] 32
WLH |T\narch@a 3 3 s 5 & 3 24/ 5| 5 3 3 18] 40
{Oclober'ss 5/ 5 3 3 3 3 22 3 3 3 3 2] 34
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Table 9.2; Scores obtalned from the six study sites including the termite
metrics.
R— T
Taxon # [Woodflitter [Humus f—“ungus Grass [Termita score [Termite and soil &
veg. Score (Tab
8.1)
HAL 3 3 3 3 ] 17 48
HAH 3 B 3 3 1 15 39
OPL 3 3 3 3 3 16 48
OPH 1 1 1 1 1 5 26
WLL 3 5 3 5 3 18 54
WLH 5 5 5 3 5 23 61

The absolute scores obtained on soil and vegetation condition by the various

study sltes clearly allow for distinction of the sites. Drawing these along a line
(Figure 9.8), show that OPH (21 scores) and HAH (24 scores) range at the lower
end, indicating poor conditions. The other sites classified as follows: HAL (29),
OPL. (31), WLL {35) and WLH (38).
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Flgura 9.6: ?~*ng of scores of the six sites along the verlical distribution of soil & vegetation
parameters
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Depicting the rating scored by the termite parameters alone, the following pictine
emerges:

Mo |

,9 H H W W

H A A L L

H L L H
. v , T
! | 1 | T ;
0 5 0 15 20 25

Figure 8.7; Raling of scoras of the six sites along the vertical distribulion of termite paramelsrs
only

Adding the scores of the termite criteria (Figure 9.8}, the picfure changes slightly,
marninalising OPH as the lowest reading and grouping HAL and OPL together.

rog
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Flgure 5.8: Rating of scorea of the six sites elong the vertical distribution of termite, soil &
vegetation parameters fogether

Discussion

According to the scoring system a clear distinction ¢an be made between the
habitat condition of the six examined study sites. OPH is dlearly in the poorest
condition, followed by HAH. HAL and OPL come next along the scale of habitat
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condition, ranking somewhers in the middle of the range, and are succeeded by
WLL. According fo the scoring system WLH is in best habitat condition. In
Chapter 3 of this study, land use intensity was defined for each of the three farms
and six study sites. Chapter 3 forms the basis for the following discussion.

Although the arm Weerlig has been under agriculiural land use for the longest
time span, this farin seems to be in the best condition compared to the other
farms. Locking at stocking numbers over the past elght years (Chapter 3}, it is
indeed this farm that keeps the most animals with an average of 441 LSU (330
cattle, 664 sheep & goats) and additional 15 horses and donkeys. These figures
compare to 372 L.SU (237 catile, 808 sheep & goats, 41 horses and donkeys)
kept on average at Olifantputs and 356 LSU (182 cattle, 1043 sheep & goats, 44
horses & donkeys) at Halt. Stocking numbers were above the suggested
carrying capacity for all farms for most years (Chapter 3}.

The argument that overstocking per se is the prime cause of habitat degradation
does not explain very well why the communally owned farms are more impaired
than the commercially owned farm included in this study.

As outlined in Chapters 2 & 3, land use intensity cannot only be blankiy
determined by siocking numbers obtained by annual livestock counts by
MAWRD staff. Livestock numbers are extremely variable, as documented for
Olifantputs and Halt. The farmers apparently seldom keep records of the actual
livestock numbers they own, and many owners do not like to reveal the actual
number of animals they keep. i is very difflcult to establish aciual permanent
populations and transfer rates during “droughts”,

Grazing management also seems fo be very Important. The farmer at Weerlig
practices rotational grazing, whereas on the communal farms, especially at
Qlifantputs, permanent grazing is practised. In communal farming areas [i is
ilegal to fence off grazing areas or water resources. Although this policy has

Part IV Chapter 9 146



been put into place to protect farmers in the communal areas from individuals
fencing off the best part of the land for “private” purposes, this may also place a
serious land management constraint on the farms (Chapter 4). Community
grazing rights are in place and certain peaple use specified areas for their own
livestock, but strictly speaking there are no areas that are left to rest at any time
of the year.

Another extremely important point made in Chapters 2 and 3 is the importance of
emergency grazing and migration. When the grazing resource is very poor,
animals are usually moved off the farms. This is comman practice at the
communal as well as commercial farms. The commercig! farmer In this case can
count himself extremely lucky having access to another farm. Most communal
farmers also find emergency grazing, at least for a short while, but there are
serlous constraints. In 1898, for example, most caitle were moved from
Qlifantputs by June. By QOclober several farmers had refurned their livestock in
anticipation of the forthcoming rairy season, and because they did not consider
their animals "safe” on the other farms that still had grazing. Either livestock theft
were recorded as a problem or scare ground water resources. in 1998 there
were a few rain evenis recorded in October and November and the new
seedlings were consumed almost immediately. Early consumption can have
negative effects on future grazing potential (Illius & G'Connor, 1999).

All these points are just a few examples to corroborate the observations made in
Chapters 2 and 3 indicating that [and use intersity is a much broader and
complex problem than stocking numbers only. Stocking numbers, which can be
assessed relatively quickly, are often used for the purpose of studies like this.
Considering that all three farming areas are of similar size and of similar land use
intensity it seems that land management praclices are of vital importance in
ensuring lasting habitat condition. Water points, emergency grazing, reliable
stocking numbers, as well as communal farming commurity dynamics are
important to take into consideration.
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An important queson is whether sites, which are already impaired remain stable
and resilient enough not to deteriorate faster than other sites when continued
pressure is put on them. This needs to be Investlgated urgerntdy. The
development of appropriate management interventions for rehabilitation of
impaired systems has to be made a priority (e.g. Chapter 8).

Some of the above arguments will be taken up and further developed in the final
conclusion (Chapter 11). However, in the scope of this chapter it is important to
make a few points on the methodology used for the development of a preliminary
1Bl in this study.

At this stage of the study, clearly defined integrity classes (see e.g. Karr, 1981)
were not established noyr were true biocriteria defined (Barbour ef af., 1985), both
vital components of an IBl. Howsver, this study has laid the foundation for the full
establishment of such indices. It should be mentioned again that the study area
is considered to be marginal in all measured components, including termite biotic
dlversity measures (Zeidler, 1997). Therefore the study sites under inspaction
should possibly be classified as "lower end benchmark” compared to sites
elsewhere in Namibia. However, it should be stressed that it is particularly in
these marginalised areas, where slight variations in habitat conditicn might make
a big difference for performance and productivity (e.g. OC% content, see chapter
8). The rule of the lowest limiting factor fo plant growth for instance, might be
significantly affected by soil nutrient status.

The developed termite related criteria of the 1Bl shoi 'd be refined In future. The
termite research might open an interesting avenue to biodiversity and ecosystem
functioning focused studies. Termites might not be “simple” indicators,
cor 'dering both the sampling effort, and the difficulty of specimen identification,
but they still hold conceptual value for ecosystem studies (Figure 1.4, Part 1), and
consequently could be particularly useful for incorporation into an IBl. Their
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general corroboration of a complex of envircnmental variables, as well as their
crucial role in soil processes, support this.

This chapter has established the scientific condition rating of the six study sites.
Chapter 10 presents the perceptions . ihe site condition by the local farmers.
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PART IV

Chapter 10

FARMERS PEPCEPTIONS AND INDICATORS OF HABITAT CONDITION
AND BICLOGICAL INTEGRITY

10.1 Introduction

Since the 1970s, the role of local participation has been an important focus of
rural development programmes. More recently the need to involve the people
in research, conservation, and the active management of the natural
resources has been underlined, and many programmes take a community-
based approach (e.g. Cemea, 1985; Paul, 1987; Little, 1994; Western ef al.,
1994). In this research, the participation of the local farmers was linked fo the
ongolng work of Napcod, a development programme that was based at
Qlifantputs throughout the perfod of this study.

Farmers' involvement in this research was important for two reasons. Firstly, it
is generally appreciated that the farmers themselves know best how their
farms work, what the management constraints are and local and indigenous
knowledge may be a rich source of information when looking for suftable
indicatars of range condition (e.g. Oba, 1994; Homann &f af., 1996). Secondly,
it is the loc... furmers who will become the ultimate users of range assessment
tools. It is considered that an early involvement of the farmers in the
formulation of indicators as well as the generation of suitable fieid
methodologies is crucial fo make this work. The interactions beiween the
farmers and ™= researchers are therefore seen as an important information
exchange ar ! fraining process.
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40.2 Methods

Two different approaches to data collection and verification were used:
transect walks and a fieid site evaluation by the farmers.

Transect walk

The list of indigenous and local indicators used for the assessment of grazing
potential, livestock productior and biological integrity was cross-validated and
expanded through transect walks {e.g. Nagel ef al., 1992; Westphal at al.,
1933) across the farm,

Farmer site evaluation

A group of five (self) selected farmers and farm workers from the three farms
Olifaniputs, Halt and Weerlig together visited the six study sites for site
evaluation. These were namely Ernest Unaeb and Frederick Nanuseb from
Olifantputs, Albert Giel from Halt, Jesalas Haraeb the foreman of the farm
Weerlig and Dudu Murorua, Napcod field facllitator, former communal farmer
and now owner of a commercial farm neat the study area. The relative habitat
condition at each site was assessed based on thelr own qualitative criteria.
The six sites were ranked by each farmer from high fo low integrity as a
measure of habitat condition by scoring each of the selection criterie. A list of
indicators used by the farmers was compiled from the answers provided.

10.3 Results

Table 10.1 Is a synthesis of the indicators each individual farmer has used in
their field assessments. The full set of indicators used for the assissment of
each individual sife is included In Appendix 6, The rank of en.n site was
decided on in a collective manner after discussions among the farrmers. There
was general consensus on the condition of the various sites compared to one
another. The ranks are depicted in Figure 10.1.
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Table 10.1: Indicators used for habitat assessment by farmers from Olifantputs, Halt and Weerlig

&) Emet Nunaeh b} Albert Giel ¢) Dudu Murorua d) Frederick Nanuseb ¢} Jesajas Haraeb
Vegotation Vegetzitn Vagetation Vegstation Vegetation
&« Tree conditon o {3ras -.over = (3rass stems « Bare ground vs grass o Grass blomass
o Veld condition o Trees o Grazed to specific limit cover * Veld condition
= Regeneration potential {» Mopane trees e Perennial grasses » Tree density o Vegetation condition
uf seedling after rain s Vegetation condition e Vegetatlon biomass =  Mopane tress + Tree condition
= Vegetafion ¢ _.ditlon » Grass biomass ¢ Condition and density | » Tree condition «  Bare ground vs grass
v Grzss biomass and ¢ Regeneration potential of grass ¢« Seediings cover
condition atler rainfaii o Shrub density eslablishment o Grass (forage} quality
o Frequency of perenntal | o Vepetation cover — e Overgrazing = Vegetation condition o Ragensration potential
grass Schmidtia bare ground ¢ Condition of vegatation | = Condition of individual after rainfall
s Grass (forage) zuelity » Bara ground vs Indictor plants e.q.
Climate vegetation cover “LAwa-trf"Staal bosies” | Climate
Climate e Rainfall = Tree density has white flowers ¢ Rainfall
= Rain s Vegetation biomass s  Litter “density”
Topography s Tree density » Secads Soil
Topography » Topography + Crass vs Acacia = Soil type
e Topography and water bushes (bush Soil condition =  Soil condition
flow Boil encmachment) = Soil condition o  \Water infiitration
o Sol condition {crust « Eroslon (bare roots) o Soil fertility
Soit formation) Climate
o Soil fertility (litter »  Water infiltration s Ranfall Biotz Overall
conient) o Tracks of domesticvs |« *“Desertification”
Livastock Soil wild animals
« Dying animals s Solitype +» Biota
N o Erosion {stems and o Trampling
Siota roots of grasses are » Antsiiota
¢ Biota visible} « Porcupineg fracks
»  Soil condition
Water
Biota « Condifion of ephemeral
» Termite activity river courses
« Trampling s Ground walter
- +saitability
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Figure 10.1; Ranks aftibuted to the various study sites by losal farmers during a fleld
svaluation exaursion conducted in November 1998,

it is apparent that all farmers most frequently used vegetation-related
indicators. Veld condition, generally interpreted as grass cover and grazing
limit, was posslbly the most frequently applied indicator.

Others were grass species composition, with a high frequency of Schmidlia
pappephoroides being interpreted as favourable. Tree and overall vegetation
condition, especially pinpointed fo mopane trees, was used frequently. The
frequency of Acaclae species as encroaching species was mantioned, The
regeneration potential of vegetation after rainfall was one of the nain features.
However, this regeneration potential could not be used as a definite indicator
especlally at the time of the field evaluation, which {ook placa before the onset
of the rainy season in November'98. Litter and seed |wasence at sites was
also registered. However, the latter could not easily he assessed visually.
Nevertheless, deplation of the seed bank was acknowixiyed as a facky of
degradaticn.
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Climatic conditions, especially rainfall, were recognised as the main indicator
of habitat condition. Also the geographlc situation and overall environmental
character of the study site were identified as pre-requisites for habitat
evaluation, partially also influencing rainfall at a specific study site.
Topography, resulting water flow patterns, soll type and suil condition were
mentioned frequently by the farmers. Soil related indicators suggested
Included soil compaction and crusts, hardness, rocky or stony contents, soil
colour and fitterforganic matter content. One farmer only (Frederick Nanuseb}
mentioned ground water availability and the condifion of ephemeral
watercourses as an importunt indicator of habitat condition.

Animal related indicators were also named occasionally., Some of them
pointed to the livestock and their condltion, others were directed at the
"natural’ fauna, inciuding invertebrates. Livestock dying of siarvation and
trampling intensity were mentioned in connection with livestock, the
occurrence of wild animals indicated by their tracks and the activity of ants
and termites were noted. However, whether the latter was seen as positive or
negative could not be established.

The causal connactions made between indlcators and habitat condition are
more explicitly shown in the full data set presented In Appendix 6.

The site evaiuatlon by the farmers was very straight forward (Figure 10.1).
There was consensus amongst all the farmers as fo the quality ranking of the
six sites. The ranks of hahitat condition assigned by the farmers grouped
HAH, OPH, and OPL together under a zero rank, Indicating a poor habitat
condltion. This was followed by WLH, ranked as one, WLL ranked as two and
HAL. ranked as three, thus indlcating the best condition observed among all
six study sites.
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10.4 Discussion

The local farmers who took part In the slte avaluation excursion seemfo use a
great diversity of indicators when assessing habitat condition. Although most
Indicators are based on vegetatlon parameters, rainfall, ground water and
animal attributes are also used. Generally all farmers who joined the group
had a good understanding of habitat condition aithough it was apparent that
some individuals bad a hetter understanding of using quantitative assessment
methods than others,

Comparsd fo the ranking of siudy sites by the 1Bi method (chapter 9), the
results of the farmers evaluation show some differences, Whareas the rating
of condition of OPH and HAH are also right at the bottom, therefore the poor
end of the scale, OPL. was characterised as being very similar. WLH was
evaluated as belng of poor to fair condition by the farmers, however, was
rated the best by the 1Bl method. HAL was thought to be of good condition by
the farmers, however, this site is, according to the ecological rating, of fair
condition at best.

How did this discrepancy of assessment come about? The types of Indicators
mainly mentioned by the farmers were soil condition, tree condition {esp.
mopanse), herbaceous and litter biomass and grass specles composition. Soil
condition was genarally descrived by surface hardness, which would prevent
rainfall infiltration. Tree condition was mainly described by whether the trees
were carrying green or dry leaves. But grass parameters and [itter were used
mainly as indicators. These indicators laken together probably identify HAL as
being in a good condition, as it was mainly the soil parameters (Table 8.1 and
chapter 9) that were poor at Mall, it seems that using primarily vegetaticn
characteristics as indicators gives a refiection of recent grazing intensity, but
not a good understanding of longer term impacts and gcosysiem function and
related processes.

ft is also apparent that Halt is generally considered to be a good farm (Answer
fo the question of which fafm in the area is considered belng in good
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condition, Questionnaire Appendix 1). This seemingly prevailing nofion could
have masked the objective assessment of the low intenstly site at Hait.

Howsver, the discussions with the farmers were most interesting and a
number of questions were raised by the farmers, mainly revolving arouind
Issues of management opportunities, possible interventions to enhance
hab#at condition and constraints to communally owned resources.
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PART v
Chapter 11
Final conclustons and recommandations of the study

Vith the assumplions made at the onset of this study, that all study sites staried
with similar ecological conditions, ft can be concluded that communal land tentire
and management are more constraining on the ecological resource base than
commercial land tenure at the selected study sites in north-western Namlbia
(chapter & and summary Figure 11.1).

l:Tl
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Figure 11.1 : Rating of habitat condition of the six sites, considering the IB! scored based termile,
sail & vegetation parametars togsther. Olifantputs {OF) and Halt (HA) are communal farms,
Wearlly (WL} Is a commoercial farm situated In the same area. (L) and {H} indicate the low and
high land-use Intensity study site respectively.

Local farmers rated the condition of the six sites differently from the scienfific
method {Figure 10.1), and used a great diversity of indicators for qualitetive
assessment of the natural resource base (Table 10.1). These included indicators
of soil and tree condltion, herbaceous and litter biomass as well as grass species
composition. Soil condition was generally described by surface hardness, which
would prevent rainfall infiltration. Tree condition was malnly described by whether
the trees were carrying green or diy leaves. But mainly grass parameters and
fiter were used as indicators. It seems that using primarily vegetation
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characteristics as indicators gives a reflection of recent grazing inter.ztty, but not
a good understanding of longer term impacts and ecosystem function and related
processes, Quantitative assessment methodolagies such as the |BI seem fo
provide supetior and more reliable results.

The research results of this st 'y provide field data that negates the notion that
rangelands that are situated in and areas and are non-equilibrium systeins, are
nof threatened by land degradation (e.g. Behnke et al., 1993; Suliivan, 1998;
Ward et al., 1998). However, the findings are in line with Illius & O'Cannor (1999)
who state that “rather than ignoring degradation, policy-makers and ecologists
should seek to identify the characteristics of grazing systems that predispose
some systems toward degradation, while others appear fo be resistant.”

In an area as arid and variable in ¢limate as north-western Namibia, indicators
have to be found whic'. wy distinguish between areas that are degradad,
thus suffer from a declir productivity, and areas that are only resting under
natural climatic variability, but retain their productivity. The results of this study
suggest that a combination of vegetation parameters, including biomass and
palatability of herbaceous plants, litter biomass and tree cover, soil parametars,
including measurements of soil fertility such as P, N, C, and LF levels and ratios
thereof, as well as bicdiversity measures of termites as suitable indicators, all
combined in an index of biological integrity (IBIY may serve as a raliable indicator.
This index focuses particularty on the link between biodiversity and ecosystem
functioning, which, in the scope of this study, was conceptualised at the onset of
the study (summary Figure 11.3) and later established through the research,
between termitas, other soil fauna and the OC tranglocation and transformation
in the soils. it is recommended that the IBI be further developed and refined at
the sites, as well as adapting it to other habitats and areas throughout the
country.
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Figure 11.3: Summary of the concepiual framework of Bivlogical Infegifty (Figure 1.4, chapler 1}
Process liniks behwvaen the measured paramelers are indicated by the "bow-tig".

The field colisction of the ecologica! baseline data have been sfreamlined and a
practical sampling design ehcompassing a wet and dry season sample is
suggested for use in comparative sites, Laboratory analysis, a.g. in form of
termite and vegetation identification, as well as soil analysis. is elaborate and
costly ard it would be desirable to identify simplified indicators providing clues to
the actual ievels of the same parameters. Termites are faitly elaborate to sample
as well as diffloult to identify, especially if no soldiers are found. A reference
collection could be a useful tool for field identification, or alternatively other
associated biological indicators, easier to handle should be searched for.

The study could not establish whether the impoverished integrity of the sites
could be reversed by certain management inierventions. However, looking at the
nature of the impacts and the extent of the famming areas it is unlikely that cost
effective and practical interventions of regulating land use intensity can be
applied. Sandford (1995) indicates that it might be more cost-effective not to use
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scarce financial resources for the rehabllitation of rangelands but rather to
prepare the pastoral population for non-pastoral occupations. However,
innovative research could possibly help to find other solutions, and Bayer &
Waters-Bayer (1995), for exampie, suggest supply of alternative food supplies to
range anlmals especially in drought as one of several management strategies for
range improvement .

This research attempted te cross the border from pure ecological research to
incorporate some more sociological research, particularly in the need to establish
land use intensities and prassures on the resource base more appropriately than
using annual stocking numbers only. The study clearly indicates that the use of
such numbers are nof providing a good reflection of the actual land use Infensity,
both because the numbers are often not reliable and also do they not reflect the
stocking dynamics over a year nor land use management practices.

Corparing the recorded stocking numbers for 1898 derived from fwo different
sources, namely data from the annual census of the Ministry of Agriculturs,
Water & Rural Deveiopment (MAWRD) and data from a questionnaire answered
on the individual basis by all household especially on the communal farms (Table
3.7 reproduced in Table 11.1), do not carrespond.

Table 11.1; LSU recorded at the farms by MAWRD {12/98) and a questionnaire based census
{06/98)

MAWRD (12/98) | Census (D6/98) | % difierence
Weerlig 483 251 52
Halt 393 76 19
Olitantp.s 434 566 147

Cummparing the LSU values provided by MAWRD for December 1998 “nd the
questionnaire data from June 1998, it is apparent that at Weerlig and Halt the
census recorded much lower animal numbers. This relationship was reversed at
Qlifantputs, were animal numbers (LSU) in June were 147% of the numbers
counted by MAWRD in December. It seems to be particularly important to count
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stock on a household level on communal farms, where ownership siructures can
be confounded (see also chapter 4).

it is recommended that in future, stocking numbers be fracked more accurately
by the farmers themselves. As rainfall tracldng is a prerequisite to qualify for
drought relief (National Drought Policy; Anon, 1897), policy incentives should be
set encouraging the farmers {o record stocking numbers on a monthly basis, This
concept should be based on participatory monitoring and research principles
particularly empoweting the farmers to make informed decisions about land and
animal management (DRFN/Nepru, 1999). The tools could be propagated
through programmes such as Namibia's Nationa! Programme to Combat
Desertification (Napcod), the Sustainable Animal and Rangeland Development
Prorgramme (Sardep), the Northern Livestock Devslopment Programme
{Nolidep) at the commercial and communal farms as well as through MAWRD
extension personnel. It should be noted in this context that it might be useful to
adapt rainfall analysis and interpretation in the realm of the (drought) policy
context mentioned above, by considering a more qualitative approach {chapter
2). One of the main draw backs on the drought pollcy and the tracking of rainfall
have heen that relief Is only granied after the disazwer has struck {Deveraux ef
al., 1993; Moorsom ef al, 1995). This dilemma can possibly be avoided by
including the continuous tracking of stocking rates, as well as practicing drought
proofing strategles (DRFN/Nepru, 1999).

However, although stocking numbers ssem to be a major component of land use
intensity, other components such as management opportunities are a major
constraint to sustainable land use especially in the communal areas (chapier 4).
The reasons for this are manifold and need to be urgently addressed in order tc
prevent iand degradation. It is not stocking numpers as assessed through annual
livestock counts by the MAWRD per se that explain the amplified impoverishment
of the natural resource base at the communally owned farms. Stocking numbers
were in fact the highest at Weerlig with an average number of 441 LSU, followed
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by Olifantputs with e average stocking rate of 372 LSU and Halt with 356 LSU.
Whether the high stocking rate at Weerllg can be maintained because stock are
regularly moved to another farm or supplement fodder is given, cannot be
established. All three fanns are continuously stocked above the recommended
limits {chapter 3). The generalized call for de-stocking should be quailified, and
ownership, decision making and livelihood dependency struchires should be
taken inio consideration when monitoring land degradation (desertification) and
planning interventioris to prevent it.

A major discussion revolves around the issue of emergency grazing. The way
grazing is practiced today in north-western Namibia seems to be a modified form
of nomadism (Rhode, 1993, 1994). When grazing on a farm is depieted, livestock
owners usually try to move their animals fo farms that still have sufficient grazing
available. The commercial farmer at ‘Weerlig, for example, owns a second farm
onto which he can move hls livestock in periods of prolonged drought. The
communal farmers usually depend on their personal connections to negotiate for
their livestock to be lodged at other sommunal or even commercial farms
(chapter 4). Usually no compensations are paid. However, ...n increasing
stocking numbers as well as over longer time periods even emergency areas
become scarce. If we consider the emergency grazing areas availavle as “key
resource” areas (see lllius & O'Connor, 1998}, the problem arises that large
livestock populations are maintained over a prolonged period, which may lead to
degradation. Little research has been done on the assessment of range condition
of emergency areas and the in.pact of high stocking intensities under periods of
prolonged drought. Consider g that important ecosystem processes such as
soll nutrient replenishment are possibly nafuraily reduced during extreme
situations such as drought (chapter 7 & 8), maintained high land use intensities
could threaten the sustainability of emergeney grazing r.2as.

High land use intensity at communal farms is confounded by aspects of the
degree of dependency of many individual livelihoods oi the farms, difficulties
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associated with communal ownership and management, as well as the legacy of
a deahling policy frameworik that prevents appropriate land management
deci- ‘05 fo be taken especially on the communaiiy owned farms. As farmers at
Qlifantputs describe i, it is the management cf the grazing in the “opin access”
area that is of special concern. Also the inaccessibility and unreiizbility of
ernergency grazing that drives the farmers o apply bad managemert, cuch as
overgazing and untimely grazing (chapter 4). The ground water resources are
threatened due to high livestock numbers (DRFN, unpubl.).

These frame conditions ought to be improved and evidently the farmears yeam for
more independent and site based land use and land managemw:nt rights. This
would require a high sense of responsibllity of communities to manage the land
In a democratic and just fashion. In the case of Olifantputs, the results of this
study raise concerns. A few residents own large livestock herds, including
absentee farmers, and some do own only a few animals. However, the same
contribution to the maintenance of the water point Is to be paid by each
household (DRFN, unpubl.). An enabling but just and protecting policy framework
needs to be developed, considening especially the marginalised people in rural
communitles.

If Namiblan rangelands can only be used at a limited intensity without
jeopardising the natural resource base irreversibly, it needs to be considered who
the people are that really depend on farming to sustaln their liveiihoods, One
aption is that people who do not have other alternatives to make a living should
be promoted to make use of the rangeland land. It needs to be carefully
~yamined at which ‘environmental’ pifce some of the beef is produced and long-
term cost-benefit analysis should be conducted,

Alternatives to livestock husbandry as the main usage of rangelands should be

considered. Game farming has been promoted as a viable alternative in the past,
but it is not clear yet how the infernational meat market and consumer will accapt
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this alternative (e.g. Conservancy CBNRM programme, WILD}. Game farming is
not only contributing to meat production but opens other avenues for Income
generafion such as photo and hunting tourism, and associated businesses.
However, some constraints remain — firstly the land use intensity may not be
significantly reduced through a shift from livestock o game farming. Secoidly,
the markets will possibly never develop to the size of the beef market. Thirdly it
needs to be recognized that livestock farming is a lifestyle in Namlbia, a
fraditional pastoral society, However, alternatives have to be found, both to
guaraniee the protection and sustainable use of the enviconment but also to
guarantee sustainable development to a level that is desiraile for all Namibians.
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Appendix 1

Database of all socio-economle survey data, questionnalres, PRA activities

The full database is made of two main components:

1.) PRA data from Olifantputs

2.} Natural resource management questionnalre designed by Penda Shimali and a~swered
for all households at Olifantputs, Halt and Weerlig

Both parts have been computerized In ACCESS'D7 datebase programme and can be rimn
from the provided diskette.



Appendix 2

Termite taxa occurring in Namibia (National Survey of the [soptera, 1963-68). A classification of feeding and nesting groups is detived from the

literature. Genera that are not [dientified o specles level are marked as n.f.i.".{After Zeidler, 1997)

Taxen Feeding group Nesting group Reference
KALOTERMITIDAE
Kalofermitinae
(1) Neotermes wood feeder arboreal Cozton & Sheasby, 1972
{2} Bifiditermes wood feader arboreal Coatan & Sheasby, 1972, 1980
Bifiditermes sibayiensis Coaton
{3) Epicalotermes (n.f.i.) wood feedsr arboreal Coaton & Sheasby, 1972
(4) Cryptotermes wond feeder arboreal Coaton & Sheasby, 1972, 1972
Cryplotermes havilandi Sjtistedt
HODOTERMITIDAE
Hodotarmitinae
{5) Hodotermes grass faeder hypogeat Coaton, 1858, 1981; Coalon &
Hodotermes mossambicus Hagen Sheasby, 1972, 1975b
{6} Microhodotermes litter/dung feeder hypogeal Cosafon & Sheasby, 1972, 1974b
Microhodotarmes vistor Lafreille
RHINOTERMITIDAE
Psammeotenmnitinas
(7} Psammotermes wood & litter feeder hypogeal Coaton & Sheasby, 1972, 1973¢

Psammotermas aflocerus Desneux



Taxon Faeding group Nesting group Reference
Coptotermitinae
(8) Coplotermmes wood feeder arborasl Coaton & Sheasby, 1972, 1976
Copfofermes amanii Sjtstedt
Rhinotermitinae
{9) Schedorhinotermes wood feeder arboreal Coa..n & Sheasby 1972, 1973b
Schedorhinotermes lamanianus Sjtstedt
TERMITIDAE
Aplcotermitinac
{10) Skatitermes litter/dung feeder hypogsal Coaton & Sheasby, 1972
Skatitermes psammophilus Coaton
Skatiterrmes walli Coaton
{11) "Anoplotermes” branch wood/soil feeder hypogeal Coafen & Sheasby, 1972
Termitinae
{12) Amitermes (n.f.i.} wood & litter feeder arboreal Coaton & Sheasby, 1972
{13) Microcerotermes {n.f.l.) wood & litter feeder arboreal Coaton & Sheasby, 1872
{14} Cubltermes (n.f.i.} humus feeder epigeal Coaton & Sheasby, 1972
{15} Ovambotermes hurmus feeder arbareal Coaton & Sheasby, 1972
Ovambotermes sylvaticus Coatan
{16) Okavangotermes humus feeder not known Coaton & Sheasby, 1972
Okavengotermes giessi Coalon
{17) Lepidotermes {n.f.i.} humus feeder hypogeal Coaton & Sheasby, 1972
{18) Noditertr.es (nJF.l.) humus feeaer hypogeal Coaton & Sheasby, 1872
{19} Unlcornitermes humus feeder hypogeal Coaton & Sheasby, 1972

Unicomifermes gaerdesi Coato:!



Taxon

Feeding group

Nesting group

Reference

{20} Unguitermes
Unguitermes unidentatus Ruelle
{21) Promirotermes {n.f..}
(22) Termes {n.f.i.)
(23) Angulitermes (n.f.i.)

Macrotermitinas

{24) Allodontermes
Allodontenr =s rhodensiensis Sjdstedt
Afladontermes schulzel Silvertry
{25) Macrotermes
Macrotermzs subhyslinus Rambur
Macrotermas villalatus Sjtstedt
{26) Odontotermes {n.f.L.}
{27) Ancistrotermes
Ancistrofermes latinofus Holmgren
{28) Microtermes{n.f.i.)

Nasulermitinae

(29) Baucaliotermes
Baucaliotermes halnesf Fuller
{30} Trinervitermes (n.f.i.)
Trinervifermes dispar Sjostedi
Trinervitermes raptium Sjbstedt
Trnervitermes rhodesiensis Sjtstedt
Trinervitermes trinervoldes S|ostedt
{31} Fulleritermes
Fulleritermes contracius Sjostedt
{32) Rhadinotermes
Fhadinotermes coarclaius S]tstedt
{33) Spatulitermes
Spatulifermes coolingi Coaton

woodfsoll feeder
wood/sail feeder

waodisoll feeder
wood & litter feeder

fungus grower

fungus grower

fungus grower
fungus growey

fungus grower

litter/dung feeder

grass feeder

humus feeder
wood & litter foeder

humus feeder

arboreal
hypogeal

hypogeal
hypogeal

hypogeal

epigeal

eplgeal
hypogeal

hypogeal

epigeal

epigeal

arboreal
hypogesl

hypogeal

Coaton & Sheasby, 1972,
Ruelie, 1973

Coalton & Sheasby, 1972
Coaton & Sheasby, 1972, 1978
Coaton & Sheasby, 1872

Coaton & Sheasby, 1972;
Ruelle, 1979

Coaton & Sheasby, 1972;
Ruelle, Coator & Sheasby, 1975

Coaton & Sheasby, 1872
Coaton & Sheasby, 1972, 1975a

Coatan & Sheasby, 1972

Coaton & Sheasby, 1972, 1873a

Coaton & Sheasby, 1972

Coaton & Sheasby, 1972, 1973d
Coaton & Sheasby, 1972, 1974a

Coaton & Sheasby, 1872



Appendix 3
Database of all termites data from the study area
The full database includes a full reference to the

termite taxon found with fullest identiflcation possible
date of sampling

location of sampling

method used to refrieve the sample

The data have been computerized in ACCESS'97 database programme and can be run from
the provided dickette.



Appendix 4

Methods used for (ab analysis of soil samples

Total Nitrogen by Kjedahl Oxidation

Organlg Carbon by Walkley-Blacl Mathod
Piant Available Phospheorus by Olsen Method
Light fraction exifraction

o 0O & 0

1) Nitroge. by Kigldahl Oxidation

1. Reference Method
Modified frony: McGill W.B. and Figueirdo C.T. 1993, Tuta] Nitrogen, pages 201-21 1 in Seil Sampling and Methods
of Analysis, M.R. Carter, Ed., Canadian Society of Soil Science, Lewis Publishers.

2. Introdection

Nitrogen is an essential nuirient which is taken up lorgely in mineral fonn by plants as nitrate and ammonium ions.
Most soil mifrogen is present in arganic forms which sre converted into mineral forms by microurganisms, The
smount of nitrogen preseit in the soil bears a definite telationship with organic carbon or organic matter content
calculated as the carbon to nitrogen ratio. The C:N ratio varies within a narraw range in similar soils in the same
climatic region. This relationship helr i to crass-check the soil analysis results for consistency and relizhility.

3. Scope

‘The methad can be used %o determine she total nitrogen as organic-N plus ammonéwm-N content af soil, manure, end
plant tissue, The particular oxidants and catalysts used here are specifically designed for the oxidation of all forms of'
nitcepen found it soil huraus. Different digestion systems may work equally well for plant materials but they are
generally rot suitable for soils,

4. Principle

In the Kjeldan! procedure orpenic matter is oxidised by treating soil with concentrated sulphuric acid. Potassium ar
sadiun: siphate is added to raise the temperature and selenium pewder and copper sulphate sre added as catlysts.
'The procedure determines total Soil nitrogen (including adsorbed NH,4™) except that in nitrates, The organic
nitrogenous compounds are converted into ammonium sulphate during the oxids: w. Ammonia is liberated from the
digest by steam distillation at kigh pH fallowing the addition of excess sodium 1oni wvide. The distilled ammonia is
aasorbed in a boric acid solution thereby increasing ita pH. The omount of ammonia trapped is estimated by back
titration with standard sulphutic neid 10 the original pH of the boric acid.

The methou desetibed here is for use with a Buchi commetcital digestian and distillation system.

5. Method Validation
The methad has only been velidated against one extemal soil standard.

6, Supperting Documents

SOF Seil-100 Sample reception and documentation
SOP Seil-101 S8ample preparation

SOP Plant=200 Plant leaf tissue preparation asd ashing

7. Interferences and Other Considerntions

Care must be exercised that the digestion proceeds ta completion but without undue loss af the selphuric acid
digestion mixture or of seil fram bumping or splattering out of the digestion tubes into the ajr manifold. The potential
temperature of digestion increases as the amount of salts are increased in the digestion mixture. [t is important that
the initial low ternpe: Jture digestion is carried out to cotnpletion to the ¢learing stage at about 226 °C before the
heating is increased to about 360 “C for the final digestion. Soil digestions take coansiderably longer than thase with
plant matter dug to ¢! - presence of compounds that are difficult to oxidise such as those containing sitrogen bound in
heteraeyelic rings. It 1 also important tu ensute that a slight excess af sodium hydroxide is present for the steam
distiliation step. Duie to the differsnt intensitics of dizestion and composition of samples it is unwise to assume that
the same amaunt of sadium hydroxide will be necded as for other forms of Kjeldah) digests using the same amount of
sulphuric aid.

8. Sample requirements

Samples should be air-dried and ground to pass a 2 mm sieve. Though acceptable resudts are normelly obsained with
such samples, more consistent results may be obtained with more finely ground samples. Samples stored in un air-dry
state in a cool place will show Jittle deterioration. However, as moisturc and temperature of storage increase there



]

wili be a tendency for biological activity to increase and cavse the slow conversian of organic-N into ammonium-N
and nitrate-N with some potential for losses of nitrogen.

9. Equipment and Supplies

Analytical balunce

Buchi digestor, madel B-426/B-43F.

Buchi distiflatot/titrator model B-323/B-339.

Large volurnatric flasks,

Large plastic or glass containers for reagent storage,
Kjcldhol digestion tubes ~250 ml

10. Reagtuls
s Cotalyse mbviure (100; ; : i) This catalyst mixture may be
prepared in bulk and !hen finelv pround and evenly mixed. At present for ench ana]ysm wve use two of the pellets
normally used for feed ritrogen determination {cach contains 1 g sedium sulphate and .05 g selenium) to this is
added 4.0 g potassium sulphate and 0.7 g copper sulphate (CuSO, 5H20),

o Boric acid {295) :Dissolve 60 g af boric acid in shout 2004 ;31 of distifled water in & 3 litre volumetric flask and
make to volume with distilled water. Teansfir to the plastic container on the titration/distillation unit.

v Sulphuric acid concenirgied (9622, 184 5.G.)

o Sulvlurie Acid (0. N} : Pipette 8,46 ml of cone. H2S0, (96%; sg 1.84g/..) info a 3 litre valumetric using a
varlavle digital pipette tnd make to volume with distilled water. Standard solutions may also be prepared from
commercial ampules.

»  Sodiunt Hyxlraxide (40%): Dissolve 1200 g NaOH in about 2500 mf of distilled waier in a 3 litre volumetric
flask: Cool the solution with the flask stoppered to prevent absorption of atmesphetic CO;. Bring to valwne wim
distilled water, Transfer to the plastic container on the titration/distillation unit.

11. Safety and Specinl Precautions

Extreme caution should be exercised when handling concentrated sulphuric acid and sodium hydroxide. The working
ared in and araued the fitne hoad shou!d be kept clean of any acid or allali spills. Condensation of seidic vapour
tends to occur an the digestion apparatus. Drips and spijls of caustic sada are likely arownd the steam distiltation
apparatug. Make sure to take sufficient safety measures to prevent demage to your skin and clothing.

12, Test Procedure

+  Weigh out enough botches of the catalyst-salt mixture onto weighing dishes or filter paper. Add carefully to each
digestion fube. Add two boiling chips.

o Weigh 200 to 4.00 g of air-dry ground soil (or 0.500 to 1.000 g of dried mantre or plont material) onto
weighing dishes and transfer into the digestion tubes. Prepare two blank tubes per run with only catalyst-salt
mixture,

»  Add 6 m! de-ionised water, swirl and et sit far 10 m'nutes.

s Add 20 ml concentrated sulphuric acid from an aute natie dispenser and mix again,

Heat on the digestion rack without the air condensets utiiched at ~ 220 °C for 1.5 to 2.0 hauss. A setting of 2 ur
3 for the heater should be sufficient to maintain fhe required temperatore, The digests will preduce white fumes
ond eventually boil to gradually remove the water. After about 1 hour the charred digests will gradually clear to
a uniform green-hlue colour.

«  When all the tubes have cleared, continue hexting for an additional 3.5 hours at ~ 360 *C with the air condensers
attached and with the sulphuric acid condensing no more than 1/3" of the way up the tube, A heater setting of 5
or 6 should be sufficient.

s Allow tubes to cool and add 20 ml de-ionised water.

*  Start up the distilationAitration apparatus and perform the pH ¢alibration and purging/rinsing steps as outlised
in the manual. Program the machine to add 40 ml de-ionised water and enough sodium hydroxide te provide an
excess of alkali, This is curently set at 75 ml. Strongly olkaline conditions are indicated by the green-bive digest
turning brown to black in cofour, If in doubt check after one distillation that the pH was ~11 with pH indicating
sttips.

o Pragram the machine for the distiliation step to add 60 ml of boric zcid and titrate using G.1N sulphuric acid to a
pH of 4.65. Enter the sample numbers and sample weights.

«  Attach one of the blank digestion tubes, make sure it i chtered as a blank, start the machine and allow the
digtillation to run acd eventually come to a completion and print the result. Make sure that the tube is firmiy
sttached and that no leaks occurred during the distiflation.

e« Proceed with firther blanks, Calculations will be made using the data from the last blank rua or using data
manually added.

o Proceed with the remaining sample by removing the ald tebe, clearing up any spills and attaching a new tibe.

s When all the tbes have been distilled the machine may be shut down.

13, Data Acceptance and Quality Control



Euch sample should be run in duplicate and each baich of 24 samples should contair two blanks and at least one
standurd sample for each type of material being analysed. Three standard soils are currently being tested. There is a
choice of several standard plant tissues (tomato, geranium, and palm etc.). One standard manure sample is available.
The run is deemed in contra] when the standard sample results are within 2 standard deviations of their respective
means. Individual sample results are accepted if the duplicates are within 5%6 of the mean value or withits 50 ppr at
tow values. Blank values should be consistent with histerical means for their titration values.

14. Calcalation and Presentation of Results

Nesults are caleulated automatically and printed out on a tape which should he attached to the wark sheet. Results
shauld be quoted for soils in % to 3 decimal places and for plant tissue and manure in % to 2 decimal pleces.
Manual eajeulations may be made using the following:

%N = (a-b) x Nx0.014x 100 x mef
5

Where:

ml of HaSO, required for titration of sample
ral of Ha80, required for titration of blank
air-dry sample weight in grams

Nonmality of H;S0, (kere 0.1 N}

meq weight of aiteogen in g

maisture correction factor {if nsed)

=yl
n

gozooe
g
]

Notet 1% = 19,600 ppm or ug/g

15. Other References

Bremner, J.M. 1965, Total Nitrogen, pages 1149-1178 in C.A. Black Ed., Methods of Soil Analysis, Agronomy No.
9, American Society of Apronomy, Madison, WI.

Brermer, J.M. and Mulvaney, C.S. 1982, Nitregen - total, pages 595-624 jn A.L. Page Ed., Methods of Seil Analysis,
2% ed, Agronomy Mo. 9, American Society of Agroncmy, Madison, W1,

2.} Organic Carben (Standard Walkey-Black Method)

1. Reference Method

Nelson DLW and Sommets L.E. 1982, Total Carbon. Organic Carban and Organic Matter, pages 539-579 in A.L.
Page e, al. Methods of Soil Analysis Part 2, 2! ed., Agronomy No. 9, American Saciety of Agronomy, Madisen,
WL

2, Introduction

Measurement of erpunic carbon content gives a way of estimating the organic matter content of the soil. The amount
and type of organic marter can be directly related to moisture holding eapacity, the reserves of exchangeable cations,
storage and supply of plant nutrients such as nitrogen and phesphorus, and the maintenance of stable soil strociare
ansd acration.

3. Scope

To measure the content of prganic carbon in soil to give an estimate of organic matter content and the C:N ratio, The
tnethad is suited to the mepsurement of the organic carbon content of all snils except those classified as organic (e.g.
~22{% organic matter). The methed can also be adapted to measure the organic eatbon content of humus extracts and
the soluble carbon content of soil water using a colourimetric variation which is described in a scparute SOP.

4, Principle

Organic matter is oxidised with an excess of a concentrated oxidising mixfure containing sulphuric aeid and
potassium dichromate. The emount of unused K20y is determined by titration with ferrons ammenium sulphate or
ferrous sulphate using e diphenylamine indicator to deteet the first appearance of unoxidized ferrous iron. Phosphorie
acid is added to form a complex with feeric iron providing a sharper coloor change oF indicator.

5. Method validation
By semple exchange through the Agri Labuoratories Assocition of Southern Africa {ALASA).

6. Supporting Dacumentntion
SOP Soil-120 Sample Registration and Docunentation
SOP Soil-101 Sample Preparation




7. Interferences and Other Conziderations

Inorganic constituents that are in a reduced state will also be oxidised by the dichromate and cause the result to be too
high. The sample weigh mast be adjusted so that between about 35 1p 75% of the dichromate is used. The amount
taken normally varies between 0.25 g to 2.5 g for surface soils and 2 g to 10 g for sub-surface soils or soils with very
law organic matter content. Note that in the method it is assumed that only 77% of the organic master is oxidised and
a factor iz included in the caleulations to take this into pccount. The efficiency of oxidation wi'l vary between
different soils and this introduces an errar,

B. Sample Requirements
Soils should be aid-dried and ground to pass 4 2 mm sieve. Samples may be stored at low humidity indefinite}y. More
consistent results may be obtained if 3 small sub-sample is ground to 80 mesh {~ < 8.4 mra).

9. Equipment and Supplies
o  Bureties, 500 ml Edenmeyer flasks
o  Reagent dispensers 10 ml end 20 ml.

10, Reagents

*  Potassium dickromate solution, 1 N: Dissolve 49.04 g K;Cra0y (deied at 105°C) in distilled water ina 1 litre
volumetric flask and make to volume with Cistifled water ; store in w glass stoppered bottle.

' Concentrated suipluric ac , G, 1.84) 98 % fww).
*  Concentrated orthophospharic acid (H, PO,) (Sp. Gr. 1.73),

Bartun diphenvigmine sulphonate indicator, .16 %5 Disselve (116 g of barium diphenylamine sulphonate in

100 ml of distilled water.

. Fervous sulphate solition ¢.5 N : Dissolve 139 g FeS0,. 7H.0 in 750ml of water, add 20 ml concentrated H,
804, transfer to a 1 litre volumetric fiask and make to volume with distilled water.

© O Molu's salt tFe(NH);{(80,).6H:0): Dissolve 196,10 g of pure ferrous ammoniurh sulphate in 800ml of

distilled water in a 1 litre volumetric flask, add 20 ml concentrated H;80, and make to volume with distilled

walet.

11, Safety and Special Precautions
Care should be taken in handling the sulphurie acid-potassium dichromate mixture.

12. Test Procedure

. Weigh between (.25 and 3.0 g of ait-dry soil {<2 mm) and transfer to a 500 m) Erienmeyer flask. During the
reaction with ferrous sulphate, it i= necessary that the drap in the burette reading should be between 7 and 15 ml,
All samples in which less than 7 mi or greater than 15 ml of feryous sulphate 0.5 N were consumed should be
repeated.

v Add 10m! 1 N K,Cra0y solution from a dispenser. Include two blanks (Erlenmeyer flasks without soil) to
standardise the ferrous sulphate solutéon.

e Carcfully ndd 20 ml concentrated HaS0, with measuring cylinder in the fume cupbaard and swirl the flask and
allow to stand on an asbestos or cock pad for 30 minutes.

+  Thin add 200 ml distilled water and allow to cool.

«  Add 10 ml cane. Orthophosphoric acid and just before titration_ add 0.5 ml of barium diphenylamine sulphonate
indicator,

s Titrate with 0.5 N ferrous sulphate solution the talodar changes to purple or blue then add ferrous sulphate
solution drop by drop until the colour flashes to green then continue to 2 light green end paint, The end-point is
easily overshot, in that case add 0.50 m] of the dichromate solution and titrate again dropwise {change
caleulation accordingly).

«  Carry out a blank titration the same way s for the sample.

13. Quality Control and Data Acceptance

Within each run of 24 samples ¢ r legs include two blanks, one set of duplicates and ene standard soil. The results are
aceepted if the result for the standard soil is within two standard deviations of the mean and the duplicates are within
5% or 0.05% for samples with very low carbon contents.

14. Caleulatlon and Presentatlon of Results

A calculation program is available in SUNRISE XLS

In this method it is assumed that sbout 77 percent of the C is oxidised by potassium dichromate, soa correction
factor of 100/77 = 1,33 is used in the caleuiation.

BC=Nx V=V, x 039 x mef
s




{ il

Where:

N = normality of ferrous sulphate solution {from blank titration}.

Vy = ml ferrous sulphate solution tsed for blank.

V: =  ml ferrous sulphate solution used for sample.

S = weight of dry-air sample in gram

039=  3x10°x100%x 1.3 (3 = equivalent weight of carbon ).

mef =  moistire corvection factor (if used).

Conversion of % carbon to % organie eatte; is done with the following empirical fact. of 1.724:

% Orpanic matter = 1,724 x % carbon

15. Other References

Saif Science Society of South Africa. 1990, Handbook of Standard Seil Testing Methods for Advisory Purposes,
pages 34-1 to 34-2,

Whalkley, A, and Black, LA, 1934, An examinztion of the Degtiereff method for determining soil organic matter and a
proposed modification of the chromie zcid titration method, Soil Science 37:29-38,

3.} Available Phosphorus in Soil (Olsen Method}

1. Reference Methods

Shoepau, J.J. and Karamanops, R.E. 1993. Sodium Bicarbonate-Extractable P, X and N, pages 51-58 ir Soil Sampling
and Methods of Analysis, M.E, Carter Ed., Canadian Society of Sail Science, Lewis Publishers.

Soil Science Society of South Africa. 1990. Pages 24-] to 24-3 in Handbook of Standasd Sail Testing Methods for
Advisory Purposes, SSSSA, Pretoria, RSA.

2. Introduction

Phosphorus is an essential efernent for plant nutrition and prediction of the availability of phosphorus in the soil is
vital for optimum crop yield. A number of methods have been proposed for the determinstion of avaifzble
phosphorus wlich appesr to give rationel estimotes of the plant available phosphorus under different soil conditions.
The Olsen Methed is described here is recarmmended for alkaline to neuiral soifs.

3. Scope

The extraction method is recornmended for neutral to alkaline soils. As long as criteria for pH control are in place, the
colourimetric methed can be used to measure phosphate-P in other soil exiracts, water samples and acidis extracts or
digests of plant tissue and inanure.

4. Principle
The sample is extracted with a 0.5M sodium bicarbonate solution a$ pH 8.5, Phosphate in the exrace is determined
colourimetrically by the blue ammanivm molybdate method of Murphy aud Riley using ascorhic acid es reducing

agent,

5. Method Validation
By direct reference to results of ALASA soil mmples. Sec ALASA files.

. Supporting Decumentation

SOP Soil-i00 Sampte Reception and Documentation
SOP Soii-101 Sample Preparation

SOP Plant-100 Dry Ashing of Plant Leaf Tissve.

7. Sample Requirements
Soils should be air-dried and ground to pass a 2num mesh sieve. Samples may be stored at lew humidity with livle
chanpe in available-P. Extractable phosphate may be less stable under hot moist storege condition.

8. Interferences andd Other Considerations



None identified,

-]

. Equipment and Supplies
Spectrophotometer suitable for measurement at 882 nm.
Exitraction flasks
Reciprocating shaking machine
Funnel racks, filter fannels end collecting containers such as plastic or glass test tubes (16x120 mm)
Whatman No. 40 or 42 filter paper, volumetyic flasks and pipeties

® @ & 3 O

10, Reagents

o Sodigm Ricarbonaie Solution, 0.5 M, pH 8.3 textracting solutivi): Dissplve 420 g NaHCO,
in distifled water and make ta 10 litres. Adjust to pH 8.5 by adding 50% NaOH {10 g/20 ml).

Check and readjust the pH if the extracting solution has been stored for some time.

«  Sulphuric deid 4 M: Slowly add 36 m! cone. Ha80, (96 %) to about 150 m| of cold dstilled water in a 250 ml
volumetric flask make up to 250 ml with distilled water,

»  p-nitrophenol indicator: Dissolve 0.1 g of p-nitrophenc| in 100 ml ethanol.

»  Stock Coloyr Reagent; Dissolve 12g of (NH; )Moy 0...4H,0 in 250 m] of de-ionised walter. Dissolve

0,291 g of potassium antimany tartrate (KSEOCH,0;) in de-ionised water and make to 100 ml, Carefully add, with
stirring, {48 mi of concentrated sulphuric acid to 1000 ml of de-jonised waicr. Add the ammonium molybdate
solution and then the potassitm aniimony tartrate soletion to the sulphuric acid and make up to 200¢ tnl. Store at
rootn terperature, Replace every three months.

s Worline Colour Reapent fniade up daify): Dissolve 1,056 g of ascorbic acid in 200 m! of the stock colour
reagent. If the reagent has any blue calour discard and make up again.

s Washed activated charcoal; Shake 100 g of activated charcoat with 200 ml of sediun: bicarbonate extracting
solution. Filter nnder slight suction through a Buchner fiunnel. Rinse with fresh extracting solution until free of
phosphate (if needed, test portions of filtrate with colour reagent).Oven dry and store in a wide-mouthed plastic
ronfainer.

o Standerd Phosphate solution, 108 med P: Dissolve 04390 g KH.PO, (dried at 110 °C for 2 hours in an oven) in
distilled water in a 1 litre volumetric Bask and make to volume with distilled water. Also diluted standards can be
made fram commercinl stardards.

s Standard Phosphate Soiurion, £ me/l P: Pipette 10 m] of the 100 mgfl P standard solution into a 250 ml
volumetric flask and make to volume with exiracting solutior.

s Working Standard series: Pipete into 100 mi volumetric flasks 0-10-20-30-40-50 ml of the 4 mg/1 P standard
sofution. Iviake to volume with extracting solution. The standard series is 0, 0.4, 0.8, 1.2, 1.6, 2.0 mg/]. Store
refiigernted, New working standards should be prepared cach month,

11. Safety and Special Precautions
None identified.

12, Test Procedure

Sotl extracts

» Weigh $ g of nir dry < 2 mum soil (eeeuracy 8.01 g ) into a 125 mi flask. Prepare one blank without any soil.

Add | seoop (about 0.3 g) of activated charcaal and 50 mi of extracting solution and shake for 20 minutes.

Filter through 2 Whatman No. 40 or 42 Elter paper into clean containers {tesé tubes or flasks),

Deterrrine the amonnt of 4M suiphuric acid needed to change 5 m! of extracting solution from pH 3510 pH S 10

5.5 (colour ehange of p-hitsophenol fiom yellow ta colouriess). This should be about 300 ul,.

Pipette 5 ml of the standard series, the bianks and the sanple extracts info 25 m! valumetric flasks,

Add ebout 10 mf de-ionised water and ! drop of p-nitrophenol indicator.

Add the determined amount of sufphuric acid and carefidly mix (CO; evolution).

If the solution is still yeltlow add more acid drop-wise until the yellow colour changes to colourless.

Add 4 ml of celour repgent and mix well to release any more bubbles of carbon dioxide. Add de-ioinised water to

almost £l the bulb of the flask. Shake again and allow the blue colour to develop for about 30 minutes.

»  Fil each flask to the mark with de-ignised water and read absorbance on spectrophotometer at 882 nm. Blank the

spectrophotometer with the zera standard.
s Sampies that give readings greater than the highest standard should be diluted 5 times {1 part in 4 pasts of sodium
hicarbonate) and the colour developed as previously described.

Wter Samples

e Carry out analysis as for soil extracts.

Plont Leaf Digests

s Use 50 to 200 ul. of the original nitric acid extrct from the ashing process. The pH should be adjusted with u
few drops ~ 0.5M sodium hydsoxide unii) the p-nitraphenel indicator turns yellow. Dilute the 4M snlphuric acid
and add drops until the indicotor just tums colouriess again. Proceed with the colour develapment as outlined for
soil extracts. Carry out the same procedure with the “ash blank”™ and an “ash blank™ spiked with phosphate-P to
test the recovery.

s % 4 & a



13. Data Acceptance and Quallty Control

In eack ron of 24 samples include one reagent blanks, one dupicate and one standard soil (F Standard 821834).
Check the drift during the calour mezsurement by inserting the 4™ standard between every 12 samples, Quality
control samples should fall within two standard deviations as calculated an the control sheets. Duplicates will fall
within 5% of each other.

14. Calcnlation and Presentation of Results
Resuiis may be calculated manually or uging the caleulation facilities on the spectrophotometer, Whatever the
method, & calibration graph of absorbance agninst P concentration shauld be prepared and filed with the results,

P{ppm or mp/Kg soil) = (s - by x _S0_ x 1000 x mef = {a-b) % 50 x mef
1000 5 5

Where
2 = mg/l Pinthesample extract
b = mgl Pinblank
5 = sample weight in pram {5 g}
mef=  Moisture Correction Factor (if determined)
50 = mlofextracting solution.

Farm soil results should be quoted to the nearest ppm. Research samples may be quoted 1o 0.1 ppm.
Conversion factor P20, = 231 x P

15. Other References

Murphy, J. and Riley, J.P. 1962. A modified single solution methed for the determination of phosphate in natural
waters. Anal. Chim. Acta, 27: 31-36.

Olsen, S. R, and L. A. Dean, 1965. Phosphorus pages 1044 - 1046, in € A. Black (ed.). Methods of Soi! Analysis,
Agranosmy No. 9, Americen Society of Agronomy, Madison, WL

4.} Light fraction {Standard floatztion method)

1. Refercnce Method

fnpram, 1.5.1 & Anderson, L.M.. Tropical Soil Biolegy and Fertility — A handbook of methods, P. 66-68, Soil liteer
seperation, adapted by Dr. Mike Rowell, Soilstab, Ministry of Agriculture, Winer & Rural Development, Windhock,
Namibia

2. Intredaction

Measurement of soil litter or light fraction gives a way of estimating the resource inputs for soil erganic matter
formation of the sail. Soil litter and light fraction are translocated from the soil surfice e.g. by soil macrofauna and
then transformed into soil organic matter through the function of many different sail organisms. The ratia of
transforsnation of soil litter and light fraction intoe soil organic matter may be o good ndicater for the actual
funetioning of s0il processes.

3. Scope
In this study all material which passes a 2mm sieve and floats in water is defined a5 light fraction.

4. Sample Requirements
Soils should be air-dried and large clutaps ground to pass a 2 mm sieve. Samples may be stored at law humidity
indefinitely.

Fest Procedure

Sieve sample though 2mm sieve, break up sand particles and put ALL samples into bucket and mix
Take out 2 250z samples ~ weight into plastic beakets

Sieve each beaker of soil through a 250% 1 sieve. Transfer sieved material into tull glass beaker
Fill glass beaker with tap water, stir with glass rod, collect floated materinf onto 106Ym sieve
Repeat ahout B times until all light fraction is collecter

Transfer inta previously weighted crucible

Dry erucible at 130°C overnight ~ reweigh

Ash crucible at 550°C overnight — reweigh again

TR B RN N



6. Caleulation and Presentation of Results
‘The results follow the simple calculation:

Ash-free mass (g) = dry mass - ash mass

1f the initial sample was only a fraction of 1kg soil sieved and used in the floatation these results need ta be caleeated
to the kg.

7. Other References
Smucker, A.JM., MCBurney, 5.L. and Srivastava, 1982. Quantifative separation of roots from compacted
soil profiles by the hydropneumatic elutriation system. Agronomy Jowurnal 74: 500-504




Appendix 5

1.j Dry-weight rank programma calculations for March 1993

Slgpe = 0.58

Intercept = 0

Habitat assessment from 1ha transacts {2x100m); Farm=Hait Li=High 01-02/04/1998
Sp. Forage Specles % Bulk Farage

Cade  Quality Nama Cantribution Quantify {9/0.25m7)
sp 5 Schmidta pappephoroides 79,5 0.43

ia k] Indigofera awicoma 9.5 0.05

fa 1 unknown 27 0.01

o 3 Tribulus pterophonis 286 o

td 1 Limaum dintaria 1.9 .01

tz 3 Tribius 2eyher 1.7 0.

Im 3 Lirmeurmn fenestratum 14 o0

89 1 Eupherbia glandulines 0.6 .00

ta 3 Tetragonia arbuscula 0.2 0.00

no 1] bare ground a0 .00

Weightad average qQualily score 4.49

Total standing crop {£/0.25m%) 0.54

Habitat assessment from tha transacts (3x100m): Farm=Hait Li=Low 01/0411928

Sp. Forage Spacies % Bulk Forage

Cade Quatity Name Contributian Quantity (9/0.25m?)
sp 5 Schmldia pappephoraldes 43.6 0.25

74 a Tribulua zeyheri 20.2 0.1

fa 1 unknawn 19.8 0.11

im a Limaum fenestratum 72 o.04

Id 1 Limsum dictecia 548 3.03

e 1 Euphortia glandullgara 1.4 0.0t

Ia 3 Limeum aethigplcum 0.8 0.00

™ 3 Tribulug pterophorus 0.7 0.00

ta 3 Tetragania arbuscula 0.6 a.00

na ] bare ground 0.0 .00

Weighted average quality score 3,33

Total standing crop (9/0.25m?} 0.57

Hahitat assagsemant from 1ha ransects (3x100m); Farm=0Wanzputs Li=High 27/03/1908
Sp. Forage Specles % Bulk Forags

Cods  Quality Nams Cantributicn Quantity {g/0.25m%}
ep 3 Erzgrostls porosa 55.0 021

fa 1 unknown 203 o0a

ol 2 Cassls italica 1.8 0.05

&p 5 Schmidiia pappopharoides 3.2 o1

) 1 unknown {Sp 14) .2 a0

c 1 unknown (Sp 17) 2.7 a.01

no 0 bare groung 14 0.01

Ia 3 Limeum aethicpicurn 1.3 2.00

Weighted average quality score 237

‘Total atanding crap (g/0.25m) 0.39

Habital assessment frum 1ha transects (3x100m}: Farm=0lifansputs LI=Low 24/03/15388
5p. Forage Species % Bulk Feraga

Code  Cuality Neme Cantribution Quantity {gi.25m7)
ap 3 Eragrostis porosa 84,0 0.32

sp 5 Schmidiia pappophoroides 13,3 0.07

2d 1 unknown (WLL Sp 8} 7.0 0.04

op 9 GCardiogpenmum pechueli 6.1 0.03

fa 1 unkngwn 4.5 D.02

zb 1 unknown (Sp 15) 24 0,04

28 1 unknown {Sp 14) 20 0.01

o 1 unienown {Sp 17) o0y 0.00

ne i bare ground 0.0 0.00

Waighted zverape quality score 28



Tota! standing crop {9/0.26m?) 851
Mabitat assessmment from 1ha transacls (3x100m): Farrn=Weeﬂrg LI=High 20!03»'1 598
% Bu!

Sp. Forasge Speciss Farag

Cods Quaiity Name conmbuﬂun Quarﬂﬂy {/0.26m?}
sp 5 Schimidiia pappopheroides 84,0 0.46

ap 3 Eragrostis poioss 277 020

fa b unknown 58 a.04

63 5 Andropogon schitzh 1.4 0.01

eg 1 Euphorbia glanduligera 0.5 0.00

a8 1 unkncwn 0.3 0.00

hm 1 Hemania modesta 0.3 .00

Ly d 1 uniagwr 0.3 0.00

o a bare ground 0.8 £.00

Weighted average qualiy score 4.16

Tota! standing erop {g/0.25m%) 0.72

Habitat assessment from 1ha transects (3x100m): Farm=Wees|g LisLow 21/03/1998 Eight years independence
Sp. Forage Specles % Bulk Foraga

Code  Qualty Name Canbibutiocn Quantiy (g/0.26m?)
ap a Eragrostis porosa 407 0.24

ap -1 Schmidiia pappophoroides 305 218

2d 1 unknown (WLL Sp 8) 21.0 d.12

fa 1 unknown 25 0.01

(% 4 Tephroala dregsana 1.6 .01

BB 5 Androgogon schinzi 1.6 0.1

hm 1 Hermaniz modasta 11 o.M

] 1 unknown (WLL Sp 1) 1.0 .01

no Q bare ground 0.0 0.00

Weighted average quality score 315

Total standing crop (g/0.25m%) 058

Plot Totala: % of Standing Weight=d Avy.
Plot Full Aros crop {gf0.25m7%)  Quality Score
1. Habltat agsessment from 1ha & 16.5 0.54 4.49

2. Habltat assessment from Tha tr 16.7 0.57 3.33

3. Habitat assesstment from ha tr 18,7 0,38 2a7

4, Habitat aszessment from 1ha tr 16.7 0.51 2.8%

§. Habitat assessment from 1ha tr 16.7 072 4.16

6. Habitat assessment from 1ha tr 18.7 0.50 315

Centrgid 0.6 338

2)) Dry-weight rank programme calculutions for October 1998

Silope = 0.59

ntereept =0

Habitat assassment from 1ha transecls (3x100m): Farm=Halt Li=high 08 Octaber 1998
5n. Forage Species % Bulk Forage

Cade Quality Mame Contributian Quantity {g/0.25m?)
sp 5 Schmidtia papprobaoroides 7.4 00o

h 1 unknown (Sp 7} 258 0.04

no 1 bara ground 0.0 .00

Woeighted average quality score 3.86

Total stznding crop {g/0.25m%) 013

Habitat assessment from 1ha fransects {3x100m): FarmeHait Li=low 03 Ociober 1928

Sp. Forage Spedes % Bulk Forage

Cade Quality Name Cantribution Quantity (9/0.25m?)
ap 3 Eragrestis porosa 524 0.22

L] 5 Schiidtia pappophoroides 2401 0.40

xg 1 unknown (Sp 6) 87 0.4



xd 1 uhknown (Sp 4) B.4 0.03
*f 1 unkrown {Sp 5) 8.5 0.03
no v] bare ground 0.0 0.00
Weinhtad average quality score am
Tots standing crop (g/0.25m7) 042

Habitat asaessmeant from 1ha fransects (3x100m): Fann=0lifanlpu£s LI=high £1 October 1558
% Bulk

Sp. rorage Species Forzage

Code  Cualily Name Contribution Quantity {¢/0.25m%)
xa 1 unlaown {Sp 1) 90.4 GA7

xb 1 unknawn (Sp 2} 6.7 0.01

sp g Schmidtia pappophoroides 2.9 a.01

no 0 bare ground 0.0 0.00

Weightad averags quality scare 1.12

Total =tanding crop [gh.25m™ 0.19

Habitat assessment from tha transects {3x100m); Fam=0iifaniputs Li=low 02 October 1998

8p. Forage  Species % Bulk Forage

Code Quelity Name Confribution Quantity {g/.25m?)
ap 3 Eragrostis porosa 47.0 .15

xh 1 unknown {(Sp 7} 36.1 .11

£p 5 Schmidtiz pappuphamldes 16.9 .05

no Ih] bare ground 4.0 0.00

Weighted average guality score 261

Total standing crop {6/0.25m) 0.1

Habimt assessment from 1ha transects (3x100m): Farm-Weenig Li=hirk 05 October 1988
% Butk

Forage Species Fcrage

cm Quality Name Conkibution Quantity (9/0.25m?)
e 3 Eragrosiis porosa 736 0.35

xa 1 unknown {Sp 1) 14.1 0.07

sp 5 Schenldtia pappophoroides 10.2 D.05

%g 1 unknown {(Sp ) 21 0.01

no [+ bare ground 0.0 0.00

Weighted average qualily score 288

Total st2nding crop (g/0.25m?)} 0.48

Habitat assessment from 1ha trapsects {3x100m): Fam=Waariig |.I=Low 04 Cctober 1558
% Buik

Sp. Forage Species ‘prage

Coue  Quality Neme Coniribution Quantily (g/0.25m?)
ep 3 Eragrostis porgsa 429 0.24

Xa 1 unknown {Sp 1} 232 213

sp g Schmidtia pappopharcides  16.4 0.08

xd 1 unknaown {Sp 4} 53 0.03

Xq 1 unknown {Sp 6} 48 .03

xb H unknown (Sp 2) 25 0.01

xf 1 unimown {Sp 5) 2.3 0

xa 1 unknown {Acacia) 14 0.01

xc 1 unknown {Grass 4) 1.3 0.01

no 0 bare ground 0.0 2,00
Walghted averags quality score 2.51

Total standing crop {/0.26m™) (.58

Pivt Totals: % of Standing Weightad Avp.
Plot Full Araa crop {/0.25m®)  Qualily Sicore
1. Habitat assegament from tha ir 16.5 013 3.86

2. Habitat assegsment from tha iz 187 842 3.01

3. Habitat zssessment fiom tha ir 16.7 a19e 112

4, Hakatat assssament from Tha tr 16.7 0.3 2.61

5. Habitat assessmant from {ha tr 16.7 048 2.88

B. Habita assessmiant from 1ha tr 18.7 0.58 2.5t
Cantroid 0.3 268




Appendix 6: How farmers from Olfantputs, Halt and Weerlig classified the status of the study farms. Fleld evaluation November 1998

« [fthe rain comes the

sllghtly higher

~ wild animals

a) Erns* Munagb b} Albert Giel ¢} Dudu Murerua d) Frederick Nanuseb e) Jesajas Haraeb
Wecrlig Low | » Low intensity site e lowintensity siteis | e Lots of olc grass e Dry ground « The area has iow
looks bettar than not a good a place stems are left e Bare ground, no quantity of grass
beth study sites at for grass cover « Theareagrazedtoa ¢ -8s because of too prebably because of
Ofifaniputs + with good rainfal! the very good limit little water clay soil
s Thetrees are in grass wili grow high | » There are malnly o Enviranment lools s This area is better
good condition There is no rain but perennial grasses good —there are than the other sites
the trees are left ovar many trees
growing o Theareaishaving | Mopane trees which
o The area will ba very litle hiomass are used by animals,
impraved if it will « The soll is clay and look good-green
raceive more rainfall sand mixture trees
¢ Tracks of domestic
animals much more
than that of wild
animals
o River with no
svidence of water
= DBare roots wherever
one looks
Weerlig High | » High intensity site at | » This place is not « Thegrass stemsare | » Trees ars lying on » The soll of this araa
Weerlig is in a very good. All the drier inan at the {ow the ground seemns very hard
poor condition. vegstation appears intensity site but s It is hard ground o Water might find it
» Thetrees are dry dry excrot for the maore dense =  Groundfland - difficul to penetrate
and they areina Mopan. rees = The soll seems to ba evidence of semi- «  |{tis difficult for the
very bad condition « The suriace soil 1s more claylsh then desert trees to ohtain
hard and compacted sendy = no trace of green enough water
and because ofthis | e  Termite activities is seedingu spreuting because the soll is
it Is difficult for water abundant {grass) tare
infiltration. = Thegrassstemsare | «  Tracks of dangerous




soil will become Thearaahasmore |  ({leopard)
much harder than shrub trees
before
Oiitaniputs Veld condition looks Na grass but green The area is Dry io driest It's a poor habitat
Low poor Mopane trees overgrazed (grazed Mopane treas look condition and the
Trees look better Lack of rain in fhe beyond its limit} good veld looks very dry
‘The rain moves fo area can csuse The stems and rots Hard soll MNo grass
the middle {is anima;s io die of grasses are “Awa-trFStaal
hampered in the Weerlig has got visible bosies" has white
area) more grass in some The soii is sandy flowers
other areas rather then loamy Area sho-stra. sof
compared to this sile and vankains rocks It g organrsmns
The rain is Bare spaces in
Iinflusncsd by the between the grasses
mountains Liftie biomass
There are musk Rocky areas [ooks
drawer bare
Spacas between
frees much smaller
{are closer to each
othars}
Olizntputs This site looless very This site look the This is worse than Mopana tress are This site ts much
High good same as the first one the pravious sites green better than the low
The trees on the (OPL) There is no biomass Many tracks of site
surrounding The Mopane trees at atall animals-gracs is The area looks
mountains are grean this site look green The area is trampled trampled green
Adter the smail If the area receives The area has "Staal bosies” has it has good suil
shower of rain grass more rainfali the received rainfall 10 white teaves which will improve
seadling start grass will grow days ago There are birds maore ofter a good
sprouting The trees on the The spaces in singing in the trees rainfe
Water flows surrounding petween trees ara The soil is Tertile but The site has more
downward from the mountsins are green very big there is too little rain green treas
surrounding There are green There are many compared with the




mouritains {o plants rocky areas other site (OPL)
imandated low lying | s Bust this place is not There is no grass, This area lonk very
areas the same as only Acacia bushes different from the
Wearlig, it has no other sites because
grass. hera there is few
grass
This site has got
sandy soil but
Weerlig farm has
bare soil
Halt Low The grass and tree o The site has grass Very good biomass Bare ground-there This site still has
stems look good and and green trees cover are no fraces of enough palatable
if the rain comes « fithe site receive Very good grass grass or living grasses
they will start fo grow enough rain more covar (higher thien all organisms Needs only enough
very well grass will grow other places) Infertile sofl as a rain so that the
Thesiteis claserto  § o  IFthe sprouting The spaces between result of trampling by planis can recover
the mountain which seadiings and the trees alsn very geod caltle very well
attracts rains. medium sized Well developed Mopane trees show The soil is of good
Tha grasses are grasses get enough shrubs and trees evidence of green qualities (still in good
plenty and In good water they will The soil is more Different solls on the condition)
condition increase in number sandy than loamy farm, only 8 The trees are also in
The perennial grass shortage of water good condition
Schimidtia is the
dominart species in
the area
These grasses are
good for the
livestack
The soil seems very
fertile bacause of
much {iiter
Halt High No information = This site Is almost The area is very Old grass (litter) still No information

like the ofher two

trampled

lying on the ground




farms

The arga look dry
and some trees are
even dying

There are no
arasses,

it looks like a cleared
field {e.g. soocer
field)

The soil is very
sandy

There is nio biomass
Perenmal grass
stermns are not visible
due to covering of
sand

The spaces between
the fraes are very
big

There are no shrubs
of any kinc present

Can see seeds of
grass which has
been trampled by
cattle

Ants which eat grass
¢an be sesn

There are trees in
the environment
Holes dug by small
animals

Porcupine trecks in
A |




Appendix 7

Fixed polnt phot. aphs from the six study sites

lame G

2. OPH = October 1987

3. OPH - March 1998



4. OPH = October 1098

o e B l

6. OPL-— March 1998




7. OPL - OQcioher 1998

8. HAH - October 1997

9. HAH - March 1998



-

10. HAH — October 1898

12. HAL — March 1988



$3. HAL — October 1998

14. WLH - March 1998

15. WLH ~ QOctober 1958



17. WLL ~ March 1988

—

18. WLL — October 1998



Appendix 8

Statistical reporis: Analysis of Varlance — Kruskal Wallis

SOILS

A. NMarch 1898

1.} Nitrogen
Tests of Assumptor.s Section
Tast Prab
Assnmption Value Leval
' eas Nonmality of Residuals 2.7283 0.008365
urtesis Normality of Residuals 20868 0.036754
Omnibus Nomality of Reslduals 11.7154 0.002856
Modified-Levens Equal-Varancs Test 1.3804 0.242509
Kruskal-Wallls One-Way Anova ont Ranks
Hypotheses
Ho: All mediana are equal.
Ha: At least two medians ace different.
Test Results
Chi-Square
Method DF {H)
Mot Correctzd for Ties 5 22,5782
Corrected for Ties 5 3058873
Mumber Sats of Ties 8
Multipiicity Factor B0ME
Kruskal-Wallls Multiple-Comparison Z-Value Test
Variable HAL HAH OPL
HAL 0.0000 28214 42169
HAH 2.O2id 0.0000 1.2955
OPL 4.2169 1.2955 0.0000
OPH 0.33ud 25810 3.0B65
WLL 3.3035 0.3822 0.9133
WLH 3.3359 0.4146 D.88r
Regular Test: Medians significantly different if zwalue > 1,9600
Bonferroni Test: Medlans significantly diffevent If z-value > 2.9352
2.} _Organic Carbon
Tasts of Assumptions Sectlon
Test Preh
Assumption Value Level
Skewness Normality of Residuals 2.5803 0.00987%
Kurtosls Monnality of Residuala 17811 0.078212
Omnibus Normallty of Residuats 87508 0007598
Modified-Levene Equal-Varianca Tast 28017 0.035208
Kruskel-Wallls One-Way Anova an Ru x5
Hypotheses
Ho: Al medians are egual.
Ha: At least two medians are differant,
Test Resulls
Chi-8quare
Mathod DF tH)
Not Gorracted fu- Ties 5 4371656
Corracted for Ties 5 4398543
Nuivher Sels of Ties 14
Multiplicity Factor 1320
Kruslal-Wallls Multie-Comparison 2-Value Test
Variable HAL FAH oPL
HAL 0.C000 0.8284 2.5622
HAH 0.8284 0.0C00 1.7338

Decision
{0.05)
Rejest
Reject
Reject
Accept
Prob
Level Declision{0.05)
0.000016 Reject Ho
0.000011 Reject Ho
OPH WLL
0.3304 3.3035
2.5810 0.3822
3.8865 0.8133
0.0000 29732
29732 0.00C0
3.00568 0.0324
Baclslon
(0.05)
Reject
Accept
Rejact
Rsjoct
Prob
Leval Declsfon(0.05}
0.000000 Refect Ho
0.000500 Reject Ho
OPH WLL
24918 4,8739
1.6632 40455

WLH

3.3359
0.4146
0.8809
3.0058
0.0324
0.0000

WLH
5.2345
4.4051



oPL 2.5622 1.7338 0.Co00 0.0706 23147 26713
OFH 24945 1.6632 0.0706 .0000 2.3824 27420
WLL 4.8738 4.0455 23117 2.3824 0.0000 0.3586
WLH 5.2335 4.4051 2.6713 27420 0.3596 0.0000
Regular Test: Madians significantly diffarent if z-value > 1.8600
Bontemoni Test Medlans significantly different if z-value » 2.9352
3.) Phosphorus
Tests of Assumptiona Sectlon

Test Prob ur ision
Assumption Value Level o8}
Slkeawrass Mommality of Residuals 59731 0.000000 Reject
Kurtesis Normality of Residuals 4.8553 £.000001 Ralact
Omnibus Mormality of Residuzsts 59,3222 0.000000 Reject
Medified-Levene Equal-Variance Test a4.7410 0.556143 Accept
Krushal-Wallis One-Way Anova on Ranks
Hypotnases
Ho: Alt medians are aqual.
Ha; At laast two medians are different,
Test Results

Chl-Squara Prob

hiathod DF {H) Leval Feclslon(0.05)
Not Cerrected for Ties 5 2 885246 0. 113730 £ -apt Ho
Comectad for Tiea & 8581422 13474 Ar-aptHo
Number Sets of Ties 4
Luitiplicity Factor 150
Kruskal-Wallis Multiple-Comparison Z-Value Test
Variahle HAL HAH OPL OPH WLL WLH
HAL 0.0000 01217 0.2049 0.3506 20355 1.9276
HAH o217 0.0000 0.,0833 &.2370 1.9148 1.8058
Qe 0.2048 0.0833 0.00c0 0.1837 1.8316 7227
OPH 0.3556 0.2370 0.1557 G.0000 1.6779 1.5690
WL 20365 1.9148 1.8318 1.6779 0.0000 0.1088
WLH 1.8276 1.8059 1.7227 1.5580 02,1089 0.0000
Regular Test Mediana significantly different if 2-value > 1.9600
Bonferroni Test: Medians significantly different If z-value » 2.8352
4.) C:N
Tasts of Assumptlons Saction

Test Prob Decislon
Assumption Value Lavel {0.05)
Skewnesn Nomnality of Residusls 07643 2442310 Accept
Kurtesis Normgtity of Reciduals 1.2138 0.224841 Accept
Omnibus Normality of Residuals 2.0835 0.356306 Accept
Modifiad-Levene Equal-Varance Test 4.7452 0004151 Ralact
Expectad fiean Squares Section
Source Term Denominator Expected
Term BF Fixed? Term Mean Square
Af..) 5 Yes S(A) S+sA
S(A) 54 No S(A)
Note: Zxpacted Mean Squaras are for the balanced weliHfreguency case.
Analyels of Varlance Table
Sourca Suin of Mean Prob Power
Term BF Sguares Square F-Ratlo Laval {Alpha={0.05)
Af..) 5 6425005 1285.019 10.82 0.000000* 0.898976
S(A) 54 6411.828 118.7376
Total (Adjusted) 59 12838.92
Total [t

* Term significant =t alpha = 0.05



Scheffe's Multiple-Comparison Tast
Resgonse: HAL HAH,OFL,OPHWLLWLH

Term At

Alpha=0.050 Error Term=S(A) DF=54 M. I=116.7376 Critival Value=2.002245

Group Count
OPL 1%}
HAH 10
WLL 0
WLH 10
HaL 10
P 10
53 LF

Tasts of Assumptions Section
Assumption

Skevmess NMomality of Reslduals
Kurtosle Normality of Regiduals
Ommnlbus Normality of Residuals

Madifled-Levene Equal-Variance Test

Kruskal-NMallls Ona-Way Anova on Ranfis
Hyuolheses

Ho: All medians are equal.

Ha: At laast two medians are diffarent.

Test Results

Method DF
Not Corrected for Ties g
Carrected for Ties 5
Mumber Sets of Ties 1
Multiplicity Factor 8

Mazn
290266
234369
35.8131
3r.71587
40.16567
53.27422

Test
Valus
4.1215

327908
1.2820

Kruskal-Wailis Multiple-Comparison Z-Value Test

Varizhle FAL

HAL 0.0002
HAH 0.8347
oPL 0,1280
OPH 1.3828
WLL 0.7382
WLH 0.2113

HAH

0.8347
0.0008
0.8086
0.4481
1.6702
07224

Diffarent

From Groups

WLL, WiLH, HAL OPH
WLL, WLH, HAL, OPH
OPL, HAH, OPH

OPL, HAH, OPH

OPL, HAH, OPH

OPL, HAH, WLL, WLH, HAL

Prob
Level
0.000038
000070
0.000500
0.281009

Chi-Syuare
H)
5.548033
5.548187

OPL
01280
D.8066
£,00500
1.2548
0.3643
0.0832

Regular Tesk: Medians signlficanty diffarent if 2-vafue > 1,8500
Bonfarroni Test: Medians significantly different if zvalue > 2,9352

6.) CiLF
Tasts of Assumptions Section

Assumption

Stewness Normality of Reskiusls
¥uriosie Normality of Residusts
Omnibus Nomelity of Residuals
Maodified-Levens EquakVariancs Test

Kruskal-Wallls One-Way Anova on Ranka
Hypotheses

Ho: All mediang are aqual,

Ha: At ieast two madians ara diferent.

Test Results
Method

Not Corrected for Ties
Cotrectad for Ties

meg
=

Tost
Value
298951
1.3048
10,9159
0.5528

Prob
Level
0,002744
0163074
0.004262
0.735734

Chi-Syuare
H;
2273328
22.73391

Baclslon
{4.05)
Rejack
Relect
Reject
Accept
Preb
Level Decision{l.05)
0.352708 Agcapt Ho
0.352601 Accept Ho
GPH WLL
1.3928 {.7362
0.4481 1.6709
1.2548 (.8843
4.0600 21190
21180 €.0600
1.1716 0.9475
Decision
{0.05)
Rejact
Accapt
Reject
Accapt
Prob
Levol Decision{0.05}
£.0005380 Reject Ho
(.000379 Reject Ho

WiLH

£.2113
0.7234
0.0832
11746
0.5475
£.0000



Number Sels of Ties
Multiplicity Factor

[+ =

Iruskal-Wallls Multiple-Comparlson Z-Value Test

Veriable HAL

HAL 0.0000
HAH 0.256%
oPL 1.498%
QPH 0.5280
Wil 3.2842
WLH 2.9385

HAH

.2581
4.0000
1.7541
0.7810
3.5403
31948

OPL
1.4681
1.7541
0.0020
4.7
1.7881
1.4404

Regular Test: Medians significantiy different if z-value > 1.8600
Bonfarronl Test: Medians slanificantly diiferent If z-value > 2.9352

B. Cctober 1598
1.)_Nitronen

Tasts of Assumptions Sectlon

Assumption

Skewness Nermality of Reslduals
Kurtosls Nomality of Residuals
Omnibus Normality of Residuats
Madified-Levene Equal-Yaranes Test

Kruskal-Wallls One\Way Anova on Ranks
Hypotheaes

Ho: Afl madians ane squal.

Ha: At lsast bwo medlans are different.

Test Rosults

Method OF
Nof Corrected for Tles 5
Corrected for Tles -1
Number Sets of Ties 3
Mulliplicy Factor 1B

Kruskal-Walils Multipla-Comparisen Z-\atue Test

Varlable HAL

HAL 0.00400
HAH 1.2684
OPL 3.1833
OFH 3.8747
WLL 4.3853
WLH 3.4632

HAM

1.2694
0.0000
1.8438
25453
3.1487
21934

Proh
Laval
0.0000M
0 N00104
2.000600
0.632259

Chl-Sguare
H)
28.64816
48.65065

oAl
31833
1.9139
0.0000
0.63%4
1.2869
0.2799

Regular Tast: Madlans significantly different if z-value > 1.9800
Bonferront Test: Madians significantly different if z-value > 2.6352

2.) Organic Carbon
Tests of Assumptlons Sectlon

Assumption

Skewness Normality of Res:duals
Kurtesiz Notmality of Residualz
Omnibus Normakity of Reskinals
Medified-Levene Equal-Variance Teat

Kruskal-Wallis One-Way Anova on Ranls
Hypothases

Ho: Al madians are aquel.

Ha: At lgast two medians are different.

Test Rasults
Methou

Mot Garreeted for Ties
Carrected far Ties

mth g
™

Tost
Value
2.8675
18628
11.7673
0.5654

Prob
Level
0.0041328
0.058726
0.602785
0.510536

Chi-Square
{H)
3218269
32.23922

OPH WLE
0.5250 3.2842
07840 3.3403
.97 1.7861
£.0000 2.7502
2.7502 4.0000
24135 33457

Declgion

{0.05)

Rejoct

Rejsct

Reject

Accapt
Proh
Leval Declslon(th05)
0.000027 Reject Ho
0.000027 Reject Ho

OPH WLL
3.5147 4.3053
25453 a.1497
0.6314 1.28689
0.0000 0.6723
Q.6723 0.0000
0.3515 1.0145

Declaior

{0.0%)

fraleei

Ac-apt

Feject

Arcapt
Prob
Lavel Daclslon{0.05)
0.0000J3 Rejuct Ho
0.600005 Reject Ho

WLH

20385
3.1946
1.4404
24138
2.2457
0.0000

WLH

3.4632
21938
0.2799
0.3515
1.0145
0.0000



Number Setg of Tiea
Multiplicity Factor

17

360

Kruskal-Waltis Muttiple-Gomperlzon Z-Valua Test

Vanable HAL HAM OPL
HAL 0.0c00 0.3714 3.8550
HAH 0.3714 0.0000 4.0264
aonL 3.8850 4.0264 0.0000
OFH 2.8862 3.2576 0.7688
WLL 3.5603 39218 0.0g2n
WLH 27233 3.0047 0.8317
Regular Test: Media  ignifleanily aifferent if z-value > 1.9800
Bonferroni Test: Medlans significantly diffarent if z-value = 2.9362
4.} Phosphorus
Tasts of Assumptions Section

Test Prob
Assumption Valus Level
Skewness Nomnatity of Restduals 49198 0.000201
Kurtosis Nommality of Residuals 3.9383 0000082
Omnibus Narmality of Residuals 30.7220 0.000000
Modified-Levene Equal-varianse Test 0.9401 0.462819
Kruslal-\Waills Ons-Way Anova on Ranks
Hypotheses
Ho: All madians ara equal.
Ha: At [zast two medians: are differant,
Test Results

Chl-Squars

M sthod bF (H)
Not Corracted for Ties 5 32.50626
Comected for Ties 8 3261433
Number Seots of Ties 17
Multiplicity Factor 120
Kruskal-Wallls Multlpla-Comparison 2-Value Test
Variable HAL HAH OPL
HAL 0.0000 2.5384 2.4548
HAH 2.5304 0.0000 {10846
0PL 24548 0.0846 0.0000
OPH 1.5953 0.9441 0.8555
WLL 4.8450 237173 24557
WLH 44473 1.8078 1.9523
Regular Test: Meriacs significantly different if z-value > 1.9500
Bonferrani Test: Ideciang sigmificanily diffarant If z-value » 2.0352
4.) C:N
Tonts of Aasumptions Soction

Test Prab
Assumption Value Lovel
Skewnesa Normality of Residuals 33819 0.000720
Kurtasis Mormality of Resittualg 3.0695 0.002143
Omnthus Normality of Residozsls 20.8601 §.000030
Modified-Lavene Equal-Varianco Test 0.7548 0.586470
Hrustal-Wallls One-Way Anovo oi Uanks
Hypotheses
Hao: All medians are equal.
Ha: At least twe modians are diffcrent.
Tost Results

Chi-Snpuars

Method oF {H)
Not Gorracted for Tics 5} 10.33.1.71
Corrected for Ticg 5 10,3342
Number Sets of Ties !
Multipictty Factor B

OPH WLL
2.8862 3.5603
3.257¢ 3.9218
0.7688 0.0028
0..000 0.7511
0.7511 4.0000
0.1629 0.9095

Rectslon

(0.05)

Reject

Raject

Rejeet

Accapt
Praob
Leval Decislon{0.05)
0,000005 Raject Ho
0.060004 Reject Ho

QPH WLL
1.5953 48480
0.9441 23713
3.85a5 2.459¢
0.00C0 3.2983
23,2963 0.0C00
2.8520 0.5204

Daclsion

(0.05)

Reject

Reject

Heject

Accept
Prob
Lewa] Becisloni(.05)
B.055300 Accept Ho
0.066300 Accept Ho

WLH

27233
3.0047
0.9317
0.1629
0.9095
0.0000

WLH

44473
1.8078
1.8025
2.8520
0.5204
0.0000



Kruskal-Wallis Multiple-Comparison Z-\alue Test

Variable HAI,

HAL ¢.0000
HAH 1.2889
OPL 1.7315
OPH 0.5859
WLL 0.3028
wLH 0.6894

HAH
1.2p89
0.0000
3.0204
1.8747
1.8473
22783

OPL
1.7318
3.0204
0.0000
11457
1.2825
0.7421

Reguler Test; Medians significantly differant i z-value » 1,9800
Banfamonl Test: Medians significantly different if z-yalue > 2.7%352

B3 LF
Tests of Assumptione Section

Test Prob
Assumpflon Value Lavel
Skewness Nomnality of Reslduals 2.0365 0.041700
Kurtosis Normafity of Residuala 21271 0.033415
Qmnibus Normality of Regiduals 8.6718 0.013080
Modified-L.evena Equal-Variance Test 1.3893 0.240307
Krusks!-Wallis One-Way Anova on Ranks
Hypotheges
Ho: All mediana zre equal.
Ha: At least two medians ere different,
Tost Resuita

Chl-Squara

Method DF
Not Corrected for Ties 5 30.70535
Cotracted for Tles & 30.70535
Number Sels of Ties 0
Muitiplicity Factor Q
Kruskal-Walliz Multipls-Comparison Z-Malue Test
Varlable HAL HAH OFL
HAL 0.0000 0.2572 23402
HAH 0.2572 1.0000 2.2004
oPL 2,3402 2.2004 0.0000
OPH 3.8300 3.7890 1.5887
WL 4.0038 3.8587 1.8183
WLH 1.2084 17513 0.4580
Ragular Test: Medians significantly different if 2-value » 1.9600
Bonferroni Test: Metiians significantly differant if z-valye » 2.0382
B) CiLE
Tests of Assumpltions Section

Test Prub
Assumption Value Level
Skewness Mormaiity of Residuals 62238 (.000000
Kurtosis Normality of Residuals 4.9791 0.000001
Omnibus Nommality of Residuals 63,8253 0.000000
Modifted-Lavene Equal-Variznea Test 1.0021 0.426062
Kruskal-Wallls One-Way Anova on Ranks
Hypotheses
Ha: All medlans ara aqual.
Ha: At least two medians ang differgnt.
Tost Results

Chl-Sguare

Method DF {)
Mot Corrected for Tles § 3598174
Correcled for Ties 5 35.99174
Number Sets aof Ties 0
Multiplicity Factor [4]

OPH WLL
0,5859 0.3928
1.8747 1.8473
1.1457 1.2025
0.0000 01774
LiAYEE 0.0000
0.4038 0.5702

Declsion

{.08}

Reject

Rejact

Reject

Accept
Prob
Leval Daclsion(),0s5)
0.000011 Rejact Ho
2.000911 Rejact Ho

OPH WLL.
3.8350 4.0038
37980 3.96RT
1.5887 1.8183
.00 Q.2710
0.2710 0.0003
20477 2.2641

Dagcislon

{0.05)

Raject

Rejact

Reject

Acrapt
Prob
Lovel Decislon{t.05)
€.000001 Rejoct Ho
0.00:0061 Reject Ho

WLH

0.9884
22783
7421
0.4038
0.5702
0.0000

1.8084
1.7513
0.4580
2.0477
2.2844
0.0080



Kruskal-Wallls Multiple-Compatison Z-Vatue Test

Variable
HAL

HAH
QPL
OPH
WLL
WLH

Regular Test: Medians significantly different if z-value > 1.8600
Bonferroni Test: Madians significantly different if z-value > 2.8352

HAL

0.0000
0.2381
2.8004
3.7882
3.9831
2.2804

HAH

0.2381
0.0000
3,314
4.2705
4.4582
2,6808

QPL
2.8864
3.3141
0.0000
0.9565
1.2326
0.6332

OPH
3.7a882
4.2705
0.246%
0.6000
03016
1.5807

WLL
3.9831
4.4582
1.2326
{.3016
$.0000
1.8489

WLH

2.2804
2.6809
0.6332
1.5897
1.8489
£.0000
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