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ABSTRACT

Best land-use strategies towards sustainable biodiversity and land degradation management in

semi-arid western rangelands in Southern Africa, with special reference to ants as bio-indicators

In South Africa, the unsustainable use of natural resources by domestic livestock has led to resource
depletion and serious land degradation. Rangeland degradation, especially bush encroachment and soil
erosion, is particularly acute in the North-West Province, where all districts show signs of desertification
and a loss of biodiversity resulting in a deterioration of human and animal health. This has a major
impact on livestock productivity and the economic viability of livestock farming with serious consequences
for the livelihoods of pastoral communities. It is important to recognise ecological change before
irreversible changes occur. The aim of this study, which falls within the Global Environmental Facility
Desert Margins Programme (GEF-DMP), was to investigate to what extent vegetation in combination with
ant communities can be used as indicators of ecosystem change due to anthropogenic human induced
land-use patterns and how can this information be used in land degradation management and biodiversity
conservation in the semi-arid western rangelands of Southern Africa. Sites, representing a degradation
gradient (relative poor and relative good rangeland condition extremes) within each of three Tribal-, three
Commercial- and three Reserve areas, were surveyed. The impacts of these land uses on the
herbaceous species composition, woody-, soil- and ant components were evaluated. Both the woody and
herbaceous species components reflected the existence of a rangeland condition/degradation gradient
across the larger study area. The herbaceous species composition reflected similar degradation
tendencies within the Commercial and Reserve land uses, with sites being associated with low rangeland
as well as high rangeland condition scores. The tendencies differed between these two land uses based
on the woody degradation gradient. The entire Tribal herbaceous- and woody species components
showed a transitional shift towards another state, which differed significantly from the Commercial and
Reserve land uses. Both the Tribal herbaceous and woody components were associated with low to
intermediate rangeland condition ranges, with no significant rangeland condition gradient existing within

the Tribal land use.

Understanding and quantification of the soil-vegetation dynamics hold important implications for
rangeland degradation management. This study provided criteria for selecting the most appropriate
measures when incorporating the soil parameters as additive data in the multivariate analyses with the
vegetation, ant and nominal environmental data. Different land use practices resulted in different soil
patterns, with significant gradients pertaining to the soil stratum and openness/woodiness groups. There
was a significant though neglectable difference pertaining to the rangeland condition/degradation gradient

based on the soil component.

Ants have been extensively used as bio-indicators, also with regard to the monitoring of the
environmental effects of rangeland pastoralism. Ant species compositional patterns and functional

groups displayed congruent clustering and diversity patterns as those of the vegetation and soil



components. In contrast to the vegetation components, ant assemblages did not reflect a degradation
gradient, but rather reflected environmental changes (modifications) to the habitat structure and -

heterogeneity as a result of different land use disturbances.

Both vegetation and ant diversity measures were mainly associated with the Tribal land use. These
diversity indices were indicators of habitat complexity, heterogeneity and moderate disturbance, rather
than indicators of a rangeland condition/degradation gradient. The diversity patterns are best described
by a dichotomy between the humped-shaped productivity/diversity and the habitat
complexity/heterogeneity models. Vegetation and ant diversity measures for this study should be

considered as environmental indicators of habitat disturbance rather than as biodiversity indicators.

It is suggested that vegetation, soil and ant patterns are best described by the state-and-transition model,
which encompasses both equilibrium and non-equilibrium systems. The resilient nature of these
rangelands, typical of non-equilibrium systems, was reflected by the low to intermediate differences
between land uses with regard to the herbaceous, woody, soil and ant components. However, density-
dependent coupling of herbivores to key resources resulted in transitional shifts and modification of the
vegetation composition and structure within and between land uses, displaying the equilibrium dynamics
pertaining to these rangelands. Small disturbances in these rangelands may result in detrimental
“snowball” interactive biotic-biotic/abiotic cascades. Spatial heterogeneous patterns within and between
land uses as displayed by the vegetation, soil and ant parameters, necessitate that monitoring and
management at patch, paddock and landscape scale should be conducted, cautioning against the
extrapolation and over simplification of management strategies across all land uses. Because these arid
rangelands are linked socio-ecological systems, it is not possible to address biophysical issues
associated with land degradation without including the human dimensions. A “Key assessment matrix” is
provided for monitoring and management purposes pertaining to land degradation and diversity aspects
within and between the different land uses, and can be used by the land user, extension officer and

scientist.

Key words: Land use; rangeland condition; degradation; biodiversity; species composition; indicators;

key species; ants; semi-arid rangeland; “Key assessment matrix”

ii



UITTREKSEL

Die beste landsgebruik strategieé vir volhoubare biodiversiteit en landdegradasiebestuur in ‘n

semi-ariede weiveld van Suider Afrika, met spesiale verwysing na miere as bio-indikator

Die onvolhoudbare benutting van natuurlike hulpbronne deur vee het ernstige uitputting en
landdegradasie in Suid-Afrika tot gevolg gehad. Velddegradasie, veral bosindringing en gronderosie, is
veral ernstig in die Noordwes Provinsie, waar tekens van verwoestyning en ‘n verlies in biodiversiteit in
alle distrikte ‘n verswakking in menslike- en dieregesondheid tot gevolg het. Dit het ‘n geweldige impak
op vee produktiwiteit en die ekonomiese lewensvatbaarheid van veeboerdery tot gevolg, wat ernstige
implikasies vir die lewenswyses van veeboere inhou. Dit is belangrik om ekologiese veranderinge te

herken alvorens onomkeerbare veranderinge plaasvind.

Die doel van hierdie studie, wat deel vorm van die “Global Environmental Facility Desert Margins
Programme (GEF-DMP)”, was om vas te stel tot watter mate plantegroei in kombinasie met
miergemeenskappe as indikator van ekosisteemverandering as gevolg van antropogeniese mens-
geinduseerde landsgebruik patrone gebruik kan word. Dit het verder ten doel om vas te stel hoe hierdie
inligting gebruik kan word in die bestuur van gedegradeerde weiveld en biodiversiteitbewaring in die
semi-ariede westelike veldgebiede van Suider Afrika. Opnames in persele verteenwoordigend van ‘n
degradasiegradiént (relatief swak en relatief goeie veldtoestand uiterstes) binne drie Kommunale, drie
Kommersiéle en drie Reservaat areas is gedoen. Die impak van hierdie landsgebruiktipes op die
grasspesiesamestelling, houtagtige-, grond- en mierkomponente is geévalueer. Beide die houtagtige en
grasspesiegemeenskappe het ‘n veldtoestand/degradasiegradiént oor die totale studie area weerspieél.
Die grasspesiesamestelling het soortgelyke tendense binne beide die Kommersiéle en Reservaat
landsgebruike weerspieél, met persele wat geassosieér is met lae sowel as hoé veldtoestandwaardes.
Die tendense gebaseer op die houtagtige degradasiegradiént, het verskil tussen hierdie twee
landsgebruike. Die totale grasspesie en houtagtige komponente in die Kommunale gebiede het ‘n totale
verskuiwing na ‘n ander toestand getoon, wat beduidend van die Kommersiéle en Reservaat
landsgebruike verskil. Beide die grasspesies en houtagtige komponente in die Kommunale gebiede was
geassosieér met lae tot intermediére veldtoestande, met geen beduidende veldtoestandgradiént wat

bestaan in die Kommunale landsgebruik nie.

Kennis en kwantifisering van die grond-plant dinamika hou belangrike implikasies vir die bestuur van
weiveld. Hierdie studie het kriteria daargestel vir die selektering van die mees aangewese maatstawwe
vir die implementering van die grond parameters as toeliggende data in die veelvoudige analises tesame
met die plantegroei, mier en nominale omgewingsdata. Landsgebruike het verskillende grondpatrone tot
gevolg gehad, met beduidende gradiénte met betrekking tot die grondstratum en oop/beboste groepe tot
gevolg. Daar was ‘n beduidende maar weglaatbaar klein verskil met betrekking tot die

veldtoestand/degradasiegradiént gebaseer op die grondkomponent.
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Miere word omvangryk as bio-indikator gebruik, ook ten opsigte van die monitering van die
omgewingsimpakte van veeboere.  Mierspesiegemeenskappe en funksionele groepe het meer
ooreenstemmende groeperings- en diversiteitspatrone as die plantegroei- en grondkomponente getoon.
In teenstelling met die plantegroeikomponente, het mier gemeenskappe nie ‘n degradasiegradiént, maar
eerder omgewingsveranderinge (modifikasies) aan die habitat struktuur en heterogeniteit as gevolg van

verskillende landsgebruik versteurings getoon.

Beide plantegroei- en mierdiversiteitsmaatstawwe was hoofsaaklik geassosieer met die Kommunale
landsgebruik. Hierdie diversiteitsmaatstawwe was indikatore van habitat kompleksiteit, heterogeniteit en
matige versteuring, eerder as indikatore van ‘n veldtoestand/degradasiegradiént. Die diversiteitspatrone
word die beste beskryf deur ‘n tweeledige verwantskap tussen die “humped-shaped” en die habitat
kompleksiteit/heterogeniteit  modelle. Hierdie studie het getoon dat plantegroei en
mierdiversiteitmaatstawwe eerder as omgewingsindikatore van habitatversteuring as indikatore van

biodiversiteit beskou moet word.

Daar word voorgestel dat plantegroei-, grond- en mierpatrone die beste beskryf word deur die “Toestand-
en-Oorgangsmodel”, wat beide die ekwilibrium en nie-ekwilibrium sisteme insluit. Die veerkragtige
herstelvermoé van hierdie veld, kenmerkend van nie-ekwilibrium sisteme, is weerspieél deur die lae tot
intermediére verskille tussen die landsgebruike met betrekking tot die grasspesies-, houtagtige-, grond-
en mierkomponente. Digtheidsafhanklike verbinding van herbivore tot kern hulpbronne het egter gelei tot
oorgangsverskuiwings en modifikasie van die plantegroeisamestelling en struktuur binne en tussen
landsgebruike, wat die ekwilibrium dinamiek van hierdie weiveld vertoon. Klein versteurings in hierdie
veld mag ongewenste sneeubal interaktiewe biotiese-biotiese/abiotiese veranderinge tot gevolg hé.
Ruimtelike heterogene patrone binne en tussen landsgebruike, soos vertoon deur die plantegroei-, grond-
en mierparameters, maak die monitering en bestuur by “kol-”, “kamp-” sowel as landskapsvlak
noodsaaklik. Daar moet dus gewaak word teen die ekstrapolering en oorvereenvoudiging van
bestuursstrategieé dwarsoor alle landsgebruike. Aangesien hierdie ariede veld gekoppelde sosio-
ekologiese sisteme is, is dit nie moontlik om die biofisiese aspekte geassosieer met landdegradasie aan
te spreek sonder die insluiting van die menslike dimensies nie. ‘n “Sleutel evalueringsmatriks” word vir
moniterings- en bestuursdoeleindes voorsien ten opsigte van landdegradasie en diversiteitsaspekte binne
en tussen verskillende landsgebruike. Hierdie sleutel kan gebruik word deur die landsgebruiker,

voorligter en wetenskaplike.

Sleutelwoorde: Landsgebruik; veldtoestand; degradasie; biodiversiteit; spesiesamestelling; indikatore;

sleutelspesies; miere; semi-ariede weiveld; “Sleutel evauleringsmatriks”
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Analysis of Similarities
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Convention on Biological Diversity

Convention to Combat Desertification

Canonical Correspondence Analysis

Current Grazing Capacity

Detrended Correspondence Analysis

Directorate Field Services

Desert Margins Programme

Driving Forces-Pressures-State-Impact-Responses
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Global Environment Facility

Geographic Information Systems

Indigenous Environmental Knowledge
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Indicator Value
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Integrated System for Plant Dynamics



LFA

LSU

MDS

NAP
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NEMA

NLSIF

NW DACE

PCA

pers. comm.

RDA

SIMPER

SOER

STSS

TL

UNCCD

UNCED
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ABBREVIATIONS (continue)

Landscape Function Analysis

Large Stock Unit

Multi-dimensional scaling

National Action Programme

National Department of Agriculture

National Environmental Management Act

National Livestock Strategy and Implementation Framework
North West Department of Agriculture, Conservation, Environment
Principal Components Analysis

personal communication

Redundancy Analysis

Similarity percentages

State of the Environment Report

Scientific Technical Support Services

Total length

United Nations Convention to Combat Desertification

United Nations Conference on Environment and Development

United Nations Environment Programme
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