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Rangelands as dynamic systems — structural and functional diversity in
rangelands: integrating different scales in rangeland functioning
Convener s: Willy Stock
University of Cape Town, South Africa

Many rangeland s exist as dynamic systems where structural and functional diversity of the comm unity is a function
of several interacting factors. Under standing the effects of these factors in rangel ands requi res an unders tandi ng of
componen t functioning at different scales. Integrating the range of levels from ecophy siology of individual organisms, populat ions, communities and systems is requi red if the dynamic nature of rangel ands in respons e to driving
forces is to be unders tood.

Invited Paper s
The role of nitrogen in grasslands: from ecophy siology
to ecosystem and compet ition to herbivory
Joe Craine1

Landcare Research, Dunedin, New Zealand
1 Current address: 100 Ecology, 1987 Upper Buford Circle, University of
Minnesota, Saint Paul, MN 55108, USA

Assembling a unified theory of how grasslands work requires
understanding how organisms work at multiple process levels, how
organisms interact, and how state factors such as soil type and climate affect the functioning and interaction of ecosystem components. Nutrients in many grasslands are a resource that links functioning at many scales and serves as a major constraint that simplifies the potential diversity of ecosystem functioning. Natural selection for growth in humid, low nutrient supply environments have produced a plant strategy that includes low nutrient concentrations, low
activity rates, and long lifespan for leaves and roots. These low-N
traits serve as the basis for vertical integration of ecosystem
processes as they are tightly linked to whole-plant morphology and
serve to reinforce low N availability. High root length density that
results from thin, long-lived roots minimises inter-root distance and
decreases soil solution N concentrations. The low N concentrations
of biomass strongly increase microbial N immobilisation. Also, plant
N concentrations are too low to support mammalian grazers and
these humid grasslands burn instead of being grazed, removing a
potential source of N return and adding an additional loss factor.
These broad patterns not withstanding, it is important to note that
there is tight coupling between plant traits and ecosystem processes and many traits such as N concentrations and activity rates are
derived from a plant’s effect on N availability, not necessarily causing them. Other factors serve to alter ecosystem functioning away
from this low-N state. As N inputs increase from N2-fixation or deposition, N availability increases, species shift away from species
with the low-N strategy, grazing increases, and fire decreases. At
low water availability, nutrient availability becomes less limiting and
the N cycle becomes more open with higher plant N concentrations
(possibly to increase water use efficiency), increased grazing, and
decreased fire. Differences in mean temperature do not seem to
affect the N-state of ecosystems, but do affect the manner in which
plants are built and N cycles. Although many important differences
in plants and ecosystems are independent of N status, such as the
differences between monocots and dicots, arraying plants and
ecosystems along an N gradient is a powerful explanatory and predictive tool for understanding ecosystem function.

Ecological sustainability and changing land use in the
Pilbara region of Western Australia — a ques tion of
scale and dynamics?
Pauline F Grierson 1, Peter A Landman 1,2 and Mark A Adams 1,3

Ecosystems Research Group, School of Plant Biology M090, University of
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e-mail: Peter.Landman@hi.riotinto.com.au
3 Forest Science Centre, Water Street, Creswick VIC 3363, Australia
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Australian semi-arid rangelands are complex owing to spatial
and temporal variability at a range of scales. Ecological dimensions
(e.g. species diversity and abundance, rates of nutrient cycling, productivity) are typically dependent on a combination of factors (e.g.
competition from nearest neighbours, nutrient and water holding
properties of different soil types, landscape position) and disturbance events (e.g. fire, grazing, cyclonic rainfall and drought), all of
which display spatial heterogeneity at varying scales. As yet, there
are no satisfactory methods that either qualitatively or quantitatively
describe the relative importance of spatial and temporal factors in
driving ecosystem dynamics. Indicators of the ecological condition
of arid ecosystems, varyingly described as ‘health’ (De Soyza et al.
2000) or ‘function’ (Ludwig and Tongway 1997), are traditionally
based on vegetation characteristics, which in turn are often heavily
dependent on the impacts of grazing and fire on plant response to
change in the temporal and spatial availability of water and nutrients
(Noy-Meir 1985, Stafford-Smith and Morton 1990). Hence, assessment of ecological condition for sustainable management and rehabilitation is hindered by a lack of quantitative information on ecological processes. We outline here some of our approaches to improving understanding of the dynamics of semi-arid systems in rangelands of north-western Australia including:
 De-stocking of rangeland, to assess the likely increases in woody
vegetation
 Assessment of the effects of removal of woody vegetation — can
we restore perennial grasslands?
 Measurements of roads, railways and stock movement on the
decline of mulga (Acacia aneura) communities.
 Devising ways of measuring and understanding the functional
significance of root systems to productivity, water and nutrient
cycling
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 Examination of the nature of heterogeneity in nutrient and water
availability in relation to vegetation patterns and regrowth after
disturbance
 Testing the response of soil resources to disturbance
 Describing and quantifying resource capture and distribution in
the arid zone including measurement of vegetation distribution
and its dimensions in terms of patch size and patch perimeter
over multiple scales and in response to disturbance.

by making use of system dynamics. Here the natural functioning of
the savanna system is allowed to stimulate the development of an
open savanna comprised mainly of larger trees. It is based on the
principle that the distance between a tree and its nearest neighbour
of the same species is not determined purely by chance, but that
tree spacing is normally distributed. The larger the individual, the
greater is the distance between it and the nearest individual of the
same species.

Fo rag ing strategy of cattle in Pantanal rangel and ,
Nhecolândia sub-region, Brazil

From individual scale to populat ion and community
scale: model ling comm unity dynami cs of the semi-arid
grasslands of South Africa

Sandra Santos 1, Ciniro Costa2, Geraldo Silva e Souza3, Sandra
Mara Araújo Crispim 1, R Anne Pearson 4 and Luis Alberto
Pellegrin 1
Embrapa Pantanal, Corumbá, MS Cx Postal 109, Brazil
e-mail: sasantos@cpap.embrapa.br, scrispim@cpap.embrapa.br
2 FMVZ–UNESP, Campus de Botucatu, SP, Brazil
e-mail:ciniro@fca.unesp.br
3 Embrapa–Secretaria de Adiministração Estratégica (SEA), Brasília, DF
e-mail: geraldo@sede.embrapa.br
4 University of Edinburgh, Edinburgh, EH 9 3JT, Scotland, UK
e-mail: anne.pearson@ed.ac.uk
1

The objective of this paper was to evaluate the foraging strategy
adopted by cattle on grazing and to determine the relationship
between patch biotic features and grazing time, from October 1997
to September 1999, in an area in the Nhecolândia sub-region,
Pantanal, Brazil. All observations were made in an area of 151ha,
under continuous grazing and light stocking conditions, so that the
cows had the opportunity to be selective in their grazing. The
grazing time (min ha-1 ) in each patch was verified by continuous
sampling. In the area, spatial scales were identified based on
functional use by cattle: nine feeding stations, nine landscape units
and 29 feeding sites. Based on foraging hierarchy theory, the
foraging decisions at spatial scales presented the following order:
feeding station, landscape unit, feeding site, patch, species, plant
part and bite. The main grazing patches represented 25% of the
total area. With no constraints caused by abiotic factors, cows spent
more time on the patches that allowed maximisation of the intake,
obtained through the presence of a greater number of ‘preferred’
species. These species provided greater levels of crude protein and
lower levels of neutral detergent fiber. However, not all patches
selected for grazing presented a greater quantity of dry matter.
Intake rate also appeared to be maximised by increasing the daily
grazing time. The animals used spatial memory and social learning
to choose the patches for grazing. Thus, the foraging decisions can
be explained by determinist and analytic theories, both
complementary to each other.

The importance of ecosystem dynam ics in managing
the bush encroachment problem in southern Africa

Thorsten Wiegand 1, HA Snyman2 and K Kellner 3

Department of Ecological Modelling, UFZ–Centre for Environmental
Research, Leipzig, Germany
e-mail: twi@oesa.ufz.de
2 Department of Animal, Wildlife and Grassland Science, University of the
Free State, Bloemfontein, South Africa
3 School of Environmental Sciences and Development, Potchefstroom
University for CHE, South Africa
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Community dynamics of rangelands is highly complex and
characterised by the interaction of several interacting factors at different scales. Understanding the effects of these factors requires an
understanding of component functioning at different scales. In this
paper we present an individual-based spatially explicit community
model for the semiarid grassland in South Africa which integrates
data ranging from the scale of individual grass tufts to that of longterm population and community level responses to climate. While
long-term population level changes in basal cover, species composition, and phytomass production to climate are well documented for
the semiarid grasslands, knowledge on the demography of grasses
is sparse. The specific aim of the model is to identify the specific
demographic conditions of the grassland in different compositional
states which were likely to have produced the observed population
level pattern.
The model combines information on germination, establishment,
growth, competition, fragmentation and mortality of grasses of four
functional groups represented by three perennial grasses
(Cymbopogon plurinodis, Themeda triandra and Eragrostis curvula), and the annual Aristida congesta with moisture availability and
long-term rainfall data to simulate ecosystem dynamics over several decades. We calibrate model parameters and processes on the
tuft scale using long-term data of population scale responses of phytomass production and basal cover changes to climate, and data on
establishment and mortality collected during selected years. We find
that monthly variation in rainfall and carry-over from previous
months and years explains >80% of the observed variability in production. The grassland in good compositional state shows little
change in the number of large tufts of dominant T. triandra, (mean
mortality is below 10%) but a high variability in establishment and
mortality of small tufts.

GN Smit

Department of Animal, Wildlife and Grassland Sciences, University of the
Free State, PO Box 339, Bloemfontein 9300, South Africa
e-mail: SmitGN@sci.uovs.ac.za

Posters

In southern African savanna the phenomenon of increasing
woody plant abundance is commonly referred to as bush
encroachment. Many savanna areas are water-limited ecosystems
and bush encroachment is considered a major factor contributing
towards the low occurrence or even total absence of herbaceous
plants in severe cases. The presence of woody plants in savanna is
associated with both positive and negative aspects, which is closely
related to tree density. Any bush control program (chemical,
mechanical or biological) should thus focus on tree thinning rather
than clearing of all woody plants. The rapid establishment of woody
plants after the removal of some or all of the mature woody plants
may reduce the effective time span of bush control measures. In
many cases the resultant re-establishment of new woody plants
may in time develop into a state that is worse than the original state.
It is hypothesised that a more stable environment can be created,
which is not as prone to the rapid regeneration of new woody plants

Invasibility of pastoral vegetati on in dry areas of New
Caledonia by native and exotic plant species
A1.1
V Blanfort 1, G Balent2 and M Julien2

Agronomic Institute of New Calédonia — CIRAD emvt (Animal Production
and Veterinary Medicine Department), BP 6 98825 Pouembout, New
Caledonia, France
e-mail: blanfort@cirad.fr
2 INRA–SAD Toulouse, BP27, F-31326 Castanet–Tolosan cedex, France
e-mail: balent@toulouse.inra.fr
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Rangeland and grassland stretch over 11% of the Island of New
Caledonia characterised by a high degree of endemism and susceptible to biological invasion. Therefore the benefits of livestock
systems from an economic and social point of view must be considered as well as the reduction of harmful environment and territory. Our research aims to produce a set of diagnostic tools for a bet-
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ter management of pastures in order to improve animal feeding,
while conserving the rangeland environment.
To succeed, it is essential to understand the processes responsible
for the dynamics of these ‘complex ecologic systems managed by
man’, particularly the proliferation of pasture weeds that threaten
their sustainability.
Concepts and methods of systemic ecology, phytosociology and
landscape ecology are used to assess the effects of environmental
factors and management practices on the vegetation dynamic.
These combinations of approaches allow exploration of the complexity of these ecologic grazing system at different time and space
scales (population, communities, farming system, landscape, territory). We’ve studied particularly, the distribution and the factors
responsible for the presence and the abundance of invasive species
through the different types of pastoral vegetation. More than 300
spots have been described (botanical composition, environmental
parameters, management practices) in 25 cattle stations.
We have selected two species as a model to study the invasive
process and the reproductive and spatial strategies (vegetative/sexual reproductive strategy). Spatial extension of both species is
extremely facilitated by the most widely used technique of control,
the crushing machine and by overgrazing.
At the landscape level, the spatial distribution of patches of these
invasives was related to field history, physical environment (soil,
slope and geomorphology) and wild and domestic herbivore behaviour.

Impact of long term fire regime and herbivory on the structure of the woody component of the Colophospermum
mopane shrubveld in the Kruger National Park
A1.2
AvZ Brönn 1, GN Smit 2 and ALF Potgieter3

Department of Agriculture, Port Elizabeth Technikon, Private Bag X6011,
Port Elizabeth 6000, South Africa
e-mail: abronn@petech.ac.za
2 Department of Animal, Wildlife and Grassland Science, University of the
Free State, PO Box 339, Bloemfontein 9300, South Africa
3 Scientific Services, Kruger National Park, Private Bag X402, Skukuza, South
Africa
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Plant effects on soil N pool s and dynamics in the
Patagoni an Mont e, Argent ina
A1.3
Analia Lorena Carrera1, Mónica B Bertiller 1, Claudia L Sain 1 and
Julia Mazzarino2
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Árridas, Boulevard Brown s/n, 9120 Puerto Madryn, Chubut, Argentina
e-mail: unanalia@cenpat.edu.ar
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We hypothesised that in patchy ecosystems of the Patagonian
Monte the main plant groups (perennial grasses and evergreen
shrubs) would exert different effects on local soil N which would be
enhanced with increased time span of soil colonisation. We selected four canopy types: 1. bare soil, 2. areas recently colonised by
evergreen shrubs or perennial grasses, 3. small/incipient plant
patches of perennial grasses and evergreen shrubs and 4. large
plant patches with a long-time span of soil colonisation formed by
both plant groups. We assessed N and C concentration, potential Nmineralisation and flush of microbial-N in the soil of each canopy
type and N and C in senesced leaves of each plant group at each
canopy type. We found lower N in senesced leaves of grasses than
in those of shrubs (4.1mg g-1 and 9.7mg g-1, respectively). C in
senesced leaves did not vary between plant groups. Soil N and C
were lower in bare soil than in the soil beneath all plant canopies,
and higher beneath shrubs than grasses in small/incipient and large
plant patches. Soil N accounted for 94% of the total variance in
potential N-mineralisation and both soil N and C explained 89% of
the variance in flush of microbial-N. Our results suggest that positive feedbacks between plants and soil N may be initiated by plant
colonisation but are clearly noticeable after some time span of soil
colonisation. In these interactions shrubs play an important role in
the maintenance N-soil pools and dynamics.

1

The objectives of this study were to determine the effect of the
current interaction of herbivory and season and frequency of burning on the overall condition of the woody component in the
Colophospermum mopane shrubveld on basalt in terms of: the
species composition, density, the structure, root development and
the survival of C. mopane.
The study was conducted in the Kruger National Park (KNP) situated in the eastern lowveld of South Africa. The data collection was
carried out in the Letaba Experimental Burning Plots (LEBPs) situated in the C. mopane veld. The mean annual rainfall of the veld
type is 420mm. The LEBPs comprise four sets of 14 rectangular
savanna plots, each measuring 180m x 360m, located at four different sites in the central section of KNP. The replicates were spread
out within this veld type, in an attempt to achieve representivity. A
partly randomised block design was laid out in which each of the 14
plots at each site was subjected to one of 14 burning treatments.
KNP management since 1958 has applied these treatments continuously. Intensively maintained double strip firebreaks were used to
prevent unplanned fires.
Mopani veld that is burned too frequently reaches a stage where
bush structure is severely affected. Lower frequency fires at a stage
when vegetation is still dormant affects the bush more than the
grass. Medium to high intensity fires in spring after rain at a low frequency, results in fairly open bush and good quality forage. Low
intensity fires and less frequent fires create a good balance between
bush and grass.

Morphog enesis, phenot ypic plasticity and adaptati on to
grazing of Dactylis glomerat a L. in pastures of Buenos
Aires Province (Argen tina) un der persi sting water
stress conditions
A1.4
Paride D’Ottavio 1, Alejandra Ayala Torales 2, Michele Scotton 1
and Victor Alejandro Deregibus 2

Dipartimento di Agronomia ambientale e Produzioni vegetali, Università di
Padova, Italy
Agripolis, Strada Romea 16, 35020 Legnaro, Padova, Italy
e-mail: paride.dottavio@unipd.it
2 Cátedra de Forrajicultura, Facultad de Agronomia, Universidad de Buenos
Aires, Argentina
e-mail: deregibu@mail.agro.uba.ar
1

The efficiency of the herbage use in grazing systems has to take
into account not only the short-term maximisation of the ratio
between forage production and consumption, but also the long-term
persistence of the resources. In this context, the research aims to
assess the response to grazing of Dactylis glomerata L. in pastures
— Fertilised (F) with 103kg ha-1 year-1 of N and Not Fertilised (NF) —
of a dairy farm of the Pampean region of Argentina during the spring
of 1999 characterised by persistent dry conditions. The experimental
design adopted was a completely randomised block with three replicates. During the re-growing periods after each defoliation, the following morphogenetic characteristics were assessed weekly by
means of labelling techniques: LER (Leaf Elongation Rate); TLER
(Total Leaf Expansion Rate); LAR (Leaf Appearance Rate). The phenotypic plasticity and the adaptation to grazing of Dactylis glomerata
L. were assessed at the beginning and the end of each re-growing
period: NPA (Number of Plants per Area unit); NTA (Numbers of
Tillers per Area unit); NTP (Numbers of Tillers per Plant), growth
forms (erect, semi-prostrate, prostrate) and death of the tillers of the
central part of the tussock. Compared to the F treatment, the persistence of strong water stress conditions determined higher values
of leaf expansion and appearance of Dactylis glomerata in the NF
pasture. On the contrary, the major vigour of the plants growing in the
F pasture determined a higher density of tillers of taller size and,
even if of limited intensity, a better adaptation to grazing.
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Dynamics in herbivore agg regat ion res ulting from
seas onal chan ges in forag e res ource qualit y an d
product ion — a m odel li ng ap proach
A1.5
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tion. There was little inter- or intra-treatment variation in species
composition for patches and non-patches. Based on species composition associations in ordination space, patches separated from
non-patches at a height of 6cm. This technique was adopted.

Michael Drescher 1 and Frank van Langevelde2

Tropical Nature Conservation and Vertebrate Ecology Group, Wageningen
University, 6708 PD Wageningen, The Netherlands
e-mail: 1 michael.drescher@wur.nl, 2 frank.vanlangevelde@wur.nl

We are investigating the interaction of large grazing herbivores
with their seasonal forage resource. In our model, grasslands show
strong seasonal variation in forage quality and production. In the
beginning of the growing season, forage mass is low, but is increasing fast because production is high. At this time, forage quality,
which is a negative function of forage mass, is high, too, because of
the high quality of young plant material and little differentiation
between plant parts. In the course of the growing season forage
mass increases continuously while the production slows down.
Plant tissue aging causes forage quality to decline and progressive
differentiation of plant parts causes an increase in the variation of
quality between plant parts. In the dormant season forage production ceases. The variation in quality between plant parts lessens as
all plant material turns moribund and forage quality becomes low.
The density of resident herbivores in our model is limited by the low
dormant season forage availability and therefore is too low to check
overall growing season biomass build-up. Herbivores select for
plant parts of a minimum quality. The functional response has the
shape of an asymptotic Holling’s type II curve. The slope and maximum of the response curve depend on the density of the preferred
plant parts. Feeding sites are selected by the herbivores on the
basis of a nutrient intake maximising trade-off between quality and
quantity of ingested forage.
Our findings show seasonal dynamics in the spatial aggregation of
herbivores. These dynamics are the result of intra-specific facilitation being the temporally limited benefits of herbivore co-operation
in controlling forage resource quality.

Patch grazing in an African semi-arid savann a: 1.
Separat ion of patches and non-pat ches
A1.6
Justin du Toit 1, Jock Danckwerts 2 and Peter Zacharias 3

Discipline of Grassland Science, University of Natal Pietermaritzburg,
Private Bag X01, Scottsville 3209, South Africa
e-mail: 1 dutoitco@nu.ac.za, 3 zacharias@nu.ac.za
2 PO Box 94, Adelaide 5760, South Africa
e-mail: saxfold@intekom.co.za
1,3

Patch grazing by domestic livestock was studied in a semi-arid
savanna in the Eastern Cape, South Africa. With a mean annual
rainfall of 515mm, the vegetation comprises a Themeda triandra
dominated grass sward, and an Acacia karroo woody layer. Five
grazing treatments were studied:
 Sheep stocked continuously at a conservative stocking rate (SC)
 Sheep stocked rotationally at a conservative stocking rate (SR)
 Cattle stocked rotationally at a conservative stocking rate (CR)
 Cattle stocked rotationally at a heavy stocking rate (CH)
 Cattle stocked continuously at a conservative stocking rate (CC)
Two techniques for separating patches (short grass) and non-patches (tall grass) were tested.
In the first technique frequency histograms, generated by estimating
sward height with a falling plate disc-meter, were analysed using a
Maximum Likelihood Estimation technique. Contrary to expectation,
distributions were often unimodal, not bimodal, especially in treatments grazed by cattle. Bimodal distributions were evident only in
the SC treatment. This technique was unsuitable, therefore, for estimating patch structure, and was rejected.
In the second technique, both species composition (estimated using
a modified Dry Weight Rank method) and sward height were considered. DCA and TWINSPAN analyses revealed that species were
associated according to their ecological (Increaser/Decreaser) status. Cymbopogon plurinodis (Inc I) and Eragrostis obtusa (Inc II)
were least likely to be associated. Patches and non-patches were
clearly separated in ordination space based on species composi-

Patch grazing in an African semi-arid sav anna: 2.
Treatm ent effect on patch geom etry and susceptibility
to degr adat ion
A1.7
Justin du Toit 1 , Jock Danckwerts2 and Peter Zacharias 3

Discipline of Grassland Science, University of Natal Pietermaritzburg,
Private Bag X01, Scottsville 3209, South Africa
e-mail: 1 dutoitco@nu.ac.za, 3 e-mail: zacharias@nu.ac.za
2 PO Box 94, Adelaide 5760, South Africa
e-mail: saxfold@intekom.co.za
1,3

An objective technique for separating patches (short grass) and
non-patches (long grass) was used to describe the geometry of the
grass sward of grazing trials in a semi-arid savanna. (See ‘1.
Separation of patches and non-patches’ for a description of treatments.)
The extent of patch grazing (defined as the area patch grazed as a
proportion of the total area) was affected by stocking rate and grazing system. A 50% increase in stocking rate increased the extent
from 32–68%. Animals that were stocked continuously grazed 50%
of the area, while those stocked rotationally grazed 29% (cattle and
sheep results combined). Animal type had relatively little effect on
the extent of patch grazing, although sheep grazed patches more
intensely.
Animals at heavy stocking rates and stocked continuously formed
patches comprising a wide range of sizes (1–40m in length). Cattle
and sheep stocked rotationally at conservative rates formed patches only less than 20m and 7.5m in length respectively, with the
majority of patches being in the smallest size class (2.5m).
Densities of Themeda triandra were estimated across all treatments
by measuring the abundance of plants in 1m x 1m quadrats on
patches and non-patches. The density of Themeda on non-patches
did not differ between treatments. On patches, densities were significantly lower (P = 0.012) on treatments stocked rotationally at
conservative rates (cattle and sheep) than on treatments stocked
continuously or at heavy stocking rates. It was hypothesised that
Themeda dies out in small patches due to relatively more competition with ungrazed neighbours than is found in large patches.

Effects of fire regime on soil microbial comm unity composition and activity
A1.8
GT Feig and MC Scholes

School of Animal Plant and Environmental Sciences. University of the
Witwatersrand, Johannesburg, South Africa
e-mail: feig@bioloby.biol.wits.ac.za

Soil microbial communities and fire play major roles in nutrient
cycling in savanna ecosystems. However, little is known about the
long-term effects of fire regime on soil microbial community
composition. By examining changes in broad level microbial
community composition through the use of single carbon source
utilisation assays (BiOLOG™) and changes in the activity and
numbers of nitrifying bacteria and mycorrhizae, we hope to answer
the question ‘How does the fire regime affect the functional
biodiversity of soil micro-organisms?’ The second question to be
answered in this study is ‘How does the fire regime affect the activity
of soil micro-organisms?’ This will be examined by measuring ‘soil
respiration’ as an indication of the activity of the soil microbial
communities and by measuring in situ nitrogen mineralisation as an
indication of the activity of nitrifying bacteria in the soil. The study
will be conducted on the KNP burn plots, sited on the nutrient rich
clay soils and the nutrient poor sandy soils. With this research we
hope to gain an understanding of the effects of fire on the below
ground biological processes involved in nutrient cycling in savanna
ecosystems.
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Does soil chem istry influence vegetati on change with
time since fire? An example from semi-arid Western
Australia
A1.9
Douglas J Ford 1, Mark Adams 1,2 and Pauline F Grierson 1
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2 Forest Science Centre, University of Melbourne, Water Street, Creswick,
Victoria 3363, Australia
e-mail: mark.adams@nre.vic.gov.au
1

Through soil heating and ash deposition, fire alters soil chemistry. Fires burn through the landscape heterogeneously such that
edaphic properties vary spatially in response to fire characteristics.
Consequently, post-fire vegetation patterns can differ from pre-fire
patterns at small spatial scales (~0–10m). Fires in semi-arid systems are often characterised by an increase in NH 4+-N in the immediate post-fire period. This short-term increase may be important in
re-establishment of vegetation, but little is known about how time
since fire affects soil N resources and N uptake by plants. We examined changes in amounts and ratios of soil NH 4+-N and NO3- after fire
at five sites in the semi-arid Pilbara region of north Western
Australia. Sites ranged with time since fire from 1–12 months.
Spinifex (Triodia spp.) was dominant at all sites with a mixed Acacia
or Eucalyptus leucophloia overstorey. Burnt sites were enriched in
NH4+ and NO3- compared to adjacent unburned areas. In both burnt
(regenerating vegetation) and unburned treatments, (NH4+) was significantly higher under spinifex tussocks than in open spaces. Burnt
sites 6–11 months old had significantly less NH4+ than sites more
recently burnt. These results suggest that increases in soil N after
fire occur mostly in relation to existing nutrient pools, and while time
since fire appears to deplete NH4 +-N, the relative difference between
‘under tussock’ and ‘open’ soil NH4 +-N is maintained. Residual nutrient patterns following fire suggest that post-fire vegetation patterns
are similar to pre-fire patterns.

Seedli ng establishment under livestock pressure in
succulent karoo systems: an impossible scenario?
A1.10
Natasha Gabriels1 , Nicky Allsopp 1 and M Timm Hoffman 2

ARC–Range and Forage Institute, Botany Department, University of the
Western Cape, Private Bag X17, Bellville 7535, South Africa
e-mail: ngabriels@uwc.ac.za
2 Institute for Plant Conservation, c/o Botany Department, University of Cape
Town, Private Bag Rondebosch, Cape Town 7701, South Africa
1

Overgrazing in many farming systems in South Africa leads to
the reduction of palatable plant species and their replacement by
unpalatable species. In the succulent karoo we do not understand
when and how grazing has the greatest impact on community composition. The effects of livestock on the establishment of perennial
seedlings were tested in an arid winter rainfall region characterised
by succulent karoo vegetation. Three sites, near different stockposts
and with similar vegetation cover and soils were selected. Two treatments, grazing and microhabitat were studied. For each treatment
combination, seedlings of five species indigenous to the study site,
Cheiridopsis denticulata, Leipoldtia schultzei, Ruschia robusta,
Hirpicium alienatum and Tripteris sinuata were transplanted in
August 2000. At each site seedlings were transplanted inside and
outside an exclosure, the unfenced seedlings being exposed to
grazing by goats and sheep following their normal daily patterns of
movement. Seedlings were transplanted in open areas and under
Galenia africana (dominant plant species in heavily grazed areas) to
provide two different microhabitats to test what affects the shrubs
may have on seedling recruitment. The effects of grazing and microhabitat on seedling establishment, as well as grazing intensity were
monitored over 16 months. Most species showed greatest mortality
of seedlings in unfenced treatments. This was ascribed to grazing.
However, seedlings in both fenced and unfenced treatments
showed high mortality during the drier summer months. Nearly all
asteraceous seedlings had died by the end of the study.
Significantly more mesemb seedlings survived.

Effect of different levels of brows ing in the nu trient
content of three shrub s
A1.11
MP González-Hernández, A Rigueiro, MR Mosquera-Losada
and R Romero

University Santiago Compostela, Department of Crop Production, EPS,
University Campus, 27002-Lugo, Spain
e-mail: pilargh@lugo.usc.es

Game and extensive grazing are forestry uses affecting more
than 80% of the Spanish forest area. Forest grazing and long-term
maintenance in optimal conditions requires a knowledge of the nutritional characteristics of plants, feeding source for the animals, as
well as their nutrient dynamics under grazing. Our objective was to
determine how different levels of browsing affect the nutrient content in three very common and abundant shrub species of Galician
forests: Pterospartum tridentatum (carqueixa), Ulex gallii (gorse)
and Calluna vulgaris (heather).
Significant changes in the Na, K, Ca and N content in the plants
under browsing conditions occurred during periods of less active
vegetative growth. Different browsing levels applied did not affect P
and Mg content. Although the highest level of browsing seemed to
stimulate Na content in C. vulgaris during the winter, this mineral will
be deficient generally for browsers feeding on these three shrubs.
Potassium content in C. vulgaris and P. tridentatum was favoured by
browsing during spring and fall respectively. We could expect deficiencies in K for vegetation communities containing predominantly
these three shrubs. The highest intensity of browsing on U. gallii
and P. tridentatum decreased this nutrient in the fall and in the winter respectively. Ca content was favoured by a moderate browsing
in P. tridentatum. Different levels of browsing did not significantly
affect N content, except for U. gallii that was affected negatively by
the first level of browsing, although under the highest level of browsing applied N was stimulated.

Scientific value of research on the experimental burn
plots in the Kruger National Park
A1.12
N Govender, ALF Potgieter and HC Biggs

South African National Parks, Kruger National Park, Scientific Services,
Private Bag X402, Skukuza 1350, South Africa

The Kruger National Park (KNP) has a long documented history of fire management. However in the 1950’s it became clear that
the knowledge about whether, where, when and how often to burn
within KNP was lacking. In 1954, a series of long-term experimental plots (EBP’s) to help answer such questions was undertaken in
four of the major rangeland types in KNP. The initial experimental
design aimed to investigate the influence of season and frequency
of burning on the landscape, although the plots have also been
widely used to also study the type and intensity of fires. Plots of 7
hectares in size, consisting of 12 treatments comprising a combination of frequency and season of burning were replicated four
times in each of the four major landscapes. This long-term experiment has been ongoing for almost half a century and throughout
this time numerous surveys, research projects and experiments
have been undertaken. This poster serves to give an overview to
the scientific community of the type of surveys conducted on the
plots, the different research thrusts and updates a 1998 report on
the EBP’s in the light of recent research activities on the plots. The
scientific and management implications are also discussed.
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Root hydraulic architecture and water use by the riparian
species Melaleuca argentea W.Fitz. in rangelands of
north Western Australia
A1.13

Dynam ic analysis of lands capes and landcovers for the
knowledge and the evolution of the pastoral ecosystems in the Ferlo, Senegal
A1.15

Jodi Graham 1, Peter A Landman2 Pauline F Grierson 3 and Mark
A Adams 4

Ibra Touré1 and Aliou Diouf 2

Ecosystems Research Group, Botany, School of Plant Biology, University
of Western Australia, 35 Stirling Highway, Crawley WA 6009, Australia
2 Environment, Resources, Planning Division, Hamersley Iron Pty Ltd, GPO
Box A42, Perth 6837, Australia
4 Forest Science Centre, Water Street, Creswick VIC 3363, Australia
e-mail: 1 blue@cyllene.uwa.edu.au, 1 jodi_graham@bigpond.com, 2 Peter.Landman
@hi.riotinto.com.au, 3 pfg@unimelb.edu.au, 4 adamsma@unimelb.edu.au
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Melaleuca argentea is a large tree common to permanent
creeks of semi-arid zones in northern Australia. M. argentea is in
declining condition downstream of mining activity where sites have
been de-watered with subsequent lowering of the water table. This
study identified sources of water utilised by M. argentea as well as
factors influencing water fluxes within trees, particularly root
hydraulic architecture. We studied root function by assessing vulnerability to cavitation and measured root sap flow in response to
diurnal variation and change in Vapour Pressure Deficit (VPD).
Roots of M. argentea were highly susceptible to cavitation
(~0.1MPa) and cavitation is likely to contribute to sudden decreases in heat pulse velocity (cm hr -1 ) in most roots at midday. However,
sap flow rates increased rapidly in the afternoons as vessels re-filled
under negative pressure. Root architecture of M. argentea was
quantified using topological and fractal approaches. Structural roots
of M. argentea complied with fractal principles for estimating root
length, biomass and link length, and confirmed that 75% of structural roots were as surface laterals. Placement of laterals was critical in determining water supply, where roots extending in to the
stream always had greater rates of sap flow than roots in dry areas
(stream bank), regardless of VPD. Deuterium analysis (dD) confirmed that the primary water source for M. argentea was stream
and soil water, and not groundwater. This study highlights the lack
of information regarding water use and adaptations by different
species in semi-arid and arid rangelands.

Determining the scales at which nutrients act as drivers
of herbi vore distribution in the Kruger National Park
A1.14
CC Grant 1 and MC Scholes 2

School of Animal, Plant and Environmental Sciences, University of the
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Witwatersrand. Private Bag 3, Johannesburg 2050, South Africa
e-mail: mary_@gecko.biol.wits.ac.za
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Two of the main drivers of savanna function are soil moisture
and soil nutrients. These drivers are governed globally by climate
and regionally by the underlying geology. In the Kruger National
Park, total K, Ca, Na, organic C and N concentrations in soil were
significantly higher in the basalt-derived soils and total K, Ca, Na
and P were significantly higher in soils in the lower rainfall areas.
However, significantly more N was available in soils derived from
granite, and total N was significantly higher in soils in the higher
rainfall landscapes. Higher numbers of herbivores were recorded on
the more nutrient-rich basaltic, and higher rainfall landscapes, but
utilisation of these landscapes was not random. On the
habitat/patch scale, grass tufts in certain areas were significantly
more utilised. In the KNP, termite mounds and sodic sites are the
best examples of such highly utilised patches, representing the only
grazing lawns like those described for the Serengeti. Soil nutrients
did not define differences at this scale but forage nutrients did.
Significantly higher concentrations of nitrogen and lower C:N ratios
were recorded in the leaves of tufts collected in the more utilised
areas. Tufts collected on termite mounds had significantly higher
concentrations of Ca, P, K and Mg, while tufts from sodic sites had
significantly higher Na concentrations. Since these patches seem to
be key resource areas, it is suggested they be well represented in
vegetation and eco-system monitoring programmes in savannas.

Cirad–Emvt Pôle Pastoral Zone Sèches Isra-Dakar, Sénégal BP 2057,
Dakar-Fann, Senegal
e-mail: toure@cirad.fr
2 Université Cheikh Anta Diop Département de Géographie, BP 3125 Dakar,
Senegal
e-mail: aliou_diouf@hotmail.com
1

For the past three decades, the pastoral ecosystems of the
Ferlo have been undergoing severe and repetitive droughts. This
coincides with an increase in the livestock and the concentration of
pastoralists and agro-pastoralists around drillings and pools.
Besides, the development of the rice fields in the Senegal River valley to the north of the Ferlo and the expansion of the ‘peanut basin’
in the south has led to the reduction of the pastoral areas and consequently to socio-spatial competition for access to and management of the natural resources.
To apprehend these changes and their impact on the environment
and to better understand the dynamics of its evolution, a ‘diachronic’ and ‘synchronic’ study of landscape and land cover has been
done with the help of aerial photography and satellite imagery and
site research on three characteristic regions. The results show two
opposite zones: the east and north Ferlo against the south Ferlo.
The east and the north Ferlo are characterised by a relative
increase of the vegetal cover between 1980 and 1999, after a phase
of recession between 1978 and 1980. In the population sphere, we
can note a decrease in settlement and agricultural areas. On the
other hand, in Ferlo south, though vegetal cover is thicker, it is less
dense than it was in 1969. In return, the settlements and the agricultural areas are spreading to the detriment of the rangelands.
This paper will first deal with the spatial analysis and then with the
results obtained and finally the inferences that stand out.

Determ ination of the role of each independen t variable
(soil factor) in the distribution of plant species in Tabas
Kavir, Iran
A1.16
M Karimpour-Reihan1, H Azarnivand 2 and A Ahmadi 2
Iran Desert Research Center, University of Tehran, Iran
e-mail: mrihan@chamran.ut.ac.ir
2 Natural Resources Faculty, University of Tehran, Iran
1

The study area is located at a longitude of 56°42’–57°02’E and
a latitude of 32°17’–33°45’N. The western limit of the study area is
Kal shor Tabas; the 700m altitude line in the east; Dehshor and Feiz
Abad villages in the north and Moazum Abad village in the south.
In order to determine and study the effect of each independent variable (soil factors) on plant species distribution in the studied area,
soil and vegetation studies were carried out.
Results of these studies were soil maps, a classification map of land
irrigation capability, a land use map and a vegetation map.
We selected and made grids in four areas that included all soils and
vegetation types. We considered soil distribution, vegetation and
land use of the studied areas. Consequently in considered to percent of different vegetation types, least necessary samples calculated in order to validate statistical calculations at 95% level. A double of highest value for calculated samples was selected and sampled in random systematic method. Finally, 310 points were selected and sampled. Statistical calculations were carried out on the
observations and soil attributes at each point sampling. Then by
converting the independent variables to standardised variables and
unifying range variety of all variables, and calculating BETA value at
multiple regression, the effect of each variable clarifying variance of
dependent variable were determined.
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Nutrient dynam ics and inventory in a tropical grazing
land ecosystem at Maram alai, souther n India
A1.17
KSTK Karunaichamy 1, K Paliwal 2 and PA Arp 3

Rubber Research Institute of India, Kottayam 686 009, India
Department of Plant Sciences, Madurai Kamaraj University, Madurai
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3 Faculty of Forestry and Environmental Management, University of New
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1
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The present study deals with the distribution of three elements
(N, P and K) in vegetation compartments and soil (top 30cm) in a
tropical grazing land at Maramalai, southern India. The live shoot s
contain the highest amounts of N, P and K. Nitrogen in live shoots
varied from 4.63–24.02g m-2 and in roots the nitrogen content
ranged between 1.74 and 8.73g m-2. The monthly changes of live
shoot nutrients (N, P and K) showed a significant relationship with a
linear combination of rainfall, ambient temperature and soil moisture.
Inventory of the nutrients indicates that, of the three elements studied, annually 526.1kg ha-1 of N, 27.6kg ha-1 of P and 538kg ha-1 of
K was taken up by the vegetation while 70.7kg ha-1 of N, 2.9kg ha-1
of P and 40.8kg ha-1 of K were released. Less than 6% of the nutrients entered the vegetation, except potassium (15%).

Classification of vegetati on ecological groups and their
relations with physiographi c characteristics
A1.18
Esmaiel Kouhgardi, B Noori and A Pazira

Tehran University, Faculty of Natural Resources, PO Box 31585-4314, Karaj,
Iran
e-mail: Kouhgardi@yahoo.com

In order to identify the plant ecological groups and determine their
distribution pattern with physiographic characteristic, this research
was carried out in an area of 124ha at altitude of 80–1 200m from sea
level, in Bousher province, southern Iran. To identify and classify
vegetation cover, 248 grid permanent plots with 256 square meter
for tree-shrub layer and 64m2 for herbal layer were chosen on the
basis of the Brun-Blanquet combined cover-abundance scale. The
phytosociologycal study was carried out in the last parts of the growing season (March and April 2002) in two distinct layers (tree-shrub
and herb cover). A clustering method was used for the vegetation
analysis. Classification analysis was done using TWINSPAN to
identify plant ecological groups. GIS application was used to develop mapping plant ecological groups and Digital Elevation Model
(DEM). Comparison among plant ecological groups, slope, aspect
and elevation maps showed a significant relation between vegetation and elevation, but there was not a significant relation betweenvegetation and slope and aspect.

Lands cape appr oach to unders tandi ng water use by
trees in the Pilbara region of north Western Australia
A1.19
PA Landman 1,2, Pauline F Grierson 1 and Mark A Adams 1,3

Ecosystems Research Group, Botany, School of Plant Biology, University of
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2 Environment, Resources, Planning Division, Hamersley Iron Pty Ltd, GPO
Box A42, Perth 6837, Australia
3 Forest Science Centre, Water Street, Creswick VIC 3363, Australia
e-mail: Peter.Landman@hi.riotinto.com.au, pfgblue@cyllene.uwa.edu.au,
adamsma@unimelb.edu.au
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Extraction of groundwater by government agencies, mining
industry and pastoralists in the Pilbara region of north Western
Australia may have significant impacts on vegetation health.
However, the role of groundwater in maintaining/supporting
ecosystems is poorly understood throughout semi-arid Australia and
limited to presumptions based on descriptions of plant communities.
Studies of the natural abundance of deuterium (dD) within soil water,
groundwater and plant sap are useful in determining sources of
water used by a range of plants species growing in deserts,
savannas and riparian systems. Stable isotope techniques used in

combination with ‘heat pulse’ methods for measuring amount and
direction of sap flow can be used to estimate the amount of water
used by trees and the dominant factors affecting flow of water
through different species. Such information is essential for
predicting the response of semi-arid vegetation to change in water
supply. We used a landscape approach to assess responses of
Eucalyptus and Acacia species to a gradient of water availability,
where depth to groundwater increased with distance from creeklines. Species growing in creek-lines used both soil and
groundwater, but the source was dependent on season. For
example, after winter rains the dD of xylem sap of all species
reflected the dD of soil water (~ -25‰) while in drought periods dD
of many species reflected dD of groundwater (~ -49‰). Species
growing on floodplains or hill slopes had little access to water at any
time. All species had fast rates of respiration (~7mmol H2 0m-2 s-1)
except Acacia aneura.

Architectural models of branching of Kochia Prostrata
(L.) Schrad. and Salsola orientalis S.G.Gmel under the
influence of shoot clipping
A1.20
MM Makhmudova

Uzbek Scientific Research Institute of Karakul Sheep and Ecology of Deserts,
Samarkand, Uzbekistan
e-mail: Malika68@mail.ru

The growth of shoots is a physiological and morphological
indicator. This character determines the general structure and habit
of a plant. The plants possess regenerative power, that is they can
grow under grazing or cutting and give new green mass. The study
of morphogenesis after clipping part of the annual shoots in various
periods and to different lengths will allow us to show some
peculiarities of shoot formation and the reserve potentialities of
organisms, that will promote an understanding of biomorph
formation and can be used in the practice of pasture science. The
aim of the present investigation is to reveal the influence of clipping
on architectural models of 4, 9 and 12 year old plants of Kochia
prostrata (L.) Schrad. and Salsola orientalis. The investigations
were carried out on experimental plots of Uzbek Scientific Research
Institute of Karakul Sheep and Ecology of Deserts in south-west
Kizilkum and in the foothill semi-desert at the foot of the Nurata hills.
The annual shoots were cut in spring (the end April to the beginning
of May) and in summer (in the middle of June) to 60–70% (a
moderate grazing) of their length. Kochia prostrata refers to the vital
form — it is a semi-bush, the characteristic features of which are the
presence of quickly growing generative shoots and dying away on
50–60%, the presence of rezid. This is an evolutionary advanced
biomorph, transitive between bushes and grasses (Khokhryakov
1975, 1981). Salsola orientalis is a semi-bush with a shorter shoot
length and more intensive dying away (up to 80% of shoot length).
In control for four year plants of Kochia prostrata and Salsola
orientalis characterised by the presence of one rezid of the order
with the length 4–5cm, II order in Kochia prostrata — 6 in Salsola
orientalis 4–6, with the length of 2–4cm. The rezids of III order
Kochia prostrata has 8–12, Salsola orientalis has 8–11, with the
length 1.5–4cm. 9, 12 year plants have the number of skeleton axes
— 6, with the length of 4–5cm in Kochia prostrata (L.) Schrad. in
Salsola orientalis — 4–7cm. The system of shoots forms a
stretched, conic form of bush. The clipping of plants influences their
general habit, changing the height, bush diameter, the number of
shoots, the correlation of their types. After clipping in spring the bush
acquires a spherical form, the number of generative shoots
increases and the plant rejuvenates. Summer clipping has the same
influence on the habit of the bush, the bush becomes spherical, the
number of shoots increases, amount which the brahiblusts are
prevailed. In old age plants a weakening of root–leaf connection
occurs (according to Kazaryan 1969), the necrotic processes are
developing. That is why the clipping of shoots in the stress period of
vegetation leads not to the mobilisation of merysystems, but to their
exhaustion and activity stopping and at the end, to the plant
extinction from the grass stand.
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Nutrient partitioning in herbaceous biomass in savanna
zones of Nigeria
A1.21
JI Muoghalu

Department of Botany, Obafemi Amolowo University, Nigeria
e-mail: muoghalu@oauife.org

Nutrient partitioning in herbaceous components of natural
rangelands in Nigerian savanna was studied. The aim was to determine the nutrient elements content of herbaceous components
(forb; grass) at peak biomass and changes in nitrogen and structural constituents in forb and grass species in Nigerian savanna.
Nigerian savanna lies within latitudes 6–14°N and longitudes 2°44’–
14°42’E. The mean maximum herbaceous yield ranged from
130.67–407.18g m-2. Grass biomass contributed 71.7–93.2% and
forb biomass 6.8–28.3% of this. Forb biomass has higher concentrations of the nutrient elements (N, Ca, Mg, K, Cu, Zn) than grass
biomass at peak growth. The order of concentration of these elements in the herbaceous components is forb Ca>K>N>Mg>Zn>Cu
and in grass K>N>Ca>Mg>Cu>Zn. Grass accumulated higher
quantities of the nutrient elements than forb. At peak growth, nitrogen content of grass species decreased by 57.0–69.4% while that
of forb decreased by 22.0–33.1%. There was also a higher percent
increase in structural constituents (fibre, lignin) with age in grass
than in forb species. These findings indicate the contributions of the
different herbaceous components especially forb component can
make in animal nutrition on natural rangeland. It is advocated that in
managing savanna as rangeland effort should be made to increase
the proportion of forb species in grazing lands.
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Undernutrition in young ruminants affects their chances for survival
and the time required to reach the weight and body composition at
which they are suitable for slaughter or able to work as draught animals or, if female, to conceive and rear offspring. Animals can adapt
to undernutrition by differential mobilisation of tissues. Initially the
weights of the liver and small intestine decrease rapidly which leads
to a reduction of the animal’s energy expenditure. Fat and protein are
catabolised to meet the requirements for maintenance. When the
nutritional restriction is removed, animals may respond in different
ways. Partial or complete compensation may occur if previously
restricted animals increase their growth rate relative to that of their
unrestricted contemporaries. However, there may be no compensation. The ability to predict the probable short- and long-term consequences of undernutrition will support the planning and evaluation of
measures to ameliorate undernutrition in a specific environment.
A mechanistic model was developed to simulate voluntary intake,
rumen digestion and nutrient utilisation during continuous growth,
undernutrition, and realimentation for growing cattle. The model
also simulates changes in the weights of ash (bone), muscle, adipose tissue, liver and small intestine and the relative effects of these
changes on the maintenance expenditure. The model may be used
to predict energy expenditure, liveweight changes and the probability of survival due to the variation in herbage quantity and quality.

Interaction of tannins and saponin in herbivore diet
A1.24
Jozo Rogosic 1, James A Pfister 2 and Frederick D Provenza3
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Look ing down below for what lies up abov e: ignor ing
higher level processes severely limits our unders tanding of rangeland dynami cs
A1.22
Hugh JR Pringle1 and Ken L Tinley 2
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Traditional range ecology based on plant community dynamics
(especially Clementsian Plant Succession Theory) has been widely
criticised and to varying degrees replaced by more realistic models
that emphasise hysterisis and non-linearity. More recently, landscape function has also gained international currency and offers
great promise in linking on-ground observations to satellite-based
observations.
However, we contend that our development of models has still not
addressed another failing of traditional range ecology: its focus on
what can be observed by the human eye. We have not kept pace
with technology; in many ways we are still asking the same old
questions at the same old scales. We have added some new questions (e.g. biodiversity), but even this opportunity to take a more
holistic, hierarchical approach seems to have been passed up largely. This limited view of the rangelands precludes diagnosis of higher-level, off-site (out of sight) factors that may need to be recognised
to achieve local management objectives.
We explain these criticisms using examples of scrub encroachment,
remote sensing and biodiversity research from both Australia and
southern Africa. We present an alternative approach that includes
hierarchical salience analysis, including driving land succession
processes and explain how the approach is being used in a participatory catchment restoration project.

Ho w do rum inan ts survive on arid rang elan ds ?
Modell ing the effects of plant-ani mal interactions A1.23
FD Richardson and GQ Witten

Rangeland Modelling Group, Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebosch 7701, South Africa

In the semi-arid tropics rainfall is seasonal and varies widely
between years. Consequently, grazing animals are subjected to
short or long periods of moderate to severe undernutrition.

2
3

Sheep and goats were allowed to choose between
Mediterranean shrubs containing tannins and other Mediterranean
shrubs containing tannins and saponins. Twelve sheep and goats
offered tannin-containing shrubs consumed less biomass than animals offered shrubs containing tannins and saponin. Simultaneous
consumption of shrubs that contain tannins and saponin may promote chemical interactions that inhibit toxin absorption from the
intestinal tract. This type of interaction is likely to have influenced
the evolution of herbivore feeding behaviour.

The effect of the sub-habi tat below savanna trees on
soil, grass and grass utilisation by cattle
A1.25
A Rothauge1, GN Smit 2 and AL Abate3
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3 Department of Animal Science, University of Namibia, Private Bag 13301,
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The relationship between savanna trees, the grasses growing in
the sub-habitat beneath their canopies and grass utilisation by beef
cattle was investigated in the semi-arid camelthorn tree savanna of
eastern Namibia, an area that supports an economically vital beef
exporting industry. In each of eight long-term experimental treatments, consisting of combinations of four cattle stocking rates (15,
25, 35 and 45kg cattle biomass ha-1) and two beef cattle types
(large-framed Simmental x Afrikaner crossbred and small-framed
Sanga purebred cattle), three sub-habitats were studied: the subhabitat underneath leguminous Acacia erioloba trees, the sub-habitat underneath non-leguminous Terminalia sericea trees and a subhabitat in the open, not covered by a tree canopy. In each sub-habitat, representative soil samples taken at mid-canopy level were
analysed for physical and chemical soil properties, grass population
density and composition was determined by individual counts, grass
yield was measured by clipping, the nutritive value of grasses was
determined by subjecting a representative sample to standard laboratory analyses and the utilisation of grasses was established by
bite-counting during diet selection observations on foraging cattle.
Results indicate that the density of grasses underneath tree
canopies increases with an increase in cattle stocking rate, but that
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total grass yield declines. Grass species react differently to grazing
pressure, but in general, grasses become more numerous, smaller
and less productive as grazing pressure increases. This effect is
particularly obvious under leguminous trees and may be the result
of cattle utilising grasses growing under leguminous trees preferentially. As grazing pressure increases, cattle tend to find an everincreasing proportion of their most preferred grass species underneath tree canopies, in particular underneath leguminous trees,
rather than in the open, especially the large-framed cattle type.
Severe grazing at high stocking rates leads to a change in the grass
population under trees, were Eragrostis lehmanniana and
Stipagrostis uniplumis displace grasses more common at lower
stocking rates, such as Anthephora pubescens and Schmidtia pappophoroides. Laboratory analysis of the nutritive value of grasses
suggests that, even though the proportion of grasses taken underneath trees seldom exceeds 20% of all grasses taken by cattle,
these grasses may contribute an extraordinary amount of nutrients.
This is due to differences in the chemical properties of the soil of
each sub-habitat: soil underneath trees contains noticeably higher
levels of organic matter, significantly more N, P and K and is slightly
more acid than soil in the open sub-habitat. Results indicate that the
soil–tree–grass association in arid tropical savannas has a profound
and beneficial effect on the dietary preferences and nutritive intake
of free-ranging livestock and ultimately, on animal productivity.

Stability of Pilbara grasslands in relation to management
and ecological events
A1.26
R Sadler, P Grierson and M Hazelton
e-mail: rsadler@agric.uwa.edu.au

Quantitatively assessing the stability of grassland systems for
management purposes has been made more tractable in the last
decade because of:
1 Increasingly robust monitoring of rangelands over time through
digital data capture;
2 Large improvements in available computational power;
3 Developments of Bayesian statistical theory leading to Markov
Chain Monte Carlo methods.
Markov Random Fields (MRF) are used to simulate vegetation
patterns from a time series of photographic images of vegetation
cover in Pilbara grasslands, Western Australia. The probabilities
used in defining the MRF are then taken as functions of site-specific
and temporal factors. In effect, different transition probabilities that
quantify system change can be estimated for given time intervals
and different system events. These conditional probabilities lend
themselves to stability analyses, based on the work of Li (1995). In
principle, the stability of a mathematical system should mirror the
resilience of the ecosystem being studied. This is because
mathematical stability and ecosystem resilience both refer to the
ability of a system to return to an ‘attracting’ or ‘stable’ pattern after
that pattern has been perturbed by some event. Different patterns of
system events can then be compared, thereby identifying patterns
of events that lead to stability, and patterns that lead to instability
and which management should avoid. This approach of analysing
spatio-temporal changes in ecological processes using a series of
digital images could easily be generalised to any ecosystem for
which regularly collected image data exists.

Con straints to pr od uc tive and sus tainab le gr azing
syst ems in temperat e southern Aus tralian gras sland s
A1.27
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A national experiment, undertaken as part of the Sustainable
Grazing Systems Program, collected data over 5 years from 6
grassland sites in temperate Australia with the aim of improving
profit from livestock while reducing land degradation caused by
surplus water. Sites were located in New South Wales, Victoria and
Western Australia and included both sown and native pastures in
high rainfall zones (>600mm annual rainfall) varying from winter to
summer dominant. Site data were collected according to a common
protocol and a unifying concept of themes for pastures, animal
production, water, nutrients and biodiversity were used to identify
the major factors influencing production and sustainability. Acrosssite data were analysed using both experimental data and
modelling.
Much of the variation in herbage mass accumulation was accounted
for by pasture type (native or sown), soil P level, legume density,
stocking rate and plant available water. Perennial grass persistence
varied according to stocking rate, grazing management, soil pH,
fertility, standing herbage mass and plant available water. For
animal production, the most significant factor affecting carrying
capacity were rotational grazing, annual legume and perennial
grass content, soil pH, soil P and plant available water. The
probability of generating winter excess runoff and drainage was
highest (>80%) on duplex soils in the winter dominant rainfall zone.
Overall, the impact of perennial grasses on the quantity of water
used was not large when compared with the effect of trees.

The effect of twenty years of burni ng on the species
diversity and basal cover of a moist montane grassland
in KwaZul u-Natal , South Africa
A1.28
AD Short 1, TM Everson 2 and CS Everson 3

Grassland Science, Department of Agriculture and Environmental Affairs,
Private Bag X9059, Pietermaritzburg, South Africa
2 Grassland Science, School of Applied and Environmental Sciences,
University of Natal, Private Bag X01, Scottsville 3209, South Africa
3 CSIR, c/o School of Applied and Environmental Sciences, University of
Natal, Private Bag X01, Scottsville, 3209, South Africa
e-mail: Alan.Short@dae.kzntl.gov.za.
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The Drakensberg mountains in Lesotho and South Africa are an
important reservoir of biodiversity. Fire is an integral part of management in the landscape, but the long-term effects of fire on plant
diversity have been insufficiently studied. The species composition
and basal cover of a twenty-year burning trial in a conserved area
of the Drakensberg were measured with a point-based survey.
Grassland protected from fire for 20 years had significantly lower
basal cover (12.8%) than burned plots (17.2–20.9%). Annual winter
burning had significantly lower species richness (14.7) than annual
(19.0) or biennial (17.3) spring, quintennial (five-yearly) spring
(18.0) or unburned (18.3) plots. Mean Shannon’s diversity indices
ranged from 1.9 to 2.3, and evenness values from 0.69–0.81; neither showed significant differences. Ordination showed a shift
upward along axis 2 (eigen value of 0.148) with time. Unburned
plots shifted to the right along axis 1 (eigen value 0.503) to a region
dominated by Harpochloa falx, while annually and biennially burned
plots stayed close to the origin. The exception was annual winter
burning, which shifted the plots to a region dominated by Themeda
triandra. Quintennially burned plots were most heterogeneous in
composition, and unburned plots changed the most in composition
relative to burned plots.

The influence of sub-habitat differentiation on the soil
under varying competi tion regimes in mopane savanna
in Sout h Africa
A1.29
GN Smit

Department of Animal, Widlife and Grassland Sciences, University of the Free
State, PO Box 339, Bloemfontein 9300, South Africa
e-mail: SmitGN@sci.uovs.ac.za

The investigation was conducted on a densely wooded area in
the mopane savanna of South Africa dominated by the tree species
Colophospermum mopane interposed with a few individuals of
Salvadora australis. Seven plots were subjected to different intensi-
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ties of tree thinning, ranging from a totally cleared plot (0%) to plots
thinned to the equivalent of 10%, 20%, 35%, 50% and 75% of the
leaf biomass of a control plot (100%). Distinction between five subhabitats was made. These included the following: between tree
canopies, under C. mopane trees, where C. mopane trees have
been removed, live S. australis and where S. australis have been
removed. Ten topsoil samples (to a depth of 150mm) per sub-habitat were randomly taken in each experimental plot, bulked, thoroughly mixed and one subsample taken for analysis. Differences
between sub-habitats were large and significant. Soil under C.
mopane canopies had a significantly (P < 0.001) higher % total N,
% organic C, P, Na, K, Mg and pH in comparison to soil from
between tree canopies, while Ca and electrical resistance did not
differ significantly (P > 0.05). The soil from the S. australis sub-habitats differed radically from that of the C. mopane-subhabitats in
respect of all the investigated soil variables with the exception of P.
Few of the investigated soil variables, on the short term (3 years),
changed significantly as a result of the various tree thinning treatments.

Recovery capac ity of Poa ligularis after defol iation in
Patagonian grasslands: auxiliary buds and biomas s
produc tion
A1.30
CP Souto 1, GF Becker 1 , GL Siffredi 1 , CA Busso 2 and M
Sternberg 3

INTA EEA Bariloche, CC 277 8400 Bariloche (RN), Argentina
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2 Universidad Nacional del Sur, Dpto. de Agronomía, Altos de Palihue, 8000
Bahía Blanca (Bs As), Argentina
e-mail: cebusso@criba.edu.ar
3 Tel Aviv University, Department of Plant Sciences, 69978 Tel Aviv, Israel
e-mail: MarceloS@tauex.tau.ac.il
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Poa ligularis is one of the dominant species in Patagonian grasslands that decreases under grazing. We investigated the defoliation
effect on the number and position of viable axillary buds, and biomass production during one growing season. Experiments were
arranged in a randomised complete block design and conducted in a
natural stand. Treatments included one defoliation height (10cm),
one to five times a year, in addition to undefoliated controls. Bud respiratory activity was examined using tetrazolium test and the vital
stain Evan’s blue. At the end of the growing season, plants that have
been defoliated more than three times showed significantly (P <
0.05) lower number of respiratory active buds than unclipped controls. Both defoliated and undefoliated plants produced more (P <
0.05) axillary buds at the periphery than at their centre. Mean production of dry matter on plants defoliated one, two, three, four, and
five times a year was 14.02g, 13.32g, 10.98g, 16.63g and 10.56g,
respectively, compared to 11.34g on undefoliated controls.
Defoliation treatments increased shoot weight by 13.4% on average
compared with undefoliated controls. Although grass biomass was
higher when plants were defoliated four times a year, the number of
active buds was reduced with more than three defoliation events.
Therefore, it appears that Poa ligularis could tolerate moderate grazing intensity without compromising its potential regrowth capacity in
the following season. Longer-term studies of the effects of defoliations on biomass production and bud metabolic activity are needed
to exactly understand the effects of grazing in natural grasslands.

Tree influence on grassland in the Paraguay an Chaco
A1.31
D Stosiek1, A Glatzle1, R Schultze-Kraft2 and P Klassen1
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Asunción, Paraguay
e-mail: inttas@telesurf.com.py
2 Hohenheim University (380), D-70593 Stuttgart, Germany
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A common problem for grasslands in the semi-arid central
Chaco is the competition exerted by invading woody species. There
is, however, an increasing awareness of positive influences of individual trees on the associated grassland, beyond the recreational

and esthetical values of a park like woodland and the offer of shade
and protection for livestock. In this study, soil and grass cover was
analysed under the canopy and in a 30m distance from the canopy,
at three consistent directions, of 65 randomly selected isolated trees
belonging to seven different species, Aspidosperma quebrachoblanco, Astronium fraxinifolium, Bulnesia sarmientoi, Chorisia insignis, Schinopsis heterophylla, Schinopsis quebracho-colorado,
Prosopis alba. Tree canopy influence on grassland characteristics
was highly dependent on the prevailing soil type, even though at
both, loamy (luvisol) and sandy (regosol) sites, soil organic matter
and grass crude protein contents were significantly higher under the
canopy than in the open area. Canopy influence on grass dry matter yield and water content of fresh grass was only significantly positive at sandy sites. No tree influence was found as far as the
metabolisable energy content of the grass is concerned. Equally, no
significant and consistent differences between tree species were
observed. It is concluded that, wherever excessive grazing and
treading of animals seeking shade is avoided, a generally positive
canopy influence of individual trees on grassland characteristics
occurs in the Paraguayan Chaco.

Interaction of rainfall, nutrients and topogr aphy limits
growth of native and introdu ced plant species in
Australian semi-arid grassland
A1.32
S Tartowski
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Arid ecosystems that experience pulses of primary production
related to variable rainfall may shift between water and nutrient limitation of plant growth. I tested this hypothesis by adding several levels and combinations of nutrients to a semi-arid South Australian
grassland at the start of the growing season following a severe
drought in the previous year, with rainfall only 42% of the long-term
annual mean of 257mm. The two growing seasons immediately
after the drought received 122% and 88% of the long-term mean
annual rainfall. Nutrient limitation developed rapidly on a claypan,
but the adjacent ridge remained water-limited, probably due to the
small soil volume. Nitrogen was more limiting than phosphorus, but
nitrogen plus phosphorus caused a greater increase in aboveground plant biomass on the claypan than nitrogen alone. Nitrogen
amendments increased the percent nitrogen in plant tissue on both
the claypan and ridge. Introduced species were more common on
wetter, more fertile claypan and responded more strongly to nutrient
additions than native grasses and forbs. Thus, both species and
site-specific characteristics influenced the response of the plant
community to nutrient amendments. Increasing nitrogen inputs
might have significant effects on the species composition and
ecosystem function of these oligotrophic semi-arid Australian
ecosystems.

Interpreting plant-level spring growth of tufted perennial
grasses using the model TILLER
A1.33
K Tomlinson, John Hearne and Tim O’Connor
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The dominant plant forms in humid grasslands are caespitose
perennial tufted grasses. Seed recruitment in these environments is
probably restricted to rare events so tufted grasses persist through
vegetative reproduction of secondary tillers, which are able to
develop into independent rooted plants. It is hypothesised that
morphology differences between species are at least partly
responsible for the field-scale changes in species composition in
response to defoliation by fire and grazing. The mechanistic objectorientated model, TILLER, which has been designed explicitly to
evaluate growth of tufted grasses, is used to explain the spring
growth pattern exhibited by some tufted grass species in the
species-rich Southern Tall Grassveld of South Africa in response to
various defoliation regimes of fire and grazing. Initial results suggest
that only a very small amount of stored carbohydrate is critical to
restart spring growth, but the actual growth rate of plant organs
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depends on the availability of carbohydrate through the middle of
spring, which depends on photosynthate production and organ sink
demands. Critically sink demand depends on tiller recruitment at the
beginning of spring, a characteristic of species.

Nitrogen an d phos pho rus allocation as affected by
grazing in a riparian community
A1.34
MJ Trlica1, MA Wheeler2, and WC Leininger3
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Decomposition, mineralisation and nutrient allocation are not
well understood in riparian ecosystems. The purpose of this study
was to assess sources and sinks of nitrogen (N) and phosphorus
(P), and decomposition of leaf litter, in grazed and protected treatments in a montane riparian ecosystem in Colorado, USA. Forage
samples of water sedge (Carex aquatilis) and planeleaf willow (Salix
planifolia) were collected monthly throughout the growing season
and analysed. Nitrogen was greater in water sedge from grazed
areas than from exclosures during most of the growing season.
Phosphorus was only higher in previously grazed forage of water
sedge during one sampling period. Nitrogen, P and digestibility were
greater for plants of planeleaf willow from short-term grazed paddocks than from protected areas. Digestibility of water sedge during
the latter part of the growing season was also greater for previously grazed plants than similar plants in exclosures. These data indicated that uptake of N and P by plants in grazed areas may exceed
uptake by plants in ungrazed exclosures. There were no significant
differences in litter decomposition rates for either species between
grazed and protected areas throughout the growing season.
However, higher nitrate availability and plant uptake in grazed paddocks may indicate more rapid mineralisation with grazing disturbance. Through a better understanding of soil–microbe–plant interactions in nutrient uptake, utilisation and distribution, we should be
able to better manage these riparian ecosystems to be an efficient
sink of nutrients for plant uses and maintain stream water quality.

Patterns of forb diversity in the southern African
grasslan ds
A1.35
Roger Uys and William J Bond

Department of Botany, University of Cape Town, Private Bag Rondebosch,
Cape Town 7700, South Africa
e-mail: ruys@botzoo.uct.ac.za, bond@botzoo.uct.ac.za

Southern African grasslands represent a wealth of floral
diversity, yet to date this has been poorly investigated. Forbs
constitute most of this diversity, but have largely been ignored in
favour of the dominant grasses that are important for livestock
production. To gain a better understanding of patterns of floral
diversity across our grasslands, we examined forb life history
strategies and growth forms from 14 sites along a rainfall gradient
ranging from ~650mm to ~1 600mm pa. Across this range perennial
dicot forbs form >70% of the taxa. A major compositional shift in life
form and history strategies was, however, noted around 800mm
MAP. In drier grasslands (<800mm MAP), infrequent burning and
regular droughts favour reseeding life history strategies; there are
few monocots and the proportion of annual species rises from ~5%
to ~25% around 650mm MAP. In the wetter grasslands (>800mm
MAP), the proportion of monocots increases, annuals are seldom
encountered and frequent burning and infrequent drought favour
resprouting, as indicated by a greater proportion of perennating
organs. The increase in monocots in the wetter grasslands
corresponds to an increase in flat and upright basal leaved growth
forms. While the proportion of upright cauline leaved growth forms
was not strongly affected by rainfall, creeping cauline taxa
increased in the drier grasslands. Thus it appears that the forbs, like
the dominant grazing grasses, are divided into two distinct floras
along this rainfall gradient.
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Litter cover in sagebrus h steppe-t ypes and patterns of
occurrence
A1.36
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Litter is a dominant ground cover variable in sagebrush steppe
ecosystems. Litter includes fallen herbaceous material; humic material; animal feces; woody parts of sagebrush and other shrubs;
sagebrush leaves; leaves of other shrubs and forbs; flowers and
seeds of sagebrush; flowers, fruits, or seeds of other shrubs and
forbs; and dead portions of cushion plants. Grasses and sedges
(45%), humic litter (15%), and fallen sagebrush leaves (13%) were
the predominant litter types in high-elevation sagebrush steppe in
southern Wyoming, USA. On windy sites, litter layering only occurs
under and on the lee sides of sagebrush plants. Layers consist of
grass/sedge litter or woody parts of sagebrush on top of sagebrush
leaves, which in turn cover humic litter. Litter plays an important
hydrologic role by protecting the soil surface from raindrop splash,
promoting infiltration, and providing opportunities for both water
detention and retention. The woody portions of shrubs are the most
effective litter type for watershed protection.

