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. ABSTRACT

The aim of the study was to develop understanding of the relationships between
vegetation types of the grassland biome of South Africa and the environment, with
an emphasis on structural and functional characteristics.

The grassland biome in South Africa has traditionslly been divided into ’pure’
grasslands, assumed to be climatically determined, and 'false’ grasslands of recent
anthropogenic crigin. A review of literature from several disciplines including
palegobotany, archaeology, ecology and biogeography indicates that this is not a valid
distinction, It is clear that the distribution of the grassland biome as a whole is pootly
understood, but the general correlation beiween the distribution of biomes and ¢limate
elsewhere in the world suggests that this warrants more detailed investigation.

A water balance approach was used to develop climatic indices that both predict the
distribution of grasslands, and are easy to interpret biglogically. The indices are the
mean number of days per annum when moisture is available for plant growth, the
mean temperature op days when moisture is available for plant growth (wet season
temperature), and the mean temperature when moistuve is not availéble for plani:
growth (dry season temperature). Based on these thres indices the grassland biome
in South Africa can be distinguished from neighbouring biomes. The fynbos and
succulent karoo biomes have rainfall in winter. The grassland, nama-karco and
savanna biomes have rainfall in summer., The forest biome experienceé_ rainfall
throughout the year. Of the summer rainfall biomes, the qﬂantity of water available -
in the grassland biome is greater than in the nama-karoo, similar to savanna, ﬁut less
than forest. Grasslands experience cooler dry season temperztures than savannas.

The Jocalised distribution of woody plants within the grassland biome suggests ﬂ;at
it is the effect of climate on the fire regime that may be of overriding importance. ?n
determining the distribution of the biome as a whole. Woody elements ave restncted .
to sites that are either protected from fire, or experience fires of lower intensity than
sites that support: grassland. The unifying feature of the grassland biome is its
proneness to fire. The presence of a warm, moist season promotes plant production
and leads to a high standing crop close to the ground. The prolonged dry seéson
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causes vegétation to dry out annually, rendering it flammable, More azid biomes
have plants more widely spaced, making it difficult for fire to spread. In more mesic
biomes where rainfall is lesax seasonal than in the grasslands or savannas, fuels do not |
dry out sufficiently to 1gmta A number of additional climatic features may promote.
burning in the grassland biome. It has the highest lightning density of all South
Afica’s biomes. Warm, dty "berg’ winds desiccate fuels and) omote burning ix: the
more mesi¢ grasslands, The *curing’ of the grass sward due to dry season frost and
temperature drop is important in establishing early dry season flammability. Savanna
trees are fire tolerant, but they appear sensitive to the cold temperatures prevaeat in
the grassland biome in the dry season,

The relationship between the distribution of functional charactsrs of grassiand plants
-and énvironmental conditions was invesiigated. The distinction between sweetveld,
- mixed veld and sourveld was recognised as one of the most important functional

* features of South Africa’s grassiands. ‘The distribution of these vegetation types was

examined in detail. Sweetveld occurs in warm, dry areas; sourveld in cool, moist
| areas. There is oveflap between these typos that is dependant on soil nutrient status.

; "}Sweetveld that ceeurs in climatic conditions that would be expectec to support mixed
eld and sourveld, is on soils derived from basic parent material, including basalt,
dolerite, gabbro and nt;rite. Similarly, sourveld that occurs in areas that climatically
wauld be expected to support sweeiveld, is on soils denved from acid parent material
such as sandstons and Yuartzite,

Soil nutrients that are most highly correlated fo the occurrence of these three veld
types are phosphorus avaiiability and an index of nitrogen mineralization potential.
There is an increase in both available phosphorus and the index of readily
mixeralizable nitrogen from sourveld to mixed veld to sweeiveld, These features are
incorporated into a conceptual model that relates the distribution of these grassland
types to carbon and nitrogen metabolism, with the role of phosphorus either similar
to nitrogen, or else it may act indirectly by affecting the rate of nitrogen
mineralization, Nitrogen mineratization occurs at lower water availability than carbor
assimilation, and its temperature optimum is higher than that of carbon assimilation.

Where nitrogen mineralization is favoured :elalive to carbon assimilation, sweetveld
is likely to ocour. Where carbon assimilation is favoured relative to nitrogen
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mmeralwaﬁon, som'veld is likely to occur Soﬂ texture affects the balanoe between
-thesetmprocessesmthedegreetowhzs;hltpmhactssoﬂorgmucmatber and
thm.forr the size of the mu-ogen andphasnhnmus pools.

Changes in the d:(smbutton of South Afnca s h;tomes for a scenario of climate change
are pmdlcted usmg the biome model develnped in this study This illustrates the
value of developing pred:ctwc models, ,ﬁ )
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PREFACE
Two unresolved issaes in the grassts~ biom of South Africa intrigued me: why Go
we have grassiands; and why are some grassiands *sweet’ while others are *sour’? .
The first issue is one which has puzzled ecologists dealing with similar vegetation.
elsewhere: in the world. Conflicting theories have been advanced, specificaily
~ climate, fire and soils. As yet a single model has not been proposed o explain this
phenomenon. The second issue, of sweet® and *sour’ veld may be a problem
peculiar to South Africa’s grasslands. The well entrenched functional terminology
of ’s’weetvelld',h mixed veld’ and ‘sourveld” reflects differences in the seasonal
variation in forage quality batween three distinct grassland types. What factors
determine the distribution of these three vegetation units? Why does the forage quality
in -these grassland types vary seasonally? Why does sourveld become *sweeter’
following certain manipulations such as burning and fertilifation? S

* Ideveloped an interest in these particular aspects as I felt that they were attributes of
vegetation that were broadly adaptive, and as such _sholild be predictively related to
the environment. In the face of global changes in climate, and in view of accelerated
political and social change in the subcontinent of southern Africa, possibly with major
changes in patterns of land-use and disturbance regimes, it seems appropriate to focus
on aspects that will ensble prediction, I hope in the thesis to develop an
understanding of the distribution of the grassland biome, and of different grassland
types, and to jllustrate how this knowledge can be summarised for ecvamunication and
prediction, | |

This endeavour was not undertaken alone. I will single out a faw of the many who
have contributed to the completion of this study. Dr M.T. Mentis and Dr R.J.
Scholes initially suggested and motivated for a study of this type. Dr. M.T. Mentis
contributed to its early development, but his departure half-way through the study left
Dr R.J. Scholes to supervise the remaining work. I am endebted to both for their
contributions; Dr R.J. Scholes in particular has bean the catalyst of many ideas that
are presented. Dr M.C. Scholes took over supervision for the final months,
Members of the ecology lab as well as of the Resource Ecology Group (REG) have
always taken an interest ir: the work, and provided a useful forum for discussion. Dr
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E.R. Robinison and Prof, T.N. Huffman (Archasology) have provided useful comment
on draft manuscripts that have been submitted for publication. The final production’
' ofthethemswasgreaﬂyenhancedbyfamhuesprowdedbybru{(. Balkmlland the °

University Herbarium, Tim and Alisoun House assisted with some, of the tediom of 7
daia entry, and Alisoun drew some of the maps. . snally, Karen hus been & great
source of motivation and support "and her ass:stanoﬁ. throughom the study is -

owledged ina speclal WﬂY _.:;f;" L :
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- CHAPTER 1
"INTRODUCTION
1.1 OBIECTIVES

“The overall objective of this study was to develop predictive understanding of
environmental determinants of vegetation of the grsssiand biome of South Africa,
with an emphasis on structural and functional characteristics, This was approached
at two scales of resolution. At the subcontinental scale biomes are defined on the
basis of the dominant and co-dominant life-forms, and on climate (Rutherford &
Westfall 1986). The distribution of South Africa’s grassland biome may theretore be

" expected to be related to climate, although its origin and distribution are widely
debated (Acocks 1975, Rutherford & Westfall 1986, Feely 1987). At a more detailed
scale of resolution, different functional grassland types have been recognised within
the grassland biome, These are referred to as sweetveld, mixed veld 1 and sourveld
based on differerces in their forage quality in various seasons (Acocks 1975, Tainton
1981, Zacharias 1990). Neither the distribution nor the causes of the observed
differences in forage quality of these rangeland types are understood.

A secend objective was to summarise undéestanding 5o that it can be communicated

and used as a basis for prediction. The issue of global climate change is receiving

widespread attention (Schlesinger 1989, Goodess & Palutikof 1992, Smith et_gl.

1992), and regional changes in patterns of land use and resource utilization in the face
of social and political change in southern Africa are being widely debated (Cock &
Koch 1991). This is indicated by the recent establishment of the International
Geospiicre-Biosphere Program with an emphasis on global geosphere-biosphere
change, as well as the publication of the proceedings of a conference on geosphere-
biosphere change in southern Africa (Shackleton 1990). Other publications such as

Sunter (1987), Huntley (1989) and Huntley gt al. (1989) illustrate the focus on

regional and local issues.

1 The Dutch veldt, now Afrikaans veld refers to the open
gouni:rydin the interior of southern Africa used for pasturage and
armland.
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1.2 RATIONALE

Many studies have focussed on structural and functional features of végetation that .
are considered to be of adaptive significance, and are theref’qi‘e prcdiq'ifively related
to the environment. The concept of "life-forms” introduced by Raunkaier (1934) has
proved to be of lasting value in the attempt to analyse the influencc ofiimac:;oclimate
on vegetation composition. This system has been refined in the compreﬁansive system
of Box (1981 a,b). The life-form approach is of great value in thd.t it relies on
morphological criteria readily applicable to all plant spgcies;_ _I-I{qwever, many
important influences are not readily detectable by reference to zr_k-': %:hoIBgy alone, _'and
recent studies such as those of Grime (1977) and Noble & Slatyer (1979) reflect the
continued effort to recognise additional plant attributes that have ecological function.

The classification of vegetation based on functional characteristics has been described
as a functional classification (Grime 1985). It attempts to reduce the number of
species taxa in floristically diverse Iyegetation types to a smaller number of functional
~ types, each exhibiting characteristic -stﬁ;cture and process. Déspite floristic différenc@s
in forest, grassland and savanna on different continents for example, there are many
intercontinental parallels in the structure and function of these vegetion types. In
addition to making comparison and intctpolafion between widely separated study sites
. possible, functional classifications should enable prediction. The use of the plant taxa
of conventional taxonomy for this purpose is at present unwieldy, and assumes that
differences between taxa are greater than the variability within taxa. The sheer
number of vascular plant species in South Affica (some 20 300; Siegfried 1989)
presents daunting problems if they are to be used as a basis for undevstanding the
response of vegetation to scenarios of change. Even if key species are chosen for a

given area, problems of extrapolation remain.

1.3 OVERVIEW: P PROAC , STRUCTURAL
INAL CLASSIFICAT VEGE N

1.3.1 WHAT IS A FUNCTIONAL CILASSIFICATION?

The emphasis in functional classifications is the clustering of items that exhibit
similarity of process and occur under similar environmental conditions. An example
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is that of the trophic guilds: producers, consumers and decomposers (Simberloff &
Dayan 1991), This is contrasted with the Linnaean taxonomic classification which -
would produce a clustering of species not based on trophic type, but governed by
assumed evolutionary relatedness. Heavy dependance in ecology on the Linnaean
taxonomic system implicitly assumes that variation within species (normally assumed
the Ifundamental unit of such classification systems) is less than between species.
There are problems with this approach. An individual species may be poorly defined
and it could have a number of functionally different sympatric forms (e.g. Themeda
triendra). Alternatively, there may be several species that are functionally similar,
making texonomic-cladistic based classifications unnecessarily unwieldy.
Nevertheless the taxonomic-cladistic system presently serves as a base classificat.on
for many functional classifications, whereby already named units are rearranged to
suit ecological descriptive and predictive needs,

Several types of botanical functional classification already exist. Plant atiributes that
are selected in a study de?end an the purpose of the study, and are scale related. A
number of studies are described below, emphasising criteria that.have been used,
purposes, and appy . suiate spatial scales. It will be argued that despite the existence
of numerous types of botanical functional classifications, other ones - not necessarily
entirely novel - are needed. '

1.3.2 GLOBAL AND SUBCONTINENTAL SCALE

1.3.2.1 YEGETATION STRUCTURAL TYPES

It has been common inowledge for several centaries that the broad-scale distribution
of vegetaticn structural types, or *biomes’, is related to climate, This appears due
to strong evolutionary convergence of growth-forms in phylogenetically unrelated
plants growing in similar climates (Beard 1978). This relationship was used to
describe and map the world’s climate zones before extensive networks of weather
stations were available. Structural units are embraced in the terms "growth-form’ and
"life-form’, which here are regarded as synonomous despite arguments to the contraty
(Beard 1978, Barkman 1988). Many authors use these terms interchangeably,
recognising that fenction (emphasised in the ’life-form’ concept) is related to
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morphology (emphasised in the ’growth-form’ concept). The life-form system

developed by Raunkaier (1934) is one of the best known, based on the location of the
perennating organ in relation to ground level (Table 1.1). Functionally it is related

to the mode of survival during the unfavourable season. The life-form approach has

been modified and improved, with Cain (1950), Braun-Blanquet (1965), Whittaker

(1975) and Beard (1978) contributing to ideas on approaches to the structural

classi!” “ation of vegetation. This system continues to be refined as indicated by the
recent publication of Barkman (988) in which a new system of plant growth-forms

has been proposed. '

The life-form spectra of different vegetation types are used to indicate gross
adaptation to climate (Raunkaier 1934). A system bu..d on the dominance and co-
dominance of different life-forms has been used to categorise Soutt Africa’s biomes
- objec ively (Rutherford & Westfall 1986). ‘The life-forms used to classify South
Africa’s biomes. were: bemicryptophytes, with perennating buds at or close to
ground level; chamaephytes, with perennating buds between ground level and 0.7 m;
and phanerophytes, with perennating buds greater than 0.7 m above ground level
(Rutherford & Westfall 1986). Six biomes, forest, fynbos, grassland, nama-karoo,
savanna and succulent karoo (Fig. 1.1a) were recognised based on the dominance or
co-dominance of one or more of the abovementioned life-forms (Fig. 1.1b).

1.3.2.2 PHOTOSYNTHETIC TYPES

Since the discovery of the €, photosynthetic pathway in the 1960’s (Kortschack et al.
1965, Hatch & Slack 1966) there has been great interest in correlating the occurrence
of this pathway with specific environmentai conditions (Table 1.1). This has to some
extent involved empirical correlation of macro-climatic variables with the distribution
of C; and C, plan_ts, of which there are many exaniples including Tieszen et gl.
(1979), Boutton et al. (1980), Rundel (1980), Teeri et al. (1980), Hattersley (1983),
Collins & Jones (1985), Vogel gt al. (1986) and Cavagnaro (1988). A number of

studies in southemn Africa have adopted a similar approach (Ellis 1977, Vogel et al.
1978, Ellis et al 1980, Cowling 1983, Ellery et al. 1992). Altitude, moisture
availability, temperature and the season of rainfail generally correlate well with the
distribution of plants with different photosynthetic types, with few studies alluding to
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Table 1.1: ‘Examples of botanical classifications emphasising characteristics that are
considered to be of adaptive significance and are therefore predictably related to habitat and
ecology, the criteria on which they are based, their purpose and appropriate spatial scale.

References are included numerically: 1 Raunkaier (1934); 2 Whittaker (1970); 3 Beard
(1978); 4, 5 Box (1981a,b); 6 Rutherford & Westfall (1986); 7 Ellis (1977); 8 Vogel gt al.

(1978); 9 Tieszen gt al. (1979); 10 Boutton et al. (1980); 11 Rundel (1980); 12 Ellis et al.

(1980); 13 Teeri gt al. (1980); 14 Cowling (1983); 15 Hattersley (1983); 16 Collins & Jones
(1985); .17 Vogel et a]. (1986); 18 Cavagno=o (1988); 19 Ellery et al. (1992); 20 Walter
(1971); 21 Walker gt al. (1981); 22 Walker & Noy-Meir (1982); 23 Yohnson & Tothill
(1985); 24 Frost gt al. (1986); 25 Acocks (1975), 26, 27 Grime (1974, 1977); 28 Noble &

ll (Ref. 28).

stages, persistence,

Slatyer (1979).
PURPOSE
| Raunkaier’s Location of Biological spectra Glokal and
| life-forms; - perennating organ in | indicate gross suhcontitental,
" Kk (Refs. 1-6). relation to ground adaptation o climate.
level.
Photosyntheuc | Phatosynthetic Adaptation to macro- | Subcontinental
pathway, leaf & micro-climate, and landscape.
i (Refs 7-19). anatomy. nutrient availability.
| Savanna functional Woody ~ grass Co-dominance of Landscape.
{ classification - balance and woody | grasses and trees and
| Refs. 20-24). leaf size & type. different tree types.
| Acocks's veld types | Proportional species | ID regions with same | Landscape.
| (incl. sweet, mixed | composition and farming potentiality,
| & sour); seasonal forage livestock production,
(Ref, 25). quality, veld management.
Gi'ime’s plant Degree to which Describe life-history | Local,
strategies; competition, stress, | to index fitness for
(Refs. 26, 27). disturbance constrain | given conditions.
growth,
Noble & Slatyer’s | Method of arrival, Predict replacement Local,
vital attributes; establishment, time | sequence of species
to reach critical following disturbance,




il

Hemicryptophytes

Phanerophytes

rassland

Succulent
karoo

‘Chamaephytes o (@

LEGEND

» Forest

a Fynhos

+ Grassland

O Nama-karoo

@ Savanna

¢ Succulent karoo

Figure 1.1: The classification of South Africa’s biomes on the basis of the
dominance and co-dominance of three life forms () and the distibution of these
biomes (b; after Rutherford & ‘Westfall 1986),
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the effects of soil nutrient status (Cowling 1983, Ellery et al, 1992).

In contrast to this approach, many studies have adopted an expenmental approach in
which aspects of the performance of C, and C, plants have been related to 3pec:1ﬁc
environmental conditions, and this “.:5 been extrapolated to perfonnance in nature,
These studies have been reviewed by Pearcy & Ehleringer (198{)’, with predicted
patterns from these studies generally agreeing with reported distribution patterns.,

Several apﬁmaéhes, varying from simple abiotic models to more detailed functional
models (Table 1.1), have bezn used to develop predictive understanding of the
distribution of structurally and functionally distinct vegetation types at regional scales,
. with work in savannas around the world being exemplary. ‘The model of Waiter
(1971) can be considered a simple abiotic medel. Access to soil moistuze at different
depths by trees (deep rooted) and grasses (shallow rooted) was related to rainfall, and
was considered to expiain the extent of woody plant developﬂient in savansias. This
- description was expanded to include two environmental gradients, rainfatl uand soil
texture, once again predicting o~ incre . ir. woodiness with increased moisture
availability (Walker et al. 1981, Walker & Nuy~Me1r 1982). An additional ‘model
- also based on moisture availability and soil texture has been pmposed by Iohn..on &
Tothill (1985), including the effects of soil waterlogging (cf. Tinley 1982), These
models predict a decline in woodiness as moisture availability increases. More recent
functional models predict the occurrunce of different savanna functional types based
on moisture availability and soil femhty (Frost gt gl. 1986).

1.3.3.2 WQHMLA&SE&AM&

In the classification of the veld types of South Africa (Acocks 1975: Table 1.1}, terms
were used that déscribed structural and functional attributes of the vegetation. These
inclnded attributes reiated to the height of the sward and differences in seasonal
variation in forage quality (sweetveld, mixed veld and sourveld) in the graseland
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biome. In other biomes these included spinescence, scrubbiness, and succulence.

A further distinction between different grassland types in South Africa is between
*true’ (climatically determined) and ’false’ (anthropogenically induced) grasslands
{Acocks 1975). Once again this distinction is the basis for different approaches to the
management of rangeland within the grassland biome. The allegedly recent creatior
of the false” grasslands has been increasingly questioned in the literature (Mentis &
Buntley 1982, Tainton & Mentis 1984, Feely 1987), and is reviewed in the lighi of
information from a variety of disciplines in the following chapter.

1.3.4 LOCAL SCALE

The species-level taxon is commonly regarded to have a high degree of reality and
a lesser degree of abstraction than taxa at higher or lower levels in the Linnaean
system. Species are viewed as the units of evolution, and the units which make up
vegetation. The aggregate behaviour of individual species represents tlie corporate
response of a community to environmental conditions. The sssence of this approach
i8 to identify and understand the characteristics of individual species and their
interactions with their cohabitors (Table 1.1). These viewpoints underpin the
competit on-stress-disturbance models of Grime (1974, 1977), vital attribute models
of Noble and Slatyer (1979), and life history and demographic studies such as
MacArthur & Wilson (1967), van Valen (1971), Whittaker & Goodman (1979), and
O’Connor (1991).

1.3.5 MATCHING PURPOSE AND APPROACH

Despite the existence of numerous types of botanical classifications, others are
needed. A single all-purpose classification is improbable. Each is appropriate at a
particular spatial scale, levels of resolution differ, and criteria are selectsd to match
the purpose. It seems at this stage that an attempted combination of all of them into
a single system would hamper the effort to understand, summarise, communicate and
predict. The purpose of some existing classifications come close to or even overlap
with the present study, which is to develop predictive understanding of the
distribution of South Africa’s grasslands, and to identify grassland types and
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understand their distribution, Overall it appears that the ideal situation is to have
several tonctional: classifications speciﬁc to South African cmumstances and r
covenngarange ofspaualscales P $

1.4 SUMMARY

The present stud;v aims to develop predlctwe understanding of the distribution of
South Africa’s grasslands at two scales of resolution, the subcontinental and
landscape. The study will emphasise structural and functional characters that are
predictively related to habitat and ecology, A number of studies that have adopted
similar starting pointsﬂhav\e been outlined, -indicating their strengths for; ,I'{speclﬁc
p' Xposes and at different spatial scales. New approaches are needed to suit South
African purposes, and to operate at different scales of resolution. :
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CHAPTER 2

DEVELOPING FUNCTIONAL CONCEPTS OF THE SOUTH AFRICAN
;' GKASSLAND BIOME

2.1 DEFINITION QF A BIOME

Before developing a concept of the grassland biome itself, the concept of a biome
needs to be defined. According to Rutherford & Westfall (1986) a biome is: -
- the largest land community unit recognised at a continental or subcontinental
scale; :
- & unit mappable at a scale of no larger than 1:10 miltion;
- distinguished from other biomes primarily on the basis of dominant life
- form(s) in climax systems;
- distinguished from other biomes secondarily on the basis of ma_]or climatic
features;
- not an unnatural or major anthropogenic system.

This definition is useful in that it addresses the issue of scale quite explicitly. The
primary and secondary bases for distinguishing biomes however, pose some
difficulties, For example, Rutherford & Westfall (1986) included the Afromontane
vegetation of the highlands in Lesotho as part of the nama-karoo biome, based on the
presence of a combination of hemicryptophytes and chamaephytes in both vegetation
types (Rutherford & Westfall 1986). Although the physiognomy of these two
vegetatioit types is similar, the climate that supports them appears different.

Precipitation is higher in the Lesotho Highlands, and temperatures more variable (and

cooler overall), than the nama-karoo {(cf. Schulze & McGee 1978). Other studies
elsewhere in the world frequently distinguish vegetation types on the basis of features
other than physiognomy, For example, forests in North America are frequently
divided into evergreen, deciduous, and coniferous, and grasslands into tallgrass and
shortgrass (Whittaker 1975, Soweil 1985, Stephenson 1990). A similar approach may
be necessary in South Africa to clarify the distribution of the nama-karoo and
Afromontane vegetation of the Lesotho highlands.
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A farther problem with the definition is related to the stipulation that a biome is not
an unnatural or anthropogenic system. Frequently it is difficult to determine whether
a vegetation type has an anthropogenic origin or not. For example, Acocks (1975},
in the most widely cited ecological publication in South Africa’, attributed an
anthropogenic origin to the much of the grassland biome of South Africa, based not
on evidence of human activity in the Iregion? but on the perceived existence of a
"c]imaﬁc climax’. This suggestion is being increasingly questioned, and will be
reviewed later in this chapter. '

Despite these criticisms, the definition of the grassiand biome of SquthlA'fﬂca based
primarily on life-forms and secondarily on climate appears satisfactory. The
grassland biome will be defined on the basts of physiognomy in the following section.
‘The issue of anthropogenic modification of much of the grassland tiome will then be
investigated in the form of a review of the literature, much of which has become
available since Acocks first published his work in 1952, .

[F

2.2 DEFINITION OF

The dominance and co-dominance of different life-forms has been used as the basis
for distinguishing South Africa’s biomes, with the grassland biome dominated entirely
by hemicryptophytes (Rutherford & Westfall 1986). These are perennial plants,
usually herbaceous, with perennating organs at or close to ground level, but seldom
greater than 0.1m above ground level (Raunkaier 1934). The family Poaceae is the
most widespread taxon with this growth form. Various authors have explicitly
defined 2 “grassland’ as having less than a certain density (Phillips 1971) or cover of
woody plants, this being between 2% and 5% cover (Pratt & Gwynne 1977, Edwards
1981). Having highlighted some of the problems associated with the biome concept,
and having defined the grassland biome on the basis of physiognomy, what is the
distribution of South Africa’s grassland biome?

' Acocks’s ’Veld types of South Africa’ was first published

in 1953. A second edition was published in 19875, and this was
revised (only with species name changes) in 1988. The second
edition will be referred to in the thesis, except where it
differs from the first edition, in which case the first edition
will be c¢ited.
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2.3.1 EARLY CONGEPTS

There have been few broad-scale classifications of South Africa’s grasslamls, The
first of note was by Bews (1918), who_ described the grasses and grasslands oi South
Africa. Within the vegetation type that he refesred to as eastern grassveld”, which
approximates the present distribution of the grassland biome and much of the savanna
biome (excluding the sandveld areas of the northern Cape znd Botswana), he
identified three types: the castern grassveld itself; the coastal belt of Natal, and the
mountain tussock grassveld (Table 2.1). Subsequently Bews (1929) published views
on the grasses and grassiands of the world, dividing them into tropical and temperate
units. Within each of these units he recognised typus on the basis of grass height,
and whether. the grasses were predominantly fussuck forming or not.

Pole Evans (1936) described grassland, forest, savanna (*parkland’), and desert shrub
within South Africa. Within the grasslands, different types were distinguished based
on plant height. Types were referred to as tall, short and mixed (Tsble 2.1), once
again with tittle emphasis on floristic differences per se. This work was followed by
a description of the major vegetation units of South Africa by Adamson (1878), with
units approximating the present classification of biomes by Rutherford & Wesifall
(1986), namely sclerophyll, forest, grassland, savanna and semi-desert. Within the
grassland biome, different types were recognised: including grassveld (highveld), dry
grassland, moist grassiand and montane (tussock) grassland (Table 2.1).

2.3.2 RECENT CONCEPTS

Acocks (1975) mapped the 'veld types' of South Africa explicitly based on the
taxonomic-cladistic system. The veld types were grouped into broader vegetation
units based on either biogeographical or structural affinity, His ..‘.lassiﬁéation was
implicitly based on the then-current ecological paradigm of succession (Weaver &
Clements 1938). According to this theory, the climax is *the highest expression of
the vegetation in a climatic region’ (Acocks 1964), and prevails except where
distprbanoe has occurred, for example by grazing of domestic livestock and by fire.

12



" Table2.1: The broad-scale classification of grasstand types recognised by d:ffei‘ent
authors prior to Acoci's (1953). As far as possible, the distribution of the types
~ described by each author has been matched with the other authors.

'Adam;on (1938)

Bews (1918) Pole Bvans (1936)

* Fastern grgssveld _fShort _grass 1 Dry grassland :

[_ * Mixed grass " High veld'
| Coast belt of Natal Pl rass © ‘Moist grassland

Mountain tussock
gmssveld '

Moatane (tussock)
+ grassland
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Accordingly, Acocks (1975) recognised the grassy vegetation mostly to the west of
the continental divide (his veld types 48 to 60) to be *pure’ in the sense that grassland
there was thought to be the highest expression of the vegetation that the climate
permitted (Fig. 2.1). To the east of the continenwal divide, Acocks (1975) also
observed grasslands, despite, in his view, there being climate suitable (warmer in
winter and wetter than to the west; Rutherford & Westfall 1986) for the development
of 'higher’ forms of vegetation, namely forest, scrub-forest and savanna. He
explained the anomaly by invoking anthropogenic effects, implying that the former
climax forests, scrub-forests and savannas of as little as 600 years ago had been
reverted to disclimax or *false’ grasslands. They were considered to have been
maintained by fire. Within this group he included his veld types 61 to 68.

In order to investigate the distribution of South Africa’s grassland biome, a number
of recent studies were compared, These studies have explicitly refated the distribution
of the grassland biome to Acocks’s (1975) veld types. The most notable eramples
are Mentis & Huntley (1982), Huntley (1984), Tainton (1984) and Rutherford &
Westfall (1986). A comparison of these classifications is presented in Table 2.2,
There is agreement by all of these authors that Acocks’s "pure’ grassveld types (veld
types 48 to 60) are part of the grassiand biome, except that Rutherford & Westfall
(1986) classify Themeda-Festuca alpine veld (veld type 58) as being partly in the
grassland biome and partly in the nama-karoo biome. Based on the review of the
vegetation of the Afro-alpine region of southern Africa (Killick 1978) it appears that
areas at high elevation in Lesotho support a short scrubby vegetation that is
stracturally related to name-karoo (dominated by chamaephytes and
hemicryptophytes). Based on this combination of life forms this area does not appear
to be part of the grassland biome.

Areas included by Acocks (1975) as *false’ grassveld types (veld types 61 to 68) are
included as part of the grassland biome in all four studies, with the exception that
Rutherford & Westfall (1986) do not include the Pietersburg plateau grassveld (veld
type 47) or Eastemn province grassveld (veld type 68) as part of the grassland biome,
Based on the incluson of these in the grassland biome in the majority of these studies,
and on evidence from a detailed study in one these regions (cf, Stalmans 1950), these
veld types are included in the grassland biome for the purposes of the present study.
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Figure 2.1: The approximate distribution of Acock’s (1975) ’pure’ and *false’

grasslands (after Mentis & Huntley 1982, Rutherford & Westfall 1986). The false .

grasslands were mapped as seral to forest and seral to savanna. The location of the
Winterberg Mountains in the eastern Cape is indicated by an asterisk.
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Table 2.2: Classification by (1) Mentis & Huntley (1982), (2) Huntley (1984), (3)
Tainton (1984) and. (4) Rutherford & Westfall (1986) of Acocks's (1975) veld types
- that have been congidered to occur in the grassland biome. Classification into a
biome other than the grassland biome (-), just the grassiand biome (G), or a
combination of grassland with forest (F), nama-karoo (N) and savanna (S) biomes are .
described. 'The broad-scale classification of vegetation by Acocks (1975) is provided
as a heading for each block, and each veld type has tentatively been classified (Cn.)
on the basis of these and other studies (see text).

GSF

Coastal forest and thornveld G
Pondoland coastal plateau sourveld G | GF
*Ngongoni veld G
Zululand Thornveld -
Eastern Province thornveld - | GSF

GSF

~] O LA L
(nEnEsEsEs’

North-eastern mountain sourveld G Gr
Lowveld sour bushveld '

GS

=
o
8

. .
21 | False thornveld of eastern Provinee | ¢ | - | - [ 6 | G
22 | Invasion of grassveld by Acacia G | GS - - .
e | |

FALSE KARQOQ TYPES
41 | Pan-turf veld invaded by karoo

42 | Danthonia mountzin veld replaced by
karoo !

Q@
)

44 | Highland sourveld and Dohne
sourveld )
45 | ’Ngongoni veld of Natal mist-belt

Q
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A number of veld types were suggested by Acocks (1975) to be grassland, but have
been invaded by either karroid elements or by thorn trees. Veld types considered
grasslands that have been invaded by karoo are the Pan-turf veld invaded by karoo
(veld type 41), and Karoid Merxmuellera mountain veld (veld type 42). Those
considered grassland invaded by thomn trees are the False thormnveld of the eastern
Cap: .. ™ type 21), and Invasion of grassland by thomn (veld type 22). According
to. Accx . {1975), all of these units are the resuilt of excessive grazing pressure
aséociated with modern systems of animal production, and are therefore
anthropogenic. If they are of anthropogenic origin, these veld types should be
included in the grassiand biome as suggested by Mentis & Huntley (1982), but in the
absence of any published information on the recent vegetation history of these are s,
- the classification of Rutherford & Westfali (1986) will be adhered to. A furtber vcld
type that was mapped by Acocks (1975) as grassland invaded by karoo is the False
upper karoo (veld type 36). This was not included in any of the recent studies as part
of the grassland biome, although its status is considered in detail by Rutherford &
Westfall (1986), who include it in the karco biome. Itis the subject of ongoing sizdy
(Hoffman & Cowling 1990), and is worthy of more detailed irestigation from the
point of view of whether change has taken place there or not, and if so, the cause of
change.

Two veld types east of the continental divide that are considered by ali of the authors
except Huntley (1984) to be grassland are Highland sourveld and Dohne sourveld
(veld type 44) and "Ngongoni veld of Natal mist-beit (veld type 45), These are both
included as part of the grassland biome in this study.

Only two of the remaining veld types that were considerec in recent biome-wide
studies are thought to belong entirely to the grassland biome. These are the
Pondoland coastal piateau sourveld (veld type 3) and Ngongoni veld (veld type 5).
Shackleton (1989) studied part of the Pondoland coastal plateau sourveld in detail and
was of the opinion that it should be mapped as part of the grassland biome. For the
remaining veld types presented in Table 2.2, Rutherford & Westfall's (1986)
classification is deemed appropriate. The veld types that ought to be included in the
grassland biome are summarised in the final column of Table 2.2,
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The traditional view is that Acocks’s (1953) °pure’ grasslands are climatically
determined, but that his *false’ grasslands are of anthropogenic origin and that they
are maintained by fire (Tainton 1981)., At the time of Acocks’s (1953) initial
propusal, Bantu speaking people were thought to have inhabited much of the interior
highveld as well as much of the east coast and its interior for many ceaturies (Fig.
2.2). This view was based largely on the work of Stow (1905), and was prevalent
for many decades thereafter (Soga 19 0, Krige 1936).

According to Rutherford & Westfall’s (1986) definition of a biome, that it is the
climax and not an unnatural or major anthropogenic unit, the *false’ grasslands should
not be included in the grassland biome. Although Rutherford & Westfall (1986) reject
the proposed anthropogenic origin of the false grasslands, and include them as part
of the grassiand bioine, their discrimination of the grassland biome was poor. In
their attempt to discriminate grassland and savanna, there was an error rate of 33%
for those weather stations situated in the vegetation mapped by Acocks (1975) as
g:aséland seral to fores‘t or scrub forest.

The distinction between pure’ and ’false’ grasslands in South Africa has been
increasingly questioned based on recent evidence (Ellery & Mentis in press). This
is presented in the following section as an alternative view.

2.4.2 THE ALTERNATIVE VIEW

It has been suggested that the grassland biome as it is known today, (including the
"pure’ and the ’false’ grasslands), was in existence prior to the settlement of the
subcontinent *y Iron Age farmers and European settlers (Feely 1987), and that its
origin is not as recent as suggested by Acocks (1975). Since the 1950"s siudies in a
variety of disciplines including palaeobotany, archaeology, biogeography and ecology
have improved our understanding of the age of the grassland biome as « whole. This
information suggests that the grassland biome as it is presently mapped (including the
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Figure 2.2: A map. illustrating the early view of the approximate western limit
(dotted line) of the distribution of Iron Age people (after Stow 1905, Soga 1930,
Krige 1936), superimposed on a2 map of the grassland biome (stippled).
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‘false’ grasslands) is considerably older than the 600 years" suggested by Acocks
(1975), making it necessary to reconsider the determinants of the distribution of thc
grassland bicime as a whole. ' '

2.4.2.1 PALAEOBQTANICAL EVINENCE

Pulasobotanical studies would provide the most useful test of Acocks’s (1975)
suggestion that during the Iast 600 years there has been widespread destruction f
forest east of the continental divide, yet little work has heen done in this regard. The =
vegetation history of the Winterberg mountains i the eastern Cape (F1g 2.1),in tn
area considered to be seral to forest (Acocks 1975), has been described for
approximately the tast 12 000 years based on poilen analyses from organic sediments
(Meadows & Meadows 1988). Throughout the period covered by cores taken at two
sites. ou ten from the Poacea¢ and Cyperaceae has been dominant, suggesting that

 vegetation_ Jimilar to that in existence today has been predominant throughout the

period of organic accumulation (Meadows & Meadows 1988). During the period
from approximately 12 000 BP to 8 000 BP the grassland flora contained more xeric
elements than at present, Montane forest elements appeared for the first time
'hpproximatqu 8 000 BP, at which time the presence of xetic elemsnts declined.
‘Ciiroughout the remaining period the forest elements appear to have be. : present in
small quantities, suggesting a mosaic similar to the one that exists in the region at
present, although sediments from the last few hundrc 1 years show signs of more
intensive agriculture and disturbance (Meadows & Meadows 1988).

Based on this evidence Meadows & Meadows (1988) suggest that the montane forest
communities of the Winterberg have not expanded much beyond their present-day
patches during the last 12 000 years. Archaeological studies indicate that the
Winterberg area had not been exploited by agropastoralists until occupation by
European settlers during the last 200 years, Prior to that it may have been inhabited
by hunter-gatherer communities (Hall 1986) whose impact on the végetation was
probably small,
A further study on vhe grasslands of the Nyika platean in Malawi, also considered
seral to forest (Chupman & White 1970, White 1983) reveals that the grassiands
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there have been in existence for at least 12 500 years (Meadows 1983), which once
again is considerably longer than they have been occupied by Iron Age Bantu
speaking people. Meadows (1983) therefore suggested that this was also a stable
vegetation type, and recognised that its distribution was poorly understood.

2.4.2.2 ARCHAEQLOGICAL EVIDENCE

Acocks (1975) believed that much of the grassland biome was inhabited by Bantu
speaking furmers in the period before the arrival of white settlers. These Iron Age
people relied on the use of wood for many «f their activities, including the
construction of semi-permanent vi'llages and the production of potrery and metal
products (Maggs 1984, Hall 1987), Historiographic and archaeological studies since
the 1950’s indicate that the iumigration of these people into the subcontinent was a
much more recent phenomenon than was previously considered the case. An
understanding of their patterns of immigration provides strong circumstantial evidence
~ that the grassland biome as it is presently distributed has been in existence for much
longer than it has been inhabited by Iron Age people. '

The first Iron Age people settled in the subcontinent in about 250 AD. At that time
Iron Age settlement sites were mainly east of the great escarpment (Fig. 2.3). The
distribution of sites shows a clear relationship with environmental conditions, Prior
to 500 AD they were ali located within relatively close proximity to the coast, on
dunes that would appear to have supporied forest (Maggs 1984, Feely 1987). Within
these areas there is little evidence of any activity in the surrounding grasslands (Feely
1987). Subsequent immigration into the Transvaal from the north and north-west
during the Middle Iron Age (up to between 900 and 1 000 AD) extended as far south
as the present northern limit of the grassland biome (Fig. 2.3). In the Transvaal, sites
were situated beside permanent rivers and on colluvial soils which would have
supperted agriculture. In Natal there was some movement to the interior at much the
same time, from settlements further east, into the hot, dry, incised valleys of larger
rivers in the areas presently mapped as valley bushveld by Acocks (1975). These
sites were probably associated with a mixed bushveld vegetation (Maggs 1984).

At about 1 000 to 1 200 AD the distribution of fron Age settlement sites was confined

22



W Early iron Age
A Middle Iron Age
«.. Late Iron Age

Vimit &

0 400 km

Figure 2.3: The distribution of Iron Age settlement sites in South Africa during the
%y( (ulzo to apprommt:lwlfqggo A?JD)’ Middle (up to appmnmaxely 1000 AD) and
up to approximately ) Iron A iods, s m,
2 biome (stpples). ge pert uperimposed on a map of the



to areas north and east of the grassland biome as mapped by Rutherford & Westfall
{1986). The movement of Late Iron Ag> people after this period into areas currently
mapped as the grassland biome (Fig. 2.3) was accompanied by a number of
adaptations indicative of a treeless environment. Stone walling replaced the
traditional use of wood for construction purposes, bone tools were 1used instead of
- jron tools, and dung was used as a major source of fuel {Maggs 1976, Hall & Maggs
1979). Fusthermore, there are very few iron smeliing sites in the area presently
mapped as the grassland biome, presumably due to a shortage of wood. The increase
in trade with people further north would have epabled the acqmmhon by people in ths
grasslands of iron tools and household utensils made of pottery. There is evidence
of limited wood use for domestic purposes, and it would appear that the selection of
sites within the grasstand biome would have been for those that were wooded (Hall
1987). This may have resulted in the reduction of waod'y elements in what would
- appear to have been an essentially grassiand habitat, & * «t seems unlikely that forest
and savanna were converted to grassland by the aou-iities of these people.

Further archaeological evidence is obtained in an examination of faunal skeleton
remains obtained from Stone Age deposits in the grasslands in Natal, which Acocks
(1975)-considered seral to fomst Of the ungulates 1dent1ﬁed from these deposits,

many of which are greater than 5000 years old, the majority are associated with
grasslands, (Cable ¢t al. 1980, Maggs & Ward 1980, Klein 1984), mcludmg red
hartebeest (Alcelaphus buselophus), black wildebeest (Connochastes gnot), blesbuck
(Ramaliscus dorcas), quagga (Equus Quagga), mountain zebra (Equus zebr),

Klipspringer (Oreotragus oreotragus), oribi (Qurebei ourebi), vaal rhebuck (Peleg
capreoiey), reedbuck (Redunca arundinum), mountain reedbuck (Redunca fulvorufula)
and eland (Taurotragus oryx).

2.4.2.3 BIOGEOGRAPHICAL, AND ECOLOGICAL EVIDENCE

The distributions of a number of faunal species in the gfasslands considered by

Acocks (1975) to be of recent origin, suggests a long evolutionary history (> > 600 |
years). A number of typical grassland animals such as the redwing francolin
(Ersncolings Jevaillantii) have their distribution centred in the humid grisslands, and
others such as the bald ibis (Geronticus calvus) are endemic (Siegfried 1971, Manry
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1982, Tainton & Mentis 1984) to the same area. It seems incongruous that these
animals have their distribution centred in an area which was forest or scrub forest just
600 years ago (Acocks 1975). The abundance and species richness of wildfowl, small
mammals and antelope in the Natal Drakensberg are related to the time elapsed since
the last fire (Mentis & Rowe-Rowe 1979), Faunal abundance and richness is greatest
up to three years after fire and in aress never or rarely burmed. Under an
intermedliate fire frequency, faunal abundance and richness are low, This bimodal
distribution of faunal abundance and richness is unlikely if the biota of the fire
accessible areas had not been exposed to fire for a great deal longer than the age that
Acocks (1975) suggested as the age of these grassiands (Tainton & Mentis 1984).

Similarly, floral elements within the grassland biome indicate that the 'false’
grasslands may be of great antiquity. The widespread distribution of Themeda
triandra, a grass which has a very poor dispersal capability, in the grasslands of
Natal, is not easily explained if the dominant vegetation in this area was forest or
scrub-forest just 600 years ago (Mentis & Huntley 1982). Similarly, the flora of the
grasslands in the areas suggested by Acocks (1975) to be seral to forest, scrub forest
and savanna, is adapted to frequent defoliation by fire. Many grasses produce

- thizomes or stolons at or close to the soil surface, and the tiller initials of these

structures are stimulated by fire so that the plant is able to recover rapidly (Langer
1972, Tainton & Mentis 1984). Tufted perennial grasses appear better adapted to
defoliation by fire than the sod-forming species (Tainton & Mentis 1984) and they
vccur over much of the biome, suggesting that frequent fire has long been a part of
the grassland habit. The vernal aspect geophytes of the eastern grasslands depend on
regular defoliation for their survival, in the absence of which they do not reach

reproductive maturity and eventualiy die (Bayer 1955). | |

The present-day soils in areas of 'false’ grasstand also suggest that the area has been
grassland for a great length of time. Some soils on the interfluves of the coastal
hinterland «f Natal have deep (up to greater than 1m) humic A-horizons (Mentis &
Huntley 15¢2). In well drained upland sites, such depth of humified orsanic matter
is thought to develop only under grass - Based on likely rates of pedogenesis the
development of this horizon in a sofl profile would take much longef than the few
centuries proposed as the age of the *false’ grasslands, |
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2.4.3 IMPLICATIONS |
The evidence indicates that the grassland biome as presently mapped has been in
existence for millennia, and that the savannas and forests have been subject to much
greater disturbance than the grasslands themselves (cf;E Feely 1980). T may be that
the boundaries of savannas, forests and grasslands have been modified from what they
were prior to settlement by Iron Age people, but to mvoke the bmme-w:.de alication
of forest and savanna to grassland within the arcas Turrently mapped as *false’
grasslands, over the last 5 or 6 centuries, is not suppozted by ewdenc,e from several

disciplines.

"This raises the question of the determinants of the distribution of the grassland biome,
as it does not appear to have been the result of human éctivity ia mcent times as has
often been suggested. Are the *false’ grasslands the result of human activity over a
period much longer than-the subcontinent Kas been inhabited by Iron Ag= people?

- Cértainly it appears that fire has been a servant of humans in Afnca for at least 100

000 years (Dimbleby 1977) and miay have been used for 1 to 1.5 million (Brain &

Sillen 1988). The existence of highly seasonal summer rainfall, and therefore; of a

prolonged dry season in the gréx;lands considered seral to forest or scrub-forest by

Acocks (1975) aad White (1983) may result in seasonal desiccation of the vegetation.

In areas with a prolonged dry scason it appears almost impossible to protect

vegetation against man-made fires (Dimbleby 1977). The subcbntinent has been

inhabited by humans since our early evolution, and it is not unlikely that we have

modified its vegetaticn by using fire (Hall 1984). Grasses have however been an
important component of the vegetation for considerably longer than 50 million years
(Stebbins 1974), and it is possible that natural fires have been responsible for the
development of fire maintained grassiands prior to the time when bumans could have
initiated fires at will.

Alternatively, it has been argued by Rutherford & Westfall (1986), despite not being
able to discriminate South Africa’s grassland biome successfully using climatic
indices, that climate is of overriding importance in determining its distribution. It has
also been argued that the entire grassland biome may be edaphically determined
(Feely 1987) rather than being maintained by sither fire or climate.

26



It seems that in order to resolve the issue of the determinants of South Africa’s
grasstand bibme, generalised models are needed that provide some biologically
meaningful insights into the historical and presently observed existence of grasslande
in the regions in which they are presently mapped ir. southern Africa.

2.5 GRASSLAND FUNCTIONA L TYPES

“The classification of the vagetation of South Africa including the grassland biome,
anql one which was explicitly based c‘m the floristic characte'.nsucs as well as the
pn!cucal utilization of vegetauon for fammg puIposes, was the mapping of veld types
by Acocks (1975). However, he used termmolog}' in nammg the veld types that was
_ bassd on one or a ‘combination of ﬁonstlc habitat and structural or functional
 attributes (Fig. 2.4). *Cymbopogon-Themeds veld’ is an Jexample of a floristically
_ basead veld type name Habitat featurss are ambodned in terms such as *mist belt’,

. sanl:lveld" ooastal plateau and ‘turf veld' and structural or functional

o . charactensucs in terms such as "sour’, “sveet’, thora’ au:d ‘tall’.. Of the 27 veld
i types recogmsed in this study as oompnsmg the grassland biome (cf. Table 2.2}, the
_names given'to 19 were based on cntena that have stmcmral and/or funcuonal
'mgmfiacance, iltustrating the perceived 1mportanoe of structural and functlonal
'a‘tnbutes at the time of Acocks’s (1975) work. Little work has been done tqv follow
up on the &gmﬁcance of Acocks’s (1953) clagsification.

One of ui‘; wnost fundemental distinctions of Acocks (1975) that is of functional
significance was based on differences in the seasonal pattern of forage quality. It
formed the basis for the distinction of sweetveld, mixed veld and soﬁrveld. Despite
the. importance of these vegetation types from the point of view of livestock
'prédiacﬁcn and range management; the distribution of these vegetation types, and their
seasonal forage quality dynamics are poorly understood.

2.6 SUMMARY

The grassland biome is di;ti_hct structural and functional vnit at the subconﬁncntal .
scale, based on the dominance of hemicryptophytes. Past and present views of the
biome, and paradigms on which these views were based, have been examined.
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E:.gm:g_z,i The veld type nurbers mcluded in the grassland biome in this study, that |

were named by Acocks (1975) using either of a combinatioa of floristic, habitat and

struéfural or functional terms. Refer to Table 2. 2 for the names of the veld types for
whnch numbers are given, ,



Recent information from a variéty of disciplines suggests that the biome is of greater’

k antiquity than previously mméﬁt, raising questions about the supposed antluo;:bgé:ﬁc :
origin of the ’false’ grasslands east of the continental divide. This reopens the -
question about what detexmines the distribution of the biome as 2 whole.

At more detailed scales of resolution, past studies have proposed differences in
grassland types-based on species composition, habitat characteristics and structural
and functional characteristics. The distinction between sweetveld, mixed veld and
 sourveld is. important froni the point of view of animal production and rangeland
management within the grassland biome. However, their distribution and seasonal
forage quality dynamics are poorly understood. | -
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BIOTIC AND ABIOTIC FEATURES OF THE GRASSLAND BIOME

'

3.1 INTRODUCTION

This chapter reviews literature on the geology, geomorphology, soils, climate, fire
and fauna of the grassland biome. An overview of recent human impacts is also

The grassland biome of South Africa covers an area of approximately 350 000 km?
or 16.5% of the country (Rutherford & Westfall 1986). It occurs in the eastern half
of .the country, predominantly on the highveld, the Drakensberg escarpment and
eastern seaboard hifls (Fig. 3.1). Areas that are considered highveld include those
areas of the eastern Cape, much of the Orange Free State and the southern and
eastern Transvaal at an altitude between 1 000 and 1 800 m. Those areas of the Great
Escarpinent that comprise the Drakensberg are at altitudes above 1800 m, with much
of the Lesotho Highlands above an altitude of 3300 m. The hills of the eastern
seaboard include much of the eastern Cape, Transkei and Natal. They are deeply
dissected, making up a belt up to 250 km wide discontinuously occupied by grassland.

The grassland biome is agriculturally the most productive region of South Africa,
contributing overwhelmingly io the country’s production of maize, dairy products,
beef, mutton, wool and timber products (Mentis & Huntley 1982). In addition to this
activity, much of the country’s coa! and mineral wealth is located within the grassiand
biome. This coincidence of agricultural, fossil fuel and mineral wealth makes it one
of the most populous areas of South Africa, and the centre of industrialization and
economic growth, The environmental repurcussions of these activities, as well as the
potentlal of this area for resource deficiencies, are environmentat problems that have
been discussed by Mentis & Huntley (1982)

3.2 Qﬁmmummmmgﬁz

Salient aspects of the geological and geomorphological history of the region occupied
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Figure 3.1: The distribution of the grasstand biome (stipples) in - South Affrica.
Province boundaries are indicated by dashed lines, and the Drakensberg escarpment
. by solid triangles. '

3




,J/ - - - - e e T T TN R G SETAR TRET YRn Veelnl y e = T T e R

by the grassland biome are described below. The information is drawn from
Truswell (1977), King (1978), Tankard et al. (19862), Partrldge & Maud (1987) and
Moon & Dardis (1988).

i
s

The geological history of the subcontinent, summarised in Table 3.1 (after Tankard
gt al. 1982, Moon & Dardis 1988), extends back nearly 4 billion years. The early
evolution of the subcontinent was associated with the formation of a stable granitic
shield (craton) onto which there was extrusion of basic and ultrabasic lavas, and on
which a number of sedimentary sequences were deposited (Truswell 1977). This
makes up the Barberton Sequence, exposed in the eastern Transvaal in the region -
Barberton and in Swaziland, with remnants exposed in the vicinity of Johannesburg
(Halfway House Granite and its ultrabasic inclusions). Many of the exposed
uitrabasics that form part of the Barberton Sequence are serpentinites which give rise
to serpentine soils with endemic elements (Morrey et al. 1989).

This 'granitic basement and its volcanic and sedimentary inclusions were buried in a
series of depositional basins that developed from 3.0 to 1.75 billion years BP. These
include the Pongola Sequenée;} the Witwatersrand and Ventersdorp Supergroups and
the Transvaal and Griqualand West Sequences. Further discussion of each of these
units will be confined to areas where they are exposed within the grasslaﬁd biome
(Fig. 3.2). The Griqualand West sequence is not exposed at all in the grassiand
biome. The Pongola Sequence, which is exposed in Swaziland and northern Natal,
comprises an alternating sequence of quartzités and basalts, with shales forming a
minor component (Truswell 1977), The Witwatersrand Supergroup is a thick Séquilqe-
of shales, quartzites and conglomeratés,- with minor volcanics and banded ironstones.
Exposure is restricted to the Witwatcrsrgnd, Heidelberg, Vredefort and north-east of
Klerksdorp in the south-western Transvaal. The Ventersdorp Supergroup is a mass
of predominantly volcanic rocks, primarily andesitic lavas, which is exposed in the
southern and western Transvaal. The Transvaal Sequence is exposed in the western,
southern and eastern Transvaal, being of volcanic and sedimentary sequences. The
sedimentary sequences include a lower quartzite, above which is a thick dolomite
sequence. Above these is a sequence of quartzites, shales and voicanics.

Geomorphic events eizewhere on the subc:. ‘inest include the deposition of the
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TABLE3,1: Stages in the geological devetopment of southern Africa (after Tankard
et al. 1982, Moon & Dardis 1988). Ages are in millions of years (Mz), and
sequmoesﬂmtmnotpresmtinﬂwgmsslandbiomemmeordedinbmkets.

1000

Metamorphism and granitic intrusion

1500

(Waterberg Group)

200*(? (.l?"SushveIdI Complex)

, “Transvaal (end Griqualand West) Siiences
2500 | |

i Ventersdorp Supergroup -,
- Witwatersrand Supergroup
Pongola Sequence ik
3000

3500 Granitic crustal development
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Ventersdorp Supergroup

| R Witwatersrand Stipergroup
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M The distribution of major geological units (aftar Truswell 1977)
suoenmposed on a map of the grassiand biome.



Waterberg Group, and emplacement of the Bushveld Igneous Complex onto the rocks
of the Transvaal Sequence. This was followed by a phase of tectonic activity,
metamorphism, and intrusion of granitoid rocks from the mantle, which covered the
period from 1.75 to approximately 0.5 billion (500 million) years BP,

At this time Africa Jay «at the centre of Gondwanaland, Rocks of the Cape
Supergroup were deposited from approximately 500 to 400 million years BP,
composed of orthoquartzites, sandstones, siltstones and shales, These rocks are
exposed in the south-western and southern Cape, as well-as in much of Natal, and can
be matched with rocks in South Americ, the Falkland Islands.and Antarctica
(Truswell 1977). These strata are covered by rocks of the Karoo Sequence that range
in age from approximately 300 to 160 million years BP. Thes: rocks cover much of
South Africa, including by far the greater part of the grassland biome. They are
primarily composed of sediments of the Eces and Beaufort Groups, and the Molteno,
Elliot and Clarens Forraations. Sandstones, mudstones and shales predominate
throughout. The Karco system is associated with a rich fossil flora and fauna which
are matched in other southern continents. ' '

The final phase of the geological evolution of southern Africa was associated with the
break-up of Gondwanaland, with massive extrusion of basalt onto the existing land
surface. Much of this is exposed in the highlands in Lesotho, and in the high
Drakensberg north and south of Lesotho. Associated with this extrusion was the
intrusion of: uxisting strata by dolerites, which ate exposed throughout the grassland
biome. The vulcanicity that terminated the Karoo sequence was active until
approximately 120 million years BP, -

The fragmentation of Gondwanaland was associated wi significant downwarping of
the continental margins, a feature that gave rise to the Natal monocline (King 1982).
However, an elevated zone developed parallel to the continental margin, reflecting
uplift associated with rifting and continental fragmentation. This series of events gave
rise to the presently observed macro-scale topographic configuration of southern
Africa, with a central depression bounded by higher land and an abrupt outward
facing escarpment. The Great Escarpment which sepezates the interior plateau from
the coastal regions, was initiated by erosion on the downwarped margins to the bass
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tevel afforded by the newly formed coastling (Ollier & Marker 1985), . .

Since the break-up of Gondwanaland, Africa has been erosional. The broad-scale _
geomorphic evolution of the subcontinent has been the result of periods of tectonic
uplift since then. Bach period of uplift has caused erosion to new base levels (Table
3.2). The African erosional phase appears io have lasted for more than 100 million
years, from the opening of the ocean basins associated with the breakup of
Gondwanaland (approx. 140 million years BP) to the Miocene (approx. 18 miltion
years BP). ‘This major period of landscape development ended with uplift during the
Miocene, which initiated the Post African I erosional phase. This phase of landscape
development ended with uplift in the Pliocene, approximately 2,5 million years BP,
at which time Post-Africa Ii erosion was initiated.

The most recent interpretation of the geomorphic evolution of sonthern Africa is that
of Partridge & Maud (1987). Based on this the grasdand biome can be divided
geomorphologically into four major regions (Pig. 3.3). Firstly, the highlands above
the African fand surface represent the most ancient land surfaces that predate and
immediately follow the formation of the African continent. Secondly, the Great
Escarpment Zone is distinguished from these highlands, Thirdly, the belt east of the .
Great Escarpment, which inchudes much of the Natal monocline, is a dissected area
with major structural control. Some of the interfluves represent areas where the
African land surface has been preserved, but generally they represent the Post-African
surface. Fourthly, to the west of the Great Escarpment and highlands, the highveld
consists of a gently rolling landsurface in which the Post-African surface is partly
planed, ' '

3.3 SOILS

The soils of southern Afiica have not been described in any great detail at the
subcontinental scale, with Harmse's (1978) schematic soil map being the most useful
for the purposes of the present description. This scheme reflects genetic factors of =
soil formation with an emphasis on features that are relevant to the distribution of
natural vegetation.
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TABLE 3.2: Stages in the geomorphological development of southern Africa

(simplified after Partridge & Maud 1987, Moon & Dardis 1988). Ages are given in

millicns of years (Ma). Tectonic events that set new base Ievels and therefore control- .

the development of erosional surfaces are set against the left margm in column 2,
wh:le the resulting erosional surfaces are indented and shown iu bold. _

" Post African X erosion
Major uplift (approx. 2,5 Ma)
) Pest African I erosion
Moderate uplift (approx. 18 Ma)

Formation of western‘and southern coastlines
(late Gondwanaland. fragmentation)

- Formation of eastern coastline (initial

fragmentation of Gofydwanaland)
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4| Highlands above African surface
 |isx] African surface L
/A Post African I surface
4 Post African I surface .
1 4 | Dissected areas (structural conirol)

Q 400 km

Figure 3.3: The distribution of major erosion surfaces and dissected areas (simplified
after Partridge & Maud 1987; Moon & Dardis 1988) superimposed on a map of the
grassland biome.
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Much of the region of the country with high rainfall (including the eastern seaboard
and its interior, as well as the escarpment of the eastern Transvaal), compnz:s
ferrallitic soils with weakly differentiated horizons. These soils have little remaining
weatherable material, and the clay minerals are of the 1:1 lattice type mixed with
significant quantities of free iron oxides and occasionally aluminium oxides, The
cation exchange capacity, as well as the degree of base saturation of these soils, is
usually low.

The highlands above the African erosion surface (including those in Lesotho and in.
the eastern Transvaal) are primarily lithosols. These shallow soils show weak profile

differentiation, and contain coarse fragmeuts of solid rock at a relatively shallow

depth within the soil profile (usually less than 0.5 m).

Soils of dissected areas of the eastern seaboard ax. sometimes derived from basic or
even ultrabasic valcanic rocks, giving rise to durk coloured montmorillinitic clay
soils. They tend to predominate in warm, dry, inland lowland areas of Siatal as well
as in the eastern Cape. These soil types also occur on the highveld in the south-
eastern Transvaal, where dolerits forms the parent material,

In areas of in‘tennediate' rainfall (including north-western Natal, the eastern Orange
Free State, and the southern, south-western and eastern Transvaal highveld),
fersiallitic sols are predominant, These have diffuse transitions between horizons and
weakly to moderately developed structure in the B-horizons. The reserve of
weatherable material is variable, depending on the parent materiat, as is the amount
of 2:1 lattice clay. Kaolinite is generally the dominant clay mineral,

Soils of the remainder of the biome (central and north-eastern Orange Free State and
the eastern Cape) are classified as solonetzic and planosolic soils, These soils have

moderately to strongly developed - pedocutanic or prismacutanic B-horizons.
Sometimes these are enriched in sodium or magnesium.

Aspects of soil'ferﬁlity have been described by Mentis & Huntley (1982), In areas
of the Lesotho Highlands above the African erosion surface, erosion is extreme.
Soil are skeletal due to steep slopes, and low temperatures wiich Jimit weathering

39



i
1

processes. 'Where the pre-African erosion surface is still intact, soils may be
dystrephic (Mentis & Huntley 1982). Those of the monoclinal region tend to be
heterogeneous because of localised differences in topography and parent matenal
The low-lying land surfaces in the interior regions of the monoclinal region are
relatively young, warm and dry, and therefore tend to be eutrophic. In contrast, the
soils of the interfluves at higher elevation in this region tend to be leached due to
méifocmmoe on niore ancient land surfaces and in areas with high rainfall. The
highveld also has heterogeneous soils. Soils in the semi-arid sreas in the west are
eutrophic due to low levels of weathering and leaching. Eastwards, precipitation
increases, and 5o too does weathering and leaching. Eutrophic, black *turf™* soils
derived from basic igneous rocks, particularly *larite, occur as pockets in these -
otherwise dystrophic highveld soils. |

3.4 CLIMATE

The main features of climate of the grai_!;sland biome are described by Schulze &
McGee (1978), who recognise that radiation, tére: - - te and moisture are the major
climatic determinants of vegetation development. :

3.4.1 SOLAR RADIATION

' Solar radiation is the most fundamental of all climatic parameters, providing the
. major energy source for all ecosystems, Altitude, sunshine duration, atmospheric
water content, cloud cover and atmospheric dust content are all recognised to affect
the amount of solar radiation striking the earth’s surface, During winter there is an
increase in solar radiation from the south-east of the subcontinent to the north-west,
with mean values of 11 x 10f J.m? day* along the southern coast, to 16 x 10° J.m"
?,day in the northern Cape and north-western Transvaal. These values are applicable
from south to north in the grassland biome. During summer there is an increase in
solar radiation from east to west across the subcontinent, with minimum mean values

of 21 x 10° J.m.day" along the coast of Natal and Transkel, and maximum values

! r7urg’ refers to dark coloured clayey £sils with shrink-
swell properties, technically vertisols. o
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of 30 x 10° I.m?.day" in the far north-western Cape. This largely reflects patterns
of cloud cover. The grassland biome experiences values from 21 to 26 x 10° I.m
2 day? at this time of the year. '

3.4.2 JEMPERATURE

Critical temperature indices such as summer mean daily maximum and winter mean
daily minimum temperatures are considered more impdrtant thar: mean monthly or
" mean annuzl values, in their affects on the distribution of major regional vegetation
formations (Rutherford & Westfall 1986). Mean annual temperatures of the grassiand
biome vary from 14°C to 20°C. These values are similar to those over the entire
subcontinent, The mean daily maximum temperatures in January in the grassland
biome vary from 25°C to 30°C, which is lower than the daily maximum January

temperatures in the arid and semi-arid areas in the interior, but higher than
temperatures along the southem and western coastal areas, where "cool ocean
temperatures moderate the daily maximum temperatures. The mean daily minimum
temperatures in July in the grassland biome are amongst the lowest in the country, -
with values of -2,5°C in the region of the Great Escarpment. Much of the grassland
biome of the highveld experiences mean daily minimum temperatures lower than 0°C
in July. East of the continental divide values rise steadily eastwards to approximately
10°C along the east coast.  The mean daily temperatures in the grassland biome both

in January and July are cooler than in other areas of the subcontinent. |

3.4.3 MOISTURE AVAILABILITY

Rainfall i5 the major form of precipitation. It otcurs in summer, and increases from
approximately 400mm in the west to about 1000mm in the east of the biome.
Superimposed on this general pattern, the effects of topography give rise to local
differences, with up to 1200mm on the slopes of the Natal Drakensberg and less than

600mm in parts of the Natal midlands such as the Tugela basin east of the

Drakensberg. A marginal (less than 100mm) to moderate (200-400mm) average
water surplus is experienced during the period December to April, with deficiencies
in the remaining months (Mentis & Huntley 1982),
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3.5 EIRE

Fire is an extremely important abiotic factor in the grassland biome. Both natural and
anthropogenic fires have undoubtedly occurred widely and relatively frequently for
many millenia in the grassland biome. (Hall 1984), and they have had an important
influence in shaping the grasslands as they are presently known (Tainton & Mentis
1984). Burning has received considerable attention from researchers in southern
Afﬁea for over 70 years, and continues to recewe great emiphasis, particularly its
effect on species composition, cover, yield, forage quality, shrub encroachment,
faunai structure and soil properties including water yield. There is a wealth of
literature on the role of fire in South Africa’s grasslands (Taintor 1984), with a
comprehensive review by Tainton & Mentis (1984), Three key issues are considered
relevant for the present study. Firstly, the effect of fire on vegetation structure is
pertinent to aspects related- to the distribution of woody plants at the biome-wide and
landscape scale, Within the moist grasslands, fire is considered responsible for the
grassland habit, recurrent fire favouring grasses at the expense of woody plants. In
the absence of fire, succession is considered to result in the establishment of wooded
communities (Killick 1963, Mentis gt al. 1974, Acocks 1975, Tainton 1981, Tainton
& Mentis 1984). Fire is therefore an important aspect of rangeland management in
the moist grasslands, and is used to remove excess litter accumulatisn as well as to
prevent the establishment of woody plants (Tainton & Mentis 1984). The highveld
grassiands however, are considered the climax community, and in the absence of fire
are considertd to retain the grasstand habit (Acocks 1975, Tainton 1981, Tainton &
Mentis 1984).

Secondly, the effect of burning on herbage production and forage quality is pertinent
to the classiiication of different grassland types within the grassland biome, with fire
regimes and their effects differing fundamentally in the *sweet’ and *sour® grassland
types. In the moist sour grasslands, where primary production is high (Rutherford
1978), foliage becomes progressively less acceptable to grazers as it matures. By the
end of the growing season it is unpalatable, and large quantities of unused foliage
remain intact, The combination of increased production and decreased acceptability
to grazers results in the accumulation of large quantities of dead standing grass in
sourveld areas. This eventually shades out the dominant perennial grasses, which
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gradually die off (Stuart-Hill & Mentis 1982, Tainton & Mentis 1984). Under light
grazing, frequent fire therefore stimulates production in the sourveld areas, and it also
improves forage yuality (Mes 1958, Cowning et al. 1978, Tainton & Mentis 1984).
The sweet grasslands experience lower rainfall, and herbage production is
correspondingly lower than in the sour grasslands. Forage quality however remains
relatively higi. throughout the year, and grazers tend to consume standing grass leaf
material. At appropriate stocking rates it is therefore not necessary, or even possible,
to burn in these areas (du Toit 1972, Tainton 1981, Mentis & Huntley 1982, Stuart-
Hill & Mentis 1982). ;

Thirdly, the effect of fire on edaphic conditions and microclimate, particularly
nutrient availability, moisture availability and temperature are imporiant. A number {3;
' of soil physical and chemical properties are altered by buring. The Bterature is -

somewhat contradictory, with much variation in the observed results feﬂecting the
range of potential fire ¢ffects. Nitrogen and phosphorus are the nutrients frequently
most limiting to plant communities in natural ecosystems (Chapin 1980), and will be
emphasised here. Much of the nitrogen contained in the above-ground standing crop |
is gasified during bumning, but where combustion is incomplete, some organic
nitrogen is returned to the soil surface as residue (DeBell & Ralston 1970,
Christensen 1977, Raison 1979, Christensen 1987). Reporis of the amounts lost by
volatilization ‘as a proportion of the total standing crop vary considerably, being
higher in light fuels such as grasses, and for any particular fuel, at higher
temperatures (DeBell & Ralston 1970, Raison 1979). White & Grossman (1972)
showed that annual burning in a highveld grassland reduced the concentration of
nitrogen in the soil from 0,066% io 0,059% over a period of 37 years. Losses to
volatilization of other nutrients appear to be less than those for nitrogen, but
nevertheless may result in a decline in the total available pool, as indicated for
calcium, magnesium, potassium and sodium concentration in the same experiment
(White & Grossman 1972). 'The phosphorus concentration in the sofl of sites burned
annually did not differ from unburned sites. The long-term consequences of burning

for total nutrient capital have not been thoroughly studied in the grasslands of South

Africa, despite its apparent importance,

Although fire may cause an overall loss in nutrient capital, it e2n result in increased
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concentration of available nutrients. This may occur directly as a result of
mineralization during a fire and the addition of mineralized material to tte soil-
surface, or it may occur indirectly by altering soil moisture or temperature, 6r by
altering ion exchange proberties, thereby affecting microbial activity. Although no
data are available for the grassland biome in South Africa, data from grasslands
elsewhere in the world suggest that fire increases nutrient availability in the short
term (Vogl 1974, Stock & Lewis 1986, Halbert 1288).

The effect of fire on microclimate has been reasonably well studied in the grassland
biome (cf. Tainton & Mentis 1984), Surface daytime temperatures increase
substantially, while those at night decrease on burned veld compared to unburned veld
(Phiilips 1919, 1930, Mentis & Bigalke 1979, Savage 1980). This should stimulate
growth (provided moisture is available) in early spring following late winter or early
ISpring burning, a time when temperatures may limit growth and soil microbial
activity. Clearly the overall effect is dependant on the time of year of the burn
(Tainton & Mentis 1984). The effect of fire un the moisture balance is complex, and
generalizﬁtions are difficu}t. Burning may rouuce interception by the canepy and
increase the effectiveness cif small rainfall events, or it may reduce or increase runoff
(depending on the architecture of the canopy) by concentrating rainfall onto or
between tufts reSpéctively (Glover et al. 1962, Tainton & Mentis 1984), Tainton &
Mentis (1984) present data showing increased infiltration potential of soils less
frequently burned. Bumned grasslands lose greater qUantities of moisture by
evapotranspiration, both by increased evaporation from the soil surface due to
increased temperatures, and by increased transpiration because of increased
productivity of the sward. Despite the contradictory results obtained for moisture
relations on burned sites compared to unburned sites, there is general feeling that
soils dry out more rapidly following burning (Tainton & Mentis 1984),

3.6 FAUNA

In former times it seems that a rich ungulate fauna occutred in the grassland iome,
inf_;}pding black wildebeest, blesbok, red hartebeest and springbox (Mentis & Huntley
1982), but overexploitation caused the virtual extinc':tiilm of these animals. Between
1&70 and 1880 nearly 2 million *buck skins® passed through Durba. harbour, and by
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1890 they ceared to be of economic significance (Mentis & ‘Huntley 1982). 'In
addltmn to these migratory ungulates resident animals included grey rhebuck
common reedbuck, mountain reedbuck and oribi.

n -

Today, domestic animal production in the grassland biome is of great economic
mgmﬁcance . It includes dairy, beef and wool production, with carrying capaclt:tes

between 5 ha.LSU" in the more arid areas and 1,75 haLSU in the moist grasslands .
(Tainton 1981), Animal production reliss largely on natural pasture (Tainton gf al.

1989), although planted pastures are reascnably widespread in the moist grasslands

of Natal (Booysen 1981). |

The grassland avifauna includes some 21 endemic species, of which a rumber are
threatened, rare or endangered, including the bald ibis, crowned crane, biue korhaan,
ground woodpecker, Botha’s lark, Rudd’s lark and the blue s-+llow. v

3.7 HUMAN IMFACT

Although the grassiand biome has been inhabited by Stone Age people for many tens
of thousands of years, these people are considere;d to have had a negligible impact in
the environment. Iron Age people and Europeﬁn settlers, who have inhabited the
- grassland biome for tess than 1000 years and less than 200 years respectively, have
left a clearer mark. Despite being the most recently iniabited biome by Iron Age
people and European seitlers, the grassiand biome today is the most populous in
southern Africa. This is largely attributable to the presence of major economic
reserves of gold and coal within the biome. '

The importance of the grassland biome for animal pro&uctibn has been alluded to
previously, Cultivation of crops is also important. The production area for the
southern African staple crop, maize, is centered in the grassland biome. Other
important crops are sorghum, wheat and sunflowers, Silviculture is also widespread
m the grassland biome, with timber and paper the major products.

"
]

2 The Large Stock Unit (LSU) is defined as a steer of 450
kg mass, gaining 500 g mass per day on a grass pasture with a
mean digestible energy content of 55% (Meissner 1583).
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The envivrnmental problems within the grassland biome relate Iasgely to human needs

and impacts. Population growth in South Africa, and particularly the growth of the

urban population in the region of the Pretoria-Witwatersrand complex, is likely to

lead to environmental problems (Jordaan 1991). Arable land is a scarce resource in
South Africa, with much of it already cultivated. Losses to urbanization and
industrialization are not likely to be compensated for by ploughing new areas (Mentis
& Huntley 1982). A second resource which is scarce is water. Projected needs for
the Pretoria-Witwatersrand complex alone indicate massive deficits if the water is
supplied locally, with multinational inter-basin transfer of water under way to mest
this shorifall. '

Soil loss and rangelans’ degraciation are aspects of resource depletion that are of major |
conzem in the grassland biome (Mentis & Huntley 1982). Soil losses tend to be
greatest in areas presently most intensively utilized for agricultural -pmduétion.
Rangeland degradation of the grassiand biome has been discussed at length, with
invasion of grassland by karoo and by thornveld considered a ronsequence of poor
rangeland management over the past 300 years (Acocks 1975, Acacks 1864, Roux &
Vorster 1983, Roux & Theron 1987, Hoffman & Cowling 1990). Yavasion of
grassland by karoo was considered to have been ‘the inost spectacular of ali the
changes in the vegetation of South Africa’ (Acocks 1975). This claim will be
examined later in the study. '

3.8 SUMMARY

The geology, geomorphology, soils, climate, natural disturbance (fire and grazing),
and human impacts of the grassland biome have been reviewed, with an emphasis on
features that are likely to affect vegetation, Geologically, the region is diverse, with |
parent materials varying in age and composition. Parent material comprises ultrabasic
volcanic rocks such as serpentine, hasic volcanic rocks such as basalt and d. wIite,
rocks of intermediate base status such as granites, shales and mudstones, and acidic
rocks such as sandstones and quartzites, Geomoiphologically, erosional surfaces can
be recngnised that are associated with periods of upiift during and after the breakup
of Gondwanaland, and the grassland biome can be divided into four regions; the
highlands above the African erosional surface, the Great Escarpment, the Natal
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Monocline and the highveld. Soils are also variable, generally being related to parent
material, geomorphoiogy, an climate, Soil fertility is also described in a general
way. The climate of the biome is characterised by summer rainfail which incmasés .
from west 0 east, with temperatures increasing from east to west. Winter
temperatures are lower in the grassland biome than in any other biome in South
Africa. Fire is an important feature of the grassiand biome, and its effects on
vegetition structure, herbage production and forage quality, and nutrient availability -
are discussed. Historically, the grassiand biome appears to have supported a diverse
ungulate fauna, but this has been reduced by past overexploitation. Presently the
grassland biome is important from the point of view of commercial animal
production. The mineral wealth and agricultural potential in much of the grassland
biome has resulted in it containing the most densely populaied centres in the
subcontinent, a feature likely to lead to environmental Jegradanon and mcmsmg
shortages of natural resources such as water and arable Jand.
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CHAPTER 4

DEVELOPING PREDICTIVE UNDERSTANDING OF THE DETERMINANTS

OF THE GRASSLAND BIOME

4.1 INTRODUCTION

The distribution of the grassland bjome as it is presently mapped in South Africa, is
poorly understood, with one or a combination of climate, fire and soils having been

suggested as important.  The ‘pure’ (climatically determined) and ‘false’

‘(anthropogenically induced, fire maintained) dichotomy is not well founded. The
presence of soils considered to determine the distribution of the grassland biome
(those with a *well developed cutanic B-horizon’; Feely 1987) in biomes other than
the grassland biome, suggests that something other than soils is impdrtant. Past
attempts o discriminate the grassland biome based on climate alone are weak. The
objective of this séction of the study was to determine whether the distribution of the
grassland biome of South Africa can be related to climate, and if so, to identify
important features of its climate. '

The co-incidence of boundaries of natural vegetation zones and climatic regions has
generally been held to illustrate the importance of climate as a determinant of
vegetation distribution at a global, continental or subcontinental scale. - The
relationship between climate and plant distribution is generaliy -Hescﬁbed empirically
by correlations between various macro-climatic variables and different ve.ge"thtion
units (Fitzpatrick & Nix 1970, Sowell 1985, Rutherford & Westfall 1986, Stephenson
1990). Recent studies have focussed on determining particular aspects of chmate that
most influence the distribution of vegetation types, and by what mechamsms The
most useful chmatlc parameters involve both energy supp]y (temperature, mdlatlon,
potential evapotranspwanon), water supply (prempitarion), and interactions b«'twecn
tne two (actual evqmtranslmatlon, Thormthwaite 1948 Holdridge 1967, Mather &
Yoshioka 196 8, Buctyko 1974, Whittaker 1975, Wnodward 1987, Stephenson ]990)

The most comprehensive attempt to discriminate the thlTlBS of southern Afncn based \

on' climatic md1ce.. was by Rutherford & Westfall (1936) Their catet_.,orxzauon of
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South Africa’s biomes was based on four indices. These were the rainfall during the
four warmest months of the year, the proportion of the total rainfall during the six
winter months, rainfall during the six summer months, and the mean minimum
temperatire of the coldest month. By their own admission, discrimination of the
grassland biome wa. -oor. Shortcomingg of their model may have been due to failure
of the assumption, as suggested by Bond & Richardson (1990), that climate is the
overriding detcrminant of vegetation distribution - even at a biome-wide scale.
Aliernatively, their choice of indices ™~y have had littie biological significance. The
choice by Rutherford & Westfall (1986) of using rainfall during the summer and
winter half-year periods as indices of plant available moisture, involved the somewhat
arbitrary choice of summer as the six-month penod from October to March and
winter as the period April to September. Similarly, their use of a *summer aridity
- index’, although less arbitrary than the previous two indices, focuses on rainfa.l
&uﬁng a fixed four month period.

'rechniqties are available to give more biologically meaningful measures of water and
energy supply than simply using rainfail data or potential evapotranspiration. Use of
a water balance approach has been shown to be of great value (Stephenson 1990).
The emphasis in this compenent of the study is on the development of biologically
meaningful climatic indices that can be related to South Africa’s biomes, with an
emphasis on the grassland biome. The approach adopted in this study is sirnilar to
that of Stephenson (1990), with the exoepiion' that daily records are used in tlus study,
and the output of the present exercise is in units that dre biologicall); intuitive,

4.2 METHODS
4.2.1 SELECTION OF CLIMAT'C INDICES BASED ON OTHER STUDIES
A wide range of climatic incices were used in the present study, including maﬂy that

have been used in similar studies in southern Africa and elsewhere. Indices used in.

other studies are described in this section. Those unique to this study are described
in the following section (4.2.2).

Values for climatic indices were calcutated for 163 weather stations (Fig. 4.1) iﬂ the
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Figure 4.1: The distribution of weather stations used in this study to discriminate
South Africa’s biomes (after Rutherford

& Westfall 1986) on the basis of climatic
indices. ) :
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biome types desdribed by Rutherford & Westfall (1986). These Iindices were |
calculated 'from records of the Weather Bureau (1988), with greater than 20 years of
data.. This minimum duration was chosen due to the possible presence of rainfall
cycles with a petiodicity of approximately 20 years (Tyson 1987). The indices used
were mean annual rainfall {RAIN), mean summer half-year rainfall (October to
- March; SHYR), proportion of rainfall in the winter haif-year perod (April to
September; RWINT), sumttes aridity index (SAIL using the inethod of Rutherford &
Westfall - 1986), meén annucy temperature (ANTEM), and the mean minimum
temperature for the coldest month FUT). :

4.2.2 USE OF INDICES DERIVED FROM THE WATER BUDGET MODEL

Confusion that exists in the terminology related to water balance parameters has been
hﬁghli_ghted by Stephenson (1990). In order to avoid confusion in this stody, terms
are defined Driefly. They follow Ayoade (1988) and Stephenson (1990).

'Potential evaporation is an index of total energy supply in the environment, being an
estimate of cvaporatiqn from a large, deep, open water body which exerts negligible
resistance to water transport away from the surface,

' Potential evapotranspiration is related to the amount of biologically usable energy in
the environment, being the evaporative water loss from a site covered by a standard
- ¢top that is independant of the particular vegetation at a site. Generally, the standard
crop is a continuous sward of short green grass that completely shades the soil
surface, is not limited by nutrients or water, and exerts negligible resistance to water

movement_.

Precipitation is the amount of liquid that falls to the ground over a given period. It
is assumed to be the water supply in most studies (including this study). A problem
with this assumption is that where precipitation falls in solid form, it may be available
as water supply at a different time of the year to that at which it is recorded as
precipitation. The relatively srnall quantity of annual precipitation: in South Africa
as snow or ice makes this assumption acceptable. A further problem with this

assumption is that it does not take into account runoff, runon or latcral seepage. .
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Actual evaporation is a measure of the simnltaneous availability of total energy and |
water supply. It is the evaporative water loss given the prévajling water supply, and
equals whichever is the least of water supply or potential evaporation. -

In recognition of the advantages of a water balance approach, the moisture 'and.
temperature regimes of the same 163 weather stations described in the previous
section were calculated using a water balance model summarised in Fig. 4.2. The
mean number of days per annum on which sufficient water is available to permit plant
growth was considered a biologically meaningful index of water availability. This
number, called 'growth days’ (GDAYS), was calculated using the water balance
model based on daily rainfall and daily potential evaporation, giving a measure that
is equivalent to actuai evaporafion. Actual evaporation was used as the index of
simultanepus eéncrgy and water availability in this study, so that plénts that occur at
a site did not have to be stipulated ¢ priori. Since maximum evaporation irom a
vegetated surf.. ¢ under non-advecting conditions is typically between 50% and 80%
of actual evaporation due to the additional resistance imposed by the canopy, this
assumption means that the actual duration of the growing season w/ill be greater than
the number of growth days calculated using actual evaporation,

To ensure consistency between stations, which had rainfali records of variable length .
and quality, daily rainfall sequences were generated for 100 vears for each station
using the rainfall simulation model (Zucchini & Adamson 1984, Zucchini gt al.
1992). Linacre’s (1977) procedure for calculating monthly potential evaporaiion
requires as input altitude, latitude, and mean monthly maximum and minimum
temperatures. These data were obtained from records of the Weather Bureau {1988),

.The model calculates *growth days’ on the basis of sufficient water being present in
the soil reservoir to completely satisfy potential evaporation. In realify, plant growth
does not end abruptly as the soil dries out, but tapers off over a period of days. This
is another reason why ’growth days’ will be shorter than the observed growing period
in the field, but it should correlate well with plant productivitf, since plant production
is proportioﬁal to to actual evaporation (Rosenzweig 1968, Stephenson 1990).

The mean temperature on days when water wag available for growtir was recorded as
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Repéat for esach year of the daily rainfall record

&

I

Repeat £or each month of the year

Read altitude, latitvde, monthly max. & min. teﬁpe:a'tureﬂ‘,

A

Repeat for edch day of the month’

Interpolate daily max, min andmean temperatures

Es@"ima'ta' da_ili' refarance evapdration {RE) using J
Lifiacre’s formula . RE = £{Tmax,Tmin,altitude,latitude)

Raad daily rainfall and add to soil water storage (SWS)

-.1{';1 RE < SWS |
Then Fraction = 1 Else Fraction = SWS/RE
SWS = SHS - RE  SWS = O

GDAYS = GDAYS + Fraction

GIEM = GTEM + (day mean temp x Fraction)

e

GDAYS = GDAYS / Years of record

|eTEM = oTEM / epays

HGTEM = 365 x Mean ann temp - GDAYS i GTEM

365 ~ GDAYS

Figure 4.2: Schematic

representation of the water balance model nsed to géheram the

indices of growth days (GDAYS), growth temperature (GTEM) and no-growth
temperature (NGTEM)._ -
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*growth temperature’ (GTEM; Fig. 4.2), giving an indication of energy supply when |
moisture is available fth plant growth, It is equivalent to the mean wet season
tempé:attm:. ’I‘Iie--mean iemperature on days when moisture was not available for
gmwth was zecorded as *no-growth tempesature’ (NGTEM). It can bz considered as
the mean dry season temperaiure. The terms 'growth temperature’ and *wet season
terﬁpemture’ are used interchangeably, as are ’no-growih temperature’ and ‘dry
season temperature’. The difference between the wet and dry season temperatures
- (growth temperature minus no-growth tempc...iure; TDIF) is an index of the scason
and degree of seasonality of rainfall, Positive values indicate summer rainfall and
negative values indicate winter rainfall. The intensity of seasonality of rainfall in
these seasony is indicated by the (absolute) value of this index. '

The set of climatic indices, and the abbreviation used for each one are provided in
Table 4.1, The lisi of weather stations and the biomes into which each was classified
based on Rutherford & Westfall (1986), are presented in APPENDIX 1, together with
the Imitude and longitude of each station, mean annual precipitation, and values for
‘the indices growth days, wet season temperature, dry season. temperature and
differerice in temperature between the growth and no-growth seasons.

4.2.3 DATA ANALYSIS

As a basis for the selection of variables to be used in 2 model discriminating Sonth
Africa’s biomes, all of the indices for each weather station were tabulated, aﬁd a
stepwise discriminant analysis using forward selection (SAS 1985) was performed on
the entire data set for each of the 163 weather stations. Selection was ended at the
significance level of less than 0.10. The results were compared to the success
achieved by Rutherford & Westfall’s (1986) model. |

4,3 RESULTS

The order of selec'ion of variables in the siepwise discriminant analysis (Table 4.2)
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TABLE 4.1; “The variables included in the stepwise discrifinant function analysis,
_togethwthhvanableabbrevmuonsusedmtablesﬂutfoﬂow, as well as in the text.

| Mean annual rainfall

| Mean miimum temperature

I during the coldest month

¥ Proportion of total rainfall

{  during winter 6-month period
| Mean annual temperature

§ Summer aridity index

| Summer half-year rainfall
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TABLE 4.2: A summary of the stepwise disuriminant function analysis showing the

order of inclusion (STEP) of each climatic variable in the discrimination of the

biomes of South Africa based on climatic indices, together with the partial correlation

coefficients (PARTTAL R—SQUARED), F-statistics (F-STAT), and the significance
of the F-statigtics (PROB > F), T

g

RWINT
- GDAYS
SHYR
GTEM

- TDIF
| ANTEM

D 00 =2 OB N

SAl
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illnstrates th@ relative contribution of each to the discrimination of South Africﬁ's--

biomes. The first variable to be included was the proportion of rainfall occurring in
winter (RWINT), this being the same index used in Rutherford & Westfall's (1986)
study, separating the summer and winter rainfall areas. 'This index was highly
correlated to other indices (Table 4.3), including the difference in temperature
between the growth and no-growth seasons (TDIF). Both of these indices provide a
measure of the season in which rain falls, and separates biomes in the summer and
winter reinfall ares s, To a lesser extent it was correlated to the summer aridity index
(SAT; used by Rutherford & Westfall (1986), with winter rairfali areas and the nama-
karoo biome having low values for this index. The summer aridity index is useful

in discriminating wet and dry areas within the summer rainfall biomes, but it does not

discriminate biomes in winter rainfall areas from other arid biomes. The most
statistically significant index in the analysis reflects the season in which rain falls,
The second variable to be included was the duration of the growth season (GDAYS,
Table 4.2), an index derived from the water balance model indicating the duraton of
the growth season based on moisture availability. This index separates the arid and
mesic biomes. Once again it was highly correlated to another index (Table 4.3), mean
annual rainfall (RAIN). The advantage of using the index GDAYS rather than any
measure of rainfall (such as during the summer or winter half year periods, or any
other portion of the year - such as in the summier aridity index) is that it integrates
the supply (rainfall) and demand (pt," 1tial evaporation) components of the water
balance, The relationship between this index (GDAYS) and mean annual rainfall
~ {RAIN) for example, indicates that for a given rainfail, there is great vasiation in the
duration of the growth season (Fig. 4.3), and that it is mainly dependant on the
season in which rain falls.

The third variable to be included in the discriminant function analysis was the rainfall
during the summer half-year period (SHYR, Table 4.2), the same index used by
Rutherford & Westfall (1986). The value of this index in the present analysis is in
separating biomes along a moisture gradient in the summer rainfall areas. It is
redundant to some extent, with the separation of summer and winter rainfall areas
having been achieved by selection of the first variable, the proportion of rain falling.
in winter (RWINT), and the separation of biomes along a moisture gradien: withinl
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TABLE 4.3: Pearsons correlation ooefﬁmmtsforﬂ:echmaucvanables used .in ﬁ:eswpmse
discriminant analysis of South Afnea s bmmes Corre]ahon coefficients that are significant (P <0.01)
are underlmed _
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- Duration of growth season (days)
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Mean annual rainfall (mm) "

L~

Figure 4.3: The distribuiion of weather stations in known biome types in relatmn to
mean annual rainfall and mean number of days of growth opportunity,
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each of the summer and winter rainfall areas by selection of the second variable

© GDAYS. 1tis also correiated to mean annual rainfall (RAIN) and the summer aridity

index (SAI; Table 4.3).

The next variable to be included was the temperature during the growth season
 (GTEM, Table 4.2), this being an index derived from the water balance model and
indicating energy supply during the season in which moisture is available for plant
growth. It is conceptually related to Rutherford & Westfall’s (1986) summer aridity
index (SAI), which is a measure of moisture availability during the warmest four
months of the year, or the months of the year when energy supply is greatest. The
advantage of using the index GTEM, derived from the water balance model, is that
it is not fixed to a somewhat arbitrarily defined four month period, but estimates
energy supply when moisture is in fact available for plant growth. |

The remaining variables contribute relatively lLittle to the discrimination of South
Africa's biomes, as illustrated by comparison of the partial R? values and success
rates associated with inclusion of successive variables in the discriminant analysis
(Table 4.2),

The yroblems of using an approach such as a discriminant function analysis in
selecting variables for inclusion in a model discriminating South African biotnes are
that it lacks an intuitive conceptual base, that it is designed to minimise the number
of variables, and that it does not consider each variable independantly of or joinity
with others (SAS 198_5). It nas nevertheless been useful in extracting the features of
climate that contribute most to separation of South Africa’s biomes. These are the
season in which rain occurs, the duration of the growth season based on water supply,
and the temperature during the growth season.

4.3.2 SELECTION OF VARIABLES

On the basis of the order of inclusion of climatic indices in the discriminant functioﬁ

analysis, the most-important features of climate associated with the discrimination of

South Africa’s biomes have been recognised. Instead of using a single varizble to
achieve the discriminaion betwen summer and winter rainfail areas, as in the
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d:scnmmant function analyzus, the plot of temperature durmg the' growth and

no-gmwthseasons (Fig. 4. 4)1givesanmdlcahonofboth theseasonmwhchmnfaﬂs

asd the strength of the seasomhty of rainfall. These indices are largely independarit -

of one another (Table 4.3), and therefore svitable for a *most parsmmmous set.

Points on the plane in which ﬂm growth temperature is greater than the no-growth
tempetamre experience summer rainfall, while those in which ﬂm_ no-growth
teraperature is greater than the growth temperature experience winter rainfall. Where
the two are approximately equal the rainfall is aseasonal. The grassland, nama-karoo
and savanna biomes receive rainfall in summer, while the fynbos and succulent-karoo
biomes receive rainfall in winter. The forest biome rec¢ives rainfall throughout the

year,

The duration of the growth season is a useful discriminant between the arid biomes
{nama-karoo and succulent karoo), the semi-arid biomes (fyabos, grassland and
savanna) and the humid biome (forest). Within the suminer rainfall area, nama-karoo
has a shorter growth season than the grassland and savanna biomes (Fig. 4.5). Itis

evident however, that the duration of the growth season and the temperature during

the dry season interact in defining the boundary betwsen nama-karoo and grassland
and savanna; grasslands and savannas appear to require a longer growing season as
the dry season temperature decreases. This illustrates the stressful effect of low
temperatures in the dry season in limiting the distribution of elements .om the more
mesic biomes in summer rainfall areas, providing an mdlcauon of the metabolic cost
of cold temperatures in the dry season.

Similarly there appears to be an interaction of the dry season temperature and
duration of the growth season in the winter rainfall areas in separating the fynbos
{mesic) and succulent-karco (arid) biomes (Fig 4.6). In contrast to the summer
sainfall areas however, as the dry season temperature increases an increase in tie
duration of the growth season is required to support fynhos. This illustrates the
stressful effect of high dry season temperatures in limiting the distribution of the more
iesic elements in winter rainfall areas, indicating the metabolic cost of high
temperaturss that cannot be regulated by transpiration and therefore be met by
photosynthesis.
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Figure 4.5: The distribution of weather stations in the summer rainfall biomes
(grassland, nama-karoo and savanna) and in the biome in which rainfall is aseasonal
(forest) in relation to the temperature during the no-growth season and the durauon
of the growth season.
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Figure 4.6: The distribution of weather stations in the winter rainfall biomes (fyribos

and succulent karoo) and in the biome in which rainfall is aseazonal (forest) in
relation to the temperature during the no-growth season and the duration of the
growth season.
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The grasstand biome may be differentiated from the savanna biome by the mian
temperature during the dry season (Fig. 4.5). Stations iri the grassland biome have
a mean dry season teniperature less than or equal to 17.0°C, while savannas have a
mean dry season temperature greater than this. Only thre= stations out of the 93 in. -
these two biomes were exceptions to this rule. The meun temperature during the
growth season is also generally lower in the grassland than in the savanra biome, but
discrimination is weaker.

The forest biome in South Africa has a patchy and restricted distribution, and the
number of weather stations that can be used to evaluate the climatic correlates of its
distribution is smail. Three stations from large forest patches within the broad extent
grassland and savanna biomes have therefore been used in the present analysis, as
well as three stations from extensive forest areas. A measvre of the degres of
seasonality of rainfall is provided by the difference between growth and no-growth
temperatures (Fig. 4.72). Thers is clearly a lower limit in terms of the duration of
the growing season fo which forest will extend (about 210 growth days per annum),
and on the basis of the limited sample, there would appear to be an increase in the
duration of the growth season required to support forest as the degree of seasonality
of 1 3 growth season increases. The plane depicted in Figure 4.7a is just a graphical
reoﬁéntatim of a three dimensional plot of the indices used thus far (NGTEM,
- GTEM and GDAYS), with the duration of the grewth season {(GDAYS) added as a
third dimension to the plane of growth and no-growth temperature as shown in Figure
4.4. The relationship between the distribution of forest patches and these three
indices is indicated in Figure 4.7b, in which isolines of the duration of the growth
season requ:red to support forest patches under a gwen growth- and no—growth
temperature combination are illustrated,

The discrimination of South Africa’s biomes can be achieved based on three indices:
the temperatures during the growth and no-growth seasons, and the duration of the
growth season. A model of biome distribution based on these three indices, and using
the relationships described above and illustrated in Figures 4.4 - 4.7, is presented in
the form of a decision tree (Fig. 4.8). The success of the decision tree in predicting
the biome types used in the present analysis is presented in Table 4.4. Only ten sites
out of 163 were misclassified.
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Figure 4.7: The distribution of weather stations in relation to the difference in
temperature between the growth season and the no-growth season and the duration of
the growth season (a). The temperature index provides an index of both the
seasonality (positive in summer rainfall biomes, negative in winter rainfail biomes)
and the degres of seasonality of rainfall (aseasonal where the temperature index is

zero, with the degree of seasonality increasing as the absolute value of this index .

increases). Forest requires an increase in moisture availability as the degree of
seasonality of rainfall increases, a relationship illustrated for the indices of growth
temperature and no-growth temperature by means of isolines in the inset (b).
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TABLE 4,4 The success of the model discriminating the biomes of South Africa
based on the decision tree presented in Figure 4.8 for sites that were classified into
one- of six biomes according to Rutherford & Wesrfall (1986). Sites correctly

predicted are mdacated in bold.

l Biome classification
according to the

;. 4

Claasification into bioma type based .
on the decision tree (Fig. 4.8) .

LI

map of Rutherford &

(n=11)

Westfall (1986) Forest Fynbos Sraje- Neea- Eavasna  Soooul.
Forest 3 0 0 0 o o
© (n=3) o -
Fynbos 1 20 1 -0 1 0
(n=23)
Grasgland- 0 0o 53 o 2 0
(n=55) '
Nama-karoo o o 1. 382 1 0
(n=34) - By
Savanna,. - 0 0 1 2 34 0
(n=37) ' |
Succulent karoo 0 1 0 0 0 10




The success of the present exercise is independantly evaluated by comparison with the
success of Rutherford & Westfall’'s (1986) approach (Table 4.5). The present
disérimination of biome types compares well with the attempt of Rutherford &
Westfall (1986), who based their categorization of South Africa’s biomes on four

indices. |

4.4 DISCUSSION

The indices developed in this study correlate well with the distribution of South
Africa’s biomes. They also appear well founded biologically. The concept *days of
growth opportunity’, integraies both the supply-side (precipitation) and the
demand-side (potential evaporaiion) of plant water relations. It is therefore expecied
to be more robust than indices derived from rainfall or evaporation data alone (cf.
Holdridge 1967, Whittaker 1975, Mather & Yoshioka 1968, Rutherford & Vestfall
1986). In addition v having an influence on the water balance, temperature has

direct biological effects. The index of temperature during the wet season gives an
indication of its effect as a regulator of physiological processes, and is conceptually
related to using a temperature growth response curve as an index of favourability
during the wet season (cf. Specht 1981), or to the concept of biotemperature
(Holdridge 1967). On days when water is not available for plant growth, temperature
provides an indication of metabolic costs that cannot be met by active photosynthesis,
or of heat stres that cannot be regulated by transpiational cooling. One or other of
these stresses is more important depending on the %1 sw:ature conditions prevalant
during the dry season. In the winter rainfall areas where the dry season temperatures
are high, the effect of heat stress that cannot be regulated by transpiration is the more
important of the two constraints. In the summer rainfall areas however, the major
metabohic stress of cold temperatures during the dry season would be that it limits
active photosynthesis. It may also be an indirect measure of the frequency of frost.
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TABLE 4.5: A comparison of error rates (number misclassified as a proportion of
the total number of sites) for the weather stations used to discriminate South Africa’s

biomes in this study, using variables selected in this study, and in the study of
Rutherford & Westfall (1986). Three variables ‘were used in.the present study
compared with the four in the study of Rutherford & Westfali (1986)

" Rutherford | JUT
& Westfall SAI
) (1986) _ SHYR



The essential features of climatc that determine the distribution of South Africa’s
grasslands are the, presence of! : _

-a modemte water supply, but not sufficient to eliminate seasonality;

- warm temperatures during the wet season; and

~ a cold dry season.

" Aspects of this climate have been linked to the distribution of grasslands elsewhere

in the world (Weaver & Clemenis 1938. Borchert 1950, Thomthwaite 1952,
Stephenson 1990). ' ’ |

A feature overlooked in past studies that have addressed the same problem has been
that they have generally focussed on boundaries with one or other of the adjacent
biomes, and drawn more generahsed conclusions than warranted, Thz boundary with
savanna is related to the temperature during the dry seison. Grasslands have a cooler

dry-season temperature than savannas. The cold temﬁeratures in the grassland biome .

cited by Acocks (1975) as limiting the establishment of woody plants, may indeed
explain the absence of savanna frees from the grassland biome. However, the cold
dry season temperature associated with the pgrassland biome does not explain the
absence of nama-katoo woody plants from the grassland biome, as these are able to
withstand the entire range ‘of dry-season temperatures encountersd within the
grassland biome (Fig. 4.5). Is it that nama-karoo plants are unable to tolerate moist
‘conditions, or are they unable 10 compete with grassland plants under moist
conditions? | )

4.4.3 THE ROLE OF ANTHROPOGENIC FACTORS

The suggestion by Acocks (1975) that there has been invasion at a bicme-wide scale
of grassland by nama-karoo in the region presently occupied by *false upper karoo’
(veld type 36; Fig. 4.9) as a result of pastoral activity, is examined in the light of the
present study. If there has been a change in physiognomy as a result of pastoral
acrivities in the past, then it might be expected that there will be little correlation
between climate and the distribution of these twu biomes, This issue has been
examined in greater detail by distinguishing all weather stations from the false upper
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Figure 4.9: The approximate distribution of Acock’s (1975) False Upper Karoo
(stipples) in relation to the grassland biome, showing the location of weather stations
{X) used to discriminate what Acocks considered t be the grassland biome prior to
settlement of the subcontinent by agropastoralists.



karoo from those in the grassland, nama-karoo and savanna biomes, and examining
their distribution in relation to other summer rainfall biomes. The results of this
exercise are illustrated in Figure 4.10. If Acocks’s (1975) suggestion that the
grassland biome has been invaded by karoo in the region presently occupied by the
~ false upper karoo is correct, then the present biome classification based on climatic
indices (Fig. 4.8) is incorrect not only with respect to the boundary between the
grassland and nama-karoo biomes, but also with respect to the boundary between
these two biomes and the savanna biome (Fig. 4.11).

Although as successful as the discrimination of biomes if invasion is not assumed
(Table 4.6), their discrimination is not biologically intuitive. The increass in the
duration of the growth seas it required to support the more mesic of the summer
ranfall biomes ds the dry season temperature decreases is biologically intuitive (cf.
Fig, 4.5 and Section 4.4.1). The climatic boundary between the nama-karoo and

grassland biomes (assuming the false upper karoo to be part of the grassland biome)

shows no evidence of this relationship, and is therefore biologically counter intuitive,
it is therefore argued that it is not necessary to assume that the false upper karco is
anything more than a slightly mesic nama-karoo. It is further suggested that before
broad-scale vegetation distribution can be attributed to human or other disturbance,
the possibility that their distribution can be accounted for purely on climatic grounds
must be conclusively dismissed. ‘This is supported by the study of Hoffman &
Cowling (1990), who suggest that the boundary between nama-karco and grassland
oscillates in response to climatic fluctuations.

4.5 SUMMARY

The distribution of South Africa’s grassland biome has been predicted on the basis of
three climatic indices derived from a water balance muvel. The indices were the
duration of the growth season (GDAYS), the mean temperature during the season
when sufficient soil water was available for plant growth (GTEM) and the
temperature during the season when the soil was dry (NGTEM). Based on these
indices it was possible to separate the summer and winter rainfall biomes, with fynbos
and succulent karoo in winter rainfall areas, and grassland, nama-karoo and savanna
in summer rainfall areas. ‘The suceulent karoo and nama-karoo biomes were the more
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Figure 4,10: The distribution of weather stations in the grassland (+) and savanna
(o) biomes close 1o their ¢limatic boundary with the nama-kuroo. Stations in the
nama-karoo biome @ as mapped by Rutherford & Westfall (1986} were distinguished
from those in the Acock’s (1975) False Upper Karoo () as indicated in Figure 4.9,
in an attempt to investigate the role of climate in determining the distribution of the
grassland biome as envisaged by Acocks {1975) prior to settlement of the subcontinent
by agropastoralists.
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- Figure 4.11: Decision tree depicting the discrimination of nama-karoo from savanna
and grassland assuming that grassland has been converted to nama-karoo in the region
of Acocks’s (1953) False Upper Xaroo as a result of human activity.
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TABLE4.G: 'Ihesuccessofthemodeldxscnmmahngmegmsland namna-karoo and
savanna biomes based on the decision tree presented in Figure 4.11, assuming that
the grassland biome has been invaded by nama- l:amomthemgmnoftheFalseUppﬁ
Karoo as described by Aoocks (1975). - _

) I Biome ,
% classification

following

Classlﬁcamn into bmme type based- | |
onthet:e:mmonhee(ﬂg 4.11) .

Acocks (1975)

Grasstand Nama-karoo Savanna

Grassland
(n=69)

"'Nama-karoo
(n=20)

Savanna

(n=37)
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arid biomes in these two rainfall areas respectively. The savanna biome ocours i
arcas that have a warmer dry season than the grassland blome The forest bxome'
ocours in areas with a small water deficit in which rainfall is only weakly seasonal.
The presence of moderate quantities of rainfall in summer when temperatures are
favourable for plant growth, together with seasonal drought in the cold season are
important features of the climate of the grassland biome. :

The suggestion that the grassland biome has been invaded by nama-karoo vegetation
was examined indirectly by investigating the ¢limatic boundaries between these two
biomes assuming the distribution of grasslands proposed by Acocks (1975). The
boundary is rejatively clear, but is not biclogically intuitive, and it therefore appears
that invasion has not taken place to the extent suggested by Acocks (1975). Based _
on this evidence it is suggested that before anthropogenis iodification of vegetation
at a biome-wide scale is invoked, it should be demonstrated that it cannot be
accounted for based cm climatic grounds.



CHAPTER 5

TEE DISTRIBUTION OF WOODED PATCHES
WITHIN THE GRASSLAND BICME

5.1 INTRODUCTION

The biomes of South Africa have been rigorously defined on the basis of
physiognomic criteria (Rutherford & Westfall 1986), and they are mapped as
homogeneous units with abmpt boundariés. In reality the flora of a given biome
cortains inclusions from nqnghbounng biomes. Within the area mapped as the
grassland biome there are patches of forest, fynbos, nama-karoo and savanna. The
inclusion of these is due 1o the superimposition of smaller-scale influences on the
congruence of predommant life-forms and climate recognised at the subcontinental
scale, including nﬁcrocli:;’iate, edaphic conditions and disturbance regimes. The
objective of this part of the study was to identify conditions under which woody
plants become locally dominant within the grassland biome.

Rutherford & Westfall's (1986) discrimination of biomes was based on physiognomy
alone. These differences are associated with floristic differences, generally above the
species Jevel (Gibbs Russell 1987). When considering patches of woody elements
within the grassland biome, mixtures of elements from two neighbouring biomes
frequently occur. Based on the use of physiognomic criteria alone such sites may be
classified into a vegetation unit unrelated to sither of the two whose members are
represented.  For example, the presence of phanerophytes, chamaephytes and
hemicryptophytes is the combination of life-forms that distinguishes the fynbos biome
(Rutherford & Westfall 1896), but this combination of life-forms accurs in situations
where there is a tnixture of savanna and nama-karoo elements, such as at the nama-
karoo - savannia boundary, Rutherford & Westfall (1986) recognised this problem,
and termed the vegetation at the nama-karoo - savanna boundary *pseudofynbos’.

This vegetation type is neither floristically related to true fynbos, nor could it possibly
be determined by the same climatic features, with rainfall in the fynbos biome in
winter, but in both the nama-karoo and savanna biomes it is in summer. This
illustrates the weakness of using physiognomic criteria alone to discriminate

78

e

P



vegetation types at a more detailed scale of resolution than the biome-wide scale. In
recognition of this problem, the basis for discriminating the affinity of wooded
patches in the grasstand biome in this study has been approached using floristic
criteria rather than structural differences. '

5.2 METHOD

5.2.1 COLLECTION OF DATA IN THE FIELD

A total of 70 sites were visited in nine study areas within fhe grassland biome (Fig.
5.1a). The study areas were selected to cover a wide range of temperature and
moisture conditions (Fig. 5.1b). Within each study area, sites were chosen to cover
a wide range of plant communities. The number of plants per hectare for each
species of woody plant was estimated for each species using the point-to-plant and
plant-to-nearest-neighbour method of Cox (1976). Aerial cover of woody elements
was estimated by measuring the longest and shortest cross-sectional diameters of each
woody plant encountered, and estimating aerial cover assuming that the projected
canopy was an ellipse. Site characteristics measured were: slope (clinometer); aspect
to the nearest 45° (compass); and microrelief (by measuring the height at 2 m
intervals along a string pulled taut between two stakes 20 m apart, each the same
height above the ground). Fire frequency and grazing intensity were each scored on
a scale from 1 to 5 based on information obtained from the landowner about stocking
rates, the system of paddocking, and burning frequency. A soil profile description
was carried out in a soil pit either to bedrock or to a depth of 1.3 m (whichever was
the shallower). Soil samples were taken at depth intervals within each horizon
depending on the thickness of each horizon, and composite samples of 25 randomly
located subsamples were taken from the A-horizon to a depth of 10 cm.

5.2.2 SOIL ANALYSES

Soil texture was measured for each soil sample using the hydrometer method
(Anderson & Ingram 1989). Bulk density was measured by coating intact peds of
known mass with wax, and measuring their volume (Anderson & Ingram 1989).
Organic carbon was determined using the technique of Nelson & Sommers (1975).
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Figure 5.1: The distribution of study areas within the grassland biome (a) and the
range of mean annual tsmperature and precipitation covered by the selection of these
sites (b). Abbreviations for the place names and the number of staticns at each site
are as follows: B = Bethlehem, 8; BL = Bloemfontein, 9; H = Howick, 6; X =
Kokstad, 7; M = Marshmoor, 6; P = Parys, 10; Q = Queenstown, 9; V =
Volksrust, 8; VR = Vryheid, 7. The location of Thabamhlope is shown as an
asterisk.
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5.2.3 CLIMATIC MODELLING

The effects of altitude, slope and aspect on the water balance were accounted for as
far as possible (Fig. 5.2). This was done by estimating temperature conditions at the
site from records from the nearest weather station, modified by aititude, slope and
aspect using the program MTCLIM (Running et al. 1687). MTCLIM modifies mean
daily maximum and minimum temperatures taken from nearby weather stations (less
than 5 km away) for altitude using a lapse rate, ‘and for Jatitude, slope and aspect by
calculating the difference in net shortwave radiation between the site (known latitude,
altitude, slope and aspect) and that of a flat surface of the same latitude and altitude,
using the empirical relationship described by Garnier & Ohmura (1968).

The effects of soil'water holding properties on the water balance were also included
(Fig. 5.2). The program RETFIT (J. Hutson, Personal Communication') calculates

the soil water content at different water potentials based on empil:icaln relationships

determined for these variables based on texture (percentage sand, silt and clay),

organlc carbon content, and bulk density. Water contents at. field capacity (-0.3 MPa)’

and wilting point (-15 MPa) were calculated. The modified daily maximum and
‘minimum temperatures and the soil water contents at field capacity and wilting point

were included in a modification of the water balarice routine deseribed in the previous |

chapter, as illustrated in Figure 5.3. The moisture inputs as rainfall were determined
using daily rainfall data for a local station (éss than 5 km from each site) using the
program GENRAIN (Zuechini & Adamson 1984). This was added to the soil profile
from above until the profile had been filled to field capacity. Excess water was
considered lost as runoff or deep drainage. Plants were considered to extract the
amount of water in the soil profile until wilting point was reached. Water demand

was caloutated using Linac.’s (1977) procedure for estimating monthly potential -

evaporation.  As in the previous chapter, the duration of the growth season
(GDAYE), the growth season temperature (GTEM) and the no-growth season
temperature (NGTEM) were calculated.

Variables for each site included in data analysis are summarised in Table 5.1,

! J. HUTSON, Cornell University, Ithaca, New York, USA.
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8 DATA
BASE STATION
CLIMATIC DATA gite
' : description data
. {by borizaon}
Altirude ' -
Latitude " Altitude Deépth _
Mean monthly min. temp Latitude Stoniness
Mean monthly max. temp. Slope Bulk density
Mean monthly rainfall Aspact Sand, silt, clay
) - i
{Running st al. 1987) " (Butdon Pars, Comm.)
—_—ma v J
Mean monthly min. teap. _ S0il water content
Mean monthly max. temp. . akt field capacity
{Adjusted for slope and.wilting peint
and aspect effacta) for sach horizon
GENRAIN
Simulated daily rainfall = "
for nearby station (<S5km)
for 100 year pericd
(Zuecchini & Adamson 1984)
L _
Vo v
AN JEL
Calculate mean annual :
rainflll; GTEH; NGTEM; GDAYS -
{ef. Fig. 5.3)

E;gmiz Outhm, of techniques used to determine local site climatic conditions (see
text for dethils).
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Repeat for each year of the dally rainfall record
R b

Repeat for each month of the year _
| ? jRead altitvde, latitude, '.mthly'mx. & min. tomp-rz[:h:éas

{temps. modified for slop: ' and aspect by MTCLIM); g
max imum _sail water content (SWC; calculated from RETPIT! J'I

. ey
Reapeat for sach day of the month )

4 |Interpolate dAaily max, min and mear temperatures

Estimate Jaily reference evaporation (RE) using
Linacre"s formula RE = £({Tmax,Tmin,altitude,latitude)

Read aaily rainfall (RAIN)
If solil water storage (8WS) > SWC + RAIN

~

Then SW8 = SHC Blse SWS = SWC + REIN
If RE -. SWS - . :
Then Practionp = 1 " Else Fraction = SWS/RE

'8WS = 8WE - RE EWS = 0

GDAYS = GDAYS + Fraction _
e GTEM = CTEM + (day mean temp x Fraction)

I _ =)

GDAYS = GDAYS / Years of recor

GTEM = GTEM / GDAYS -

NGTEM = 3565 x Mean ann temp - GDAYS x GTEM

© 365 ~ GDAYS

1]

E;gm_ia Schematic representation of the water balance model used to generate the
indices of growth days (GDAYS), growth temperature (GTEM) and no-growth
temperature (NGTEM), and including the effecis of soil moisture properties. =
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TABLE 5.1: Environmental variables determined for each stud- -
abbreviations used in the text and in tables and figures that foll: «,

T . = e ——"

mmuwm_me_ﬂm

SLOPE

Temperature during no~growth season.

Slope (degrees)
Aspect .
Slope evenness SDSLO (8d units)
Fire frequency FIRE (years)
Grazing intensity GRAZ (5 classes)
:Depth of soil profile SOILDEP (cm) o
Cover of exposed rock ROCKCOV (%) '
So0jl characterjgtics
Clay content of A-horizon ‘CLAYA (%)
Sand content of A-horizon - SaNDa (%)
Clay content of B-horizon - CLAYB %)

. Sand content of B-horizon SANDB (%)

i Degree of jilluvation from

_ A~ to B-horizoen _ ILLUVS (%)

Bulk density of.each horizon :
Duratiun of the growth season GDAYS (days)
Temperature during growth season GTEM ° Q)




5.2.4 DATA ANALYSIS

A multivariate approsi to the classification of plant communities was used, involving

the two-way indicator species analysis (TWINSPAN) of Hill (1979). Species
occurring in a single stand were omitted from the analysis. The TWINSPAN analysis
was run using the default options, with the exception tkat instead of wﬁvhhng the
default cut-levels equally (weight = 1), the default cut-levels were weighted as
follows: 0-2% cover was given a weighting of 1, 2-5% cover was given a weighiing
of 2, and all of the cover interval classes above 5% were given a weighting of 4,
This modification of the default cut levels was considered justified as woody elements
with a cover greater than 5% were considered far more important than those with a
cover between 2 and 5%, while those witk a cover less than 2% were considered by

far the least important, bt still worthy of inclusion in the analysis. [his weighting

is considered to refiect the perceived importance of cover by woody plants in a way
reflected ir: the litersiure. If total cover of woody plants is less than 2%, the site
would generally be considered grassland; if between 2% and 5%, as grasslaad by
some authors <nd as wooded grassland by others; if greater than 5% as wooded
grassiand (cf. v«iillips 1971, Pratt & Gwynne 1977, Edwards 1981).

The classification of stands using the TWINSPAN cluster analysis gave rise to 10
vegetation types (Fig. 5.4) that are considered to represent ihe rangs of affiﬁities of
wooded patches in the grasdand biome. The classiiication shows relationships
between vegetation types, as indicated in the species by stands matrix on which the
classification is based (Table 5.2) A problem with the floristic classification is that
it does not arrange unirs in the best way based on structural or functional criteria

which were defined « priori, namely, based on the biome with which the species has

affinity. For example, forest (unit A) and sc~  forest (unit B) are separated from
each cther at the second level of division, and .~ videly separated in the dendrogram
(Fig. 5.4) despite having obvious functional and structural affinity. Similarly, units
with fynbos affinity (units F and G) are widely separated in the dendrogram. The
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WOUDY FLANTS

ACACKARR LEUCSER]

RHISLUC] CLAUANIS :
ACACKARR PROTCAFF LEBESERT [PASSMONT

FELIFILL
REVEL RAUSLUCT

a
DIVESION

CLAUANIS PROICAEF

YRLANG
HAYTPOLY |RHUSSPIN

YEGETATION UHIT t E H
Mo, OF SITES . 2 | 2

-
]
Ly .
w'l)
£

Figure 5.4: Hierarchical classification of stands derived from a TWINSPAN cluster
analysis. Indicator species, the final vegetation units (A = forest, B = scrub furest,
C = Acacia sieberana/broadleaf savanna, D = A, karpo savanna, E = broadleaf
savanna, F = Protea caffra broadleaf sclerophyll, G = Passerina montana ericaceous
sclerophyll, H == savanna with karoo elements, I = karoo, J = grassland with <2%
cover by wnody elements), the number of stands in each unit, and the level of -
division are indicated for divisions in the dendrogram.
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SPECIES 22 1111222 22233333323 3313111 112
13417478967825604589562794801230169352
19 FELI FILI | 15=—-111l-1l-e-c]le=3===e=] 111 000
20 FELI YELL | 21 111 21 : 1 000
4 MCAC ATAX 51 . 1 00100
15 EUCL CRIS | =-~-2111 1 -=1. 00100
39 RHUS LEPT | «~13 1~ 1 00100
5 BRAC.DISC -4 1 1 001010
& BUDD SALI 43 = ~w= 001010
16 EUPH SPEC 11 - 001010
17 ZHRI RIGY 31 1~ 001010 §
18 EURY SPEC 42 - 001010
22 GREW 0CCI | -—-2212-1-111 1m——- ~—= 001030
30 OLEA AFRI 531 1 - 001010
31 OSYR LANC 111~ 001010
36 RHUS EROS i1 - - 001010
37 RHUS LUCT | ==-=1112112~=1=2 001010
41 RHUS SPIN 122 - 001010
2 ALOE FERO . —w=1] e o e 001011
25 LIPP SPEC | ——————-—-1-11 1 - - 00101i
43 2171 MUCR 21 w2111 1= 60110
1 ACAC SIEB | wwm- _ 3245 00111
3 ACAC KARR | ==~-1----11353553553~———-= - 00111
10 COMB MOLL | —-1 - 2 o — 00111
13 DOMB ROTU | - 1-3===2 0100
38 RHUS MACK “—llm2=—— 0100 |
33 PROT CAFY¥ 533 010100 }
7 CANT CILT | - lel=]~mmmmme——= 010101
8 CANT INER - 3-5 0101021
9 CLAU ANIS - : 22-4 010101
23 HETE ARBO -1 51 010102
24 HALYL LUCI 5 1 0101031
11 CUSS PANI 1-1 w2m=3=aml - 1 01011
29 MAYT POLY | ~-2-1 01011
22 PAVE BPEC | -=2-1 - 01011
12 DIOS LYCI | ~w2w==i 31131-244=11)=jemmmm~ 011
28 MAYT HETE | —-=211~1 1-l=we2emafmmm=] ] 011
14 DIOS WEYT Lol =2 e Tk P T, I )
35 KHUS DENT l=m—mm] 1i=wG=3==12-211=1w=m 10
27 MYRS AFRI 1 : 1-2emmndeme]l 3=~ 1100
21 GNID HAIR - : 12 1101
34 PASS MONT - 434 1101
42 SELA SPEC | 11 -12 1101
26 LEUC SERI ~5543422=-= 111
40 RHUS PYRO | ~ 1 4 111
©00000000000000000000000300001112111111
000000000000000000000011111l1000000111
00000000000111111111110000125011111
00311111111000000000110011 01111




-k




i




.,_.

HOUDY PLANTS ' -~

t
2  AGALKARSR 1 LEUCSERT
: A mwsLUCL . oasus :
y ACACKARR 1 FROTCAFF LEBCSCRL [PASSMONT
FELIFILT :
LEVEL ) RHUSLUCI ELRUANLS PRO(CAFF
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@ &
1 .
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7 2 4 ] 8 ]

Mo, OF SITES 1

Elgnm_i& Hierarchical classification of stands derived from a TWINSPAN cluster
analysis. Indicator species, the final vegetation units (A = forest, B = scrub forest, -
C= mﬂmybmadleaf savanna, D = A, kargo savanna, E = breadleaf
. savanna, F = Protea caffra broadleaf sclerophyll, G = Passerina montana ericaceous '
sclerophyll, H == savanna with karoo elements, I = karoo, J = gfassland with <2% -
cover by woody elements), the number of stands in each unit, and the level of

" division are indicated for divisions in the dendrogram.
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‘Table 5.2; The species by stands matrix and basm for division of vegetanon units as
identified in the TWINSPAN cluster analysis. Species numbers and abbreviations are
provided; the names ar¢ given in APPENDIX 2, Stand numbers are written
~ vertically, the first two stands bemg numbers 21 and 23. The values in the matrix
correspond to the oover intervals in the default option of TWINSPAN, with values
1 to 5 indicating covir mtervals (%) of >0-2, >2-5, >5-10, >10—20 and >20
respectively. ‘The columns of values on the right and on the botiom of the matrix
mdmate divisions of species and stands respectively at successive levels of division
in the cluster analysls

e



22 1111222 22233333323 3313111 112
13417478967825604589562794801230169352

I

FILI
YELL
ATAX
CRIS
LEPT
DISC
SALI
SPEC
RIGI
SPEC
OCCx

LANC
EROS
LUCI
SPIN

SPEC
MUCR
SIEB

MOLL
ROTU
MACK
CAFF
CILI
INER
ANIS

T, LUCI
PANT

POLY
SPEC
LYCI
HETE
WEYT
DENT
AFRT
HATR
MONT

SPEC
SERI |

PYRO

15-=-=111-11 1~=~3 i 111
21 ill 21 1
2111 1 1
-—13 el - 1
o] Rt 1
g3
11
42 :
—-—-2212~1-111 -],
5=31 1
111 .
i1
3112112 ~~1=2
122
—11 _ _ _ _
" i-11 1 s el
21 2111 L], =
L . 3345
——=en]e===]11353553553 ===
- 2. I
———— 1-3 2 -
: 533 -
B K Tt
: : 1 ' ———3=5 :
- e - L T -
1 s——51 - .
. G- i
11 dman) 3 1
rmemZ ] - -
Y Ll | N - i s
-kl § 3111—24L-111-1~--—--
m——2il=-1= 1-1 2 55 111 ==
: 1w—mml=2 et BE N - B
i -1 =1l~~5=3==12=211m]~==
-1 1-2 2 1=3we
' 12
- - 434
11 e 12
: =5543420 =
- 1- - ; doam

0000000000000G00000000000000011 112111
00000000000000000000001111111000000111
0000000000011111111111000011103,1311
001311113111000000000110011 01111

87

000
000
polioo0
00100
00100
001010
001010
001010
001010
001010
001010
001010
00l0l10
001010
001010
001010
001011
0010131
00110
00111
00111
00111
0100 -

0100

010100

‘010101

010101
010101
010101
010101
01011
01011
01011
011,
011

10

10
1100
1101
1101
1101
111
111




most appropriate arrangement is indicated by the choice of labels for naming
vegetation units (A to J, Fig. 5.4). :

The afﬁmty, and selected environmental conditions of each site, are summarised in
Table 5.3.

The first vegetation type iderfified in the classification was that with woody elements
absent or presert at extremely fow cover (<2%), namely unit J (Fig. 5.4). The
dlchommy at the second level of division was indicated by Leucosidea sericea®
(LEUCSERI)® on the one hand, and Acacia karroo (ACACKARR} on the other. The
group on the right of this dichotomy was divided again in the analysis, based on the
indicator Pagserina montana (PASSMONT) on the one hand, giving rise to ericaceous
sclerophyll (unit G), and Leucosidea sericea (LEUCSERI) on the other, giving rise
to scrub forest (umt B). The group indicated by A, karroo at the second level of
division was dmt}ed at the next level based on the indicator species A,_kgm and
Rhus lucida (RHLTSLUCI) in the negative group, and Protea caffra (PROTCAPF) and
Qlausgma_anm (CLAUANIS) in the positive group. The positive group was
dlwded further 011 the basis of the latter two species being indicators of positive: and
negatwe. groups J:eSpectwely, giving rise to P, caifra broadieaf sclerophyll {unit F)
~and forest (unit A) respectively. ‘The group indicated by A, karroo and B,_luuda at
the third level ot the division was dmded at the fourth level based on the mdlcator
species ﬁ,_lmg with cover greater than 5% in the positive group and wmh cover
less than 5% in'the negative group, and Felicia filifolius (FELIFILI) and E_,_hmda. -
in the negative group. The positive group was divided further based on the indicator
species A,_m;tmm (ACACSIEB) and mszsgymg_mgm (DIOSLYCL), both in the
positive group. Th:s division gives rise to two vegetation umts one an A,,_km ‘
savanna (unit D), Ithe other an A, sicberana savanna with broadleaf elements (unit C)
The negative ,-group at the fourth level of division (indicated by Ejhfohug and R,
lugida) was dmdllad further, the negative group indicated by Selago sp, (SELASPEC),
giving rise to thie unit of karoo (unit I), the positive group indicated by Grewia
occidentalis (GREWOCCT) and R. lucida. This group was divided again based on the

* Spacies romenclature follows Gikbs Russel gf al. (1987).
’ Species names and abbreviations are given in APPENDIX 2.
88 |



R

Table 5.3; Selected environmental conditions associated with each site (STE) visited

in the study, including the duration of the growth season (GDAYS), growth season
temperature (GTEM), soil depth (DEP), clay cositent of A- and B-horizons (CA, CB),
sand contents of these horizons (SA, SB), increase in clay content from the A- to B-
horizons (ILLUV), cover by exposed rock (RK), slope (SL), evenness of the soil

 surface (SDSL), aspect (AS), fire frequency (F) and grazing intensity (G). Tree

cover (TREE) is also provided, as is the site number (NO) and vegetahon unit into
which it was classified (T). :

STE| No T GDAYS GTEM DEP CA SA CB SB ILLUV RK SL SDSL AS I G TREE
Pl 1E .74.9 19.2 15 42 35 42 ¥4 - 0.1 19 15 0.14 SB 1 2 46.2
i P2 2D 61.6 19.8 70 32 50 44 41 -XIZ.7 2 5 0.1)1 KW 1 4 28.8
X P3 33 57.5-19.9 20 26 55 26 65 0.2 10 5 0.04 N# 2 4 0.5
8 P4 4 68.5 19.8 80 2073 24 69 5.1 .1 4 0.03 SE 2 4 1.7
P5 5% 79.5 19.5 20 27 62 27 61 0.2 45 7 0.29 Bw 1 1 10.3
P6 6D 61.019.2 B5 21 732570 1.6 1 4 0.03 KWL 5 9.6
E P7 7D $62.0 19.4 130 47 30 50 33 2.5 0 00,02 O 2 4 60,2
1 pe 8 J 57.5 19.9 2533 54 37 48 4.1 O 4 0.03 8E 23 0.3
{ P9.{ 9 E &1.6 19.6 20.55 24 56 23° 0.9 33 15 0,19 S 1 2 91.8
frio) 10 F 69.6 19.2 10 26 65 26 64 017 90.08 §2 3 41.3
i V1 { 11 J 85.0 17.3 70 35 47 46 41 7.4 0 9 0,02 W4 3 1.6
v2'| 12 B 95.0 16.8 40 52 22 60 19 7.9 30 30 0.18 N 3 3 3.4
V3 | 13.B 95.4 17.1 235 49 26 62 19 12.7 23 28 0,25 N 3 4 15.3
v4 ) 14 B 101.7 16.1 40 50 21 55 19 4.7 12 34 0.16 s 4 3 8.8
V5 | 15 B 101.4 15.8 70 87 10 60 6 3.8 0 25 0,11 s 1 2 48.2
Ve | 16 J B6.% 17.3 1059 1060 9 0.8 2 2 0.07 03 4 0.5
v7 1 I7 J 66.9 17.3 65 4% 19 61 17 ~11.7 0 6 0.05 8 3 4 0.5
V8 | 18 J 101.4 16.0 60 49 24 53 23 3.9 0 13 0.03 W33 0.8
Bl | 19 ¢ 86.1 16.5 50 17 47 23 52 5.8 5 23 0.21 NE 2 1 24,1
B2 | 202 91.5 16.6 40 21 57 23 59 2.1 9 220,10 N1 2 4.2
B3 | 21 0 74.4 16.9 65 22 50 32 44 9‘g 5 80,05 N22 0.5
B4 § 225 88.9 16.8 130 22 65 3058 7.8 0 B8 0.03 E 2 4 0.5
BS | 23 6 80.,216.2 50 20682268 1.8 0 60.04 W24 7.8
B6 } 24 B 85.9 15.8 110 28 50 40 44 11.9 2 14 0.09 & 2 4 10.2
B7 | 25 7. 74.4 16,9 110 30 42 44 37 13.8 0 7 0.03 852 4 0.5
BS | 26 J- 99.0- 16 120 24 64 36 50 212 10 0.09 823 0.5
BLlj 27 E 63.9 17.8 30 33 49 26 '58 -7.1 21 32 D.14 & 1 4 28.4
, BL2 | 28 B 60.6 17.9 15 40 41 41 40 0.9 120 3 0.05 0 1 4 13,7
. BL3 § 29 J 55.0 18.4 210 44 35 60 23 16.5 0 2 0.03 02 4 0.5
‘BL4 | 30 B 58,9 18.7 35 39 42 38 47 -1.8 42 28 0.21 N 2 4 3.5
BL5 | 31 .7 61.2 18.8 75 40 52 56 34 15.8 0 3 0.03 012 G.5
BL6 ! 32 7 55.0 18.4 33 31543452 3.1 0 30.03 023 0.5
BL7y 33D 60.6 17.7 110 34 47 45 40 11.1 O 2 0.03 O 2 & 41.4
Bi8y 34 7 55,0 18.4 130 16 80 32 63 16.2 O 3 0.04 0 11 0.5
BL9{ 35 J 61.2 18.8 4523 69 34 60 10.5 0 10.02 O 1.3 0.5

I

i | N %
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indicator species Pavetta sp (PAVESPEC) and Mﬂxmumm (MAYTPOLY)
in the negative group, and Qsyris lanceolata (OSYRLANC) and Rhus longispina
(RHUSSPIN) in the positive group. These correspond to a broa;llaaf savanna (unit E) |
and savamna with karoo elements {unit H) respectively. :

5.3.2.1 CLIMATE

The distribution of wooded patches in the grassland biome is not determined by

- microclimatic conditions that distinguish them from thé_macmclimate of the biome
itsclf. "This is illustrated by the occurrence of all of the wooded patches within the
 region of the no-growth temperature - duration of the growth season plane that

discriminates grasslands from other summer rainfall biomes (Fig. 5.5). Fither
climatic conditions identified at the subcontinental scale as determining the

‘distribution of the grassland biome do not apply at the local scale, or the significance

of these conditions has fiot been properly established.

An ypper limit to the abundéncg (esﬁ:hafed on the basis of aerjat dover) of woody

elements appears to be determined in a general way by a combination of the duration

of the growth season and by the temperature during the growth season (Fig. 5.6).
An increase in either the duraticn of the growth season or the wet season temperature
results in an increase in the upper limit of cover by woody piants, reflecting an
increase in site favourability. Despite this general relationship between maximum
cover and climate, grasslands without any woody elements occur over the entire range
of climatic conditions covered in the study.

5.3.2.2 SOILS

The relationship between soil types and the occurrence of wooded and non-wooded
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. Figure 5.5: The distribution of study sites in the grassland biome with (O) and

without (C) woody plants in relation to the duration of the growth season and the !
temperature during the no-growth season, The most important aspects of microclimate
have been included for the study sites. The names of biomes are given based on the -
subcontinental scale analysis of the distribution of the summer rainfall biomes in

relation to mamchmate
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" Figure 5.6: The distribution of study sites in the prassland biome with (0) and
without (&) woody plants in rejation to the duration of the growth season (GDAYS) -

and th¢ temperature during the growth season (GTEM). The total cover (%) of
woodyplants(TREE)lsgwenonthevsmcalaxls _
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patches is indicated in Table 5.4. Sites with a well developed illuvial B-horizon*
(including duplex soils, vertisols and soils which showed evidence of waterlogging)

generally supported grasslands with less than 2% coves by woody elements. Atotal .

of eight sites out of 29 characterised by soils belonging to these types supported .
woody elements. The occurrence of woody plants in these sites could largely be
attributed to the exclusion of fire or other anthropogenic factors such as a history of
heavy grazing (sites 36, BL7, H4, P2, P6, Q1, Q3, VR4; Table 5.5). In addition,
sites were dominated by one ot a combination of Acacia karroo, A. sieberana and
Leucosidea serices, all of which are considered to be invading the grassland bio 2
extensively (Troilope 1974, Coates Palgrave 1977, Aucamp et _al. 1983, Friedel
1987). 1t is possible that in an undisturbed situation these sites may have supported
grassland,

The separetion of soils with a shailow hardpan horizon or with shaliow impervious
rocks and those with a lithocutanic B-horizon (Table 5.4) is based on the extent to
which the B-horizon was characterised by weathering rock. Where absent, the soit
was considered to ha\;e shallow impervious rock, and to be similar from the point of
view of the plant to a soil with an indurated B-horizon. Where present, the site was
considered to have a lithocutanic B-horizon, Of 11 sites with shallow impervious
rock, only one supported wood, elements with cover greater than 2% (Table 5.4).
""his site was on cave sandstone, with a shallow, sandy A-horizon, and supporting
Passéring montana of fynbos affinity (site B5; Table 5.5). It was in a situation that
was protected from fire, being on an island of =oil approximately 0.5 ha in size, and

4 A well develepad illuvial B-horicon is defined here as
one in which the B~horizon is fully Jdeveloped to a depth of
greater than 50cm (excluding lithocutanic B-horizons, or those
of stratified alluvium or regic sands), and which shows an
increzse in the clay content from the A~ to the 3-horizon. This
differs from more conventional definitions, in which a specific
increase in clay content over a specified depth is stipulated
(cf. Soll Survey Stafi 1960, MacVicar gf al. 1977). .In order to
investigate the hypothesis of Feerly (1987) that the presence of
a 'well developed cutanic B~horizon’ limits the establishment of
woody plants, as broad a definition as possible of a ’cutanic B-
horizon’ has been taken. He neither defined a ‘entanic B-
hor@zon', nor did he guantify soil texture in his study. The
basis for his interpretation of a cutanic B-horizoa is not clear,
but waz probably based on landscape features and ‘topography
rather than soil texture per se.
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IABLE_M The ‘occurrence ofsms with woody cover greater and less than?.% _
within the grassland biome, in relation to 3 broad categories of soil type; those with
a well developed illuvial B-horizon (sensy Feely 1987), those with a shallow hardpan
horizon or with shallow impervious rock, and hthocutamc soils with a poorly
developed illuvial B-horizon. ~ _

Wall Shallow . Poorlj
. developad hardpan or developed
illuvial - shallow, . 1liuvial
B~horizon impervious B-horizon
i  (including rocks (lithocutanic
5 . duplex, soils)
vertic or v :
waterlogged)

> 2% woody
covar

< 2% woody |
cover !
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TABLE 5.5: An analysxs

stands that may be considered exceptions to the

genemlly observed relationships between soils and the occurrence of woody elements.

B6 Neocutanic nggggiggg Protected
B B-horizon gericea scrub from fire,
' forest history of
heavy grazing
BL7 | Red structured Acacia karce | History of
& P§ B~horizon savanna heavy grazing
i . S )
H4 Waterlogged Acacia sieberana Protacted ﬂ
savanna from fire
B2, Duplex soil Acacia karoo History of
Q1 & with daegraded savanna heavy grazing
Q3 A-horizon _
VR4 Yellow-brown \ : History of
. apedal savanna with heavy qrazing
B~hoizon A. Xaroo

Cave sandstone
(depth = 0. 7m)

Lithocutanlc

B~horizon

(n=1)

Clearad by
hand for

stock, burned

frequently |
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completely surrounded by exposed rock (cave sandstone).

In contrast, of 30 sites with soils with a poorly developed illuvial B-horizon (shaliow
hthocutamc B-horizon or unconsolidated afluvium), but .wﬁ'ichl also did not have a
shatlow impervious rock layer, 29 had woody elements (Table 5.4). The site without
woody elements had been cleared by hand for stock, a condition that had been
. maintained by frequent buming (site Q8; Table 5.5).

The sites with a well developed illuvial B-horizon were divided into three classes on
the basis of the maximum difference in the absolute clay content between the A- and
B-horizons; those with an increase of less than 5%, 5-15% and greater than 15%.
These data show little relationship between the degree of illuviation and the ability
of a site to support woody elements (Table 5.6), a relationship that may be expected
if the degree of illuviation per se affected the occurrence of woody elements, as
suggested by Feely (1987).

" 5.3.2.3 TQPOGRAPHY AND FIRE

It scems unlikely that the observed correlation between the presence of 2 well
developed cutanic B-horizon and the distribution of grasslands reported by Feely
(1987) is causal. Rather, these soil types are associated with Jandscape positions
subjected to frequent, intense fires, They occur on gentle, even siopes and are not
associated with outcrops of parent rocks (Table 5.7). In contrast, shallow lithocutanic
soils geliera_lly occur on steeper, more uneven slopes, and have greater rock exposure
than any of the other soil types identified in the present study. Steep slopes,
particularly with a leeward aspect, uneven surface characteristics, or the occurrence
of rocky outcrops at a site, would reduce plant density, fuel load, and therefore fire
frequency and intensity (Everson gt al. 1988).

For a given growth season duration, grassland occurs in situations of low slolie
compared to wooded sites (Fig. 5.7). Aspect is also important in determining the
degree of woodiness, generally with southern aspect slopes better wooded than other
aspects for a given duration of growth season and siope (Fig. 5.7). On less steep
slopes the effect of aspect is less marked than on steeper slopes, The inclusion of
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TABLE 5.6: Theodcunenceofwoodedpatchesmthinﬂlegrasslandbiomein |
situations with an illuvial B-horizor., but with different (absolute) percentage increases
in the clay content from the A- to thc B-horizons,

§ < 2% woody
| cover

L > 2% woody 6
cover
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- TABLE 35.7: Rehnmumqm between soil dmnw&nﬂmm and unm@nqmuaL
characteristics that inﬂuence fire frequency ‘and intensity,

VWell

developed
illuvial -

B-horizon
including
duplex or

f waterlogged

soils
(n=29)

0-5
6-=10
11-15
16=2D
21-~-30
3i~40
>40

Shallow

‘hardpan or

" shallow
inmpervious
rocks

(n=11)

Poorly devaloped
illuvial B-horizon

* Transported from upsiope.

Lithocutanic|Unconsolidated]
B-horizon B-horizon |
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Figure 5.7: The distribution of study sites in the grassland bicme with (0) and
without (¢) woody plants in relation to the duration of the growth season (GDAYS)

and slope (SLOJ The total cover (%) of wocdy plants (I‘REE) is given on the
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slope and aspect m the water balance component of the study suggests that it is an
effect of slope and! aapect other than on the moisture balance and temperaxure reglme
that affects site wocdmess The only other factor that is suggested to be important
is the effect of thee}g two factors on the fire regzme in relation to prevailing winds.
The prevailing wmds in the grassland biome during the dry season are predominantly
southerly to south—é%terly (Iiickson 1652, Tyson 1969), with southern and south-
eastern slopes genefally SlleeC‘t to less frequent and intense fires than northern and .
north-eastern slopes I'Everson et al. 1988)

Some of the best kndwn fire exclosure sites in the grassland biome are located at
Thabamhlope (Fig. 5.1), where fire has been excluded for about 50 years (W.
Trollope, personal comrunication). One site has soils with a well developed illuvial

B-horizon, The site supports dense scrub forest (Fig. 5 8), suggesﬁng that under the
climatic conditiotis at Thabamhlope at least, fire and not soil charactcnsncs, is the
most 1mportant factor preventmg the establishment of wcody plants. ' '

i
¥

5.4 DISCUSSION |
This section of the study has shown that topography,. soils, grazing and fire are
important determinants of the distribution of woody elements in the grassland biome.
It will be argued that the features of climate associated with the grassland biome
promote frequéﬁt fire, and thereby determine the distribution of the grassland biome

as a whole.

I

' 5.4.1 WHY NOT TEMPERATURE ALONE?

Cool temperatures during the non-growth season have frequently been cited as a cause
of the absence of woody elements from the grassland biome (Acocks 1975,
Rutherford & Westfall 1986, Ellery et al. *991), The preﬁence of woody plants in
areas of the grassland biome that experience the coldest dry season temperatures in
South Africa suggests that it is not temperature alone that limits the establishment of
woody plants. The coldest winter temperature ever. recorded in South Africa was
measured on the farm Buffelsfontein between Molteno and Dordrecht in the eastern
Cape during the winter of 1991, Some of the sites visited at Marshmoor in the
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Figure 5.8: The fire exclosure at Thabamhiope in Natal. The area where fire was
not excluded is grassland. The area of exclusion has become a dense m'mbufomst
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present study (Fig. 5.1) were situated within 10km of this station, all at a similar

" alitude and experiencing similar temperature and moisture conditions (Weather -

Burean 1988). A number of these sites supported woody elements, their distribution
pattern being determined by landscape features identical to those at sites elsewhere
in the grassland biome. It-seems likely that even the sites that support woody
elements in the vicinity of Marshmoor experience temperatures colder than elsewhere
in the bionie that do not support woody elements.

A further source of evidence suggesting that temperature is not the major determinant

of the presence or absence of woody eiements at a site is presence of woody slements

in topographic positions that are not protected from cold winter temperaiures or frost.
Of the sites dominated by A. karroo, many were on extremely shallow slopes in
situations that are ot protocted from frost or cold winter temperatures. Stands
dominated by this species have been observed to survive extreme frosts. With these

" observations in mind a more appropriate question is "why is A, karroo not more

widespread in the grassland biome?’

Woody plants in other parts of the world are abie to withstand the effects of freezing
temperatures.. Adaptations to low temperature include supercooling, extraceliular
freezing and extraorgan freezing (Arrls & Eagleson 1989). Whether or not any
southern African woody plant species are able o withstand freezing temperatures by
one or other of these mechanisms has not yet been established. The presence of

weody plants in areas that experience extremely cold dry season temperatures
suggests that there are. These include the woody slements of Afromontane affinity
in the Mighlands of Lesotho, the woody plants of the nama-karoo biome (previous
chapter) and the presence of woody elements in the coldest region of the grasstand
biome of South Africa. Areas in which these plants are found are not particularly
cold by global standards.

The climate of the grassland biome is characterised by a moderate to high rainfall
dusing the warm season, and a relatively cool dry season. It has been suggested that
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this combination of climatic features intrinsically favours frequent fires (Stephenson
1990, Ellery et al. 1991). Net primary production is sufficiently high during the wet
season to allow the accumulation of abundant fuel, and the seasonal drought allows
the vegetation to dry out, ignite and carry fire. The effect of fire in restricting the
distribution of woody elements has been recognised widely, and frequent burning is
consideted to favour the grassland habit (Vogl 1974, Axelrod 1985, Sims 1988).

In areas with a prolonged dry season it appears almost impossible to protect
vegetation against man-made fires (Dimbleby 1977). The same probably applies to
natural fires, given an ignition source, Of South Africa’s biomes, the grassland
biome has the highest lightning density (Manry & Knight 1986), a feature likely to
promote frequent burning, even before the continent was inhabited by humans that lit
fires at will. '

Within this ’fire prone environment’ sites protected from fire, or those that are
subjected to fires of low intensity, are susceptible to encroachment by woody plants,
Grazing is & major determinant of the spatial and temporal dynamics of fuel, and
therefore of the ability of vegetation to carry fire (Anderson 1982). The interaction
 of topography and wind also affects the distribution of woody plants. Steep leeward
slopes are protected from fire, and they are prone to encroachment by woody plants.
The occurrence of *berg’ winds * over the eastern seaboard dessicates vegetation and
renders it susceptible to burning. Forest patches of the eastern seaboard are confined
to *berg wind shadow areas’ (van Daalen & Geldenhuys 1988), illustrating the
interactions of wind, topography and fire. Berg winds are sometimes preceded or
terminated with the passage of a cold front (Tyson 1969). This combination of
circumstances must render vegetation extremely susceptible to fire effects.

A further fire-promoting feature of climate in South Africa’s grassland biome is frost.
The occurrence of frost per se in the grassland biome has been considered to limit the
establishment of woody elements (Acocks 1975), and would appear to be corrslated

* Berg winds are hot, dry winds that occur as a result of
the subsidence of air fr-m above the escarpment to the .coast in
the transition zone between antioyeclonic and cyclonic
circulations in winter {Tyson 1969).
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to both the present dry season temperature index (no-growth temperature) as well as
the mimimuin temperature of the coldest month (cf. Rutherford & Westfall 1986).
It seems likely that frosts in the grassland biome would cure the sward early in the
dry season, and ihus render them flammable throughout the dry season. For those
woody species that are fire tolerant, such as savanna woody elements (McNaughton
¢t al. 1982), the combination of cold temperatures and a prolonged fire scason may
contribute to their absence from the grassland hiome as a whole. Savanna trees may
be frost sensitive, and their distribition may be limited by the frequent occurrence of
frost in the dry season. Occzsional severe frosts in the savanna biome have resulted
in widespread mortality of trezs. Alternatively, it may be that cool temperatures at
the beginning and end of the wet season in the grassland biome limit woody pl.nt
production sufficienily to preclude their establishment. In other respects the climate
of the savanna biome i. similar to the grassland biome, having a strongly seasonal
summer rainfall that would permit the build-up of sufficient fuel to carry fire, and the
presence of a marked dry season that causes the dessiccation of vegetation and

therefore favours fire.

The humid conditions that prevail in forests reduce the occurrence of fire, except
following a prolonged drought (Granger 1984, Clark 1998, 1989). This illustrates
the effect of the (long-term) water balance in determining the occurrence of fire. In
the arid and semi-arid areas of the succulent and nama-karoo biomes rainfall is sparse
and erratic (Rutherford & Westfall 198¢; ™:-n results in low primary productivity
(Rutherford 1978, 1980) so that fuel loads accumulate slowly (Edwards 1984).
Further, karco plants tend to be spaced widely, reducing fire spread. Fires are
therefore refatively rare in these biomes (Stuart-Hill & Mentis 1982, Edwards 1984,

Rutherford & Westfall 1986), tending to occur following periods of unusually high
rainfall. Fynbos vegetation is highly flammable due to the presence of oombusnble
oils, finely divided canopies and relatively continucus. structure mutherford &
Westfall 1986). However, post-fire regeneration is relatively slow, requiring at least
four to six years to accumulate sufficient fuel to sustain another fire (Kruger &
Bigalke 1984). It seems that natural frequencies range from six to forty years
(Kruger 1979), but generally would be more frequent than every 25 years (Rutherford
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& Westfall 1986).

In summary it appears that climate contnbutes indirectly to the development of
grasslands by maintaining a disiarbance regime ‘that excludes woody plants that are
not fire tolerant, Spemss that are fire tolerant appear unable to tolerate low dry season
temperatures in addmon to a prolonged fire season. Tais hypothesis can onl, .
tested with more intensive sampling of the interface between the grassland and the
forest and savanna bipmes, Further work also needs to attempt to develop models
that predict fire frequemy and intensity in different vegatatlon types and under
different cllmatlc conditmns .

5.4.4 mmmnmmmmp_m

| If fire is a-major deferminant of the distribution of the grassland biome, then it s
necessary to have ;. apdgraphy that enables fires to spread over large areas i.e. gently
undulating and unb1 oken Thw faature was recognised for the North American
grassland biome (Ande.rson 1982, Axelmd 1985). Fires have swept yenodma]ly cver
vast greas of the great plains of North America, and are considered to be correlated
with the occurrence of the grassland biome there (Cooper 1961). Forests in _Illm01s-,
USA are confined to rugged topography associated with streams and glacial moraines,
with grasslands occurring on level till plains (Rodgers & Anderson 1979). In most
of the central plains of tue USA grasslands occupy relatively level topogréphy, with
 woodlards or forests restricted fo rough dissected topography (Wells 1965, 1970).
South Africa’s grassland biome is situated on a gently undulating land surface (Mentis
& Huntley 1982, Partridge & Mavnd 1987), which would have enabled f'u'es to spread.
over vast areas. Most experience with grassiand fires today is limited to prescnbed
burns, frequenily under conditions that permit easy fisz control. Asa result there is |
relatively little information or: fire .. ider pre-colonial ¢ounditions which may have
maximised fire spread or damage to woody plants (du Toit 1972, Trollope 1973,

1974)

A further important determinant of fire behaviour it the result of interactions during
the fire season Of topography and wind. Sites on steep leeward slopes are likely to be .
| protected from fire, ar erefore kave woody plants in greater abundance than
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windward slopes (van Daalen & Geldenhuys 1088, Geldenhuys Personal
Communication®). ' |
Past odnfusion regarding the roles of fire, climate, topography and soils in
maintaining grasslands, appears to have been due to these factors not having separate,
unrelated effects. Local topography influences the spatial arrangement of grass tufts,
with the increased microrelief associated with rock outcrops decreasing plant density
and therefore the potential fuel load. It also creates discontinuities that would reduce
fire spread (Everson gt al. 1988). Soils with poorly developed illuvial B-horizons,
are correlated with sites of high microrelief or exposed bedrock, and therefore with
* low fire frequency or intensity. The suggestion that soils determine the distribution
of the grassiand biome as a whole (Feely 1987) is therefore considered spurious, At
smaller spatial scales the distribution of woody plants in the grassland biome is
associated with differences in soil types (Ellery ef al. in press), but these may be the
result of the effect of soi! surface characteristics on the fire regime rather than of the

soil on the vegetation per se.

A synthesis of results from last two chapters is simmarised in Figure 5.9. Tt shows
the perceived role of climate, topography, soils, grazing and fire in giving rise to the
grassland biome, and to wooded and non~wooded patches within the grassland hiome.
Rainfall is moderate t~ high, is strongly seasonal, and occurs in summer. The
combination of intermediate to high rainfall, and warm temperatures during the wet
season are climatic features that promote high wet season plant production, and
therefore the establishment of a high standing crop. Low temperatures in the dey
season, and the occurrence of frosts, may cure the sward early in the dry season.
This renders the sward flammable for longer than in other biomes, where rainfall is
intermediate to high, and where it is strongly seasonal and in summer {e.g. savanna
biome). Warm, dry winds in winter in the moist grasslands east of the Great
Escarpment desiccate the sward, once again enhancing its susceptibifity to fire.

_ ¢ c¢.J. Geldenhuys, FORESTEK, CSIR, PO Box 395, Pretoria,
South Africa.
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Figure 5,9: A diagram summarising a conceptual model of the distribution of
grassland and wooded vegetation units. Solid arrows indicate the outcome of a
process or event, but dashed lines indicate the outcome should the condition not be
met in the scheme,
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Lightning strike intensity is higher in the grassland biome than in other biomes.
Being a natural ipnition source, it would have caused fires prior to. the time that

* humans used fire as a tool to concentrate game locally, and in the mansgement of

natural pastures for livesteck. Provided that herbivores do not remove the bulk of
the wet season standing crop, fires would occur frequea .y. '

A further condition is necessary for the existence of 2 grassland biome. It requires

a relatively unbroken topography so that fire can spread. The existenc. o wooded
pamhesmtheshadnwamsoftheprwmhngmdsdunngthedry season in the
grassland biome: suppu-ts this suggestxon

All of the condxtlons need to be met in the scheme nresented in Figure 5.9 for the

‘existence of the gmssiaud biome. Its distribution is therefore under the ovem]l
" control of climate, which promotes frequent burning for a prolonged period each-
year, Features of the environment that promote fire spread are also 1mportant inthe

matntenance of the grassland biome.
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CHAPTER 6

IDENTIFYING THE MAJOR FUNCTIONAL FEATURES
OF SOUTH AFRICA’S GRASSLANDS

6.1 INTRODUCTION

Within South Africa’s grasslond biome, a number of structural and functional types
have been recognised. One aspect that has been dealt with thus far has been the
distinction between *true’ and "false’ grassiands {Acocks 1975). This distinction has
formed the basis of many rangeland management practices in South Africa,
particularly in terms of developing objectives and policies for burning (Tainton 1981).
The distinction of sweetveld, mixed veld and sourveld is another component of a
range of possible adaptive responses of vegetation to the environment. A structural
criterion used to distinguish different grassland types is based on the height of the
swarc"l'(tall vs, short grassland types). Seldom have studies focused on more than one
or a few of these chiaracters at 4 time in an attempt to develop an objective structural
or functional classification. The aim of this section of the study was to identify,
using objective techniques, the response of a range of functional characteristics of
grassland plants to the environment,

6.2 METHODS
6.2.1 VEGETATION SAMPLING AND SITE DESCRIPTION

Grassland vegetation was sampled in 101 study sites in 10 study areas within the
grassland biome (Fig. 6.1a). Study areas were selected to cover a wide range of
temperature and moisture conditions (Fig. 6,1b). Within each study area sites were
chosen to cover a wide range of sil types, landscape positions and managemert
regimes,

The grass layer at each site was sampled using the point-to-plant and plant-fo-nearest-
neighbour method of Cox (1976). The basal circumference of each tuft encountered

119



(a)

400 km

®
s | woL+
Eu L M .p
"E
29
E S+ WAK+  waT+ .
8 2. G
R+
$
85 . 0 o 7600 T200
Mean annual rainfal! (mm)

Figure 6.1: The distribution of study areas within the grasgland biome (a) and the
range of mean annual temperature and precipitation covered by the selection of these
sites (b). Abbreviations for the place names and the number of stations at each site
are as follows: E = Estcourt, 7; G = Graskop, 10; L = Lindley, 7; M =
Middelburg, 9; P = Paulpietersburg, 8 R = Rhodes, 15; S = Steynsburg
(Platoiomp), 10; WAK = Wakkerstroom, 11; WAT = Waterford, 13; WOL =
Wolmarans.d, 11.
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during sampling was measured. The data were used to calculate density and basal

cover for each species at each site. Site characteristics measured were the same as
those described in the previous chapter, namely slope, aspect, slope variability, fire
frequency and grazing intensity. Soil profile descriptions and sampling were also
done as described in the previous chapter. |

6.2.2 CLIMATIC MODELLING

Local climate was modelled as described in the previois chapter (Figs. 5.2 & 5.3).

6.2.3 SOIL ANALYSES

Soil samples were taken from each horizon providing an average of three samples per
profile. In addition to these, composite surface soil samples were {aken to a depth
of 0.1 m from 25 evenly spaced points in each pi~t. Soil texture, bulk density and
organic carbon content were measured for samples from the soil pits using the
techniques described in the previous chapter. Exchangeable calcium, magnesium and
potassium contents were measured on the same samples using a 1M ammonivm
acetate extraction and measuring concentration by atomic absorption spectroscopy.
Total nitrogen, an index of readily mineralizable nitrogen and exiractable phosphorus
were determined for each of the composite surface samples, Total nitrogen was
measured by wet oxidation based on the Kjeldahl digestion using selenium as a
catalyst (Keeney 1982). The digests were analyzed colorimetrically for nitrate by the
salicylic acid method (Cataldo et al. 1975). The index of mineralizable nitrogen, a
measure of the size of the readily mineralizable nitrogen pool, was measured by
anaerobic incubation at constant temperature (40°C) for seven days (Keeney 1982).
The supernatant solution was analyzed colorimetrically for ammonium using the
techuique of Dorich & Nelson (1983). Extractable phosphorus was measured by resin
bag extraction (Amer et al. 1955, Sibbensen 1978} with concentration measured
colorimetrically using the technique of Murphy & Riley (1962).

A number of mdwes of soil fertility were developed including the sum of calcium,
magnesium and potassium for the A- and B-horizons (CMKA and CMKB

respectively), and the st: ndardised sums of calcium, magnesium, potassium, nitrogen
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and phosphorus (NUT1), and of nitrogen and phosphorus (NUT?2). Standardised

values for sach element were calculited using the minimum and maximum values of
all samples. Thess were given values of O and 10 respectively. The reinaining
sample values were scaled arithmetically between these two extremes.

The environmental variables used in anaiysis of data from individual stands.are

summarised in Table 6.1.
6.2.4 DATA ANALYSES

6.2.4.1 INVESTIGATING _ RELATIONSHIPS _BETWEEN _ CPECIES

DISTRIBUTIONS AND ENVIRONMENTAL CONDITIONS

An indirect gradient analysis was performed using dotrended correspondence analysis
of the species by stands mafrix &s a primary matrix, with the environmental
conditions by stands matrix as a supplementary .natrix.

6.2.4.2  INVESTIGATING RELATIONSHIPS BETWEEN SPECIES
DISTRIBUTIONS AND FUNCTIONAL CHARACTERISTICS

Characters considered of functional significance, such as photosynthetic pathway and
growth form, were selected. Each species was assigned to an attribufe class for each
character. For example, attributes for the characier ’growth form’ were tufted,
stoloniferow:., rhizomatous or a combination of two or more of these attributes. Thz
full list of functional characters selected, together with each of the attributes for each
character, are given in APPENDIX 3, Species' were rated for each attribute based
on the literature, examination of herbarium material, or observations made in the
field. Species functional attributes for each character are provided in APPENDIX 4.
A score for each functional attribute for each site was obtaned by combining the
species by functional data matrix (Fig. 6.2a), weighted by the basal area for each
species, with the species by stands matrix (Fig. 6.2b} from data collected in the field,
giving a stands by functional characters matrix (Fig. 6.2c).

! species nomenclature follows Gibbs Russel et _al. 1930.
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Table 6.1: Environmental variabi=4 included in the species based ordination of stands

as well as in the discriminant analysis of differences between sweetveld, mixed veld |
and sourveld sites in the study area, aud abbreviations for each variable (see text,
figures and tables that follow). =

I3
Duration of the growth ‘seazon GDAY
Growth season temmerature GTEM
No~growth seison teuperature NGTEM
Sum of Ca, Mg & K in A-horizon CMKA
" Sum of Ca, Mg & K in B-horizon CMKB
Extractable phosphorus (A-horigzon) PO4
Total nitrogen (A-horizon) TOTN
Index of nitrogen mineralization NMIN
Standardised sum of Ca, Mg, K, N & P in
: - the A-«horizon NUTL. .
| Standardised sum of ¥ & P in the A~horizon NUT2
Grazing history GRHEIS
Fire history FIHIS
Slope SLOFE
% sand (A-hcrizon) " SANDA
% clay (A-horizon) - CLAYA
% sand {B-horizon) . SANDB
% clay (B-horizon) ; CLAYB

mm_m
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Figure 6.2: Schematic illustration of the way in which functional characters (with
attributes and parameters) were scored for each species (a) and combined with the

species by stands matrix (b) to produce a stands by functional characters matrix (se¢
text for details).
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This formed-the basis of an exploratory investigation of relationships between the .
species ordination and the distribation of the functional attributes for each chatacter.
In order to ascertain how well the functional attributes for each character seperated
from each other in ordination space, the functional attributes by stands matrices (one
matrix for each character) were ordinated. Due to uncertainty regarding thenamre.
of the functional attribute responses (linear vs. unimodal) for each character to the
range of environmental conditions covered in the study, a principal components
analysis (linear) and correspondence analysis (unimodal) were tried in each case. The
success of each of the indirect gradient analyses is considered to be indicated by the
sum of the moniéél eigenvalues. In linear technigues such as principal componests
analysis, individudl eipenvalues provide an indication of the percentage variance
accounted for by each axis (ter Braak 1987). In weighted averaging techniques such
as correspondence analysis, individual cigenvalues provide a measure of the
separation of attributes for each character by each axis (ter Braak 1987). The sum
of the canonical eigenvalues therefore provides some indication of how well the
attributes for characters scparate, and as such provides an indication of how well the
ordination has performed. These values were used as a basis for selecting functional
characters to be included in the ordination of species (and stands in the primary
matrix) and functional characters (and stands in a supplementary matrix). In this way
the geometry of the species baser ordination formed the basis for the analysis of the
distribution of functional characteristics. |

6.3 RESULTS

63.1 ORDINATION OF THE SPECIES BY STANDS MATRIX USING
DETRENDED CORRESPONDENCE ANALYSIS

The eigenvalues associated with the first four axes of the ordination of species and
stands suggest that the first two axes were far more important than the second two in
the separation of species and stands (Table 6.2). Fire frequency (FIHIS) and the
duration of the growth season (GDAYS) were most highly correlated to the first axis
of the ordination (Table 6.2), with both of these variables highly correlated to each
other (Table 6.3). The first axis can be considered to represent 2 moisture gradient,
with moist sites on the left and arid sites on the right (Fig. 6.3 a,b). The second axis
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Table 6.2: Eumnwmmmrand weighted correlation umﬁﬁmwnm ofemvunnnmmﬁd
vmablesmthﬂzeﬁrstfomwmaxesnfﬂwdeﬁer ﬂoompondenceanalymof
species and sites.

‘AXIS 3 AYTS 4

7372 . 6840 » 5085 -4483

-. 7448 0310 =.1037 .0818
+3335 «3492 ~.2745 -.1954
4572 -.2568 -.0454 - -0529 .
~-.0484  .0583  .1114  .0595
.3763 -.3839 -.2208 .0556
-. 40622 - .0186 ~-.1416 - .1923
~.4367 -. 0585 -.1869 +2079
=.0586 =-.2410 -.2556 »1845
« 2504 -.3267 -.1808 « 1465 .
-,7686 -,1005%  =-.0572 -.0445
-. 0725 -.0750 = .,3655 « 0056
. 0387 ~.1142 -.3659  .12nR
~.0218 .2390 .3951 -.2% 3
2161 ~, 2440 -.4545 - ,2155

117 i



4

Table 6.3 Pearson’s correlation cosfficients of eavironmental varisbles included ir
ﬂlespeclubasedo:dmauon Correlattonmefﬁemmtsthatmmgnﬁcant(?<0 b}

lm_ KUT1 NOT2 GRHIS FIHIS SLOFE SANDA CLAYA SANDB E
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Figure 6.7: The ordination of species (3) and stands (b) on the first two axes of the
detrendex orrespondence analysis {scores for species and stands on the first four axes
are provided in APPENDIX 5). Superimposed on the species ordination are the
centroids of each environmental variable (4). The mean values for the plots in each
of the study areas for ordination axes 1 and 2 are provided in Figure 6.4a.
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of the ordination was most highly correlated with the temperature during the growth
season, with cooler conditions prevalent at the bottom and warmer conditions at the
top of the second axis. The correlation between grassland composition and moisture
and temperature is striking, as illustrated by comparison of the species and stand
ordinaticns within a simple moisture-temperature plane (Fig. 6.4).

The sum of the canonical eigenvalues of ordinations of functional characters is Jow
for both principal components analysis as well as for correspondence analysis (Tabis
6.4). Of the 18 characters, 11 of the sums of eigenvalues were below 0.4 for
principal components analysis, and 15 below 0.4 for correspondence analysis. For
most of the characters (15), the sum of eigenvalues was greater for principal
components analysis than for correspondence analysis (Table 6.4) suggesting a linear
response for these characters over the range of environmental conditirns sampled. |
This is expected since the value for each attribute of each character is the sum of a
number of species attribute scores, and since the goal of a functional classification is
to reduce the complexity that is characteristic of species based data. The remaining
three characters indicate a unimodal response.

Attributes of the characters defence against herbivory and flowering phenology were
most clearly separated over the range of samples, with reproduction and growth form
also reasonably well separated (Table 6.4). The characters with the sums of
cigenvaluey greater than 0.4 in cither ihe principal components analysis or the

correspondence analysis were included in the analysis of the regression of functional
characteristics with the species based ordination.

The first axis of the output of functional attributes of characters, being correlated to
the species based ordination, corresponds to increasing aridity, and the second axis
to ircreasing temperaturc during the growth season (Fig. 6.3a). Characters have been
grouped into those associated with growth form, reproduction, physiclogy and
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Figure 6.4: Comparison of the mean values of the species based ordination of stands
(a; cf. Fig 6.3) with important features of climate (b). The climatic features are an
aridity index and the growth season temperature, Abbreviations for study sites are:
E = Bsteourt, G = Graskop, L = Lindley, M «~ Middelburg, P = Paulpietersburg,
R = Rhodes, § = Steynsburg (Platokamp), WAK = Wakkerstroom, WAT =
Waterford, WOL = Wolmaransstad.
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TABLE 64: The sums of canonical 'aigenvalues (TRACF) of the analyses of
individual functional characters of grassland sites using principal onmpnnmts analysls
(PCA) and oomspondmce ana!yms (CA).

FUNCTIONAL PCA . CA
. CHARACTERS  TRACE |  TRACE

PHENOLOGY
PHYSIOLOGY
REPRODUCTION
-SEED SIZE
SEED NUMBER

.~ DISPERSAL
LEAF PUBESCENCE
LEAF POSITION
HEIGHT
FLOWERING TIME
LEAF LENGTH

L¥AF WIDTH
LEAF X/S SHAPE
DEFENCE .
WOODINESS
GEOPHYTISM
PALATABILITY
GROWTH FORM
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defence. Siggeations are made regarding the adaptive significance of the distribution
of each of the attributes of each character in relation to the first two axes of the
specics based ordination, '

Functional characteristics considered to be related to growth form are growth form
itself, the degree of geophytism and the woodiness of busal parts of the grass plant,
The distribution of tufted forms, and tufted forms with rhizomes separates well along -
the first species axis (Fig. 6.5a), with wfted forms associated with high water
availability, and tufted forms with rhizomes associated with low water availability.
Other growth forms were very infrequently encountered, and omitted from the
analysis. The increased dependence of ofspring on the parent plant in tufted forms
with rhizomes may be adva:jtageous in arid situations where water stress is common,
and where moisture and/or nutrient avaiiability is possibly very patchy at a small
scale due to the frequent occurrence of shallow soils,

There appears fo bé an increase in the occurrence of species with greater degrees of
geophytism with increased moisture availability (Fig. 6.5b). In grasses geophytism
appears to be more an adaptation to increased fire frequency than aridity. The
distribution of i:lants with woody basal parts increases with increasing aridity (Fig.
6.5¢), with the exception that plants with no evidence of increased woodiness are also
common in arid areas. These are the annual grasses that are more common in arid
situations. An increase in the degree of woodiness of basal parts appears to increase
the storage of carbohydrate as well as possibly of water, which would assist in rapid
and prolonged growth after a rainfall event,

6.3.3.2 REPRODUCTION

The predominant mode of reproduction, seed size, seed number and flowering
phenology are the characters of longevity and reproduction that have been best
indicated over the range of environmental conditions sampled in the study,

There is a decrease in the degree of sexual reproduction with decreased moisture
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availability (Fig. 6.62). This reflects the greater contribution of tufted plants with
thizomes in arid areas, which have the potential to reproduce asexually. Tufted
forms predominate in moist areas, and these were assumed to be obligate sexual

reproducers, although under heavy grazing they may in fact break up to form a .

number of individuals.

Seed size decreases with increasing aridity (Fig. 6.6b), but the number of seeds
produced increases with increased aridity (Fig. 6.6c). The production of large
numbers of small propagules by annuals is clearly reflected in these relationships, but
it is also the case that many of the perennial grasses in arid areas (such as many
species of Aristida) produce a large number of small seeds. This is suggesied to be
the result of decreased competition, and increased environmental control of a plants
success in arid environments. Seeds of grasses are short lived, and in the spatially
and ter.  rally heterogencous environment of arid habitats, the production of a large
number of small seeds appears to be favoured, In the more predictable environment
of moist habitats, the production of a few large propagules appears to offer increased
comﬁetitive ability during early seedling development.

Flowering phenology in wet areas occurs throughout the growth season, or else early
in the growth season, with progressively later flowering as aridity increases (Fig.

6.6d). ‘

6.3.3.3 PHYSIOLOGY

The distribution of grasses with different photosynthetic pathways is related to both

axes of the species based ordination (Rig. 6.7). Grasses that are intermediate between

the C3 and C4 pathways, and therefore exhibit either of these two pathways are most
frequent in moist situations. Those with the NAD-me pathway occur primarily in
arid situations. The C3 pathway is predominant in cool, relatively moist situations,
and the PCK pathway in warm areas of intermediate moisture availability. The
NADP-me pathway is relatively close to the origin, apparently tending to predominate
jn more mesic situations. These may reflect the outcome of competitive interactions
in a given moisture/temperature regime, where the optimum moisture and temperature
conditions for plants with each of these photosynthetic pathways differs. For
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Figure 6.6: Ordination of characters associated with reproduction as supplementary

ma;:iees to t_hg: species'and stands ordination, showing the predominant mode of
reproduction (a), seed size (b), seed number (c) and flowering phenology (d).
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example, the optimum temperature for C, plants is higher than for C, plants, and C4
plants (Pearcy & Ehleringer 1984) may therefore be expected to outcompete C; plans
in warmer-situations. Similarly, the water use efficiency of C, piants is greater than
for C, planis, and species with the C, photosynthetic pathway may therefore be
expected to cutcompete those with the C; photosynthetic pathway in more and _
situations, |

The nature of plant defence against herbivory is correlated to moisture availability,
with grasses that have been recorded as producing tannin-like substances being tost

abundant in moist sites, and those with other forms of defence (wiregrasses, growth’
form, or with po obvious defence) in more arid situations (Fig. 6.8a). Grasses
defended with terpenes, or the 'mtshiki’ grasses (those with leaves that arc
particular]ly strong and d1fﬂcﬁ1t to break, so that when they are grazed, the whole

plant tends to be pulied out of the ground) occur in areas of intermediate water
availability. A gradient from sourveld to mixed veld to sweetveld is evident with
increasing aridi, {Fig. 6.8b). Soumess appears to be correlated with the duration
of the growth season, as well as with the occurrence of tannin-like substances in
grasses. -

The Jistribution of attributes in relation to the first axis of the species based
ordination provides 2 useful basis for developing a preliminary functionat
classification. The first axis can be divided into approximately three equal sections,
representing a gradient from moist to intermediate to arid (Table 6.5). Although the
arrangement of attributes in relation to the second axis reflects their occurrence in
relation to the growth season temperature, no clear groupings are evident, and it will
thus not be included explicitly as a factor in the present analysis. |

Tufted perennial grasses that are modetabeiy to strongly geophytic, and which do not
have strongly woody basal parts tend to predominate in moist areas. Leaves tend to
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Table 6.5: The distribidon of atiibutes of functional characters in relation to
moisture availability, giving some impression of the functional profiles of grasslands
that might be expected along the moisture gradient,

FUNCTIONAL MOIST i
CHARACTER
GROWTH FORM Tugted Tufted with
: rhizomes
» GEOPHYTISM Strong Slight
Moderate Absent
WOODINESS OF Slight Strong
BASE : Moderate
Absient
REPRODUCTION Sexual Vegetative E
- or sexual
SEED SIZE Large ! Small
Medium !
SEED NUMBER Average Many
T Few
FLOWERING Early Late
PHENOLOGY - Middle :
Throughout
PHOTOSYNTHETIC C & C4 PCK NAD-me
PATHWAY G
NADP-me
DEFENSE Tannins Unpalatable | Wiregrass
Mtshiki’ .  Absent
Terpenes Growth. form §
PALATABILITY Sour Intermediate Sweet
Unpalatable
M S — — .
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e defended with tannin-like substances, and the sward tends to be sour. Flowering
is relatively early, or else occurs throughout the growth season, with obligate sexual
reproduction a common feature, A small to intermediate number of seeds is
produced, and the seeds are generally larger than in more arid sitoat 1s. The
predominant modes of photosynthesis are C3, intermediate forms with both C3 and
C4 pathways or NADP-me, ‘The C3 pathway is predominant at relatively high
moisture availability and at low temperatures.

At intermediate moisture availabilitics, many of the attributes are intermediate
between those of moist and arid sites. Attributes that appear more frequent in sites
of intermediate moisture availability include defence with terpenes or the "mtshiki’
grasses. Although grasses of intermediate palatability predominate, species that are
uripalatable are also common. The PCK photosynthetic pathway tends to be most
common in areas of intermediate moisture availability.

Perennial grasses in arid areas tend to be tufted with rhizomes, Basal parts tend to
be more woody than in moist areas, with the exception of annual species which do
not show any signs of woodiness, and geophytism is generally siight or absent. Wire
grasses tend to be more gbundant in arid areas as do those that defend themselves by
prosirate growth forms, or having stolons that are burier!. Sweet grasses are more
widespread in arid areas. Flowering appears to be late in the growth season, although
species that reproduce vegetatively as well as sexually are more common than in
moist areas, It appears that a relatively large number of small propagules are
produced by species in arid areas, and species with the NAD-me photolsynthetic
pathway are common.

6.3.4 POC(

One of the hest known but least understood characteristics of South Africa’s
grasslands is the occuirenice of sweetveld, mixed veld and sourveld. The gradient
from sweetveld to sourveld along the first axis of the species based ordination is
clearly illustrated, as is the correlation of the disiribution of these grassland types
with different types of defe_nce {Tig. 6.8 a,b). The ordination further suggests that
the distribution of these veld types is related to water avoilality.
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The species-based classification of stands illustrates the relationship between the first
axis and the distribution of sweetveld, mixed veld and sourveld even more clearly.
'The distribution of sites sampled in this study in each of these three veld types (after -
Acocks 1975, Tainton 1981) have been superimposed on the species based ordination
(Fig. 6.9). Sourveld occurs in aeas with a Kigh number of growth days, mixed veld
in areas where the growth season is of intermediate duration, and sweetveld in areas

where the growth season is short.

The clessification of the veld types of South Afirica (Acocks 1975) was explicitly
based on floristic criteria. The final classification however, emphasised differences
in floristic, structural, functional and habitat characteristics. "The basis for distinctions
made between the veld types in South Africa are however not clearly described, and
for that reason appear somewhat arbitrary. |

While the present study has not produced a new classification of vegetation types, of
the nature provided by Acocks (1975), it illustrates the nature of grassland functional
response to an importa;lt environmental gradient, moisture availability. Features of
grassland plants that vary in .~oaren’  .sponse to this gradient are varied, and include
aspects of plant growth form, degree of gec;phyﬁsm, woodiness of basal parts, aspects
of reproduction, photosynthetic patiway, defence and palatability. Each of the
attributes of these characters are important in their own right, apparently varying in
Tesponse to moisture availability or a correlate of moisture availability, such as fire
frequency or fire intensity. Sorne of the characters are important from a biological
point of view, such as the distribution of species with different photosynthetic
pathways. There may be aspects of the distributions of these plants that are important
from a functional perspective, such as grassland productivity under given climatic and
edaphic conditions (Pearcy & Ehleringer 1984), An understanding of the
determinants of grassland types that have combinations of taxa with different
photosynthetic pathways may be important in predicting the outcome for grassland
productivity of different scenarios of environmental change, especially climate
change. Other characters may be imporiant from an applied perspective. If one we =
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Figire 6.9: The distribution of sites sampled in vegetation types classified by Acocks

(1975) as sourveld (0), mixed veld () and sweetveld () in relation to the firs:
axes of the species based ordination of stands. The first axis represents a gmdlent
of moisture availability, with moist sites on the left, and arid sites on the right.  The’
second axis corresponds to an increase in the wet season temperature., - :
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focusing on compositional change that may result from different combinations of
grazing and drought one right ch pse to focus on a combination of characters related
to reproductive characters and defence (0*Cormor 1991). .

The widely recognised distinction between sweetveld, mixed veld and sourveld has
been highlighted in this study. The distribution of thesc veld types in relation to a

' moisture gradient is illustrated, both in the distribution of functional characteristics -
in the functional opdinations, and also in the distribution of stands in these veld types
in the species based ordination. Their distribution appears to be correfated with water
availability, & feature recognised in the literature (Tsinton 1981, Zacharias 1990).
This functional characteristic has been chosen due to its importance from a rangeland
management perspective in South Africa, and forms the subject of the following
chapter. . :

6.5 SUMMARY

‘The refationship between the distribution of species, and the occurrence of functional
characters has been invesiigated. In particular, plant growth form, the degfee of
geophytism, the woodiness of basal parts, aspects of reproduction (mode of
reproduction, seed size, seed number and flowering phenology), photosynthetic
pathway, plant defence and palatability have been-highlighted, These features have
been synthesised in a preliminary functional classification that emphasises the -
functional profiles of grasslands that might be expected along a moisture gradient -
within the grassland biome. |

The distribution of sweetveld, mixed veld and sourveld along this moisturs gradient
is of particular inierest, as it is one of the most widely récognised functional features
of the grasslands of South Africa, and forms the basis ior many rangeland
management practices in the country.
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CHAPTER 7

TOWARDS PREDICTIVE UNDERSTANDING OF THE DETERMINANTS
OF SWEETVELD AND SOURVELD

7. INJRODUCTION
© 7.1.1 THE DISTINCTION OF SWEETVELD AND SOURVELD

The most fundamental distinction in grassland management in South Africa is between
sweetveld, mixed veld and sourveld: In essence, livestock feeding ot sourveld tends
to lose body weight during the dry season due to 2 decline in forage quality below the
level for efficient digestion (Fig. 7.1). In sweetveld however, forage quality never
declines such that arﬁmals cannot mainiain growth. Mixed veld is intermediate
between these two ex!mmes Despite the importance of the distiuction between
sweetveld and sourveld, the distribution of these vegetation types, their seasonal
forage quality dynamics, and their Iésponm- to certain manipuiations are poorly
understood (cf. Tainton 1981, Kirkman 1988, Zacharias 1990). The objective of this
section of the study was to develop--pmdicﬁ\;e understanding of the distribution of
sweetveld, mixed veld and sourveld. -

The terms ‘sweetveld’ and *sourveld® were in use prior to the commencement of
formal rangeland scmoe in South Africa (Alberti 1807). ‘Their altitudmal and
geographic separauon was discussed by Pole Evans in 1920. More formal definitions
were only published much later (Scott 1947), with current definitions being subjective
and essentially descriptive. Definitions provided below are a summary of Tainton
(1981} and Zacharias (1990).

- Sourveld provides palatable material only during the growing season, and is

unpalatable when mature. It provides grazing for 6 months or less.

- Sweetveld is palatable even when mature, and’ therefore provides grazing

thronghout the year,

« Mixed veld is intermediate between sourveld and sweetveld, providing

grazing for between 6 and 11 months of the year. -

135



Animal performance

Figure 7.1: Schematic illustration of animal performance in sweetveld and scurveid
at different times of the year assuming low stocking rates, Differences in animal
performance are due to forage quality rather than avalaility.
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Because of the decline in forage quality in sourveld late in the wet season and into
the dry season, graziers have historically used a system of ’trek’ farming. Sourveld
areas are used during the summer months when this veld is productive and palatable.
Stock is moved to sweetveld areas late in the wet season to overwinter. It seems
Tikely that Iron Age farmers used a similar system of moving cattle between sourveld
and sweetveld areas in southern Aftica (Alberti 1807), and that Stone Age people
followed indigenous game species as they migrated seasonally between sweetveld and
sourveld areas (Carter 1970).

Sourveld areas tend to accumulate standing dead grass since it i3 unacceptable to
grazers, and it needs to be burned occasionally in order to keep productivity and
palatability high (Tainton 1981, Edwards 1984, Tainton & Mentis 1984). Fire has
long been recognised as a tool to improve forage quality in sourveld areas, as
illustrated by the burning practices of Stone Age hunter gatherers who burned veld
to concentrate game locally (Carter 1970, Maggs 1984). Even with burning, forage
qualify varies seasonally in sourveld. Grazers in sweetveld areas however, tend to
consume dead grass leaf material, so that if the stocking rate is sufficiently high, it
thay not be necessary or even possible to burn (Edwards 19'84).

The distribution of sweetveld, mixed veld and sourveld has been summarised by
Tainton (1981). Sweetveld occurs in hot, dry situations at relatively low elevation
and sourveld occurs in cool, moist situations at high elevation, Two detailed studies
aimed at elucidating the determinants of the distribution of sweetveld and sourveld,
both confined to the srasslands east of the great escarpment, found sourness to be
correlated to elevation (Kirkman 1988, Zacharias 1990). This was suggested to be a
spurious association - particularly if grasslands elsewhere in the country were
considered (Zacharias 1990) The general trend in the occurrence of sweetveld and
sourveld is obscured by the large number of exceptions if their occurrence is plotted
agamst any one of these factors independently,

The approach in this component of the study has been to develbp an hypothesis of the
distribution of sweetveld and sourveld based on the literature. The hypothesis was
tested at two scales of resolution. The i'ole of climate and parent material was
investigated at a broad (subcontinental) scale vsing data for weather stations in known
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veld types and on known parent material. This broad-scale study was complimented |
by ancther study at a2 more detailed scale of resolution in which the role of soil

fertility was quantified.

7.1.2 AN HYPOTHESIS OF SWEETVELD AND SQURVELD DISTRIBUTION

" 7.1.2.1 THE RESQURCE AVAILABILITY HYPOTHESIS

Diet selection by grazing herbivores has traditionally emphasised optimization of
nutrient or energy intake (Westoby 1974, Sinclair 1975). This theoretical framework

- was devaloped in grassland ecosystems, in which the production of secondary -
chemicals as herbivore deterrents was considered unimportant (Bryant gt al. 1992),

More recently, antiherbivore defence has been recognised as an important determinant
of diet selection by 'bmwsing herbivores (Bryani & Kuropat 1980, Owen-Smith &
Novellie 1982). Different woody plant species produce different types and quantities
of secondary chemicals that deter herbivores, and thereby influence forage selection.

Based on patterns of response by plants typical of habitats with different resource

availabilities (particularly soil nutrients and light), the evolutionary response of plants
to herbivory has been related to their total environment, The balance of carbon
assimilation and nutrient acquisition is considered to be particularly important in
determining the nature of a plant’s defence against herbivory (Bryant et al. '1983, :
Coley et al, 1985, Chapin et al. 1986, Bazzaz gt al. 1987).. Plants typical of resource
limited environments, such as those with infertile soils, generally have low growth
rates, as they cannot acquire sufficient resources for rapid growth (Grime 1977,

Chapin 1980). Loss of plant parts to herbivory represents a greater loss of the capital
resources and net prod'uction in these slow-growing species, than in fast growing

species typical of resource-rich environments. As a result there is a general

correlation between plant antiherbivore defence and resource limitation (Bryant gt al.

1983, Coley et al. 1985). Species characteristic of resource-rich environments have
been selected for rapid growth so as to outcompete their neighbours and dominate
available resources {Chapin 1980).

Whether the resource availability hypothesis applies to grazers feeding on grasses or
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not has not yet been established. In the light of the recent discovery of the widespread
occurrence of condensed tannins and tannin-like substances in southern African
grasses (Ellis 1990, du Toit et al. 1991}, the resource availability hypothesis may be
useful in interpreting interactions betwsen grazing animals and graminoids, and
particularly in explaining the distribution and seasonal forage quality dynamics of
sweetveld and sourveld. The occurrence of tannin-like substances in grasses in the
grassiand biome was shown in the previous chapter to be correlated to the occurrence
of sourveld, suggesting that secondary metabolites may indeed be responsible for the
observed forage quality dynamics in sourveld grasses. :

The hypothesis of sweetveld and sourveld can be stated as follows. The distinction
between sweetveld and sourveld is hased on the seasonal pattern of forage quality

The following sections contrast nutrient supplying processes, particularly with respect
to nitrogen', with those .involved in carbon assimilation. The underlying assumption
is that forage quality is correlated to its protein quantity (Sinclair 1974, Mattson
1980), and thus reflects the carbon to nitrogen balance of the plant. Forage guality
is also recognised to have several corriates, including fibre content and the in vitro
dry matter digestability (Bransby 1981, Zacharias 1990). Although the hypothesis is
based on nitrogen as a key nutrient, it can be applied to other organically bound

nutrients such as phosphorus, The basic cations are not considered an important part
of the hypothesis, because the hypothesis applies to organicaily bound nutrients, but
they could be included using similar arguments.

The rate of carbon assimilation in grasses is controlled by the activity of assimilatory
enzymes in the leaf, leaf area, and by four environmental factors:
~ water availability which controls stomatal conductance and hence the
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diffusion of carbon dioxide into the leaf;

- leaf temperature which determines the balance between photosynthesis'and
respiration, and which regulates the activity of assimilatory enzymes;

- radiant flux density which controls the energy supply necessary for carbon
assimilation; and the

- earbon dioxide concentration of the atmosphere,

Radiant flux density over both sourveld and sweetveld is equal and close to the
saturation level for photosynthesis (Schulze & McGee 197R), and will be treated as
a constant, Similarly, carbon dicxide concentration of the atmosphere is considered
to be constant over the range of conditions coversd by sourveld and sweetveld.
Predictions regarding the effects of shading and global carbon dioxide increase can

The effect of increasing soil moisture content on carbon Sssimﬂaﬁon is iltustrated in
Figure 7.2a. At water contents below wilting point, plants are unable to assimilate
carbon due to low stomatal conductances (Schulze 1986). As soil moisture increases,
stomatal conductance increases and carbon assimilation increases in direct propostion
to this (Wong gt al. 1979). At soil water contents where water is freely available to
plants, the activity of the carboxylation enzyme limits net carbon assimilation. In
saturated soils there is a depression of net carbon assimilation due to the respiratory
cost nf having roots in anaerobic conditions (Armstrong 1975).

The response curve for carbon assimilation to leaf temperature has an asymmetric bell
shape (Fig. 7.2b). The left hand portion follows the Arhennius law of exponentially
increaxing rate with increasing temperature, reflecting the response of enzyme activity
to temperatiire. At high temperatureé the respiration component overwhelms the
photosynthesis component, causing net assimilation to decline abruptly. The
temperature optimum for C, grasses is in the region of 27 - 30°C, while for C;
grasses it is a few degrees lower (Pearcy & Ehleringer 1984).

7.1.2.3 2 NITRO! ASSI

The nitrogen supply to grasses in natural grasslands is limited by the rate of
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Figure 7.2: Net carbon assimilation in relation to soil moisture availability (a) and
temperature (b). Arnotations describe rate limiting processes.
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mireralization of organic nifrogen in the soil, and not by the rate of plant uptake
mechanisms for inorganic nitrogen (Chapin 1980). This is why significant amou.s
of inorganic nitrogen are seldom measurable in undisturbed soils. The rate of
nitrogen mineralization in the soil is mainly controiled by three enviconmental factors:
- the size of the readily ﬁ;!ineralizable nitrogen po.{ in the soil;
- ;oii temperature; and )
- soil water content (Stanford & Smith 1972, Smith gt al. 1577).

The size of the readily mineralizable nitrogen pool is related to the amount and nature
of organic matter in the soil (Stanford & Smith 1972). The amount of organic matter
which a soil can accumulate depends on ¢the balance between production and decay,
which is determined mainly by water availability, temperature, ‘clay content and
mineralogy, and the chemical composition of the litter. The chemical composition
of litter relates largely to the quantity of leachable substances, nitrogen availability -
(C:N ratio of the litter), and the presence of lignin and polyphenols (Singh & Gupta
1977, Meetenmeyer 1978, Ellis 1990), Ultimately the amount of organic mattei
which a soil can accumulate is set by the degree to which organic matter is
chemically or physically protected in the soil. This is a function of soil properties,
including clay content and mineralogy (Griffin 1972, Dickinson 1974, Singh & Gupta
1977). Soil organic matter is stabilised by clays, particularly those with a large
surface area such as the smectite group. In contrast, sandy soils and those originating
from acid igneous rocks such as granites, tend'to have low organic matter contents,
and therefore low total nitrogen.

Water availability strongly influences the rate of nitrogen mineralization. As soil
water increases, nitrogen mineralization increases (Fig. 7.3a), reflecting the activity
of microorganisms in the soil. Soil microbes responsible for nitrogen mineralization
are active in the soil at water potentials lower than plant wilting point (Sabey &
Johnson 1971, Stanford & Epstein 1974). At high soil water cont;‘,nts, nitrogen
mineralization is reduced due to the loss of mineralized nitrogen by deninification
(Stanford & Epstein 1974), reduced oxygen transport in the soil, and Ieﬁching.

The nitrogen mineralization response curve for low temperatures is an Arrhenius type
. relationship (Fig. 7.3b; Stanford et al. 1973, MacDuff & White 1985), with an
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optimum ten:pe;aturé for nitrification at approximately 35°C and for ammenification’
a few degrees higher than this (Stanford & Smith 1972). At very high temperatures
nitrogei. mineralization is progressively inhibited because enzymes are denatured.

7.1.2.4  INTERACTIONS BETWEEN CARBON AND NITROGEN
ASSIMILATION |

Water availability and temperature are two environmentdl factors that affect both
carbon assimilation and nitrogen mineralization. However, the functional response
of these biological pro.esses to these two environmental variables differs.

At low soil water contents, nitrogen mineralization is favoured relative to carbon
assimilation since the microbes responsible for mineralization are active at water
potentials far below the plant wilting point, where carbon assimilaticn ceases (Fig.
7.43). At high soil moisture, nitrogen mineralization is reduced through leaching and
nitrification, whereas carbon assimilation is only affected near saturation.

The effect of soil physical characteristics on water availability would indirecily aftect
niitrogen mineralization. Clay soils yield less water to plants than sandy soils given
the same amount of rainfall added to the soil profile. Independent of the effect of soil
type o soil nutrient status, clay soils would: therefore tend to support sweetveld,
particularly in the low to intermediate rainfall areas, In high rainfall areas the effect
of soil physical characteristics on moisture availability is overridden by rainfail itself.
A further feature of ihe effect of soil type on moisture conditions that affects nitrogen
mineralization is that clay soils have a higher water content than sands below wilting
point.  Microbial activity at these water potentials would enhance nitrogen

mineralization in clays to a greater extent than in sands.

The optimum temperature for carbon assimilation is in the region of 25 to 30°C,
whereas for nitrogen mineralization it is typically in the region of 35 to 45°C. Atlow
temperatures, carbon assimilation is favoured relative to nitrogen mineralization (Fig.
7.4b). As the mean daily temperature increases, carbon assimilation and nitrogen
mineralization are more closely balanced. Very high temperatures favour'niu'cgen
mineralization relative to carhon assimilation. |
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The present model predicts sweetveld in warm, dry areas, or in areas where the
parent material gives rise to soils with a high clay content. It predicts sourveld in
cool, moist areas, or those with parent material that gives rise to sandy soils, This
to a large degree reflects the known distribution of these two vegetation types (cf.
Tainton 1981), and provides a mechanistic framework in which to examine not only
the observed distribution, but also the seasonal dynamics in forage quality in these
two veld types, as well as the response of sourveld to certzin manipulations such as
buming, grazing or the application of fertilizer.

The relationship betwesn the distribution of sweetveld, mixed veld and sourveld and
climate was investigated at the subcoatinental scale using the water balance model
described in Chapter 4. A total of 170 weather stations in known veld ty,'es in the
summer rainfall areas based on Tainton (1981) were examined (Fig. 7.5), using the
list of climatic indices given in Table 7.1. A stepwise discriminant analysis using
forward selection (SAS 1985) was used to investigate th climatic separation of these
thres vegetition types. The analysis was terminated when the probability of the F-
value being exceeded was greater t'an 0.10. The role of parent material was
invéstgated in cases where stations were not discriminated on the basis of climatic
differences.

7.2.2 ]

At a more detailed scale of resolution, the distribution of swestveld, mixed veld and
sourveld was investigated vsing the same set of data deseribed in the previous chapter
for 101 intensively sampled study sites in the study area, Vegetation sampling, site
characteristics, soil sampling, soil analyses and microclimate were the same as those

.
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Table 7.0: Varisbles included in the stepwise discriminant analysis of climatic

differences between swéetveld, mixed veld and sourveld, and the abbreviations for
cach variable (see text, figures and tables that follow). .

Duration of the growth sesason . -GDAYS

Growth season temperature ' GTEM
Non-~growth eeason temperature NGTEM '
Temperature difference between TDIF

growth and non~growth seasons
f'i’J - . i
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described in the previous chapter,

7.2.2.2 DATA ANALYSES

It is widely recognised that local sites in one or other of Acocks’s (1975) veld types
may be very different in terms of their forage quality dynamics and ability to sustain
animal production from the regional situation. For example, a site within a veld type
classified by Acocks (1975) as sweet, may only sustain animal production for less
than six months, and as such be *sour’. For this reason, each sitr was classified as
sweet, intermediate (mixed veld) or sour based on species compusition. Generally,
species can be classified into one of these categories cn the basis of their palatability
at various times of the year, particul’arlf late during the growth season and into the
dry season. Species that are unpalatzble ‘hroughout the year were classified as sour,
This information was obtained from v, (iterature (Rohens 1973, Taintor gt a’. 1976,
var Oudtshoorn 1991).

Problems with this approach are that the palatability of a single sprcies may be
variable (¢.g. Themeda triandra may be clasiified s sweet, mixed or sour. _ ending
on local conditions; Tainton gt a1, 1989, Zacharias 1990), and that the palatability of
some species is not kmown. In order to avoid having to classify every species
encountered during sampling as sweet, intermediate or sour, species weare selected
such that the sum of basal covers of the most abundant species was greater than 80%
of the total cover in each plot. This reduced the total number of species under
consideration from approximately 140 to 62, The clasmﬂt.atwﬂ of species into a
palatability class is given in ‘Table 7.2.

A further problem with this approach is that there is no prior indication of what the
proportion of sweet or sout species should be in order to classify a site as swest,

intermediate (mixed) or sour. An approach to solving this problem was developed

based on the following sunple intuitive approach illustrated graphically in Figure 7.6.

1t was assumed that for 2 site to be classified as *sour’, it needed an overwhelming
contribution of species that were sour, and that the contribution of sweet species had
to be small. It was therefore stipuiated that of the total cover by species classified
according to palatability, at least 60% had to be by species classified as sour, with
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Table 7.2: Lists of species classified as sour, intermediate or swest. The cover of
hofthesespwesmsmdyslteswasusedtoc]asmfysztesassour, intermediate or

sweet (see text)

INTERMEDIATE

d Alloteropeis snminlata
Andrépogon

’ appendiculatus

| Andropogon schirensis

| Ariptida adscensionis

Ariptida bipartita

Aristida congesta -

| Aristida diffusa

| Aristida junciformis

¥ Aristida stipitata

: Aristida

: transvaslensis

| Cymbopogon plurinodis

| Diheterspogon

: filifolius

| Elionurus muiticus

| Eragrostis gummiflua

j Eragrostis plana

. Eragrostis sclerantha

i Eulalia viliosa

# Festuca caprina

| Faptuca costata

i Harpochloa falx

| Hyparrhenia hirta

| Loudetla simplex

| Malica decumbens

| Merzmuallesra disticha

| Panicum scklonii

| Randlia altera -

| schizachyrivm

. gangitinetn
Sporobplus africanus

Sporobbliug pactinatue
Sporcbholus pyramldalis
Trachypogon spicatum
Triraphis
andropogonoides’
Tristachya leurothrix
Triastachya rehmannii

Sporotolus fimbriatus . [

i et e

Brachisria nigropedata
Brachlieria serrata
Digitaria monodactyla
Dihetaropogon
amplactens
Eragrostis capensis
Eragrostis chloromalas
Eragrostils ourvila
Eragroatis lehmanniana
Eragrostie pallens
Eragrostis racemosa
Bragrostis stapfil
BEragrostis suparba
Hetearopogon centortus
Koeieria capenais

‘Melinis nerviglume

Melinis repens

Microchloa caffra

Monocymbium
ceresilforme

‘Setarla sphacelata

Thenada tgiandra
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Anthephora pubescens
Digitaria sriantha
Digitaris
tricholaencides
Eragrostis obtusa
Panicum coloratium -
Paspalum scorbiculatum
Tetrachne dragei




SPECIES CLASSIFICATION

w  'Sweet' ®

e B 5 2

SOUR WTERMEDIATE SWEET
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Figure 7.6: Diagrammatic illustration of the scheme used to classify sites as sour (a)
and sweet (b) on the basis of the contributions of species classified as sour,
intermediate and sweet. Cross hatching indicates the maximura contribution of
species of a given palatability, while diagonal lines indicate the minimum
contribution.
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a maximum cover by species classified as swest being 20%. For a site to be *sweet
it was assumed that the contribution of sour species had to be relatively small, but
that stock would siot lose condition even with relatively low cover by sweet species.
A site was therefore classified as sweet if it had greater than 30% of its total cover
by species classified as sweet provided that the cover by sour species was less than
20%. Sites not classified as sour or sweet based on these ¢riteria were classified as
intermediate, | "

A stepwise discriminant analysis was used as described above to identify climatic and
edaphic variables of particular importance. The same environmental variables
described to supplement the ordination of stands and species in the previous chapter
(cf. Table 6.1) were included in this analysis. The analysis was terminated when the
probability of the F-value being exceeded was greater the 0.10.

7.3 RESULIS

The distribution of sweetveld, mixed veld and sourveld is partly related to climate.
The climatic variables incinded in the discriniinant analysis output, and their order
of inclusion, indicate that the duration of the growth season (GDAYS) and the
hemperaturé difference between the growth and no-growth seasons (TDIF) are
significant (P <0.05; Table 7.3). Tke distribution of weather stations ir relation to
the duration of the growth season (GDAYS), and the temperature indices from which
the variable TDIF was deﬁved (the growth season temperature (GTEM) and the no-
growth szason tempcraturg (NGTEM)) gives & belter impression of the importance
of water availability and ﬁampefhture in discriminating these vegetation types than
does the plot of the two former indices (GDAYS and TDIF) on their owr. Sourveld
experiences greater water availability than sweetveld (Fig. 7.7a). Mixed veld occurs
in regions of intermediate water availability. Rainfall in mixed veld and sourveld is
more strongly scasonal than in sweetveld (Fig. 7.7b).

The overall climatic differences between sweetveld, mixed veld and sourveld are

152



TABLE 7.3: A summary of the stepwise dlscnmmant function analysis based on
forward selection, showing the order of inclusion of each climatic variable in the
- present- attempt to discriminate sweetveld, mixed veld and sourveld. The order of
inclusion (STEP), partial correlation coefficients (PARTIAL R-SQUARED), F-
- statistic (F-STA'Ly and probability of exceeding F (PROB > F) are included. The
analysis was stopped at probability > F being 0.10.

m_ - = m# . ——

STEP | VARIABLE | PARTIAL F=STAT PROB > F
| ENTERED | R~SQUARED ' , .
1 GDAYS. 0.548 64.8 .0001
2 TDIF. - 0,248 19.9 .0001
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Figure 7.7: The distribution of weatlier stations in sweetveld (©), mixed veld'(0) and
sourveld (D) areas; (a) in relation to the temperature during the growth zeason
(GTEM) and the no-growth season (NGTEM), and the duration of the growth season
(GDAYS), aiid (b) in relation to the temperature durmg the growth season (GTEM)
and the no-growth season (NGTEM). The line joining points of equal tcmperamre
of the temperature plane. is the line of zero smsonahty of rainfall.
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sunimarised in Figure 7.8. Sourveld experiences a significantly greater (P <(.01)
number of growth days per annum than sweetveld. Significant differences (P<0.01)
between these two vegetation units and mixed veld based on the difference in
temperature between the growth and no-growth seasons are also evident. Mixed veld
is intermediate both in terms of the duration of the growth season and the temperature
in the non-growth season, but has higher values than both sweetveld and sourveld in
respect of the growth season temperature and the difference in temperature between
the growth and no-growth seasons. If mixed veld is intermediate - as is widely
accepted - then it would seem to be the duration of the growth season and/or the
temperature during the no-growth season that contributes most to the distribution of

these vegetation types.

The distribution of weather stations in sweetveld, mixed veld and sourveld in relation
to the duration of the growth season (GDAYS) and the difference in temperature
between the growth and no-growth temperatures (TDIF), is illustrated in Figure 7.9.
As the difference between the growth and no-growth tempecratures increases (as
rainfall becomes more sirongly seascnal), the number of growth days required for
sourveld decreases. All of the climate stations in sourveld occur above the negative
exponential curve indicated in Figure 7.9a and the majority (74.2%) of stations in
sweetveld occur below this (arve. This curve can therefore be considered to
represent the minimum water availability - rainfall seasonality conditions of sourveld.
It also appears that all of the stations in sweetveld oceur in sitnations with fewer than
120 growth days per annum. Mixed veld occurs in areas that climatically tend to
suppott sourveld. Closer scrutiny of the moisture - rainfall seasonality plane (Fig.
7.9b) provides some indication that soil fertility may play a role in determining the
distribution of sweetveld and sourveld, Weather stations in sweetveld which occur
in areas that climatically appear suitable for sourveld have soils desived from basic
volcanic parent material (Table 7.4). “This is illustrated by the distribution of a patch
of sweetveld in the highveld of the south-eastern Transvaal, which climatically is
expected to support sourveld (Fig. 7.10a). However, the distribution of dolerite
closely matches the distribution of sweetveld in this area, suggesting a relationship
between the two (Fig. 7.10b). Use of a geological rather than a soils map for this
purpose is not ideal - particularly where the geology. is as fragmentary as this. A
similar relationship between the substratum geology and the distribution of sweetveld
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GDAYS 51.7 S 134.1
GTEM 19.5 ' 19,3
NGTEM 17.3 16.5
TDIF 2.25 2.71
: > S()EHR‘HE[J)
\/
GDAYS ' ' 84.9
GTEM 20.2
NGTEM 16.8
TDIF _ 3.35

Figure 7.8: Mean values for each of four climatic variables for weather stations in
sweetveld, mixed veld and sourveld. Statistically significant mean values (P <0.05)
~1ndxcated by the underlined vanab}e pames (between vegetation type names).

\.
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Figure 7.9: The distribution of weather stations in sweetveld (¢), mixed veld (0) and
sturveld (o) areas in refation to the growth minus the no-growth temperature (an
index of the degree of seasonality of rainfall) and the duration of the growth season.
All stations used in the study are iliustrated in (a) and the region of overlap in
sweetveld, mixed veld and sourveld is shown in greater detail in (b).
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Table 7.4: Thepanxﬁnumauﬂcﬁsﬂﬁonsﬂuuvwnc:mumedasswmehmhlﬁhunﬁm
1981), but that were predicted as bemg sourveld on the basis of climate (cf. Fig. 7. 9)

internediate (andesite, _ 6
granite, karoo sediments) :

Basic (basalt, dolerite, a | 10
gabbro, norite) ' _
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Pizure 7.10: The relationship between the distribution of a patch of sweetveld in the
south-eastern Transvaal (a) and the distribution of dolerite within an area of katoo

sediments (b). Based on climate, this area of sweetveld would be

sourveld,
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in the northern Transvaal further illustrates the relationship between the presence of
basic rocks (basalt and narité/gabbro) and the distribution of swestveld (Fig; 7.11a,b).

7.3.2 THE ROLE OF SOII, NUTRIENTS

The combined analysis of microclimate, parent material and soil fertility of sites
classified as sour, intermediate or sweet on the ‘basis of species composition,
illustrates the determinants of the distribution of these grassland types more clearly
thian the subcontinental scale analysis. Based on the analysis of the distribution of
these vegetation types in relation to the same climatic variables, as well as on the
basis of parent material (cf. previous section), it is possible to predict whether each
of the study sites is sweet, mixed or sour., All of the sites classified as sweet were
correctly predicmd Nine of the 30 sites classified as sour were predicted as sweet,
Of these, three were on soils derived from basic parent material. These sites had all
been heavily-gmz_ed. The remaining six sites were on sandstones or quartzites. Of

the sites classified as intermediate, but that were incorrectly predicted as being sweet, -

three were on soils detived from basic parent material. Once again, these had all.

been heavily grazed. A further 16 sites classitied as intermediate were incorrectly

predicted as sweet, Ten of these were on soils derived from parent material of
intermediate base status, and the remaining six were on soils derived from acidic
paretit material. '

These data highlight shortcomings of the subcontinental scale analysis; that sourveld

occurs on soils derived from sandstones or quartzites, and that mixed veld occurs on
soils derived from parent material of intermediate or low base status, irrespective of
climate. The absence of extensive outcrops of acidic or intermediate parent material
(mappable at the subcontinental scale) in areas that climaticaily appear to support
sweetveld, resulted in the easy identification of the negative exponential curve
indicating the lower limit of sourveld distribution on the subcontinental scale analysis,

In addition to the climatic variables identified at the subcontinental scale, namely the
duration of the growth season and the difference in temperature between the growth
and no-growth seasons, particular aspects of soil fertility were also recognised as
important in discriminating sweetveld, mixed veld and sourveld, Extractable
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Figure 7.11: The distribution of a patch of swestveld (a) in the central Transvaal and
the distribution of basic igneous rocks (b)., Based on climate this area of sweetveld
would be expected to support sourveld.

161



phosphorus (PO4) and the size of the readily mineralizable ritrogen pool NMIN) are
correlated to the distribution of sites classified as sweet, intermediate and sour (Table
7.5). 'The final varisble entered in the stepwise discriminant analysis (P <0.10) was
the sum of calcium, magnesium and potassium in the B-horizon (CMKB).

The distribution of sweei, intermediate and sour sites in relation to moisture
availability (GDAYS), the conceniration of available phosphorus (PO4) and the index
of mineralizable nitrogen (NMIN) is striking (Fig. 7.12). There is increasing
sourness with an increase in both the duration of the growth season and the size of
the readily mineralizable nitroges pool, and with decrsasing phosphorus availability.

Sweetveld, mixed veld and sourveld discriminate reasonably well at the broad-scale
based on climate and parent material, Sourveld occurs in areas of high moisture
availability relative to the difference in temperature between the growth and no-
: growth seasons, on soils derived from parent material of intermediate ot low base
status (Fig. 7.13). It also occurs on soils derived from quartzites or sandstones at
low moisture availability. Sweetveld occurs in arid areas relative to the difference
in temperature between the growth and no-growth seasons, on soils derived from
parent material of intermediate oc high base status. It also occurs on soils detived
from basic igneous rocks such as basalt, dolerite, norite or gabbro in more mesic
areas. Mixed veld is considered intermediate between sweetveld and sourveld, both
in terms of its forage quality dynamics and the determinants of its distribution.

The scheme is very successful for sweeteld as well as sourveld at a broad
(subcontinental) scale, with all of the weather stations in these vegetation types
predicted correctly by thz decision tree depicted in Figure 7.13. Statiors in mixed
veld oceur in areas with similar climate to sourveld, but on soils with a higher base
status. It is difficult to test the model for-local study sites, because of problems
associated with the classification of sites based on species composition, Ideally such
a model should be developed empirically, und incorporate microclimatic influences
and particular soil nutrients such as phesphorus and ni&ogm.
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Table 7.5: Summary of the stepwise discriminant analysis based on forward selection -
of study sites classified as sweet, intermediate (mixed) and sour. A total of 17
environmental variabies were included in the analysis, of which 5 were entered with
a probability of less than 0.10. The order of inclusion (STEP), partial correlation
coefficients (PARTIAL R-SQUARED), F-statistic (F-STAT) and pmbabllity of.
exceeding F (PROB > F) are mcluded _

lﬂ o . — = = ; . :
STEP | VARIABLE | PARTIAL F-VALUE PROBSF |
ENTERED | - R~SQUAKED :
1 PO4 0,325 ° 23,6 0.000%
2 GDAY 0.116 6.4 1 o.002%
3 NMIN 0.198 | 11.5 0.0001
a4 TDIF 0.132 - 7.2 0.0012
5 CMKE 0.050 2.5 0.0894
I N N e
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Figyre 7.13: A decision tree predicting the distribution
of sweetveld and scurveld in relation to geology and
climate. Mixed veld is considered intermediate, and has
not been well discriminated in the present: study.
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I. The duration of the growth season is a useful indicator of plam productivity and is
therefore & gocd index of carbon assimilation, particularly where temperature is not
limiting during the season when moisture is available, as in the grass'and biome (cf.
Chapter 4). The nutrient index of phosphorus availability decreases with increasing
sourness (Table 7.6), which is what might be expected. Both of these trends support
the resource availability hypothesis (Bryant et al. 1983, Coley et al 1985). However,
the size of the readily mineralizable nitrogen pool increases with increasing sourness
(Table 7.6), apparent!y coniradicting the resource availability liypothesis. It may not
be the values of these indices per se that arz important in the discrimination of
sweetveld, mixed veld and sourveld, but rather their relationship to indices of carbon
assimilation (cf. Bryant gt al. 1983). If the nutrient indices are expressed as a
fraction of carbon assimilation {the duration of the growth season), values increase
from sweet to mixed to sour sites for both available phosphorus and the readily
available nitrogen pool (Table 7.6), reflecting increased carbon assimilation relative
to nutrient availability with increasing sourness. Sourness is therefore refated to the
degree to which the environment promotes carbon assimilation relative to nutrient
mineralization and assimilation. |

Although the present study suggests that phosphorus is important in determining the
distribution of sweetveld and sourveld, the effects of nitrogen and phosphorus may
not be independent. The dynamics of phosphorus'in base-poor soils are similar to
those of nitrogen, in that the main soil pool is organic phosphorus which must be
relzased by biological mineralization (Coleman gt gl. 1983). If this is the case the
dynamics of nitrogen and phosphorus in the soil-plant system are likely to be similaé.
Alternatively, rates of nitrogen mineralization may be limited by phosphorus
availability (Purchase 1974). If this is the case, the role of phosphorus in detenmmng
the distribution of sweetveld and sourveld may be indirect, via control on nitrogen
availability,
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Table 7.6: Indices of carbon assimilation (duratxon of the growth season) nutrient
. avaﬂablhty (available phosphorus and the size of the readily mineralizable mtrogen
poot}, and nutrient indices as a fraction of an index of carbon assmulatlon in sites
classified as sour, intermediate and sweet.

E VARIABLE | SOURVELD | INTERMEDIATE | SWEETVELD
8
Index of carbon 102.6  72.6 33.4
avallability (GDAYS) ,
Available rhosphorus 1.34 2.21 8,23
{PO4})
| Size .of mineralizable 2.18 - 2.67 1.63
nitrogen pool (NMIN)
GDAYS/PO4 152.1 - 88.15 5.24
GDAYS/NMIN '54.1 ' 2.7 22.4
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A mechanistic model illustrating the driving variables and biological processes that
determine forage quality is illustrated in Figure 7.14. The relative balance of carbon
assimilation and nitrogen mineralizption at a site determines its forage quality,
Temperature and moisture availability are emphasised in that they affect both nitrogen
mineralization and carbon assimilation directly. Two additional variables, radiant flux
density and the carbon dioxide concentration of the atmosphere affect carbon
assimilation. Soil characteristics, including the clay content and clay type affict
nitrogen mineralization, both through their effect on water availability and the degree
to which organic matier is protected in the soil. There is a feedback in that herbage
quality affects litter quality, and thus soil nutrient status (cf. Ellis 1990).

The model provides a useful basis for predicting the response of South Africa’s
grassland types to global increases in atmospheric carbon 'dioxida concentration. The
increase in carbon assimilation relative to nutrient assimilation given this scenario is
likely to decrease forag~ quality overali in South Africa’s grassiands (Couteaux gt al.
1991) and may lead to the expansion of sourveld at the expense of sweetveld and
mixed veld. However, an increase in temperature or a decrease in rainfall that may
accompany the increase in atmospheric carbon dioxide (Schneider 1992) would have
the opposite effect. The model reguires detailed calibration before the impact of
scenarios of climate change can be investigated for these vegetation types.

In contrast to the suggestion in a number of studies, that forage quality declines with
decreased light availability (Bryant et al. 1983, Coley 1983, Coley et al. 1985,
Bazzaz ¢t gl. 1987, Chapin gf al. 1987), the present model predicts an increase in
forage quality with decreased light intensity. Past models have emphasised potential
growth rates of plants adapted to survive in different environments as determining
their strategy to cope with herbivory (Grime 1977, Coley gt al. 1985, Chapin gt al.
1987), and have sugge-c&ed that in stressful environments such as those that experience
low light availabilities, plants grow slowly and therefore take up small quantities of
nutrients. ‘The present study emphasises the relative thility of the environment to
promote carbon assimilation relative to nutrient mineralization and assimilation,
Since carbon assimilation is related to light intensity, whereas nutrient availability is
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Figure 7.14: A oonoeptual model illustrating the determinants of grass forage quality
within the grassland biome. Fomge quality is considered to be determined by the

‘relative tissue concentrations of carbon and nitrogen. The determinants of carbon

assimilation and nitrogen mineralization are emphasised, with positive and negative
symbols indicating the effect of increasing the value ¢. a v 1ahle on carbon and
nitrogen assimilation, and hence on hcrbage quahty
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independant of light availability (cf, Fig. 7.14), shading would be expected to reduce
carbon assimilation 1o a greater extent that nutrient mineralization and assimilrdon,
leading to an jncrease. in forage quality. At least, plants growing in these
environments would not be expectad to have carbon based tiefences such as tannin or
high fibre contents. :

The sequence of events at the onset of the wet season through to the dry season are
described for wet and dry areas Tespectively, in order to explain how the model
prodicts seasonal forage quality dynamics. Soil is wetted at the beginning of the
growth season. Carbon assimilation is limited by 2 low leaf area. Leaf expansion
and yrowth requires several weeks, or in the c2se of reactivation of severely wilted
Ieavva, several days. In conirast, nitrogen minzralization responds to wetting within
ntinutzs to hours. Plant tissue produced carly in the growth season is therefore rich
in nitrogen relative to carbon, ac: of high forage quelity. In wet. areas' the readily
mineralizable pool of mtrogen becomes exhpusted ay the season progresses, and
nitrogen mineralization declines. At this stage, the plants have a high leaf area, ant
in the absence of moisture stress, carbon assimilation continues. Plant tissue
therefore becomes progressively more carbon rich and nutrient poor (sour) during the

" wet season in moist areas, remaining so into the dry season when physiological -
activity ceases, .

In arid areas rainfall is erratic, and the soil is wet in discrete episodes. Microbial
mineralization responds to wetting within hours, while carbon assimilation must wait
on rehydration and/or regrowth of green leaf tissue. It seems that the mineralizable
pool is not exhausted prior to the following rainfall event, by which time the soil may
or may not have dried sufficiently for either carbon assimilation or both carbon
assimilation and nitrogen mineralization to have declined. In-either case, wetting
would result in a similar rapid nitrogen mineralization response and slower carbon
assimilation response as described for the begmnmguf the wet season. Furthermore,
the system spends more of its time in the wates limited state, which favours nitrogen
mineralization over carbon assimilation due to the lower water requirement for
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nutrient mineralization th*n photosynthesis. The general combination in the _grasSlan,d
biome of wet and cold, and hot and dry, (Mentis & Huntley 1982), favours carbon
assimilation over nutrient mineralization, and nutrient mineralization over carbon
assimilation respectively, accounting for the occurrence of sourveld and sweetveld
respectively in these areas. ' ' '

Any manipulation that increases nutrient supply relative to carbon assimilation will
lead to an increase in forage quality. The observed increase in forage quality
following heavy grazing or mowing is due to a reduction in carbon assimilation by
reducing the Jeaf ares, and possibly an increase in nitrogen mineralization diw 10 root
turnover, dunging and urination. Similarly, following fire, sourveld is more palatable
and nutritious than at other times. By .emoving standing leaf material, carbon
assimilation decreases due o a reducesd leaf area, Despite causing a small overall
loss of nutrient capital, fire also results in a flush of potentially mineralizable
nutrients (Tainton & Mentis 1984, Christensen 1987), Furthermore, soil temperatures
increase and soils tend to dry out following fire (Mentis & Tainton 1984), both
favouring nitrogen mineralization over carbon assimilation. The increase in forage
quality in sourveld areas following the application of fertilizer can similarly be
explained by increased nutrient availability relative to carbon assimilation,

7.5 SUMMARY

An hypothesis has been developed to explain the distribution of sweetveld and
sourveld in South Africa. It is based on the resource availability hypothesis, which
has traditionally been applied to woody plants and browsers. It is proposed that
where carbon assimilation is high relative to nitrogen mineralization and assimilation,
plant tissue will have a high carbon to nitrogen ratio, and forage quality will be low
(sour), Where nitrogen mineralization is high relative to carbon as' /.nilation, plant
tissue will have a low carbon to nitrogen ratio, and sweetveld will ¢ocur. Mixed veld
is considered inisrmediate between these two extremes.
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While the hypothesis has been developed for carbon and nitrogen asimilation in
particular, other organically bound nutrients could be included because their dynamics
in the soil-plant system are likely to be similar to that of nitrogen.

Environmental factors that affect carbon assimilation are temperature, water
 availability, radiant enezgy and atmospheric carbon dioxide concentration. Radiunt
energy and the concentration of carbon dioxide in the atmosphere are treated as
constant for the grassland biome as a whole. Nitrogen mineralizaiion is also a
function of temperature and water availability, as well as the size of the readily
mineralizable nitrogen pool. The size of the readily mineralizable pool is related to
the amount and nature of organic matter in the soil, which depends on the balance
. between production and decay. Ultimately the amounit of organic matter which a soil
can accumulate is set by the degree to which organic matter is chemically or
physically protected in the soil. This is determined by soil properties, including clay
content and mineralogy. Soil organic matter is stabilised by clays, whereas sandy
soils tend to have low organic matter contents, and therefore low total nitrogen.

Water availability and témperature affect cérb6n assimilation and nitrogen
mineralization in different wﬁys. Microbes that are responsible for mineralizing the
available nitrogen pool in the soil are able to function at moisture availabilities lower
than wilting point, and they tespond to welting almost immediately. Carbon
assimilation requires that soil water content be greater than wilting point, and it
requires the regrowth of green tissue at the beginning of the wet season in order to
utilise available water. The temperature optimum for carbon assimilation is between
25 and 30°C, while that for nitrogen mineralization is in the region of 40°C. At low
temperatures carbon assimilation is favoured relative to nitrogen mineralization. As
temperatures increase, the two processes are increasingly balanced, until at high
temperatures, nitrogen mineralization is favoured relative to carbon assimilation.

The hypothesis explains the known distribution of swestveld and sourveld, and was
tesied at two scales of resolution, the subcontinental scale and the local scale.
Differences between the distribution of sweetveld, mixed veld and sourveld were
related in a general way to climatic and edaphic differences, and more particularly
to moisture availability, the degree of seasonality of rainfall, and the base status of
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parent matcrial from which soils are derived. Sweetveld is resmcted to areas where
moisture availability is lower and rainfall is less seasonal than mixed veld and

sourveld. 1t also occurs on soils derived from basic parent material, with increasing
sourness associated with ifcreasing acidity of the parent material. Available
phosphorus and the am;:iint of mineralizable nitrc <n are particular aspects of soil
fertility that affect the distributidn of these grassland types. It is not known whether
the effect of phosphorus on forage quality is direct, or through its regulation of
microbial activity and therefore nitrogen mineralization.

A gualitative mechanistic model has been developed that outlines the environmental

determinants of forage quality in South Africa’s grasslands. Tt has been used as a

basis for describing the seasonal forage quality dynamics in sweetveld and sourveld,
and also to explain why sourveld becomes sweeter following certain manipulations.

- ——#ny manipulation that reduces carbon assimilation relative to nitrogen mineralization,

such as hm\;ls:\ grazing, burning and fertilization, teads to improve forage quality.
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CHAPTER 8

SYNTHESIS

In contrast to past models of the distribution of the grassland biote in South Africa,
which have emphasised just cne or two primary determinants, the model developed
in this study emphasises the combination of a package of environmental conditions
necessary for the occurrence of the grassland biome, The combined effects of climate
and fire are the primury abiotic environmental factors determining the distribution of
South Africa’s grasslands. The salient features of a grassland climate are that it has
moderate rainfall which is strongly concentrated in summer, and that it has cold
winters, Aspects of this climate have been linked to the distribution of grasslands for
some time (Weaver & Clements 1938, Borchert 1950, Acocks 1953, Thornthwaite
1952), but only recently have these climatic features been linked to the occurrence of
fire (Axelrod 1985, Stephenson 1990). Moderate rainfall in the season in which
temperatures are favourable for plant growth enables the accumulation of sufficient
fine fuels to carry a fire reasonably frequently. Desiccation of these during the cold,
dry season promotes fire,

Three additional climatic features may promote frequent buming in South Africa’s
grasslands. Firstly, fros¢ cures the sward early in the dry season piving rise to a
prolonged dry season. Secondly, lightning strike density is higher in the grasstand
biome than in any other of South Africa’s biomes (Bdwards 1984, Manry & Knight
1986). This would have been an important ignition source prior to human settiement.
Thirdly, the occurrence of hot, dry winds over much of the eastern seaboard during
the winter months, desiccates fuels sufficiently to enable fires,

A further two cdnditions are necessary for the widespread occurrence of grasslands
given a climate conducive to frequent burning, Firstly, a topography that is gently
undulating and vabroken and therefore enables fires to spread over large areas is a
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necessary part of the grassland environment. Secmdly, low to moderate levels of
herbivory that do not continuously diminish the standing crop such that fire is
excluded or of reduced intensity are a prereguisite. A gently rolling sopography is
characteristic of the area occupied by the grassland biome, éenerally being on ancient
land surfaces which ouly on the eastern seaboard show any degree of incision
(Partridge & Maud 1987). 'Iheincisedmmgmemﬂywarmeranddﬁarﬂ;anthe
uadulating interfluves (Tainton 1981), and support savannn {Rutherford & Westfall
1986). Inoﬁmplew herbivory is ensured in large parts of the p :assloei? biome, by the
unpalatability of grasses during the winter months, and promotes froquent burning
(see following section).

The most fundamental distinction between grassland types in South Africa is between
sweetveld, mixed veld and sourveld It is related to seasonal variations in forage
quality, and their effects on ~Em1mal perfonnahce. Animal mass gain is sustained
thronghout the year on sweetveld, for between 6 and 11 months on mixed veld, and
for less than 6 months on sourveid.

The distribution of these grassland {ypes is proposed to be due to the balance between
carbon and nitrogen assimilation in grassland plants. Nitrogen assimilation is limited
in natural systems by the rate of microbial mineralization of nitrogen in the soil.
Where carbon assimilation is high relative to nitrogen mineralization, plant tissue has
a high carbon to nitrogen ratio and is poor quality forage (sourveld). Sweetveld
occurs where nitrogen mineralization is high relative to carbon assimilation. Mixed
veld is intermediate between these two exitemes.

Climate and soils are the primary determinants of the distribution of these grassland
types through their effecis on the balance between carbon and nitrogen assimilation
in grassland plants. Water availability and temperatare influerce carbon assimilation
and nitrogen mineralization in different ways. The microbes responsible for nitrogen
mineralization are active at soil water potentials lower than plant wilting point. At low
water av-ilability nitrogen mineralization is favoured refative to carbon assimilation,
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and sweetveld occurs. At high water availability, carbon assimilation continues, but

aitrogen is lost by nitrification and leaclung Sourveld therefore occurs in wet areas.
The optimum temperature for carbon assimilation is approximately 25°C, while that

for nitrogen mineralization is approximately 40°C. At low temperatures, carbon

assimilation is favoured relative to nitrogen mineralization, and sourveld occurs. At
- high temperatures, nitrogen mineralization is favoured, and sweetveld occurs,

Soil charzcteristics, including texture and fertility also affect the distribution of
sweetveld and sourveld, Soils with a high clay content yield less water to plants in
semi-arid situations than sandy soils, yet they have a higher water content below
wilting point, in which soil microbes are able to function. These conditions favour
nitrogen mineralization relative to carbon assimilation. At high rainfall, the effect of
soil type on moisture conditions is overridden by rainfall itself. Soils with high
' inherent fertility, such as those derived rom basic igneous rocks, support sweetveld
in areas where the climate may favour the occ  ‘ence of sourveld. Conversely, soils
with low fertility, such as those derived from quartzite or sandstone support sourveld
irrespective of climate. This is related to the extent to which organically bound
nitrogen is proiected is these soils, being greater in soils with a high clay content,
particulary where these have a large surface area, such as the smectite group.

The model developed in this study is supported by divect evidence, both in the
distribution if these vegetation types as well as in the response of sourveld to
experimental manipulations such as burning and mowing, It is also supported by
indirect evidence, including the abundance of grasses with a high concentration of
structural tissue such as the wiregrasses, as well as those with high levels of nitrogen
free compounds such as tannins, in areas where carbon assimilation is favoured
relative fo nitrogen assimilatior,

The use of predictive models n the form of decision trees, such as those presented
in chapters 4 and 7 make results explicitly testable, and focus attention on

shortcomings. They alo enable prediction of the response of vegetation to climatic
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and man-induced change. Ths use of one of these models in predicting the response
of vegetation to a scr.ario of climate change is illustrated, The response of

~ vegetation to a hypotheticél 2°C increase in temperature and a 15% decreass-in .-
rainfall will be illustrated at the subcontinental scale. This scenario is simplified, but

is one of several possible scenarios of climate change in the twenty-first century
{Schneider 1992). '

Giver, 2 2C increase in temperature and a 15% decrease in rainfall, the biome model
predicts that in the long-term the grassland biome would be invaded by savanna on
a relatively large $cale, both east and west of the escarpment (Fig. 8.1). It also
predicts an expansion of succulent karoo at the expense of fynbos in the south-western
Cape, although the mountainous topography and microclimatic variation associated
with this region makes detailed prediction difficult. The model further predicts an
expansion of nama-karvo into the savannas of the northern Cape Province, and
possibly into the grasslands of the western Orange Free State.

Mixdelling the response of vegetation to a scenario of climate chapge, as described
above, is considered to have several advantéges: .

« it is relatively simple and robust, matching the scale and quality of the data that
climate models are presently able to provide in predicting climatic change scenarios;

~ it highlights the processes that need to be studied in detail;

- it indicates the geographic regions where long-term studies are most likely to
detect climate-induced vegetation shifts; and

- it indicates the type of information that is needed from climate models to predict
~ vegetation responses to climate change,

The disadvantages of using the present mode) are that it predicts only the direction
and not the rate of change, and that it remains largely empiricatl rather than
mechanistic. In this last respect, this model is a considerable improvement over other
schemes which rely on climatic indices with no attempt at biological interpretation.
It is however appropriate as an initial *strategic’ modelling step, the purpose of which
is to identify geographical regions and ecological processes which require more
detailed investigation. '
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Figure 8.1: Changes in the distribution of South Africa’s biomes based on a
classification of weather stations assuming a 2° C increase in mean maximum and
minimum monthly temperatures, and a 15% increase in rainfall. Solid lixes indicate
the present distribution of biomes (after Rutherford & Westfall 1986; cf. Fig. 4.1},
Stations that were classifie] as belonging to the same biome as before this scenario
of change are indicated as dots, those that changed status as large solid synbols
(diamonds = succulent karoo, squares = nama-karoo, circies = savanna). Dotted
lines represent the inferred distribution of biomes given this scenario of change. The
most marked change in the distribution of biomes is the invasion of grassland by .
savanna. :
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The distribution of the grassland biome in South Africa has beep linked to climate and
fire. Any environmental feature which promotes fire frequency or intensity; or which
enables fire spread, would favour grassland over nama-karoo and forest. Savanu:
species are tolerant of fire. Their distribution is Limited by low dry season
temperatures, or by some correlate of this, such as frost. Future research aimed at
clarifyiny; the contribution of these factors to the distribution of grasslands should be
by way of calibration and medelling.

A suitable approach would be to develop predictive models of grassland productivity
in relation to the environment. These would pmvide a basis for predicting standing
crop at some time after a firz. Fire frequency and intensity would need to be rated
on the basis of standing crop, and on the occurrence of climatic conditions which
desiccate vegetation -ar'ldlor promote fire, such as berg winds, frosts oz lightning. The
effect of topography in relation to the prevailing winds during the fire prone season
on fire frequency, intensity and spread also need to be investigated.,

The effects of low temperatures on savanna species needs to be investigated to
establish what aspects of the dry season temperature in the grassland biome affects
the distribution of savanna trees. Alternatively, it may be that low tempetatures at
the beginning and end of the wet season in the grassland biome limit the growth of
savanna trees, or it may be the absolute temperatures in the dry sason in the grassland
biome that limit the growth of savanna trees. It may be a combination of factors. The
effect of the presence of grasses on the growth of savanna trees given climatic
constraints of the grassland biome also needs to be established. Is it through fire
effects, or competition for resources?

The second aspect that warrants more detailed investigation is the question of the
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distribution and forage quality dynamics of sweetveld, mixed veld and sourveld. A
conceptuﬂmodelhasbemproposedanthebamsofmepresentspabﬂdlsmbuuon
of these three vegetation units. The model needs to be empirically tested. To do
this, carbon 'assimilation and nitrogen mineralization should be measured in sity for
 several saésons; in a rangé of veld types, and covering 2 range of soil types and

" climatic conditions. Ideally, this should be intsgrated into the performance of
organism at the next trophic level, providing a quantitative basis for distinguishing
sweetveld, mixed vcld and sourveld. - Experimental procedures could be used to

_ calibrate different components, such as the effect of different soil types on carbon and
_ nitrogen metabolim, and the effect of different management regimes on forage
quality dynmmcs.

 To develop mechanistic understanding, the model should also be calibrated, so that
the balance between carbon and nitrogen assimilation that determines whether veld
is sweet, mixed or sour can be determined. A pertinent question is “what is the ratio
of carbon fo nitrogen that maintéins animal performant:e?" -~ The effects of

"'mampulat:ons on this balance need to be quantlﬁed in order to improve management
to ‘maximise yield, parucularly of the herbivore component.
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APPENDIX 1

‘Weather Bureau station numbers {SNO), and names (STATION) of climate stations from
different biomes (BY), used in the differentiation of South Ai:ica’s biomes as mapped by
Rutherford & Westfall (1986). 'The latitude (LATIT) and longitude (LONGIT) of cach
station are provided (as degrees.minutes), and the values for each station of the following
climatic indices are given (as ABBREVIATION; units): mean anmual precipitation
(PRECIPN; mm); growth temperature (GTEM; °C); no-growth temperature (NGTEM,; °C),
mean annual temperature (ANNT; °C), duration of the growth season (GDAYS; days).

ENO BT STATION SNO LATIT LONGI PRECPN GTEM NGTEM ANNT GDAYS

Volkerust 406 27.22 25.53 1024.7 16.9 13.

1 g 2 14.7 146.4
2 G Bloem (Temps) 261 29.07 26.11 582.3 18.3 15.8 16.2 59.5
3 G Rokstad 180 30.32 29.26 759.1 16.9 14.1 24.9 100.5
4 G gueenstown 123 31.54 26,52 507.8 18.7 16.3 16.7 58.1
6 G Vryheid 372 27.47 30.45 B854.4 19.4 16.7 17.6 119.2
7 G Pmburg PUR 239 29.36 30.26 965.1 20.6 16.9 18.2 125.6
8 & Bethiehem 331 28.10 28,18 751.2 16.9 13.3 14.1 84.7
9 G Lichtenburg 472 26.09 26.10 606.1 19,7 16.4 17,0 67.5
10 G Carlstonville 474 26.20 27.23 713.1 18.3 15.4 16.1 75.3
11 G Rrugersdorp 475 26.06 27.46 789.9 18.0 14.7 15.6 301.5
12 G guurbekom 475 26.18 27.48 651.8 18.1 14.4 15.2 76.9
13 G Hethal . 478 26.27 29.29 634.0 17.6 14.4 15.1 79.2
14 G Carolina’ 480 26,04 30.07 737.8 17.2 14.1 15.D 102.0
15 G Gemsbokfontein 516 25.45 29.40 716.7 17.2 13.7 14.5 86.1
16 G Belfast 517 25.39 30.02 614.4 16.0 13.0 13.7 89.7
17 ¢ Lydenburg 554 25.06 30.28 6€70.4 18.6 15.4 16.2 92.7
18 G Bergvliet 555 25.04 30.53 1269.2 19.4 17.0 18.5 226.0
15 G Jan Smuts 476 26.08 28.14 694.3 18.0 16.2 5.9 95.7
20 G gwartkopjes 476 26.21 28.04 733.9 18.8 14.0 15.8 81.0
21 & Joubert Park 476 26.12 28.03 820.0 18.5 15.4 16.3 109.4
34 G Dundes 335 28.10 30.14 813.7 19.2 16.1 17.0 306.2
35 G Potchefstroom 437 26.44 27.05 600.6 19.9 16.6 17.1 5a.5
36 G Ristkull 332 28.10 28.43 645.6 16.2 13.2 13.8 74.0
37 G Docrnlaagte 435 26.37 26.06 587.7 19.3 16.0 16.6 64.1
38 G Whites 320 28.01 27.01 530.6 19.2 16.1 16.5 51.7
35 G Jeasievale 481 26.14 30,31 903.4 16.2 12.B 14.0 125.8
| 30 o virginia 328 28,06 26,52 519.8 19.3 16,5 16.9 54.8
41 G Middelburg 515 25.46 29.28 701.3 18.4 14.7 15.5 80.2
42 G Irens 513 25.55 28.13 936.6 18.9 15.6 16.7 119.0
43 G Rietvlai 513 25.51 28.18 662.6 19.0 15.4 16.2 B0.9
44 © Estcourt TNK 300 29.00 29.53 754.9 19.2 16.1 16.8 54.2
45 G Vereeniging 438 26.41 27.55 696.1 19.3 15.5 16.6 75.4
46 G Nelmoth 303 28.35 31.24 796.9 20.4 18.5 19.1 121.3
47 G Standerton 441 26.56 29.14 649.5 17.7 14.3 15.0 77.1
48 G Estcourt AGR 268 29,01 29.52 754.9 19.0 16.0 16.8 95.5
48 G Nooltgedacht 442 26.31 29.58 736.0 16.8 13.7 14.5 98.0
— ey
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XNO BT STATION

APPENDIX 1 (cont.)
ENO LATIT LONGI PRECPN

GTEM NGTEM ANNT

mbtinghum R4 268 29.22 29.59 900.6 16.0 12.4 13.7 132.0
gg g gint Egtinf 434 27.00 30.48 745.5 18.6 16.0 16.7 102.7
52 @ Cherry ¥Farm 246 28.52 27.51 777.1 17.3 13.9 1l4.8 93.8
E3 G Frankfort 403 27.1€ 28.30 £&7.5 18,2 14.4 15.2 75.9
54 G Cathsdral Pk 759 25,59 29.14 1386.0 14.6 12.3 14.0 268.9
55 U Wakkeistroom 107 27.21 36,09 797.1 15.8 12.7 13.6 106.8
56 G Glsn College 2635 2B.57 26.20 577.8 18.% 15.7 16.2 58.7
57 © Paulptrsburg 408 27.25 30.45 829.8 19.1 16. 17.2 119.8
58 @ JEM Hertzog 261 29.06 26.18 §40.8 18.4 15.3 15.8 55.2
55 G wWalkom 364 28.00 26.40 498.6 20.0 16.9 17.3 48.3
60 ¢ Rusfunteindam 262 29.16 26.36 562.8 ]18.3 15.5 16.0 60.5
61 © Kroonstad MUN 385 27.40 27.15 5B2.1 19.4 16.1 18.6 54.0
62 O Modderpoort 263 29.06 27.27 699.5 17.1 14.0 14.7 78.%
63 G Lindley 366 27.53 27.55 638.1 18.2 14.8 15.4 64.4
64 G Shesprun 178 30.59 28,23 735.7 17.8 14.8 15.6 98.9
65 ¢ Hewcagtle 370 27.44 %29.55 1322.7 19.8 15.4 17.5 172.3
66 @ Willow Park 148 31.30 26.57 S507.4 16.2 14.1 14.5 78.1
171 o cathcart 101 32.17 27.09 554.0 16.5 14.5 14.9 T7:2
172 G Idutywsa 103 32.06 28.18 723.2 17.7 16.% 16.7 121.0
.22 8 Komatipoort 557 25.26 31.57 589.9 25.4 22.6 23.1 68.4
23 5 Nelspruit 555 25.26 30,59 789.2 22.3 1%.0 20.0 108.2
24 & Pretoriuskop BE6 25.10 31.16 '725.3 22.9 20.4 21.1 98.7
25 B Zeerustc 509 25.33 26.05 573.4 21.7 18.0 18.5 50.9
26 8 Rustenburg §11 25.43 27.38 T74.5 21.5 17.5 18.5 8B.5
27 8 Buffelspoort E11 25.45 27.29 6&8B8.0 21.3 18.0 18.7 74.1
28 8 Britr 512 25.35 27.49 619.0 21.6 17.% 18.5 62.2
29 5 Roodeplaat El3 25.35 28.21 6&4.3 21.0 17.4 18.1 73.0
30 8 Marice 546 25.30 26.21 613.5 22.4 15.0 19.6. €2.3
31 &8 Lindleyapoort 547 25.29 26.42 625.5 21.2 18.2 18.8 74.3
32 8 Saulspoort 548 25.1¢ 27.10 613.4 22.5 18.7 19.4 64.9
33 8 Loskop 552 25.24 29.22 E54.7 23.0 20.4 20.8 631.7
€7 5 Muden 301 28.57 30.22 716.7 20.8 18.2 1iB.9 9§3.3
€68 5 Kiwmberlsy 290 28.48 24,45 403.6 20.7 18.]1 18.4 36.1
69 S Koopmansfontein 323 28.12 24.04 339.7 19.4 16. 16.8 30.7
70 8 Ruruman 303 27.28 23.25 445.1 20.1 17. 17.7 44.3
71 8 vaalharte 360 27.57 24.50 473.2 21.2 18, 18.5 #40.1
¥2 8 Sighen 358 27.47 22.5% 387.6 22.1 iB.B 19.1 37.2
73 8 Balkfontein 399 27.24 26.30 532.1 20.6 17.1 7.6 B2.4
74 & Ndum 447 28.55 32.1% $386.0 24.5 22.4 22.9 91.9
7% & Avmoedsvlakte 432 26.57 24,38 460.7 20.9 17.5 17.5% 42.7
76 4 Mafikeng 508 25.51 25.39%9 570.3 21.5 18.1 1B.§ §6.7
77 8 Rooibokkop 591 24.53 29.22 6&09.1 23.5 19.6 20.2 5B.S5
78 8 Towoomba 589 24.54 28.20 572.2 21.9 18.3 1BR.9 61.1
153 8 Potgletersius 634 24.11 25.01 591.3 22.3 19.0 19.6 70.0
154 £ Pietersbuyg 677 23.52 29.27 473.2 20.8 17.6 18.1 57.6
156 8 Phalasborwa 681 23.56 31.09 454.0 24.5 21.8 22.2 58.2
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APPRNDIX 1 (cent.)

ENO BT STATION SNO LATIT LONGI PRECPN GTEM NGTEM ANNT GDAYS

Marnite 719 23.09 28.13 3B0.9 23.7 20.3 20.7 39.5

f 157 S
- 158 5 Mara 722 23,00 29,34 S28,0 22,3 19.0 19.6 62.8
159 S Levuabu 723 23.05 30.17 1287.4 21.6 19.4 20.7 212.7
16¢ & Gooldville 766 22.53 30,29 1068.3 22,3 20.2 21.2 175.0
161 & Thabaszimbi 587 24,37 27.24 608.5 23,7 20.5 21.1 64.8
165 & Grahamatown 57 33,18 26.32 694.7 16.5 16.4 16.4 120.7
167 5 Somerset East 76 32.44 25.35 604.3 1B8.0 17.2 17.4 84.1
{ 168 & Lovadale 78 32.46 26.50 S5316.1 18.7 17.6 . 17.8 64.3
i 169. S Kingwillliamst 79 32,52 27.24 534.1 19.0 17.6 17.9 77.8
- 79 K Andriesfontn 171 30.57 24.36 2319.l1 16.8 14.6 14.8 32.3
80 K De Aar 170 30.39% 24.01 '283.1 17.8 16.3 16.4 25.D
81 K Bethulin 201 30.30 25.58 404.5 3%.1 15.7 16.0 4l.8
82 K Fauresmith . 229 29.46 25.19 41%,7 17.B 15.5 15.8 42.3
83 X PR LeRoux Dam 228 30.00 24.44 350.8 20.5 18.8 19.0 33.3
84 K Relkfontndam 259 29,30 25.13 351.7 20.1 17.7 17.9 33.1
85 X Drieplatte 258 29.D3 74.3% 344.0 19.7 16.8 17.1  32.3
86 K Rietrivier T 988 29.n7 44.36 375,.2 19.9 17.3 17.% 32.3
87 K Oviston 173 30,42 2%.46 400.1 17.7 15.8 16.0 41.6
83 K Burgersdorp . 174 31.0D0 26,20 573.4 16.6 14.4 14.8 63.8 1_
853 K Aliwal Nerth °~ 175 30.43 26,43 495.4 17.9 15.4 15.7 43.8
90 X Victoria West 141 31.24 23.09 218.6 16.3 14.8 14.9 19.4
91 X GrootfonteinI 145 31.29 25,02 302.8 16.2 14.4 14.5 29.3
52 K GrootfontnIX 145 31.29 25.02 302.8 16.7 15.0 15.1 28.9
93 X HF Verwoerd I 172 30.37 25.30 J095.8 18.4 17.2 17.3 4l.4
54 K HF VerwoerdII 173 30.38 25.3)1 2385.8 18.8 16.4 16.7 43.4
13¢ K VanWykaevlei 183 30.21 21.4% 147.4 19.1 18.2 1B.2 12.8
13] K Prieska 224 29.40 22.45 198.5 21.7 19.0 1.1 15.4
132 K Britstown 169 30.35 23.31 227.0 18.4 17.0 17.1 21.4
133 K Brandvisi 190 30.28 20.2%® 131.5 18.3 17.6 17.6 12,6
134 K wWilliston 136 31.20 20,55 133.7 17.1 16.6 16.6 1lu.2
135 K Carnarvon 165 30.58 22.00 199.5 16.4 15.9 15.9 27.5
136 X Kenhardt 851 29.21 21.09 164.5 22,1 1%.5 19.6 12Z2.7
137 K Boagosbergdam 253 29.03 22.13 197.2 22.5 20.1 20.2 17.5
138 K Kareskloof 225 29.49 23.23 :277.0 20.8 18.9 19.0 24.%
139 K Pofadder 247 29.08 19.23 &7.0 19.3 18.4 1B.4 6.0
141 K Sutherland B8 22.23 20.40 164.0 14.3 11.9 12.1 23.5
142 K Beaufort West 92 32.21 22.35 225,3 18.3 17.5 17.8 25.6
143 K Nelspoort 93.32.05 23,01 254.8 17.7 16.3 16.4 26.2
144 K Graaff Reinet 96 32.15 24.32 339.3 1%.0 18.2 18.4 38.0
145 K Fraserhurg 1i3 31.88 21.31 176.5 15.7 15.1 15.1 16.9
164 K Willowmore 50 33.17 23.30 218.9 16.7 15.9 16.0 26,9
166 K Jansenville 74 32.56 24.40 286.6 20.0 18.7 18.8 26.0
170 K Cradock 98 32.10 25,37 320.5 18.5 16.4 1€.68 34.8
g5 T Knysna 14 34.03 23.03 920.3 16.8 17.1 16.5 229.6
" 95 T StormsRivMth 15 34.02 23.54 1109.4 16.4 16.4 16.4 364.0
126 T Diepwalle 30 33.57 23.10 1154.8 18.5 14.8 15.4 315.8
97 F CapastFrancis 17 34.12 24.50 488.4 16.7 17.4 17.1 166.6
= TR N
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ENO BT STATION

APPENDIX 1 (cont.)

SNO LATIT

LONGI PRECPN GTEM NGTEM ANNT
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157
242
158
214

a8

34.27
34.50
3.2
34.03
34.05
34.11

34.09

34.06
34' 11
34.08
33.38
33.50
33.58
33,52
33.5%
33.43
33.56
33.58
32.49
33.58
33. 1?
33.26
33.38
33.47
28.57
31.40
31.47
31.28
30.34
29,14
30.57
29.36
33.35

19.18
20.01
18.30
18.25
ig.49
22.08
19.54

21.16

18.51
15.02
19.00
18.59

22.25

19.00
19.18
18,57
18.52
18.56
18,43
22,32
18.42
19.49
19.27
20,07
18.06
18.29
18.37
19.46
18,00
16.52
18,03
17.52
22,12

529.5
469.7
595.2
1136.1
607.3
475.D
415.1
416.7
607.3
1045.7
660.1
804.2
864.1
804.2
716.2
874.8
723.7
(1495.4
477.2
B46.0
464.1
275.1
261.6
171.6
148.8
102.1
365.4
254.1
130.9
75.9
95,2
213,5
246.2

15.2
15.7
14.7
i15.8
14.8
18.2
15,
18.5
13.5
14.9
14.7
14.5
16.1
14.5
13.0
15.1
l4.1
15!9'
1.7
16.4
14.6
11.4
14.3
15.7
16.8
is.6
16.4
13.3
1s.
13.6
15.1
14.2
17.2

17.4

17.9
11.4
19.1
19.0
17.5
17.4
|17.6
18.1
13.2
20.2
19.7
16.3
19.9
16.6
20.5
18.6
18.5
15,7
16,7
19.8
14.8
17,

17.7
21.2
18.5
19.9
16.8
19.0
14.5
17.8
18.0
17.7

16.1
16.9
15.6
16.3
17.0
17.7
16.9
17.4
15.7
14.5
18.1
17.0
16.2
17.2
14.7
17.5
16.4
16.1
14.4
16.5
18.1
14.4
17.4
17.6
21.0
18.4
19.3
16.4
8.9
14.4
17.8
17.7
17.7

213.2
167.7
243.1
3pe.5
173.2
1ig.1
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APPENDIX 2

A list of species abbreviations and species names used in the classification of woody
vegetation units in the grassland biome. Species that were found in only one stand
were omitted from the analysis. Nomenclature follows Gibbs Russell gt al. (1987).

ACACATAX Acacia ataxacantha DC,

ACACKARR A. karoo Hayne

ACACSIEB A. sieberana DC,

ALOEFERQ Aloe ferox Mill,

BRACDISC Brachylaena discolor DC.

BUDDSALI Buddieja saligna Willd.

CANTCILI Canthivm ciliatum (Klotzsch) Kunize
CANTINER C. inerme (L. F.) Kuntze

CLAUANIS Clausenia anisata (Willd.) Hook. F. ex Benth.
COMBMOLI. Combretum molle R. Br. ex G. Don
CUSSPANI Cussonia paniculata Eckl. & Zeyh.
DIOSLYCI Diospyros lycioides Desf.

DIOSWEYT D. whyteana (Hiern) F. White
DOMBROTI Dombeya rotundifolia (Hochst.) Planch.
EHRIRIGI Ehretia rigida (Thunb.) Druce
EUCLCRIS Eucles crispa (Thunb.) Guerke
EUPHSPEC Euphorbia sp.

EURYSPEC Euryops sp.

FELIFILI Felicia filifolia (Vent.) Burit Davy
FELIYELL Felicia sp.

GNIDHAIR Gnidia ¢9.

GREWOCCI  Grewia occidentalis L.

HALLLUCI Halleria Iucida L.

HETEARBO Heteromorpha trifoliata (Wendl.) Eckl. & Zeyh.
LEUCSERI Leucosidea sericea Eckl, & Zeyh.
LIPPSPEC Lippia sp. _
MAYTHETE Maytenus heterophylla (Eckl. & Zeyh.) N.K.B. Robson
MAYTPOLY M. polyacantha (Sond.) Marais
MYRSAFRI Myrsine arricana L.

OLEAAFRI Olea europaea L. subsp, africana (Mill.) P.S. Green
OSYRLANC Osyris lanceolata Hochst, & Steud.
PASSMONT Passerina montana Thoday
PAVESPEC Pavetta sp.

PROTCAFF Protea caffra Meisn.

RHUSDENT Rhus dentata Thunb.

RHUSEROS R. erosa Thunb,

RHUSLEPT R. leptodictya Diels

RHUSLUCI R. lucida L.

RHUSMACK R. rehmanniana Engl,

RHUSPYRO R. pyroides Burch.

RHUSSPIN R, longispina Eckl. & Zeyh,
SELASPEC Selago sp.

ZIZIMUCR Ziziphus mucronata Willd.
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APPENDIX 3

Functional characters and attributes for each character, together with attribute scores. _

———-— Abbreviations for each character are in parentheses.

Phenology {phn)  PhysSoloegy (phs)
0 Unknown

0 Unknown i}

1 Annual 1c¢3

2 Biennial 2 C4 NADPrME

3 Perenrnial 3ce Hanfﬂz

4 Facult. Perenn + 4 C4 PCK "
EC3 g4

Growth FPorm (gfm)

Reproduction {rep)

¢ Unknown 0 Unknown
1 Tufted . 1 Oblig. veyg.
2 Stoloniferous 2 Vag & Sex

3 khizcmatous 3 Obl. gsader

4 All forpm b
& Tufted stolon. ' Sl
6 Tufted rhizom. . .

Seed pize {(sed) Seed number (sen) Sead Dispersal (sed) Leaf pubescence (1pu)
0 Unknown Unknown

0 Unknown 0 Unknown

1 Bmall 1 Many 1 Awned 1 Glabrous

2 Madium 2 Average 2 Non-awned 2 8lightly hairy

3 Large 3 Few 3 B;rbed/hookad 3 Moderately hairy
4 Pluned

Leaf poaition {1po) Keight (hgh)
0 Unknowi O Unknown
1 Btrongly basal 10~ 100mm

2 100 - S500mm
3 500 - 1000mm
4 > 1000mm’

2 Moderately bamal -
3 Few raimed
4 Many ralsed

A

4 Densely hairy

Flowsring time (ant) Leaf length (lle)

0 Unknown 0 Unknown .
1 Early 1 To 1l0cm :
2 Barly-middle . 2 To 25cm

3 Middle : 3 To 50cm

4 Middle-late 4 To 100&m

5 Late

6

Early-mid~late

Defance (def) Woodinese (woo)

maWNHO

Leaf x/s shaps (lxs) Leaf width (lwi)
knowni '

Un

Expanded
Slighty folded
Strongly folded
Slightly rolled
Strongly rolled

Geophytism (gph)

0
1
2
3
4

Unknown
Absant
Blight
Moderate
Strong

. 0 Unknowr { Unknown 0 Unknown
"1 To 3mm 1 None 1l Abgent
2 To Smm 2 Growth foxrm 2 Blight
3 T¢ Smm 3 Wiregrage 3 Moederate
4 To 12nm 4 Turpenas 4 Strong
5 To 20mm 5 Tannins

& Mtshiki

7 Other

Palavability (pal)
0 Unknown

1l Unpalatable

2 Bour

3 Intsrmediate

4 Sweeb

5 Meshiki
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APPENDIX 4

Attribute scores for each functional character for each
gpecies (’co’ is the species name abbraviation) . This
natrix was used to identify major functional features of
South Africa’s grassland biome. Characters’ are listed
across the top of the table (cf. APPENDIX 3 for character
names, and for attributss correspondmg to each score).

Species name co phn phs gim rep ses men sed lpu Ipo
hgh &nt 1ile 1xs Jwi dnf woo gph pal
Llloteropais Wemialata  as 3 ] 1 3 3 3 2 4 2
3 1 4 7 2 4 2
andropog appendiculat as 3 2 1 3 2 2 1 1 3
3 4 k] 2 3 5 2 2 2
hndropogon schirensis ah 3 2 1 3 2 2 1 2 3
4 2 ] L] 2 2 2
Anthaphora pubascana—n_h ap 3 2 1l 3 3 3 4 1 2
3 2 2 4 i 4
hriltida adscensionia ar 1 2 1 3 1 i 1 i 4
3 4 3 5 1 3 2 1 1
Arigtida bipartita ab 4 2 1l 3 1 1 1 1 3
2 4 2 5 1 3 2 1 1
Aristida congesta ac 4 2 1 3 1 1 1 1 4
3 4 2 5 i -3 2 1 1
ariutxda di!fusa ad 3 2 1 3 2 1 1 1 3
3 5 1 3 3 1 h §
nristida juneiformie at 3 2 1 2 1 1 1 1 4
4 3 5 1 3 2 1 1
Aristida stipitata ai 3 2 1 3 1 1 i i 4
4 4 2 5. 1 3 1 1 1
Aristida transvaalens at 3 2 1 3 1 1 1 1 4
4 2 1 3 2 1 1
Bewnia biflora - bb 3 k| 1 3 2 2. 2 1 2
3 4 3 4 .2 2 2 3 o
Bothriochloa insculpta bi 3 2 5 2 2 1 1 2 3
4 4 3 2 3 8 2 2 3
Brachiaria eruciformicx be 1 4 '8 2 1 2 2 1 3
2 & 2 4 3 2 1 1 4
Brachiaria nigropadata bn 3 4 1 2 2 3 3 4 2
3 4 3 4 7 3 3 3
Brachiayxis aerrata bs 3 4 i 3 2 3 3 4 4
3 4 2 4 4 7 2 4 3
Bromus catharticus bu 4 1 1 3 2 2 2 1 3
3 6 i 2 3 1 i 1 4
Bromus sp. : br 1 -1 1 a 0 0 2 1) 2
2 ©0 © ©0 © © o0 0o &
Cymbopogon excavatus ce 3 2 1 3 2 2 1 1 4
4 5 3 2 5 3 2 3 1
Cymbopogen plurinodis ¢p 3 2 i 3 2 2 1 1 3
3 4 a 2 2 4 2 3 1
Cymbopogon validus o 3 2 1 3 2 2 1 2 4
4 4 4 2 4 4 2 3 1
Cynodon dactylon ed 3 3 2 2 i 1 1 1 4
2 6 2 4 2 2 2 -1 4
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APPENDIX & (cont.)

Species name co phn phs gfm rep =ee
hgh ant lle 1xs lwi def woo gpb pal
Dichanthium annulatum de 3 2 1 3
3 5 3 2 3 5 2 2 o
pigitaria eriantha de 3 2 6 2
4 4 3 2 4 i 3 1 4
Digitaris moncodactyla dn 3 2 X 3
2 4 1 5 1 7 2 3 3
Dilgitaria tarnata .8 3 2 1 3
2 4 2 2 3 i 1 i 4
Digitaria tricholasnel dr 3 2 [ 2
2 3 2 4 3 2 3 3 4
Digitaria =p.(3) d3 © 2 6 2
o 0 0 L) o 4] G 0
Diheteropogon amplect da 3 - 1 3
4 5 '3 2 5 5 2 3 3
Diheteropogon £ilifell 4&f 3 2 1 3 2
2 6 3 5 2 5 2 3 1
Elionurus muticus em 3 2 1 3 2
3 é 2 5 1 4 2 4 1
Eragrostis bicolor sa 3 4 i 3 3
2 4 2 5 2 5 2 2 0
Eragroftlis capensls ec 3 3. 1 k} 1
3 5 3 2 2 5 2 3 3
Bragrostis chloromelas eh 3 3 i 3 1
3 4 ‘2 & 1 6 3 3 3
BEragrostis curvula ah 3 3 1 3 1
2 & 3 5 1 ] 3 3 3
Ezagzostis gummiflua eg 3 4 1 3 1
3 4 3 4 2 3 2 2 i
Eragrostis lehmanniana el 23 3 & 2 1
3: 4 2 B 1 3 4 2 3
Bragrostis obtuga ac 3 3 1 3 i
2 4 2 4 Z 2 2 2 o
Bragrostis pallens eg 3 3 1 .3 1
4 4 4 4 3 3 4 2 3
Eragrogtis patentissim et 3 4 & 2 1
3 4 4 4 0 5 3 2 o
Eragrostis plana ep 3 3 1 3 i
3 & 4 2 -] 2 2 i
Bragrostig racemosa er 23 4 1 3 1
3 s 1 2 2 5 2 3 3
Eragrostis rigidior ei 3 3 1 3 1
3 % 2 4 2 3 4 2 3
Eragrostia sclerantha @ 3 3 1 3 1
3 - 3 8 3 3 2
Bragrostis stepfii ek 3 3 1 3 1
3 4 2 5 1 o 3 2 o
Eragrostis superba eu 3 3 1 3 1
3 - 6 3 2 4 3 3 2 3
Eragroatis truncata en 3 3 6 2 1
1 4 1 2 2 3 o
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APPENDIX 4 (cont.)

SEpecies name co phn pha g9fm reap ses gon ged
hgh ant lle lxs Iwi def woo gph pal

NN NN NN NN B B BN O O O MONOMON R

Eulalia villosa ev 23 2 1 3 2 2
4 6 2 i 3 5 5 3 . 3 . 2 2 s )

Bustachys paspaloides ey . .
3 lﬁr P 2pn 3 3 2 | 3 4

Pagtuca caprina fo 3 1 i 3 2 2
3 2 2 s 1 6 2 4 1

Fastuca coetata fe 3 1 1 3 2 2

2 4 4 3 & 2 4 1 -
Pestuca scabra . fs 23 1 1 3 2 2
2 3 4 A & 2 4 1

Harpochloa falx Kt 3 3 1 3 2 2
3 -] 2 4 3 3 3 3 2 _

Heterapogon contortus he 3 2 i 3 3 3
3 & 3 3 3 5 3 3 3

Hyparrhenia hirta hh 2 2 1 3 3 2
3 6 2 2 2 5 3 2 2 _

Helictotrichon hirtulu hs ¢ 1 1 3 2 2
3 4 2 1 3 0 i 1 4 :

Rarroochloa purpuresa kp 3 1 1 3 1 1
2 2 - 2 5 2 2 1 1 a -

Roeleria capensis ke 3 1 1 3 1 1
3 2 i 5 1 7 2 3 3

Lophacma digitata ld 3 3 8 2 1 2
2 ] 1 4 1 g Q 0 0

Loudetlin simplex is 3 “ 1 3 2 2
4 6 3 4 2 B 2 3 2 T

Melica decumbens md 2 2 1 3 2 2
2 0 2 4 2 7 2 2 i

Malinis pnerviglume rs 3 4 1 3 2 2
3 6 3 4 2 0 2 3 3 :

Melinis repsns rr 4 4 1 3 2 1
3 & 2 1 3 4] i 1 3

Microchloa caffra me 3 3 1 3 1l 2
2 3 k1 5 1 2 A 3 3

Monocymbium cerasiifor wmwo 3 2 1 3 2 2
3 5 Z2 2 3 5 2 k| 3

Merxmuellera disticha mx 3 1 i 3 2 2
3 & 3 5 2 3 4 2 1

Panicum coloratum pc 3 3 1 3 2 2
3 4 3 2 4 5 3 2 4

Panicum ecklonii pe 3 1. 1 3 2 2
: 2 2 2, 3 0 2 3 e

Panicum lanipes Pl 3 4 1 3 2 2
3 R 3 4] 3 0 2 2 0

Panicum natalense pn 3 1 1 3 2 2
a 4 3 5 2 3 2 3 2

Paspalum dilatatum pd 3 2 6 2 3 3
4 4 3 k3 5 2 3 3 4 '

Paspalum scorbiculatum ps 3 2 4 2 3 3
2 4 2 2 3 2 2 ] 3
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APFENDIX 4 (cont.)

pecies name ~ co phn phs gfm rep
hgh ant 1le 1xs 1lwi def woo gph pal

Paentaschigtis aitroldes pa 2 1 1 3
2 4 1 4 1 2 2 2 0
FPoa binata _ pb 3 .1 -6 2
2 & 2 2 2 0 1 2 Q
Rendlia altera ra 3 3 1 3
2 2 2 4 1 3 2 3 2
Schizachyrium jeffreys =sj 3 2 1 3
4 5 2 2 2 5 2 3 2
Schizacarium sanguineu se 32 = 2 1 3
4 4 3 3 3 5 2 3 2
Betaria nigrivostrin sn 3 2 6 2
3 4 3 4 4 2 3 4 3
- Setaria pallide-fusca sp 1 2 1 3
3 4 2 2 4 L 2 ]
Setaria sphacelata s 3 2 € 2

: 4 3 2 2 2 2 4 3
Sporcbkolus africanus sa 3 4 6
4 3 5 2 [ 2 2 1
Sporobulus fimbriatus sf 3 4 [
4 4 3 4 2 5 3 2 0
Sporobolus indicus si 3 4. 6
4 4 - 0 0 0 0 4
Sporobolus pectinatus wo 3 4 6
3 3 a 4 3 2 3 2 "0
Sporcbolus pyramidalis sy 3 4 1
4 4 3 B 4 E 2 z 1
Bporobolus mtapfianum - st 3 4 1
2 4 2 5 1 6 0 0 0
Stiburus alopecurcides s1 3 4 1
3 -1 3 5 1 g 2 3 2
Tetrachhe dregel td 3 3 6
3 4 2 5 1 2 4 2 %
Themada triandra tt 3 2 1
4 & 3 2 3 5 i 3 2
Trachypogen spicatus ts 3 2 1
4 4 2 4 R 5 2 3 2
Tragus berteronianpus tb 4 3 1
4 1 1 2 2 h3 1 4
Tragus koelercides tk 3 3 4
2 6 1’ 1 1 2 2 - 1 4
Trichoneura grandiglum tg 2 o 3
2 4 2 2 3 () w4
Trivaphis andropogonei +a 3 3 3
3 4 3 4 4 5 4 3 i
Tristachya lsucothrix tl 3 2 1
3 6 3 4 3 8 2 3 23
Tristachya rehmannii tr 3 2 1
3 4 2 4 i 7 3 2 1
Urelytrum agropyroides us 3 2 i
4 4 3 2 3 5 3 2 1
Urochloa mogsasbicensli um 23 4 5
4 4 3 2 5 2 3 3 4
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APPENDIX SA -

Scorss for species on the first four axes of the detrended

correspondence ana.ysis.
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AXIS 3 AXIS 4

APPENDIX 5A (cont.)
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APPENDIX 5B

Scores for samples on the first four axes of the detrended
correspondence anilysis. Abbreviations for samples are as in Figure
6.1

SEMPLES AUs 1l ARIS.2 ARIg 3 AXIS 4
81 ' 360 =271 2.6 =2.71
83 ' 407 ~454 4.07 -4.54
84 567 =508 5.67 -5.08
85 - 368 -379 3.66 -3,79
B6 312 -269 3.12 =2.69
87 -192 =174 1.92 -1.74
58 -345 =328 3.45 ~3,28
89 263 -268 2,63 -2.68
510 .210 ~238 2.1 -2.38
Ri 39 -23 0. 39 «0,23
R2 34 -12 0.14 -0.12
R3 21 0 0,21 o

. R4 -45 =39 ~0.45 ~-0.39
" R 99 -92 D.99 -0.92
R6 73 =51 0,73 -0.51
R7 ~39 -15 ~0,39 -0.15
R8 ~-12 -16 . -0,12 -0.16
RS ~-37 =30 ~0,37 -0.3
R10 8 -23 0.n8 ~-0.23
R11 27 -7 -0.27 ~3.07
R12 ‘-39 -34 -0,499 ~-0.34
R13 - 23 =57 0,23 .57
.t R1B -223 -14 -2,23 ~0.14
. WAT1 -11% ~10 -1,19 -0."
WAT2 -160 0 ~1.6 [0}
WAT3 =460 2 ~1.6 0.02
WAT4 =155 2 ~1.58 0.02
WATS ~-171 @7 ~1.7% ~0.07
WATE w83, -11 ~0.81 —0.11
WAT? - . 47 23 0.47 0.23
wars T ~-28 ~0,45 ~.28
WAT9 -85 -12 -0,65 -0.12
WAT10 -117 -13 ~1.17 -0.13
- WATL1 ~117 -12 ~1.17 ~-0.12

- WATI2 -1085 -16 ~1.05 ~0.16

i WAT13 ~140 -4 -1.4 =-0.04
El 14 89 0.74 0.69
B2 =25 70 -0.25 0.7
E3 -45 24 ~0.45 0.24
E4 21 87 0.21 0.87
ES ~46 7 ~0.46 0.07
E6 -44 7 -0.44 0.07
E7 -1l -14 ~0.11 -0.14
£8 19 44 0.19 0.44
Pl =15 . 41 - =0.15 0.41
P2 , 72 63 0.72 0.63
P3 4 Bl 0.04 0.81
P4 16 69 0.16 0.6%
PS5 \ 26 44 0,28 0.44
P7 ~-78 0 ~D.78 o}
P8 -89 17 -0,89 0.17
P9 -4 43 -0,46 0.43
WAK1 =61 -9 «D,61 ~0.09
WAK2 ~41 7 ~0.41 0.07
WAK3 =29 18 -0.29 0.18
WAK4 ap 19 8.3 ¢.19
WAKS -25 7 -0.25 0.07
WAKS 39 22 0.39 0.22
WAK? ~50 15 0.5 0.15

. WAKSB =28 pR:} -0.29 0.18 L
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SAMPLES
WAKS
WAR1O
WAK11
wolLl
waL2
WOL3
WOL4
WOL5S
WOL6
WwoL7
WoLS

WoL9 -

WOL1O
WOL11
ML

M3

Né
- M5

M&

M7

M8

M9

el

a2

@3
G4

G5

G6

a7

GB

g9

al0
Ll

L3
s .
7

-28
-39
=10
316
220
345
409
126
108
296
372
151
385
103
-146
-101
-50
-114
-96
-28

-4
-47
=110
=278
-332
-209
~214
=332
~300
=201
-214
~264
~329
~13

25

a8

28

a

87
- 33

APPENDIX 5B ({cont.)
N o

21
=4

28 -

435
205
216
621
11
-13
50
506
109
597
163
6
131
24
8
42
20
‘45
17

14
-8

-14
=17
-18
-1‘5
~5
=5
=7

. =10
-19
12

25

16
34
-6
45
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0.2Y

-0.28
-0.35 — <004
-0.1 0.28
3,16 4.35

2.2 2.05

2,46 2,156
4.09 6.21
1.26 0,11
1.08 =-0,13
2.96 g.5
T3.72 5.06
1.51 1.09
3,85 . 8.97
1.03 1.63
-1045 aios
1,01 1.31
?‘0-5 0-24
.-lald' G.08
-0-96 0-42
-0.28 0.2
-0.04 Q.45
~0.47 0.17
-1.1 .14
=2.78 =-g.08
3,32 =-0.14
-2o14 -0.13
-3.32  «0.15
-3 -G.05
-2.01 =-(.05
-2I14 -0007
~2,64 0.06
'-3-29 “"0-1
=0.13 =0,18
0.25 0.12
- D.48 G.25
0.28 0.16
0.31 0.34
0.87 «0,06
0.33 0.45
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