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PREFACE

The karco biome comprises the arid and semi-arid dwarf shrublands and open
grasslands of South Africa. In comparison to other South African biomes,
ecological patterns and processes in this biome are poorly understood,
despite its size and economic importance., The Karco Biome Project has
been recently initiated to coordinate existing and stimulate new research
in the vregion (Cowling 1986). One of the tasks of the Project is the
synthesis of available information on the structure and functioning of
karoo ecosystems. An earlier volume (Cowling et al 1986) synthesized
available information on the physical environment of the kargo biome
including chapters on geology, soils, climate, hydrology, geohydrology and
s0il erosion.

This volume synthesizes available data on vegetation and plant growth and
provides an historical perspective essential for understanding present day
patterns and processes, Not included is a chapter on vegetation patterms,
typology and characterization. We refer vreaders to Acocks (1953) and
Werger {1978); subsequent contributions in this field did not warrant a
new synthesis to replace these overviews. Other chapters on vegetation
expose the paucity of data on the demography, phvsiclogy and phylogenetic
systematics of karoo plants as well as our poor understanding of the
dynamics of karoo vegetation in ecological and evolutionary time. These
data should provide the scientific basis .for the development of sound

management sysiens, The vertebrate fossil record of the Karoo is
remarkable and plays a pivotal role in the study of the evolution of
marmals., More palaeontological studies in the biome should be
encouraged. A clearer picture is beginning to emerge of the ecology of

the Khoi-Sarn in the Karoc in precolonial times. However, there are still
large gaps in our information.

It is clear that research progress in the kKaroo biome has been constrained
by its remoteness to major research institutions (Cowling 1986). With the
establishment of the Karco Biome Project there has been a surge of
interest among researchers from nume rous universities and state
institutions. Hopefully we are on the path towards a predictive
understanding of the structure and functioning of Karoo ecosystems. The
value of this wvolume should not only lie in its use as a reference to
published data, but alse to raise problems and identify research gaps.
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ABSTRACT

This volume is the second in a series of syntheses of existing knowledge
of the karoo biome., The first volume summarized what is currently known
on the physical environment of the biome namely geology, soils, climate,
hydrology, geohvdrology and soil erosion. The focus of this volume is
vegetation and its history. Included are chapters on vegetation
physiognomy, plant growth, vegetation change, phytogeography, palaeo-
ecology, palaeontology and archaeology.

SAMEVATTING

Hierdie wvolume is die tweede in 'n reeks van sinteses van huidige kennis
van die karoobioom. Die eerste wvoglume het 'n opsomming verskaf van
huidige kennis van die fisiese omgewing van die bioom naamlik geclogie,
gronde, klimaat, hidrologie, geohidrologie en gronderosie. Hierdie volume
fokus op plantegroei en plantegroeigeskiedenis, insluitende hoofstukke oor
plantegroeifisiognomie, plantgroei, plantegroeiverandering, fitogeografie,
paleo-ekologie, paleo-ontologie en argeglogie.
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CHAPTER 1 PLANT PHYSIOGNOMY, PHENOLOGY AND DEMOGRAPHY

M T HOFFMAN
Botany Department, University of Port Elizabeth

R M COWLING
Botany Department, University of Cape Town

INTRODUCTION

Arid and semi-arid ecosystems are characterized by a stochastically
variable low amnual rainfall (Noy-Meir 1973),. High variation in the
timing and amount of this water availability is a major selective force on
the biotas of these regions and hence exerts a profound influence on
ecosystem functioning. Physical and biological disturbances are also
important selective agents and it is often difficult to separate
anthropogenic (livestock grazing) and climatic determinants of vegetation
structure and composition. Acocks' (1979) perceptive inferences from the
accounts of 18th and 19th century travellers, farm names and vicariant
plant populations indicate that the Karoo of today is a dramatically
altered landscape. He asserts that most of the Karoco was once a grassland
vhich has, in historical times, been replaced by a dwarf shrubland.
Continuous selective grazing by domestic stock has reduced once productive
parts of the Karoo to a desert pavement in places (Tidmarsh 1948; Acocks
1955; Roux 1980).

Most ecological research im the Karco has concentrated on descriptive
accounts of the vegetation (Acocks 1953; Werger 1978, 1986) and general
changes 1in vegetation structure under different grazing regimes (Roux and
Vorster 1983; Vorster and Reoux 1983), A predictive knowledge of the
phenological and demographic responses of species to climate and grazing
is 1lacking. We know that a greater than normal summer rain in the eastern
Karoo results in increased grass cover (Roux 1966), Little is known of
the details of such a response. What is the sequence of climatic events
which determines this? Is the dincreased grassiness a result of
recruitment from soil stored seed or regrowth from existing but dormant
tussocks, or both of these? How many seeds are produced and what propor-
tion will germinate following autumn rains in the same year? The answers
to these types of questioms are fundamental to the development of a predic-
tive understanding of karoo ecosystem functioning and a meaningful manage-
ment policy.

Irn this chapter we describe the above- and belowground physiognomy of
karoo plants and review available data on their phenological and demo-
graphic responses to different climatic and disturbance (chiefly grazing)
regimes. In the 1light of this review we discuss karco ecosystem
functioning and comment on range management policies.

RAINFALL VARIABILITY: THE DRIVING ELEMENT

The Karoo incorporates a number of climatic types (Figure 1.1). In broad
terms there 1is a decrease in the average annual rainfall and the average
number of raindays from east to west (Anonymous 1957). Like other arid
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and semi-arid regions (MacMahon and Wagner 1985; Orshan 1986) the variabi-
1ity in precipitation increases with decreasing annual total (Figure 1.2).
Sites in the Succulent Karoo (winter rainfall) generally have a more
reliable anmial rainfall than the Nama Karoo (autumn/spring rainfall)
(Figure 1.2). When only the Nama Karoo stations are considered, the
relationship between annual average rainfall and coefficient of variation
is highly significant (r = 0,81; p <0,001),

The coefficient of wvariation of monthly rainfall for the winter months
(May to July) in the Succulent Karoo is relatively low (Figure 1,3)., This
predictability of winter rain has profound influences on vegetation
structure and functioning. Succulent dwarf shrubs are common and are
unable to tolerate extended droughts (Von Willert et al 1985), A
predictable moisture supply, albeit low, is probably necessary for their
survival. Precipitation in the ferm of fog is important in the coastal
regions of the Succulent Karoo (Acocks 1953; Schulze and McGee 19783
Werger 1978) and succulents are able to absorb moisture directly into
their 1leaves (von Willert et al 1985}, Mothes (1932 in Fahn 1964) found a
good correlation between s0il salinity and succulence, A complex
relationship between a long summer drought, predictable winter rain and
s0il salinity may explain the exceptionally high cover and diversity of
succulents in this region,

Over most of the Nama Karoo peak rainfall is recorded 1in autumn
(Figure 1.3). There is no strictly summer rainfall (ie November to
January) region in the Karoo and the whole region usually experiences
summer  drought. This has important implications for bioclogical
processes. Growth, flowering, germination and recruitment are closely
tied +to this relatively predictable autumn rain. However, like other arid
and semi-arid regions, a single large-enough rainfall event or sequence of
events at any time of the year can alter the composition of and processes
within a community for vears or even decades (Westoby 1980; Zedler 1981).

The amount of rain falling in any particular event also influences
community processes. The greatest probability of a significant rainfall
event {(greater than 10 wmm) occurring in the Succulent Karoo is in the
winter months, and in spring and autumn in the Nama Karoo (Figure 1.4).
Small rainfall events (less than five millimetres) are frequent and are
also ecologically significant in that they could influence nutrient
cycling and other plant processes (Sala and Lauenrcth 1982).

PHYSIOGNOMY

Growth forms and life forms

The tendency to use growth forms and life forms synonymously is mislead-
ing. Growth form vrefers to the morphological architecture and general
habit of the plant while 1ife form refers specifically to the adaptive
morphology in terms of dits ability to survive the unfavourable season
(Barkman 1979). Table 1.1 outlines the dominant growth and life form
classes in the Karoo.
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TABLE 1.1. Dominant growth and 1ife forms in the karoo biome (from
Cowling 1986)

firovth Life Leaf Doxinaat biogeagraphical

fora fors consisteacy’ genera affinity

Armoals Therophyies Orthophyll, Arciotis, Aristide, Cotmls, Crassala, Karoo-Kanmid,
seccalent Dincrphetheca, Feliciz, Neliophila, Cape

Rermamaia, Grieles, Beseabryzethemms,
femesia, Ostesspermum, Semscio, Brsines

Geophytes Cryptophytes Orthophyil Ba¥ians, Bulbine, Perrariz, Bomeriz, Laroo-Ranib,
Moraea, Lachemaliz, Lapeirousia, Cape
Ornithozalen, ¥xalis

Gragses Hemicryptophytes  Orthophyil Aristida, Digitariz, Dorbarta, Yaroo-Yanib,
Exvesporon, Eragrestis, Oropetins, Swlano-Zambezian
Sporoboles, Stipaprostis

Duarf Chamaephytes Orthophyll, Didelta, Exioceshzlns, Telicia, Faroo-Ranib

(G-0,25m) fleshy Galexja, Relichrysun, Hermamnia,

ad low Isdigofera, Lebeckia, Lightfootia,

(0,25-1,0m) Lycinn, Momechns, Rosenia

decidnons (steospermn, Peatzia, Plinthus,

shrubs? Pteroaia, Roseaia, Selago, Sutera,
Uaklenbergia, Walafrida

Dearf 2nd 10w Chamaephyfes, Fleshy, Barleria, Berilieys, Chrysocoms, Karoo-Ranib,

eYergToen Fhanerophytes sclerophyll Elytropapns, Eriocephains, Euryops, fape

shrabs Pelicia, Guidiz, Helichrysun,
Ternemnia, Pleropia, Relhamia, Selago

Dearf and lov  Chamaephyies Swccalent Aloe, Amacampsercs, isdromiscins, Karoo-Tanib

succaleat Cosophytum, Cotyledom, Crassola,

shrubs Drosanthewes, Iherlanzia, RLuphorbiz,

fawrthia, Boodia, Laspranthus,
Kaleghorz, Othomnz, Psilocarlon,
Ruschia, Sarcocanlon, Seaecio,
Sphalmamthus, Stapelia, Zyzophyline

Nid-high (1-In) Phamercpiytes Orthophyll Acacia, Combretum, Comighora, Phretia, Sulano-Zasberian,
ad iall (>2n) Grewiz, Lyciww, Rhigozam, Hhus Taroo-Kanih
deciduons shrads®

Nid-high asé  Fhaneropiytes Sclerophyll Boscia, Carissz, Diospyres, Eaclea, Tongaland-Posdo and
tall evergreen Heeria, Kaytems, Pappea, Hhus, Schotia Sulanc-Zanbezian
shrabs

Nid-high and  Phaneropliytes Secculent Ale, Cotyledon, Crassala, Bupkorbia, Earco-Janib,

tall seccuient Fachypodinm, Portelacaria Tongalaed-Fondcland
shrabs

1 Consistency classes according to Cowling and Campbell (1983)
2 Deciduous shrubs include shoot, branch and ieaf shedders (Orshan 1953)
* Decidupus shrubs include leaf shedders only.
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FIGURE 1.3, Average monthly rainfall and coefficient of variatien of
monthly rainfall for four sites in the Karoo. (Bars
represent one standard error}. Data for period 1966-1985
{(from Weather Bureau and Department of Agriculture).

The popularity of Raunkiaer's (1934) 1life form classes has facilitated
intercontinental comparisons of much descriptive value, Their functional
significance, however, has been criticized (Cain 1950; Schulze 1982), The
position of the perennating organ, which is seen as an adaptation for sur-
viving the unfavourable season, forms the basis for life form classifica-

tion. While this holds functional relevance for cold temperate climate
plants it has little application in the Karoo. Rosenia humilis,
Barleria irritans and Euphorbia mauritanica all  have  their

perannating organ in 1roughly the same position and are all chamaephytes
(Table 1.,1). However, each species has a different functional response to
the drought (M T Hoffman unpublished). Westoby (1980) points out that
therophytes of semi-arid vregions dinclude a wide range of annuals with
varied responses to different rainfall and disturbance regimes. The
general term therophyte has no heuristic value in the prediction of such
variation. Without negating the descriptive value of a growth form
characterization of vegetation we suggest that the establishment of
functional guilds, characterized in terms of physiclogically significant
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from Weather Bureau and Department of Agriculture.

morphological traits as well as demographic responses te climatic and
distarbance regimes, shouild receive urgent attention. There are virtually
no data on these traits and processes for karco species.

General climatic correlates of growth form distribution

Although broad trends in growth form distributions in the Karoo are
apparent, differences at a landscape level also occur as a result of local
variability in soil depth, so0il texture, rock cover, slope and aspect., It
is also pessible that present-day growth form disiributions have been
determined by historical land-use practices.

Ammuals, Westoby (1980} suggests that in desert and semidesert areas, a
relatively predictable seasonal rainfall favours the development of an
annual flora. The west coast forelands in the Succulent Karooc experience
a relatively predictable winter rainfall regime (Figure 1.2). Dicotyledo-
nous annuals, particularly in the Asteraceae and Brassicaceae (Leistner
1979) may dominate disturbed 1landscapes in spring. In the Nama Karoo
dicotyledonous annuals are rare but annual graminoids (eg Trasgus
racemosus) may be locally abundant, often in disturbed habitats. The
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alternating winter and summer annual floras, each with their own distinct
germination cues, recorded in the arid regions of North America (Went
1949} and western Australia (Mott 1972) have not been recorded in the
Karoo, Werger (1986), however, includes the southern Kalahari as part of
the Karco and reports on an amnual sumer flora with Sudano-Zambezian
biogeographic affinities and an annual winter flora with Karoo-Namib
biogeographic aifinities for the region,

Geophytes. Like amnnuals, geophytes are most abundant, both in terms of
species richness and cover, in the Succulent Karoo., Locally, however, and
depending on climatic events and land-use practices, they may be quite
conspicuous in the eastern Karoo. For example, Moraea polystacha,
which 1is peoisonous to stock, is common 1in severely overgrazed
Steytlerville Karoo following good autumn rains.

Grasses. The overall increase in grass cover from west to east is
correlated with an overall dincrease in rainfall and a declining proportion
of winter rain <{(Acocks 1953; Werger 1978, 1986; Rutherford and Westfall
1986). Acocks (1964, 1979) maintains that low grass cover is a result of
overgrazing and that grasses were important in the Succulent Karoo prior
to PEuropean settlement. The generalized model of karoo vegetation changes
in the last hundred years outlined by Roux and Vorster (1983) and modified
by Hilton-Taylor and Moll (1986) supports this hypothesis and indicates
that the loss of grass cover is the single most important change in Kkaroo
vegetation.

Dwarf and 1low evergreen and deciduous shrubs. A controversy exists as to
whether nonsucculent karoo shrubs are evergreen or deciduous., Werger
(1978, 1986) maintains that the Karoo is an evergreen shrubland while
Cowling's (1986) 1list of dwarf and low deciduous shrubs (see Table 1.1)
includes such dominant genera as Pentzia, Rosenia, Eriocephalus,
Felicia, Selago and Sutera suggesting that nonsucculent Xkaroo is a
deciduous shrubland. More ecophysiological data are needed before
environmental correlates of these growth form distributions can be made.

Dwarf and low succulent shrubs. This growth form includes leaf succulents
(eg many Mesembryanthemaceae, Senecio acutifolius), stem succulents
(eg Euphorbia, Stapelia, Hoodia) and stem and leaf succulents (eg
Crassula, Cotyledon).

Dwarf and low leaf succulents dominate the Succulent Karoo. Stem
succulents are common only on the easterm margins (ie in the Noorsveld)
and on the northern fringes near the Orange River in the vicinity of
Pofadder (Werger 1978). The incidence of succulence is correlated with a
nunmber of environmmental variables. More critical experimental testing of
these hypotheses is needed before cause and effect relationships are
clarified, Werger (1986) suggests that succulents are rare in areas which
have regular night frosts below minus four degrees centigrade, as frosts
easily damage succulents. The reliance of succulents on a predictable,
albeit 1low, anmnual rainfall as well as the correlation between soil
salinity and the iancidence of succulence has already been mentioned, In
the eastern Karoo the incidence of stem succulence 1is positively
correlated with levels of so0il phosphorus, potassium, calcium and
magnesium (M T Hoffman unpublished).

Mid-high and tall deciduous shrubs, Having distinct Sudano-Zambezian
biogeographic affinities these elements (largely Acacia species) are
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confined 1o the water courses and the northern subtropical fringes of the
Karco.

Mid-high and tall evergreen shrubs. The usually large-leaved,
sclerophyllous, evergreen shrubs (eg Rhus species, Carissa
haematocarpa, Pappea capensis, Mavtenus species) are most common in the
sputhern mesic parts of the ZKargo where they accur on rocky hillsides,
teymitaria and heuweltjies, However, a number of species penetrate into
the Great and Arid Karoo <{(Acocks 1979) usually along dolerite ridges.
Werger (1986) suggests that moisture conditions are more favourable here
than on the plains thus enabling the persistence of these drought-enduring
growth forms.

Mid-high and tall succulent shrubs. The 1leaf and stem succulent
Portulacaria afra (ie the  Spekboomveld) dominates the steep,
north-facing slopes of the southern fringes of the Nama Karoo. Most of
this. Spekboomveld has been destroyved by overgrazing in recent times.
Aloe species are common along the south-eastern Karoo margins and in
the northern areas of the Succulent Karoo (eg Alce dichotoma). Alge
ferox often occurs along the ecotones between Karroid and subtropical
thicket vegetation in the sounth-eastern Karoo.

Root systems

High root:shoot ratios have been suggested as an adaptive mechanism for
drought resistance in plants of arid regions (Walter 1963). However, this
issue is wnot resolved and Barbour (1973) and Ludwig (1977) present data
from North American deserts to suggest that xerophytic shrubs have lower
root:shoot ratios than many mesophytic shrubs. Raot:shaot ratios and
rooting depths in the Karoo are likely to vary depending on soil depth,
texture and water availability. Scott and van Breda (1938) measured roots
of Pentzia incana o a depth of three metres in the deep Malmesbury
shale-derived soils in the Worcester-Robertson Karoo. In the shallow
Beaufort series soils of the eastern Karooc the roots of all shrubs seidom
penetrate below 0,5 m (M T Hoffman unpublished). An individuals defolia-
tion history is also 1ikely to affect root:shoot ratios as researchers
have reported root growth stoppage and even death after defoliation.
{Troughton 1957; Muldoon and Pearson 1979; Richards 1984; Brown 1985).

Grasses. Grasses have shallow, fibrous reoot systems enabling them to
respond rapidly to rainfall and to utilize small rainfall events which
usually moisten only the top 10 mm of soil (Figure 1.5). Sheath layers
prevent dessication and protect the roets from high temperatures
(Troughton 1957).

Amual forbs. Onr observations in the Central Lower Karoo indicate that
anmial forbs generally possess a thin, fibrous to fleshy, undivided tap
root with a few short primary lateral roots evenly distributed along the
length of the root. Ropt depths were normally in excess of 0,3 m. In
order to ensure reproductive success and thus survive from one generation
to the next, annuals must have access to a reliatively permanent moisture
supply. This is achieved by having a relatively deep tap root (Figure 1,5)
which is probably produced at the expense of above-ground biomass. Werger
(1986) reports that annuwals in the Succulent Karoo possess shallow root
systems, The predictable winter rains provide favourable water conditions
enabling these annvals to maximize above-ground production without
investing too many rescurces in below-ground parts.
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Dwarf and low succulent shrubs. Most leaf and stem succulents possess a
shallow 1lateral root system (Werger 1978) which may extend horizontally to
a distance of over 2,5 m (Scott and van Breda 1939), They do not usually
possess a tap root but there are exceptions (see Weiss and Yapp 1906;
Cannon 1911). Shallow roots enable succulents to respond rapidly to small
rainfall events (Jordan and Nobel 1984). The roots of succulents have to
survive pronounced fluctuaticens in both temperature and soil water
potential, Jordarn and Nobel (1984) suggest that with the onset of
drought, rapid dehydration of new roots and hydrated cortical tissue of
old roots physically withdraws the root from contact with the soil, As a
result of these changes in reot hydraulic conductance, water stored in the
leaves and stems of succulents is prevented from being lost to a drying
soil.
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Grasses Succulents Deciduous shrubs {with
0,4 Aristida spp Drosanthemum lique split axes)
Eragrostis spp Trichodiadema hallei Penizia incana
Annuals Evergreen shrubs Rosenia humilis
Gisekia phornacecides Barleria irritans
Convolvulus sagittatus Pteronio adenocarpa

FIGURE 1.5. Major root systems in a central Jlower Kkaroo community
{M T Hoffman unpublished).

Dwarf and low nonsucculent shrubs. Karoo shrubs have a generalized type
of root system with an extensive horizontal and vertical distribution in
the so0il profile (Figure 1.5). This enables shrubs to coleonize a wide
variety of habitats and to exploit areas in the soil profile which are not
occupied by other growth forms. There is no single representative root
system for karoo shrubs and there are often large differences between
individuals of the same species. Evergreen shrubs {(eg Barleria
irritans) wusually have a thick, fibrous, undivided tap root extending
some way into the so0il before dividing into an extensive lateral root
system (Figure 1.5). In the deciduous shrubs (eg Rosenia hAumilis) the
tap root wusually splits at the soil surface giving rise to as many as
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eight or more axes extending into the so0il and branching in all
directions. Plants with split axes are common in arid and semi-arid
regions (Ginzburg 1963; Jones 1984). In the Karoo this trait is commonly
found in the Asteraceae but also in other families (eg Aizoaceae,
Selaginaceae). Besides being a possible means of vegetative propagation
(Theron et al 1968}, Jones (1984) has measured significant differences in
Xylem pressure potentials of different branches of large unwatered shrubs
with split axes. Jones (1984} suggests that because of the spatial
variation in the spil water distribution, one axis may have access to soil
moisture not available to other axes and may thus survive extreme drought
conditions.

The accepted notion of the structure of arid plant communities is that
each growth form occupies a distinctive position in the soil profile
(Yeaton and Cody 1976) and each exploits different moisture reserves at
different times of the vyear (Went 1949; Noy-Meir 1973; Beatley 1974).
Greig-Smith (1961) and Harper (1977}, haowever, suggest that the competi-
tive interactions of a species' belowground parts as well as their
dispersal mechanisms determines the pattern evident in arid plant communi-
ties. These interactions are difficult to test and Barbour (1973) warns
of the uncritical acceptance of pattern analysis dogma as it relates to
arid and semi-arid areas (see Ismail and Babikir 1986). More detailed
studies on rooting patterns and belowground competitive interactions as
well as dispersal mechanisms and germination requirements need to be made
before karoo coomunity structure and pattern can be explained.

PHENOLOGY

Phenological patterns

Phenological responses of karoo plants are largely controlled by
temperature and the timing and amount of rainfall. Endogenous rhythms
probably do exist for some species (Hemrici 1940), particularly the dwarf
and low evergreen shyub component (eg Helichrysum pentzioides, Barleria
irritans} (M T Hoffman unpublished). The predictable winter rainfail
season exerts considerable control over phenology in the Succulent Karaoo.
The probability of additional rain after the first autumn rains is good.
These conditions favour annuals (Westoby 19808) which are very conspicuous

in this region. In all growth forms, growth starts 1in autumn, is
depressed by the cold winter temperatures and resumes again in spring
{van Rooven et al 1979a). Flowering and seed set phenophases are

generally predictable and occur ism spring (August—October} (van Rooyen et
al 1979a). Annvals complete their phenophases before the shrubs, and geo-
phvtes and succulents are the last to do so (van Rooven et al 1979a).

In the Nama Karoo, where rainfall is less seasonal, phenclogical activity
may be dinitiated at any time of the vear {eg in Sarcocaulon vanderietae,
Sutera bhalimifoiia (Hobson et al 1970)}) din respomnse to precipitation
"pulses”  (Noy-Meir 1973, 1974). Different growth forms will have
different phenophases because of the differences in germination and growth
requirements and because of their particular distributions in the soil
profile. Generally, the periocd of greatest biological activity is in
autumn and spring (Roux 1966). The cold winter temperatures of this
region may inhibit growth while high midsummer temperatures can likewise
cause a decrease in growth of both the grass and shrub component (Vorster
and Roux 1983).
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Spatial wvariability in rainfall plays an important role in phenological
patchiness at a landscape level. Because the Nama Karoo receives much of
its rain in the form of localized thundershowers, two adjacent areas in an
otherwise homogeneous landscape might differ significantly in the amount
of rain and the period since the last rainfall. A mosaic of patches with
different floristic and structural composition results (cf Wiens 1985).

Effects of defoliation on phenology

An understanding of the effects of the intensity, frequency and timing of
defoliation on the phenclogy of individual or key species is fundamental
to the development of sound management principles, All studies on Karco
species have focused on the effects of defoliation (clipping) on dry
matter yields {(usually aboveground) (Venter 1962b; Opperman et al 1969;
du Preez 1972; Hobson and Svykes 1980). Du Preez (1972) compared the
effect of defoliation during different months and with wvarying rest
pexriods for a mnumber of irrigated and nonirrigated shrubs in the Upper
Karoo (Figure 1.6).

Du Preez (1972) completely defoliated five new individuals of each species
each month (monthly dry matter vyields}) and those same individuals two
months later. He clipped them again one year later. His resultis showed
that:

1) The dry matter vields of karoo shrubs is water-limited and controlled
by a complex relationship between water-availability and temperature,.
Low winter temperatures clearly depressed growth, The unpredictable
and erratic rainfall pattern characteristic of arid and semi-arid
areas fragments the growing season which is characterized by "pulses"
of growth activity (Noy-Meir 1973). Recovery rates following
defoliation may therefore be retarded (Brown 1985). Henrici (1951)
and Walker et al (1986} stress the overriding influence that the
timing and amount of rainfall has on community dynamics. Inter-
specific competitive effects including grazing-modified competitive
abilities were found to be insignificant in comparison with rainfall
events in a "sourish-mixed veld" system (Walker et al 1986).

2) Defoliation suppresses and produces a lag response in dry matter
yields, Sixty days after defoliation dry matter yields were lower
than for nondefoliated control plants, Maximum growth occurred in
February or March in nondefoliated plants and in April in defoliated
plants. Severe and even moderate {(50% defoliation) levels of
defoliation suppress growth in most species examined (Jameson 1963
Opperman et al 1969; Tainton et al 1970; Leigh and Mulham 1971; Buwai
and Trlica 1977; Hobson and Sykes 1980: Brown 1985). Garrison (1953)
suggests that 1lighter defoliation treatments may enhance growth by
removing apical dominance in some species., The consequent increase in
twig production from lateral buds could increase the number of floral
primordia and seed yield. Other researchers report on the advantages
of 1light grazing {Booysen 1966; Hobson and Sykes 1980). Coughenour
(1985) suggests that limited grazing may stimulate biomass production
in grasses. The increased levels and frequencies of defoliation
following Eurcopean settlement, however, could be responsible for the
large-scale vegetation changes in semi-arid rangelands (Brown 1985).
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3) Defoliation greatly decreases dry matter yields when undertaken during
or immediately after a growth period. These conclusions support those
of other researchers (Tainten 1958; Opperman et al 1969; Tainton et al
1970; Buwai amnd Trlica 1977).

The 1lack of data on the sources of translocated assimilates and their
subsequent mobilization and wutilization after defoliation limits our
understanding of the effects of defoliation on regrowth (May 1960;
Wallace et al 1977)}.

The patterns of photosynthate translocation and storage at different
phenological stages {see Menke and Triica 1981) are unknown for Karco
plants and poorly described generally. Controversy exists as to whether
carbohvdrate root reserves are important determinants of plant regrowth.
Some researchers (Muldoon and Pearson 1979; Brown 1985; Richards and
Caldwell 1985) find little evidence to support this and suggest that root
and shoot activity are in eguilibrium (Brown 1985). Defoliating the above
ground parts causes the death or immediate reduction in growth of some
roots (Jameson 1963; Richards 1984; Brown 1985) because of the deprivation
of respiratory substrates {Brown 1983). When growing, the above-ground
parts supply the roots with enough assimiliate, enabling them to supply the
leaves and stems with the required water and nutrients. Other researchers,
{Perry and Chapman 1976; Buwai and Trlica 1977) suggest that the declining
levels of nonstructural carbohydrates in the roots following regrowth is
evidence of tramslocation and the depletion of carbohydrate root reserves.

The 1literature is replete with examples from both schools of thought
(Brown 1985) and patterns of photosynthate transiocation and assimilation
appear to be species specific and often dependent on morphological traits
(Wiemrmann 1940; Opperman et al 1969; Tainton et al 1970; Trlica et al
13773 Brown 1985; Cougherour 1985; Walker et al 1986). Wallace et al
{(1977) found 1little storage of carbohydrates in the roots of a deciduous
northern Mojave desert shrub Ambrosia dumosa, while Dahiman (1968) and
Singh and Coleman (1977) found high values 1in some North American
grasses. Richayds {(1984) reports that for two Agropyron grasses in a
North American rangeland, root growth after defoliation used carbohydrates
produced by photosynthesis during regrowth rather than by carbohydrate
reserves synthesized prior to defoliation. The partioning of
photosynthate among the various plant parts (roots, buds, flowers, stems,
fruits etc) is dependent on the phenological state of the plant (see
Wallace et al 1977; Menke and Triica 1977; Fick and Sosebee 1981; Walker
et al 1986).

The effects of the timing of defoliation on the mortality of mature plants
is also importani. Venter {1962b) showed in the easterm Karoo that 1002
defoliation 1in the active growing seasen led to an increased mortality in
three of the five Karoo shrub species examined. Mortality of defoliated
seedlings (less than one vear old) is high and is a function of seedling
age rather than season of defoliation (Parker 1985). Silcock (1977)
reports that over 90% of seedlings of species in an Australian arid
rangeland die without ever flowering. Flowering and seed set are vital
for replenishment of seed banks and for the recruitment of new
individuals, In the North American and Australian deserts defoliation has
been shown to suppress flowering (Garrison 1953; Buwai and Trlica 1877;
Brown 1985) and reduce seed production {(Rausher and Feeny 1980; Parker
1985). Tainton et al (1970), however, report that defoliation increased
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flowering activity of a number of grasses examined. As far as we know
there are not quantitative data on the effects of defoliation on the
reproductive output of kareo species.

DEMOGRAPHY
Germination

Temperature, lighi and moisture are the most commor envirommental controls
of seed germination (Koller 1969). Because of the wvariability and
relative complexity of the relationships between these variables in arid
and semi-arid areas, within- and among-cohort heterogeneity of germination
cues has adaptive significance (Koller 1972). Noy-Meir (1973) suggests
that the optimum strategy for germination din arid regions is one af
"cautious opportunism™. This ensures that only part of the seed bank will
be 1lost if post-germination conditions are unfavourable for seedling sur-
vival. Seed polymorphisms, common in Asteraceae, Poaceae, Chenopodiaceae
and Brassicaceae {(Harper 1977), and in species of disturbed and semi-arid
environments {Harper 1977; Weiss 1980) exemplifies this bet-hedging
strategy, Polymorphic seeds with different germination cues (Brown and
Mitchell 1983; Venable and Levin 1985), dispersabilities (Venable and
Levin 1985) and competitive performances (Weiss 1980) may be adaptive in
these variable enviromments (Harper 1877).

Germination studies in the Karoo have not explored the adaptive
significance of traits and syndromes. The overwhelming variability in
seed wviability, longevity and responses to temperature (Henrici 1935a,
1939) is one of the few consistent generalizations. For most Karoo
species 1light has 1ittle or no effect on germination (Henrici 1939; Theron
1964) (Figure 1.7).

Studies to date show that the optimum constant temperature for germination
of Xaroo plants is between 18 and 25°C (Henrici 1935a; Theron 1964; Venter
1962a) (Figure 1.8).

Henrici {1939) found that alternating the optimum temperature with a cold
treatment generally delavyed germination and gave different results for
different species (see also Theron 1964; Venter 1962a). Some arid and
semi-arid zone apnmal and peremnial seeds respond faveurably to a period
of heat pretreatment (Capon and von Asdall 1967; Keeley and Mevers 1985).
The hot summer months in the Karoo could promote seed maturation. The
limited data on the effects of seed heat pretreatment suggest that
different species have different responses. Some respond favourably (eg
Eragrostis lehmaniana), others negatively (eg Themeda triandra) or
not at all (eg Sporobplus Ffimbriatus) (Venter 1962a), However, only
the first-mentioned species is widespread in the Karoo.

Since conditions optimal for germination might not occur for several
years, seeds should be long-lived. This would ensure that if the climatic
or grazing regime should result in no replenishment of the seed bank for a
number of years, then at least local extinction would be prevented. There
is a high degree of variability ip seed longevity. Even seeds harvested
from the same area at the same time show large variation in their after-
ripening perigds (Henrici 1935a). Polymorphic seed production mnay
contribute to this variability (Harper 1977; Venable and Levin 1985). The
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viability of karoo seeds was not depressed appreciably after twenty months
storage (Figure 1,9) (Henrici 1939; Theron 1964).

In the Nama Karoo autumn is probably the optimum period for germination
(Hobson et al 1970). Temperatures are not limiting and there is z high
probability of repeated wetting and drying cycles over several days -
conditions which enhance germination (Henrici 1935a). Seedlings,
established in autumn, remain dormant in winter and benefit from spring
rains enabling them to grow to a stage where they can withstand summer
drought.

Dispersal
Vegetative propagation. Vegetative propagation is important in Karoo
communities, The dominance of species which propagate vegetatively (eg

Pentzia  incana) may be attributed to the selective advantage of
vegetative propagation under ceontinuous selective grazing. Vegetative
propagation 1includes the development of adventitous roots from aerial
stems which touch the ground (eg Pentzia incana, Trichodiadema hallei,
Portulacaria afra), stolons (eg Cynodon incompletus), suckers (eg
Lycium cinereum, Rhigozum trichotomum) bulbs (eg 0Oxalis punctata,
Moraea  polystacha) and the development of split axes (eg Rosenia
humilis, Plinthus karooicus) (Theron et al 1968),

Fruit types and seed dispersal. We consider the dominant fruit types and
dispersal mechanisms in a Central Lower Karoo community (Acocks 1953} and
discuss their role in karoo plant community dynamics, Figure 1,10 shous
that most plants from this community produce seed enclosed in a capsule,
pod ox follicle possibly providing some protection from predation (Ellner
and Shmida 1981). Cues for dehiscence and seed release are either linked
to drying and death of the inflorescence (eg Indigofera sessilifolia,
Hermannia linearifolia) or to changes in moisture and relative humidity
(eg Mesembryanthemaceae (Thlenfeldt 1975), Acanthaceae (Gutterman et al
1967), Euphorbiaceae (White et al 1941)), Dry, indehiscent fruits are
found predominantly in Asteraceae and Poaceae and are nearly all wind
dispersed. Fleshy fruits are uncommon and are usually associated with
species that are able to propagate themselves vegetatively (eg Lycium
cinereun, Protasparagus  speceies); restricted to rocky hillsides,
termitaria and heweltjies (eg Pappea capensis, Carissa haematocarpa,
Rhus species); parasites (eg Viscum species, Thesium species}.

There is a wide range of dispersal mechanisms and often two or more are
combined. Nearly 50% of the species are wind dispersed (Figure 1.10). 1In
the Hester Malan Nature Reserve (Succulent Karco) this figure rises to
more than 66% (Rosch 1977). A variety of structures enhancing their
dispersal efficiency have evolved, These include the development of a
pappus (most Asteraceae), winged seeds (eg Rhigozum obovatum), comose
seeds (most Asclepiadaceae) and tumbleweeds (eg Brunsvigia species).
Small seed size also enhances long-distance dispersal (eg Crassulaceae,
Sutera atropurperea) (Marloth 189%4; Pijl 1972). In some cases the
seed is scattered by the shaking of the dry capsule in the wind ("censer
mechanism" (Pijl 1972)) (eg Albuca species, Hermannia linearifolial.
In the dwarf, open shrublands of the Karoo, wind dispersal is clearly an
effective dispersal strategy.



- 17 -

‘Salsola glabrescens (0) Atriplex vestita (12)

20

- o~

100

| =4
o
-
o
£
£
| 9
[ ]
o
*
40 _Felicia filifolia (24) Helichrysum pentzioides (O}
.- ~
1 P 1 1 ( 1 -
I 2 34 56 78 9Ii011 12 i 234 56 7T 8 9101 12
Months
FIGURE 1.7. The effect of light and darkaness at 20°C on germintion of

successive plantings of karoo shrub seeds from the same
initial harvest. A hundred seeds were planted each month.
The number in brackets refers to the age (in months) of seed
at first planting. Light = 0—9, dark = &-———-, Data
from Henrici (1939).



- 18 -

100 - .
g et A I T T i —e— — a4 Eragrostis curvula

80 |
c
o 60
pros L
E —— o Sporobolus fimbriatus
E
[N
]
U]
p3 ~ —aThemeda triandra

—p Eragrostis lehmaniana

. Plinthus karooicus

15 20 25 30 35

Temperature (°C)

FIGURE 1.8. The effect of temperature on the germination of karoo
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Active self dispersal may be explaosive (eg Euphorbia ferox (White et
al 1941)) or by hygrochastic mechanisms (eg Blepharis species
(Gutterman et al 1967), Mesembryanthemaceae (Ihlendfeldt 1975)). Many
seeds are passively dispersed (eg Leucas capensis, Limeum aethiopicum
(M T Hoffman personal observation)). Zoochory appears to be uncommon in
karoo plants and most endozoochorous species have fleshy fruits. The role
that ants, other insects and small mammals play in the seed dispersal of
karoo plants in unknownm. Species with seed structures enhancing
epizoochory (eg Aristida congesta subspecies congesta, Tragus
racemosus, Tribulis terrestris) are often the first to colonize
disturbed sites.

Atelochory and antitelochory. The absence of dispersal-enhancing
characters (atelochory) and the development of mechanisms which hinder
dispersal <{antitelochory) are a common occurrence in arid ecosystems
(Zohary 1962; Pijl 1972; Eliner and Shmida 1981), Ellner and Shmida
(1981) have recently challenged Zchary's (1937) generally accepted
"mother-site theory" explanation for atelochory and antitelochory. Zohary
(1937) suggested that the parent plant keeps most seed close to the site
where it is able to successfully reproduce. Ellner and Shmida (1981)
argue that rather than being a mechanism for reclaiming the mother site,
atelochory has evolved as a response to the low benefit of long range
dispersal mechanisms. They suggest that antitelochory is important in the
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months) of seed at first sowing. Data from Henrici {1939).
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timing of seed dispersal and germination rather than having any benefit
arising from limited seed dispersal per se. With the excepiion of studies
by Stopp (1958) and Thlenfeldt (1975), little is known about the incidence
of atelochory and antitelochory in karoo communities, Atelochory is
correlated largely with passive dispersal and only 13% of the plants in
the Central Lower Karoe commumity studied were passively dispersed.
Antitelochory in karoo plants takes a number of forms. Intact capsules
which fall off the parent plant have 1limited dispersal potential (eg
Hermannia species (M T Hoffman personal observation)}) as do the seeds
in the hygrochastic capsules of some Mesembryanthemaceae (Ihlenfeldt
1975). The sticky seeds and intertwining pappus of Pteronia adenocarpa
also 1imits dispersal and the entire infructescence may be released
(M T Hoffman personal observation). Serotiny, the canopy storage of seeds
for greater than one vreproductive cycle, as seen in Rosenia humilis
(Bremer 1976) and numerous Mesembryanthemaceae (Ihlenfeldt 1975) is
another form of antitelochory. In R humilis seeds are held in a
capitulum for many years and are eventually released simultaneously,
possibly after good rains (Bremer 1976). Interestingly enough, seeds of
this asteraceous shrub lack a pappus. In the serotinous Mesembryanthe-
maceae, seed release occurs after the hygrochastic opening of the capsules
(Ihlenfeldt 1975). Significant seed release is therefore cued to post
rainfall conditions which are suitable for germination and recruitment.
It 1is possible that between 10 to 20% of the species in the Nama Karoo
possess antitelochoric wmechanisns. In the Succulent Karoo, where
Mesembryanthemaceae dominate, this figure will be considerably higher (see
Rosch 1977; Werger 1986), We concur with Ellner and Shmida's (1981)
suggestion that atelochory and antitelochory have an important function in
the timing of seed dispersal. We do not view them as specific adaptations
for reclaiming the "mother site".

Passive
13%

duassiue®

{a) (b} snoJouoouJauV

FIGURE 1.10. (a) Fruit types and (b) dispersal mechanisms in a Central
Lower Karoo community (n=70}.
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Recruitment, establishment and mertality

We define recrvitment as the stage in a plant's life history from seed
zgermination to seedling and establishment as the survival to reproductive
maturity. No single demographic response characterizes the karco flora.
A number of 1life histories have evolved in response to an unpredictable
environment where drought, grazing and seasonal variability all combine to
influence demographic processes., We anticipate that general demographic
principles as reviewed by Cook (1979) will apply to karco communities.
These are:

1)

2)

3)

Juvenile plants sufifer the greatest mortality and there exists an
inverse relation between the size of an individual in a cohort and
mortality. There are no data for karoo perennials but data from
Australian (Crisp 1978) and Sonoraan semi-arid regions (Steenbergh and
Lowe 1969; Turner et al 1969) support this. Survival rates of
Namaqualand ammual populations are highly variable within and between
species at different sites {(van Roovemn et al 1979b). Seedling
mortality is highest within the first few weeks {(van Rooyen and
Grobbelaar 1982). The average survival rate of 64% for the
Namagualand appual flora (ie survival to "maturity") was generally
higher than for anmuals from the North American semi-arid regions (van
Rooyen et al 1979b).

The two greatest sources of mortality are grazing and drought stress.
Parker (1985) found heavy mortality of seedlings of a Soncoran desert
shrub fellewing dinsect herbivory. Grazing and trampling by mammalian
herbivores is also a source of much mortality (Crisp 1978; McAuliffe
1986). The effects of drought stress are more difficult to discerm.
The *nurse plant” phenomenon, whereby seedlings readily establish
beneath the canopy of certain plants (Shreve 1931), is common in most
arid and semi-arid areas, including the Karoo. The microsites
afforded by nurse plants protects seedlings from temperature
fluctuations, exposure and grazing (Parker 1982); survival rates are
thus high (McAuliffe 1984). These recruitment patterns often confer a
distinct pattern on the whole community. Wind-blown seeds readily
accumulate under these plants resulting 3in the coeoccurrence of
different growth form guilds in distinct “islands" of vegetation. The
soil volume is partitioned and the component species often have
different phenophases (P W Roux personal communication).

Disturbance usually precedes recruitment. The most important
disturbance factors affecting plant demographic processes in the Karoo
are drought and defoliatiorn. Prolonged drought is often followed by
substantial rains and good recruitment such as oeccurred in Euphorbia
coerulescens after copious rains in November 1985 after a lengthy
drought (M T Hoffman and R M Cowling persenal observation). The
drought- or grazing-induced death of mature individuals creates space
in an environmment where competition fer water 1is great and
allelophathic interference may occur (Beals 1968; Fonteyn and Mahall
1978; Phillips and MacMahon 1981). Soil disruption by browsing and
burrowing animals may also stimwlate recruitment. Van Rooven and
Grobbelaar {1982) reported a large increase in the number of
Namaqualand annuals in perigdically mixed soil. Fire is jimportant in
the eastern karoo mountains only (Roux and Vorster 1983). 1In karoo
vegetation the interactions between the disturbance regime (ie nature,
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magnitude, frequency) and the biologies of the species (ie life
history, physiology) probably determines community composition
(Denslow 1985). This composition is continually changing in response
to singular extreme events (Westoby 1980) and sequences of extreme
events (Zedler 1981).

There are no 1life history or fecundity schedule data for any karco
plants, There is some information on long—-term compositional dynamics
(Roux 1966} but changes 1in species importance were measured in terms of
basal cover and mnot at a population level, How long do karoo shrubs and
grasses 1live and under what conditions does recruitment occur? What are
the responses of mature plants and seedlings to grazing and how does this

effect vyeproductive output and establishment? When should grazing
pressures be intensified or reduced in order to facilitate an important
demographic process? There 1is an urgent need for answers to these

guestions if we are to provide a rational basis for the management of
karoo veld,

IMPLICATIONS FOR COMMUNITY DYNAMICS AND RANGE MANAGEMENT POLICY

We have stressed the immense variability which exists in the phenolegical
and demographic responses of karoo plants to stochastic rainfall and
disturbance events. Booyvsen (1966) called for a physiological rather than
an empirical approach to range management research, while Walker et al
(1986) have stressed the importance of an event-orientated (rainfall)
approach to grazing system management. Current karoo rangeland policy has
evolved from the results of large integrative grazing trials (McNaughton
1967; Roux 1968; wvan der Walt 1971; Skinner 1976; Roux and Vorster 13983)
and ignores the responses of individual species to this variability. Data
on the physiology of shoot growth, phtosynthate storage and translocation
and photosynthetic efficiency of individual species is lacking. The basis
of the rangeland policy as encapsulated in the rotational grazing system
programme (Roux 1968), assumes that Kkaroo ecosystem dynamics are
consistent with Clementsian succession theory, defined as a predictable
change in species composition over time (Drury and Nisbet 1973). North
American rangeland policy, which makes the same fundamental assumption,
has recently been criticized {(Westoby 1980; Sousa 1984). The Clementsian
view in the rangeland context holds that grazing animals retard a
predictable community replacement sequence. The final community would be
in equilibrium with the prevailing environment (Westoby 1980), The
correct stocking rate, which is correlated with the long-term average
annual rainfall (van den Berg 1983), maintains the vegetation in an
optimum  state for grazers. Excessive stocking rate reverses the
succession trend or alters dits path (disclimax) and very low grazing
pressure promotes the successional development towards the climax {(Acocks
1955, 1964; Vorster 1982),.

The concept of "area-selection" (Roux 1968), where grazers concentrate on
particular areas of preferred forage resocurces, suggests that rangeland
research distinguishes between edaphic climaxes, physiographic climaxes
and disturbance climaxes, The vast vacabulary of polycelimax succession
theory is therefore invoked to explain the anomalies. There is, however,
probably no predictable change in species composition over time in
semi-arid rangeland communites but rather a gradual or dramatic shift in
population boundaries (Zedler 1981),



- 23 -

Moreover, the overwhelming influence that European vegetation management
has had on community composition should be recognized. Westoby (1974,
1978) argues that large herbivores have nutrient constraints and optimize
the nutrient content of their diet by selecting from a wide variety of
plant species. Henrici (1935b) provides supporting evidence for the
Karoo. This selectivity changes from individual to individual and from
day to day among herbivores (Arnold aand Hill 1972; Botha 1979) and is
dependent om the physiological and phenological status of the plant
(Henrici 1940; Botha 1979) as well as on the site (Henrici 1935b). If the
amount of plant material consumed is independent of the relative abundance
of the species then those plants which are relatively rare in a community
and which provide a necessary nutritional component are going to decline
in abundance ({Westoby 1974; Louw 19692). It is this selectivity which
inf iuences specific population boundaries and thereby community
composition. This process 1is not the same as altering a predetermined
species replacement sequence.

There are other problems associated with the application of succession
theory to karoo vegetation, arisipg largely from the assumption of
directional succession towards a climax community (Zedler 1981). Most
researchers envisage a climax Karco dominated by palatable perennial
grasses {Acocks 1953, 1955, 1964, 1979; Vorster 1982; Roux and Vorster
1983). Less palatable grasses and shrubs occur lower down a successional
sequence which begins with annual grasses, widespread weeds ("opslag") and
invader species {(Blom 1981). Vorster (1982) has developed the Ecological
Index Method of veld assessment which is based on the relative proportions
of species as they sccur in a generalized successional sequence. We view
this slightly differently, The intreduction of large numbers of
nonindigenous herbiveres, together with the elevated levels and
frequencies of defoliation have been the major cause of community change
in the Karoo. Clementsian succession theory and climax vegetation
concepts camnot realistically explain these changes. Plant species {(eg
large peremnial grasses) which were adapted to the sporadic but heavy
nonselective grazing regime imposed by migratory herds have not been able
to survive at these increased defoliation frequencies (Acocks 1971,
1979). Other plants, however, which possessed incidentally beneficial
traits (exaptatioms) (Coughenour 1985) im the light of this increased
alien grazing pressure have consequently increased (eg Pentzia incana,
Eriocephalus ericoides, Chrysocoma tenuifolia, Eberlanzia ferox, Aristida
congesta  subspecies congesta). The following traits, either in
isolation or in combination with others could be viewed as exaptations:
plant size (eg Coughenour (1985) suggested that short grasses with a
greater density of smaller tillers had an adaptive advantage over taller
grasses under increased grazing pressure (see Acocks 1971)); chemical
defenses {eg Louw et al (1967) found a good relationship between
palatability and low per cent ether extract, Hemrici (1935b) found some
correlation between the chemical composition of karoo plants and their
palatability and Cooper and Owen-Smith (1985) showed that high condensed
tammin levels deter feeding by browsers); vegetative propagation (eg
Coughenour (1985) suggests that grasses that are able to propagate
vegetatively are adapted to compete for space in disturbed sites. The
ability of Pentzia incana to propagate itself vegetatively may be an
important adaptation under conditions of increased grazing pressure).
Other traits could iaclude demographic and physiological characteristics
of species (see Crisp 1978).
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Succession theory has little value in the development of rangeland policy
because it is theoretically unsound and has limited heuristic and
predictive value, A theory for the dynamics of semi-arid rangeland must
account for the stochastic variability which characterizes the community
dynamics of these regions (Westoby 1980). It is a suite of morpholocial,
physiclogical and demographic traits which characterizes species responses
to defoliation and climatic events and consequent community composition,
rather than their position in a generalized succession sequence,

A flexible policy based on detailed knowledge of the physiological and
demographic responses of karoo plants to climatic events and defoliation
regimes 1is essential, At present there are so few data that even the
construction of conceptual models is difficult. Some processes which
should be studied are outlined in Figure 1.11.

CONCLUSIONS

Karoo ecosystems, 1ike those of other arid and semi-arid areas are
characterized by a variably low and unpredictable rainfall regime, The
jife histories and physiology of the biota have evolved in response to
stochastic dinputs of so0il moisture and defoliation events. Succulent
Karoo, with a relatively predictable winter rainfall can be distinguished
from the 1less predictable autumn-spring rainfall of the Nama Karoo.
Research on the Karoo has stalled in the descriptive stage and very little
is known about its dynamics., This lack of data presents an important
constraint im the development of a predictive management policy as does
the continued adherence to Clementsian succession theory as a model for
karoa community dynamics. The initiation of a long~term research
programme which would enable researchers to describe and understand the
effects o0f stochastic climatic events and sequences of such events on
community structure and processes is vital.
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CHAPTER 2 PLANT GROWTH AND UTILIZATION PROCESSES

C J H BOSCH
Department of Botany, Potchefstroom University for CHE, Potchefstroom

INTRODUCTION

Grazing indusiries are complex ecosysitems in which the main components are
solils, vegetation, animals and man. In the context of stability and
survival, the vegetation is the most important part of the Karoo ecosystem
as it provides forage for all herbivores, vertebrates and invertebrates.
Directly and indirectly (through consumers) it also provides the detritus
on which decomposers depend for organic matter production and nutrient re-
cycling which are necessary for the maintenance of the physical condition
and chemical fertility of the soil. Vegetation further provides a physical
barrier to the overland flow of water, thus increasing infiltration and
decreasing water erosion (and consequent nutrient lass).

By far the most important functiens of vegetation are those which affect
the stability of the ecosystem through protection of the soil resource.
In these protective functions it is the biomass of the plant material
remaining on the landscape and its spatial distribation which have the
greatest effect. Floristic composition is important in determining the
spatial distribution of plant material, palatability and the nature of the
protection of the soil (eg grasses are more effective against erosion than
are shrubs).

Conservation of these dynamic respurces requires that management be aimed
at maintaining the basic resources (soil and vegetation) in a productive
state, Mapagement aimed at maintaining or improving their status
automatically ensures the continuity of the ecosystems and consequently
animal production. The future of vegetation in the Karoo is bound up with
the development of management principles for maintaining vegetation rather
than stock. The development of management principles requires sound
scientific knowledge of the processes invelved in a grazing ecosysten,
including:

~ the production of the plant species in relation to climatic and soil
variables;

- ecological and physieological responses of plants and plant communities
to grazing; and

— principles wunderlying wind and water erosion, the effects of erosion
on future viability of the system and the protective 1role of
vegetation.

Below, a review is given of the existing knowledge available for under-
standing and describing the plant growth and utilization processes in the
karoo biome.

The main processes with regard to climate, vegetation production and the
plant:animal interaction are illustrated in Figure 2.1.
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FIGURE 2.1. Diagrammatic representation of moisture, plant growth and
utilization processes.

CLIMATE, WATER BALANCE AND PLANT GROWTH PROCESSES

Available data on production of karoo species are limited to growth curves
for relatively few species over short periods of time (Venter 1962a; Du
Preez 1972), At present an extensive study is being undertaken in eleven
veld types in the Karoo (Botha 1978). Phytomass change over the long term
is being determined for 103 perennial plant species as well as for a
number of ephemerals and annuals. In addition, Joubert (1982) is studying
the production of karoo plants under grazing conditions in the Central
Upper Karoo for the purpose of devising grazing capacity norms.

Booysen (1982) developed a water balance:plant productivity model for a
grass climax vegetation in the Karoo. The model consists of two submodels,
a water balance model and a plant production simulation (Figure 2.2).
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FIGURE 2,2, Diagramatic representation of energy and mass flow in a water
balance:plant productivity model for the Karoo (after Booysen 1982).

The aim of the water balance model is to use rainfall, temperature, radia-
tion and evapotranspiration im calculating the soil moisture potential.
Evapotranspiration is corrected £for changes in basal cover (density) and
size of plants in order to determine the water balance for vegetation in
different condition classes and under different defoliation regimes. The
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retention curves of soils, effective root depth and bulk density of the
soils are used to extrapolate the water balance submodel to different
s0ils in the Karoo.

In the main simulation of plant productivity the calculated soil moisture,
temperature and radiation are used to determine the efficiency of the
photosynthetic process (Figure 2.2). Actual photosynthesis is taken as a
function of the maximal photosynthetic efficiency multiplied by the pre-
vailing so0il moisture, temperature and radiation conditions. The grams of
CO> photosynthesized per day, simulated under these conditions, are
converted to grams carbohydrate per day. The amount of carbohvdrate
simulated in this way is taken as the amount of plant material produced by
the process of photosynthesis, To determine dry matter gain for a speci-
fic day, maintenance and construction respiration are determined and sub-
tracted from the gross photosynthesis.

A valuable part of the model is the partitioning of the simulated dry
matter production into the different phenological stadia (Figure 2.2) as
determined by various environmental triggers.

The factors determining the phenological partitionings were based on obser-
vations and general knowledge, as no quantitative data for describing and
modelling of the phenological processes in the Karoo are available, except
for limited data on the germination of the seeds of a few karco species
{Venter 1962b; Theron 1964; Roux 1968), The values of partitioning and
transferring are determined by the phenological growth stage of the
plant. The main triggers for the change-over to different phenological
stages are illustrated in Figure 2.3.
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FIGURE 2.3. Phenological development of a climax karoo grass

illustrating the main triggers used 1in the model for the

change-over to different phenological stages (after Booysen
1982).

A defoliation factor is also incorporated in the model, taking the plant
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back to the vegetative stage whenever defoliated. Success of regrowth and
reseeding depend on envirommental conditions such as availability of soil
moisture and the temperature during the period following the defoliation.

UTILIZATION PROCESSES

Growth cvcles in the larger part of the karoo biome are of relatively
short duration. During these c¢ycles the plants go through an initial
period of rapid growth, whereafter the amount of green material steadily
declines due to a lack of follow-up rain and rapid soil moisture depletion
rates, The persistence and continued productivity of plant populations
depend on how successful the plants are in completing their 1life cycles
during each of their growth cycies., The survival of individual plants and
completion of fruiting and seeding processes will mainly be determined by
the time of defoliation and frequency and intensity at which they are
defoliated during the growth c¢ycle, whether by herbivores or insects
{including periodic outbreaks of karoo caterpillar or locusts).

Below is a review of the existing knowledge on plant:animal interactions
in the karoo bione. The components and main processes referred to are
indicated in Pigure 2.1.

Availability of phvtomass

Not all phytomass produced is effectively available to the animal, mainly
due to differences in the palatability of plant species and selective
grazing patterns of the various consumer componenrts in the Karoo
{(Figure 2.1). Whether phytomass will be utilized is also determined by
the morphological features of the plants. Du Preez (1970) determined that
plants with spines are only selecited if their phytomass is processed and
pffered to the animals in another form (eg pellets). He further found in
an experiment with ten Karoco bush species that the highest preference was
given to Felicia muricata and Plinthus  karooicus, fcllowed by
Eriocephalus spinescens, Pentzia Iincana and Salsola glabrescens.
Species such as Phymaspermum  parvifolium, Ruschia vulnerans and
Eriocephalus glaber were less palatable, while Chyrsocoma tenuifolia
was the least preferred. Louw et al- (1967) found the last metioned
species to have a high eiher extract content, which probably explains its
unpalatability.

Roux {1968) found Tetrachne dregei to be highly palatable in
comparisen with other peresnial grasses in its surroundings., Selective
over—-grazing on T dregei therefore occurs easily, in which case it is
substituted with the unpalatable species Merxmueillera disticha,

The palatability of plants varies between different areas and seasons.
Chrysocoma tenuifolia 1is seldomly grazed in the Fauresmith district,
while in the Luckhoff district it forms an important part of the animal
diet during spring (Henrici 1935). This author also found that Salsola
species are well utilized in mixXed wveld, but in a monoculture,
utilization 1is very poor. Both the Bushmangrass species Stipagrostis
obtusa and S ciliata are well wutilized during their active growth
stage, but after seed formation, become completely unpalatable (Skinner
1964). When the grass tufts become semidecayved ("bloudak"), animals again
concentrate heavily on these species,
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Animals prefer grasses such as Asthenatherum glaucum and Eragrostis
lehmanniana in Bushmangrass veld (Skinner 1964). Where these species
have a high occurrence, the Bushmangrasses will be grazed much later in
the growth season, often only after the first occurrence of frost.

Differences in the palatability of plants are a major factor contributing
to selective grazing. This results in certain plants being overgrazed,
while others are left untouched. 1In experiments in the False Upper Karoo,
Botha et al (1983) found different selection patterns during the four main
seasons and with different livestock types (Figure 2.4),

The selection pattern of different livestock types varied markedly,
Cattle concentrated mainly on the grass component as a source of food
throughout the study period. All animals showed a preference for the
palatable karoo bush component during autumn and winter and for the
unpalatable component during spring (ie mainly during their active growing
periods). The grass component was selected mainly during the summer by
the small stock. The ephemeral component of the karoo vegetation plays an
important role as a food resource. Botha (1981) found this component to
be present in the diet of the animals whewever available.

From the above it is clear that the phytomass that is effectively
available (preferred) to the animals varies throughout the year and would
therefore be an important factor in the modelling of phytomass change in
karoo ecosystems. The factors to be considered in defining selection
patterns and therefore modelling of the availability of phytomass to the
animals, are summarized by Botha (1981) as follows:

- palatability of plants as determined by chemical composition,
phenological stage, environmental conditions and morphoiogy;

- associated species;

- climate, soil and topography;

- type of animal; and

- physiological status of the consumers.,

Quality of phytomass

Various researchers have investigated the feeding value of karoo plants.
An intensive study of the quality of veld in South Africa, including the
Karoo, has been carried out by Du Toit et al (1940)., Plants were analysed
for crude protein, phosphorus, calcium, magnesium, potassium, sodium,
chlorine and crude fibre, Variations in the different components were
mapped to indicate the feeding value and shortages of veld in different
areas.

Louw et al (1968a,b,c) analysed the important species in the Arid-, False
Arid-, False Succulent-, Central Upper- and Western Mountain Karoo as well
as the Noorsveld for ether extract, crude protein, crude fibre, nitrogen-
- free extract and various minerals. This investigation has shown that the
quality of Stipagrostis species 1is extremely low when the tufts are
dry,. Salsola tuberculata is low 1in phosphorous throughout the year
and has a very unfavourable calcium/phosphorous ratio (Louw et al 1968c).

Botha (1939) and Henrici (1945) studied the digestibility and feeding
value of various karoo plants, and compared their results with the quality
of lucerne. The digestibility and feeding value of Tetragonia arbuscula
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compared favourably with that of lucerne, while Osteospermum lepto-
lobum and Pentzia incana had a higher Tfeeding wvalue than lucerne.
Pentzia  sphaerocephala contains a high percentage of digestible
carbohydrates, while the feeding wvalues of Phymaspermum parvifolium
and Sutera albiflora were extremely low.

Grazing pressure

The amount of effective available phytomass, the number and physiological
status of the animals and the system of grazing are the main determinants
of grazing pressure (Figure 2,1}, In the case of livestock the veld
manager determines the number and composition of the consumer component on
a farm, as well as the time and period of grazing on & specific piece of
vegetation (camp). Bosch (1979) constructed a model in which the weekly
population changes on a farm were calculated with regard to physiological
status and numbers. Factors affecting the population were used for these
calculations and include aspects such as expected mortalities, marketing
policy, animal weights and breeding policy. The digestible energy, dry
matter and crude protein requirements of the changing population were
calculated using feeding requirement functions for maintenance and
production.

Other consumer components which will affect the grazing pressure on the
available phytomass are not controlled by man, eg game and periodic
outbreaks of insect plagues. No quantitative information exists on the
factors influencing the behaviour, migration and grazing of game
populations on farms in the Karoo. However, several research projects are
at present being carried out 1in the Mountain Zebra National Park on
herbivore distribution, population structure and habitat selection
(Hall-Martin 1976}, small predators (Du Toit 1979) and the feeding habits
of the Cape Mountain Zebra (Grobler 1979).

Data on insect herbivory are limited to a detailed study of the factors
causing periodic outbreaks of karoo caterpillar (Mohr 1982).

Frequency and intensity of defoliation

Grazing pressure is one of the main factors determining the patterns of
defoliation in that frequency and intensity of defoliation increase with
increasing animal numbers. However, the grazing pressure on a specific
species or physiognomic component in one grazing camp is not homogeneously
spread over the entire area and defoliation patterns on one species are
also dinfluenced by factors such as the position of watering points, size
of camps and the presence and spatial distribution of other palatable
species (Bosch and Dudzinski 1984).

No information 1is available on the effect of grazing pressure on the
frequency and intensity of defoliation by animals, Studies on the utiliza-
tion of Kkaroo vegetation include investigations of the effects of
frequency and intensity of defoliation on selected species, and the long-
term effects of grazing on plant communities as a whole (Tidmarsh and Hugo
1951; Roux 1966; van der Walt 1971; Hobson and Sykes 1980;
van der Westhuizen 1980).
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Defoliation studies on selected plant species

The sensitivity of the various species grazing is to a considerable extent
related to the season and the growth stage. The degree of damage ox the
quantity of material removed from a plant, bears a direct relationship to
the volume of edible material, stocking rate, plant morphological features
and the natural resistance of the plants to grazing.

One of the earliest reports of a defoliation study in the karoo biome is
that of Henrici (1951) on the effect of cutting and grazing on Pentzia
incana wunder different systems of veld management. The study was
carried out under dyought conditions and illustrated in general, a
negative effect of grazing on the productivity of the plants. Hobson and
Sykes (1980) investigated the effects of defoliation frequency of three
key karoo bush species, Felicia muricata, Pentzia incana and
Eriocephalus ericoides. Increased production was found with
decreasing frequencies of defoliation. It was further illustrated that
species differ highly in their recovery potential. At low frequencies of
defoliation £ ericoides had the highest total productien, indicating
that this species was able to utilize the longer rest period better than
the other two. Root studies have also shown that defoliation frequencies
of more than six times per vyear reduced the root mass and consequent
vigour and recovery of the piants.

Van der Westhuizen (1980) studied the influence of pruning on the growth
habit, dry matier production, photosynthesis, carbohyvdrate and nitrogen
content of a winter growing grass (Ehrharta calycina) and a karoo bush
(Osteospermum sinautum). The results of the pruning treatment showed
that dry matter production, nitrogen and carbohydrate content, was in each
case relaited to the effect of pruning on the photesynthetic capacity of
the plants.

Various gualitative studies on the effect of defoliation on the reproduc-
tive behaviour of three karoo bush species were carried out at the Agri-
culture Research Institute of the Karoo Agricultural Region. Although the
plants were irrigated monthly, more than three defoliations during the
vear vresulted in a significant decrease in the production of flowers
(Figure 2.5)}.

Under mnatural rainfall conditions it can be assumed that this effect will
become more apparent at even less frequent defoliations. As previously
meniioned, growth cycles in arid areas are relatively short and when
defoliated, planis seldom have time to regrow and reproduce before soil
moisture becomes limiting.

Long-term effects of utilization of kareo vegetation

The first long-term grazing experiment in the kavroo biome was initiated in
1934 in False Upper Karoo veld (Tidmarsh and Hugo 1951). One of the
objectives of this experiment was to determine the effect of grazing dur-
ing different seasons of the vear on the composition of plant communities
on different topographical umits (Roux 1966). Valuable information was
obtained on vegetation change due to differential effects of physical
damage on various components in different seasons of the year, Communities
grazed during the active growing periods of grass and dominated by it,
were vrapidly converted to shrub-dominated vegetation, whereas when shrubs
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were grazed during periods of active growth, the grass component
increased. Roux (1966) has shown that winter grazing in the long term
caused a significant increase in the grass cover (Figure 2.6). However,
when rainfall conditions became 1less favourable in the late 1950's and
early 1960's the cover of both the grass and karoo bush components
deteriorated and appeared unstable.

Similar studies of Bushmangrass veld have shown that summer grazing
(November to January) depressed the basal cover of Stipagrostis ciliata
as well as that of Stripagrostis obtusa, whilst the effect of winter
grazing (May to July) was to increase the cover of § ciliata
(van der Walt 1971),
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FIGURE 2.5. Production of flowers of Pentzia incana plants pruned at
different frequencies (after Hobson and Sykes 1980).

The stocking densities in all these grazing experiments were kept constant
and no information 3is available on the effect of different grazing
pressures or the rates of changes in species composition.

Various -ecological studies have been carried out in karoo vegetation,
describing retrogression and succession under different grazing conditions
(Tidmarsh 1947, 1948; Skinner 1964; Roux 1966, 1967, 1968; van den Berg
1971; van der Walt 1972; Vorster 1980; Roux and Blom unpublished).

The main seral stages of plant retrogression in the semi-arid False Upper
Karpoo have been described as a change from the Themeda triandra stage
to the Eragrostis Iehmanniana, E curvula and Sporobolus fimbriatus-—
stage and eventually to communities in which Aristida species,
Tragus koeleroides and Eragrostis bicelor hecone the dominant
grasses. The intermediate and pioneer stages are also accompanied by
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invasion of karoo shrubs such as Pentzia species and Chrysocoma
tenuifolia. The dinvasion of karoo bushes in the collapse of communities
dominated by grass, becomes increasingly important towards the western
lower rainfall areas of the False Upper Karoo and Central Karoo.

In the arid karoo areas Stipagrostis ciliata and S obtusa are the
dominant grasses of both the climax and pioneer stages {Skinner 1964).
Degradation is accompanied by a reduction in the cover of these grasses,
proliferation of a complex of ephemerals and subsequently the invasion of
undesirable karoo bushes such as Pentzia spinescens, Zygophyllum
flexupsum, Galenia africana and Rhigozum trichotomum (Acocks 1953;
Bosch 1978).

SYNTHESIS AND FUTURE RESEARCH PRIORITIES

A valuable source of information on plant growth and utilization processes
has been built up over approximately 50 yvears of research in various parts
of the Xaroo biome. However, most of the more detailed studies and
modelling of plant growth and utilization processes are limited to the
eastern and less arid False Upper Karco. Care should therefore be taken
in extrapolating basic ecological principles from this area to the more
arid central and western parts of the Karoo where deficiencies in the
knowledge and understanding of grazing ecosyvstems clearly exist. The more
extreme the environment, the greater the need for careful management and
flexibility in management systems.
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Understanding how grazing ecosystems are functioning warrants a detailed
knowledge of the basic principles involved in the growth and utilization
processes, Information on the interactions between animals, soil, climate
and plants and especially the physiological and morphological reaction of
plants to wutilization are prerequisites for explaining vegetation change
and devising management strategies for karoo vegetation,

The key questions related to plant growth and utilization processes that
are revealed as deficiencies in the present knowledge of karoo ecosystems,
can be summarized as follows:

- Growth rhythms and productivity of various species and physiognomic
components in relation te climate, soil, topography and utilization.

- Efficient water use and the effect of drought on ecological processes
and populations.

- Quantitative description and medelling of diet preference and the
factors idinfluencing the selection patterns of different animal types
and animals in different physiological states, and inclusion of these
processes in plant productivity models to determine effective
available phytomass and grazing pressure.

- The effects of grazing pressure and other associated factors on the
frequency and intensity of defoliation.

- The role of nondomesticated animals and insect populations in grazing
ecosystems, 1including quantification of the factors controlling their
behaviour and densities,

- Quantitative data on the effects of utilization on reproduction of the
plants, including determinations of the minimum requirements of seed
production for maintenance or improvement of desired populations in
the long term,

- Determining safe wutilization levels to ensure maXimum contigual
productivity and to ensure that the minimum seed production
requirements are obtained during each period of grazing.

- Demographic studies of plant population dynamics din an attempt to
quantify the flux of numbers that occur in natural populations and how
the processes of population dynamics (eg birth rates, mortality rates,
life cycle patterns) are affected by grazing and other factors.

- Quantitative description of biocgeochemical cycles in karoo ecosystems,
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CHAPTER 3 VEGETATION CHANGE IN THE KAROO BIOME

P W Roux
Agricultural Research Institute of the Karoo Region, Middelburg, Cape

G K Theron
Department of Botany, University of Pretoria, Pretoria

INTRODUCTION

It is an indisputable fact that vegetation in the karoo biome has changed
significantly since the colonization of the Cape of Good Hope in 1652. A
comparison of vegetation descriptiens by Thunberg (1793), Barrow (1801,
1804), Burchell (1822), Lichtenstein (1812, 1815), Campbell (1822), and
Thompson (1827) with present day conditions indicate the extent of these
changes., However, these early descriptions are usually not only vague but
also 1largely confined to well travelled routes. Furthermore, most of the
early travellers were from European countries and their descriptions were
often biased by subjectivity and overreaction <(Kokot 1948). It is
nonetheless possible to glean from these accounts descriptions adequate to
form a general concept of the vegetation in earlier times.

This account describes vegetation change in the karoo biome over the past
few centuries. The extent of change has been gleaned largely from
historical accounts and descriptions of contemporary vegetation. The
causes for, and nature of vegetation change are discussed and suggestions
for future research are made,

VEGETATION CHANGE IN RECENT CENTURIES

Acocks (1975) presented hypothetical changes in gross vegetation patterns
over the last 500 years as a series of maps. He delineated the present
extent of karoo occurrence (Figures 3.1 and 3.2)., The major changes
identified by Acocks (1975, 1979) were:

- The striking spread of the Karoo at the expense of sweet grassveld.

- This spread eastwards into the sweet grassveld of the north-eastern
Cape and southern Orange Free State has amounted to 250 km in parts
and it is still proceeding (Jarman and Bosch 1973). The vegetation of
the Great Karoo, including the Central Lower Karoo {the wide basin
between the Swartberg and the Great Escarpment) was thought to have
been strongly grassy (Acocks 1964). Today it is dominated by dwarf
shrubs and scattered shrubs,

- In the Little Karoo sweet grassveld of the valley floors, dominated by
Themeda triandra, Pennisetum macrourum, Panicum  stapfianum,
Hemarthria fasciculata, and Arundinella nepalensis, has been
replaced by shrubs such as Acacia karroo, Buddleia salicifolia,
and Rhus species (Acocks 1964), The wountain grassveld fringing
the Little Karoo and dominated by Themeda triandra, Ehrharta
species, Merxmuellera species and Pentaschistis species has

been largely vreplaced by Elytropappus rhinocerotis (Acocks 1975,
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FIGURE 3.1. The hypothetical distribution of the Succulent Karoo and
(Nama) Karoo {(including Karroid Bushveld) at 1400 AD (Acocks
1975).
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1979). Acocks suggests that the drier {130 to 250 mm yr—*)
central parts of this area were formerly dominated by grasses such
as Sporobolus iocladus, Digitaria argyrograpta and Eragrostis
bergiana in the valleys, and Stipagrostis ciliata var
capensis and S obtusa, on the hills. Panicum maximum,
Stipa dregeana var elongata, Ehrharta erecta and Cenchrus
ciliaris were common beneath larger shrubs. The grass component
has all but disappeared, while the unpalatable Pteronia pallens
is dominant over wvast areas., Weedy Mesembryanthemum species
have also proliferated.

- The invasion of Arid Karoo into Central Upper Karoo.

The Bushman grassveld (Stipagrostis species) of the Upper Karoo
(1 000 tc } 300 m) is becoming replaced on shallow rocky soils by
Arid Karoo species such as Euphorbia mauritanica, Galenia africana
and Rhigozum trichotomum.

- The invasion of Succulent Karoo into the Arid Karoo and Western
Mountain Karoo.

The Succulent Karoo occupies the coastal plain between the Orange
and Olifants Rivers and aisoe the basins between the Cape Fold
Mountains and the Escarpment (eg Tanqua Karoo) in the south-western
part of the biome. Unpalatable succulents are replacing
non-succulent palatable shrubs in an upwards (Western Mountain
Karoo) and eastwards (Arid Karoo) direction (Acocks 1975).

- The invasion of Karoo down the Fish and Sundays River valleyvs and
adjacent basins.

This has been discussed for the Fish River by Acocks (1975),
Hoffmann and Cowling (in preparation) provide quantitative evidence
for the vreplacement of subtropical thicket (Noorsveld) by Pentzia
incana karoo in the Sundavs River vallev,

- Desertification

In the arid western regions, very extensive near deserts have
developed,

In the Xkaroo biome, vegetation change is always associated with the
invasion inte, or replacement of, mesic types by arid types (Acocks
1975). As 1indicated earlier, the most dramatic change has been the
replacement of sweet grassveld by an open Karroid shrubland, De Klerk
(1947) dindicated a rapid spread of karoo over the last 100 years into
sweet grassveld in the southern Orange Free State (Figure 3.3). Tidmarsh
(1948) also suggested a massive eastwards expansion of the Karoo at the
expense of sweet grassveld (Figure 3.4).
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FIGURE 3.3 (a) Map of the Orange Free State showing the linmits of
shrubland (karoo) in 1847 (De Klerk 1947).

Roux (1981), and Roux and Vorster (1983} describe vegetation change in the
Karoo as taking place in five overlapping phases (Figure 3.5). They
regard these phases as serial stages in the desertification process. The
phases  are: primary degradation (Phase 1); denudation (Phase 2);
revegetation (Phase 3); secondary degradation (Phase 4); and
desertification {(Phase 5). The presemnt occurrence of these phases in the
biome range roughly from west to east in the order of Phase 5 to 1.
Phases 1, 2 and 5 roughly coincide with Acocks (1975) maps 1, 2 and 3.

The major changes in the biome appear to be primarily embodied in the
replacement of the originally grass-dominated vegetation by shrubby karoo
vegetation; the gradual disappearance of thinning-out of perennial grass;
the spreading and thickening of so-called undesirable dwarf shrubs and
taller woody shrubs; the increase in pioneer species. All these large
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shrubveld (karoo) in 1947 (De Klerk 1947),

scale changes can ultimately be equated with desertification, desertiza-
tion and aridization processes (Roux and Vorster 1983). The process of
aridization is enhanced by sparser vegetation which leads to increased
runoff, higher so0il temperatures, increased soil moisture evoporation and
accelerated soil erosion, The general result is a decrease in the
effectivity of the rainfall, decreased soil moisture status, and a
harshening of the micro-climate. Aridization is generally accompanied by
an increase in short-lived and xerophytic species.

Several investigations have been launched to assess the deterioration of
natural vegetation in South Africa. The more important of these were by
The Draught Investigation Commission (Anonymous 1923), The Desert
Encroachment Committee (Anonymous 1951), the Commission of Investigation
into Agriculture {(Anonymous 1968) and the Departmental Committee for Veld
Deterioration (unpublished data). A general conclusion is that the
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grazing capacity of the Karos has decreased hetween 30 and 50% as a result
of vegetation deterioration (see Anonymous 1923; Anonymous 1972; Vorster
and Meyer 1983).

CAUSES OF VEGETATION CHANGE

Vegetation change in the karoo biome has been attributed to the effects of
grazing, cultivation, fire, insect herbivory, climatic deterioration as
well as interactions between these processes, These are discussed in more
detail below.
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Grazing

Introduction of domestic stock. Indisputably, the main cause of vegeta-
tion change 1in the biome is the impact of extensive small stock farming.
The vast herds of largely migratory ungulates indigenous to the biome
(Skead 1982) have been almost completely replaced by domestic stock (sheep
and goats) enclosed within farm boundaries. These animals, with distinct
grazing habits and selective preferences {Botha 1981) were introduced into
a heterogeneous vegetation which was formerly utilized exclusively by a
wide spectrum of feral grazers (Roux 1968a). This radical change in
grazing regime inevitably evoked major changes in the vegetation
especially in respect of species composition and phytomass.
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Vegetation change brought about by domestic stock completely eclipses
natural change; it is therefore very difficult to determine the rate of
natural change. However, vegetation change is evident in plots protected
from grazing over the long term (see Figure 2.6 this volume)., These
changes appear cyclical and are most probably governed by short-term
trends in the rainfall (Roux 1966).

The direct and indirect physical impact of fenced-in and permanently
settled domestic stock on the environment, such as the disturbance of the
ground surface, trampling of plant material, pulverization of soil and
organic wmaterial, and the stimulation of erosion and runoff, can be
regarded as a very significant factor adversely affecting vegetation (Roux
and Opperman 1986),

Overgrazing. The dimpact of grazing by domestic animals is aggravated
where stock numbers are excessive and the rate of the removal of
vegetation exceeds the rate of recovery. Even if stock numbers are within
limits but wutiljzation practices are out of phase with the natural
requirements for egrowth, reproduction and physiological processes
essential tc the maintenance of the stability of the vegetation, grazing
can still be very destructive (Roux unpublished),

Where stock numbers are kept in check and ecologically based grazing
systems (Roux 1968b) are applied, high grass and palatable shrub cover is
maintained and promoted {Tidmarsh 1947, 1951; van der Walt 1961; Bedford
and Roberts 1975; Lund 1975a,b; Jordaan 1976a,b; wvan Zijl 1980; Roux
1983). Severely eroded and denuded land surfaces have recovered partially
within 40 vears after reducing stock numbers drastically and applying
special grazing treatments (Roux and Opperman 1986). However, in most
cases economic factors pressurize entrepreneurs to overexploit the natural
resources.

Grazing and drought. Grazing during and immediately after drought periods
is a major cause of detrimental change. It appears that the drought of
1948 to 1950, coupled with heavy continuous grazing, was ultimately
responsible for the death of 1large numbers of palatable plants. This,
together with sustained grazing during the establishment phase following
good rains, resulted in the recruitment of unpalatable species only
(Tidmarsh 1951}). This effect, which was experimentally demonstrated,
possibly explains why karoo vegetation, subjected to continuous grazing
over the long term, vrapidly declines in texrms of sustaining sheep
conditions at an acceptable level (Roux unpublished),

Drought may cause high mortality of some species which, in the absence of
continuous grazing, would re-establish after good rains. However, under
current grazing practices, local extinction of species after drought is
not uncommon, resulting in possibly drreversable changes in vegetation
structure and composition.

Cultivation

In the moister parts of the karoo biome {(eg western Orange Free State),
extensive dry-land cropping has resulted in the complete replacement of
the vegetation. Such practices in an arid biome are particularly harmful
and a main cause of desertification (Dregne 1983). Where cultivation has
been discontinued, it requires many years before abandoned lands become
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revegetated. During this interim period wind and water erosion are
particularly severe, The frequent occurrence of severe dust storms and
the formation of sand dunes and cther aeclian depousits are ample proof of
the detrimental effects of agrarian activities in the marginal cropping
areas.

Fire

Fire has probably never been a significant factor in the Karoo {Edwards
1984). However, it is possible that after a series of high rainfall
years, sufficient fuel would accumulate to support extensive fires,
particularly in Stipagrostis species dominated veld and the grassy
Karco of the eastern mountains, Limited local fires caused by lightning
may occur from time to time (Roux and Smart unpublished). Such fires,
despite their infrequency, probably have a great influence on the
structure of karoo communities (Huntley 1984).

Insect herbivory

Insect herbivery also contributes to vegetation change, although this has
been 1ittle studied. The combined effects of livestock grazing, drought
and dinsect herbivory may be particulariy harmful. Insects of significance
are the karoo caterpiilar, harvester termite, and locusts (Tidmarsh
1951). Studies on plant-insect interactions in the Karao are anm urgent
priority.

Climatic effects

The macroclimate, That macroclimatic patterns have changed during the
Pleistocene and even the Holocene, is an indisputable fact (Tyson 1986).
Van Zinderen Bakker (this velume) presents models of vegetation change in
the Karoo between 50 009 to 12 600 BP. The indications are that the Karoo
expanded eastward during warm and dry periods (interglacials) whereas
during the cooler and wetter periods (glacials) temperate grasslands
predominated. Palynological studies currently in progress will provide a
more precise insight into the changes.

There have been several attempts to link ceontemporary vegetation change to
climatic deterioration. Tidmarsh (1948) argued that the destruction of
vegetation in the western part of the kareo biome adversely affected the
climate in the east. A greater soil exposure in the arid west would have
led to higher temperatures and an increased desiccatory effect of the
predominant westerly winds. This could affect the climate in the biome
eastwards and conseguently cause vegetation change,

Kokot (1948) conducted an investigation into the evidence bearing on
climatic changes over southern Africa. His main conclusions were that
during the Holocene the rainfall records for South Africa did not disclose
a long~-term decline and that there was no evidence that the deteriorating
vegetation in the Karoo | has resulted from decreased rainfall.
Furthermore, he found ample evidence that the desiccatory effect of
vegetation denudation occurring in many parts of South Africa had caused
anp increase in dust storms, possible increase in temperature, increased
wind speed and a greater overall evaporative demand.

It is unlikely that climatic change has played a significant role in
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affecting vegetation change in the biome over the last three centuries.

The microclimate, Microclimatic conditions play an important role in the
germination and establishment of seedlings of karoo plants. Plant-induced
changes in the microclimate increase with increasing plant size and
density (Geiger 19537). The decrease in plant cover, which has occurred in
most of the karoo biome, has resulted in a greater microclimatic
temperature extremes, increased surface wind movement and an alteration in
plant and soil water-relationships.

Practically no infermation exists on the rate and magnitude of change in
karoo biome microclimates. However, it 1is reasonable to assume that
exposed soils which are both droughty and prone to capping, are umsuitable
substrata for the establishment of mesophytic species, These conditions
would faveur an increase in hardy, xerophytic species, many of which are
both unproductive and unpalatable to sheep.

Productive and palatable species such as Tetrachne dregei (Roux 1968a)
and Plinthus  karooicus (Theron 1964) require relatively high soil
moisture conditions for growth and establishment. The hardier, less
palatable and encroaching species such as Chrysocoma tenuifolia,
Eriocephalus glaber, E spinescens, Lycium arenicolum, Pteronia glauca,
P sordida and P tricephala have lower transpiration rates than the
more palatable species such as Phymaspermum parvifolium (du Preez
1964). The replacement of the more productive and palatable species by
hardy unpalatable shrubs can be regarded as a major facet in vegetation
change in the biome.

VARIABILITY AND RESILIENCE OF KAROO BIOME VEGETATION

Variability

The two main floristic components of karoo vegetation, the shrub and grass
floras generally respond optimally and differentially to rainfall and
temperature conditions prevailing during specific seasons, The shrubs, as
well as most of succulents and winter (C,) grasses respond optimally to
rainfall during the cooler months (March to September), whereas summer
(C.) grasses react optimally to summer rainfall (QOctober to March) (Roux
1966, 1968a), Many of the pioneer and invasive shrub species (Chrysocoma
tenuifolia, Felicia muricata, Lycium species, Pentzia globosa,
P incana, P spinescens) vrespond favourably to rainfall irrespective of
seasonal occurrence (possibly excluding mid winter). Most of the Karoo is
a vast tension zone located between the summer rainfall grasslands and the
winter rainfall succulent shrublands.

As a result of long- and short-term rainfail variability, both in terms of
seasonality and amount, certain species or floral elements are promoted
selectively over others (Roux 1966}. Such specific reaction may lead to
marked temporary changes in the physiognomy of the vegetation. This is
especially noticeable in the broad ecotones between shrubland and
grassveld in the eastern Karoo. In this region exceptional grass growth
was recorded between 1952 and 1958, whereas shrub cover increased between
1947 and 195G (see Figure 2.6 this volume),

From a graziers point of view karoo plants can be classified according to
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relative palatability teo domestic steck (Blom unpublished). Usually the
less palatable species are best adapted to survive and reproduce
successfully under harsh envirommental conditions and thus replace the
more palatable species as a result of drought or overgrazing. An
understanding of the phenological responses of karoo plants to variations
in climatic and grazing regimes forms the basis for predicting changes in
species cumposition of vegetation grazed by stock during different seasons
(Figure 3.6).

Resilience

The vresilience concepts used are those of Caughley and Walker (1983) and
Pimm (1984).

It is often asserted that arid ecosystems are fragile, unstable, delicate

and sensitive ({(URCOD 1977). However, such a description does not
mconditionally apply to the Xkaroo biome as much of the vegetation is
relatively stable and resilient. Marked changes in the composition of

karoo vegetation, even under continuous overgrazing, may take decades.
Furthermore, compositional change is not always accampanied by a change in
structure and physiognony. The rate of compositional change depends on
the type of vegetation. Terms such as fragile are possibly only
applicable where vegetation is in a pioneer stage after complete
destruction.

A typical patch of central Kkaroo vegetation comprises three major
components.

Primary matrix. This is a relatively stable matrix composed of a variety
of dwarf and 3low karoo shrubs and, more rarely, perenmial grasses, This
matrix  forms the primary vegetational structure and is usually

characterized by one or two dominant species. It is considerably
resistant to change, has stable populations and a moderate to low
resilience. Variable rainfall patterns result ian variations in the

phenological dominance of different species in different years. This
gives rise to the impression that the vegetation has changed or is

changing.

This matrix is the result of the destruction by selective grazing, of the
original and largely stable vegetation counsisting of a mixture of
perennial grasses, dwarf and low shrubs. Destruction was followed by a
stage of unstable equilibrium before the vegetation stabilized in the
present shrub matrix. With mismanagement, primarily overgrazing by sheep,
this matrix graduwally thins out and a change in the dominant species
gccurs. A secondary component becomes established and may completely
replace this primary matrix.

Some of the main species occurring in this matrix are Atriplex vestita,
Eberlanzia  spinosa, Eriocephalus ericoides, E spinescens, Euphorbia
coerulescens, Drosanthemum 1lique, D tuberosum, Galenia africana, Limeum
aethiopicum, Lycim arenicolum, L oxycladum, Nenax  microphylla,
Ostepspermum spinescens, Pentzia incana, P spinescens, Plinthus karooicus,
Pteronia glauca, P glomerata, P sordida, P pallens, P tricephala, Rhigozum
trichotomum, Rosenea humilis, Salsola nigrescens, S tuberculata,
Zygophyllum  microphyllum, Z suffruticosum, and many more dincluding
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numercus  Mesembryanthemaceae. Grasses in this matrix are Aristida
brevifolia, A diffusa, Stipagrostis ciliata, S obtusa, S§ uniplumis,
Themeda triandra, Tetrachne dregei and a few more. These grasses are
less resilient io grazing pressure than the shrubs,

Secondary component. The primary matrix is interspersed with an unstable
but highly resilient secondary component. It consists of a variety of
grasses (perennial and biennial) and pioneer karoo shrubs. At any
particular time usually one or two species are dominant. This secondary
component is particularly affected by seasonal rainfall. After good
sumner vrains short-lived grasses may dominate the landscape. With goad
management grasses may persist for a number of vears, but under grazing
stress, the grass species are replaced by pieneer karoo shrubs.

Some of the more imporiant species in this category are: Arthrosolen
polycephalus, Chrysocoma tenuifolia, Euphorbia mauritanica, Felicia
muricata, F ovata, Othonna pallens, Pentzia globosa, Psilocaulon absimile,
Walafrida geniculata and W saxatilis. The more common grass species
are Aristida diffusa, Cenchrus ciliaris, Cynodon incompletus, Digitaria
argyrograpta, Eragrostis bicolor, E curvula, E Iehmanniana, E obtusa,
Heteropogon contortus, Panicum coloratum, P stapfianum, Sporobolus
fimbriatus and Tragus Koelerioides.

Ephemeral component. A third component consists largely of pioneer
grasses and annuals. Populations of this ephemeral and largely weedy
flora are highly unstable, This component is interspersed in the primary
matrix and secondary component, or may cover exposed areas of soil when
favourable moisture conditions prevail. In the arid western areas of the
karoo biome, where large tracts of veld densely populated by annuals
(Rosch 1977), this component is an important source of stock feed.

THE MANNER OF VEGETATIONAL CHANGE

Changes in Xkaroo vegetaiion take place in situ; centrifugally (spreading
outward in all directions); by convergence {(the occupation of an area by
vegetation or species surrounding vegetation of a different status or
composition); frontally or directionally (change from west to east with
shifting ecotones or {frontal zones); and by migration (the spreading of
specific species or asseociates into other areas). Migration or spreading
could also be linear such as along river banks and read enclosures,

Change occurs over the long term, medium term, short term or temporally,
Large scale permanent change is wusuvally over the long term (half-a-
century or longer). Permanent or reversible change can take place over
the medium term, whereas temporal changes are over the short and very
short term.

Long-term permanent changes

Widespread invasion of karoo intoc adjacent vegetation types, as described
by de Klerk {(1947); Tidmarsh (1948) and Acocks (1975} can be regarded as
irreversable.
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Medium-term change

The most noticeable changes in the karoo biome are over the medium term.
This has been demonstrated by gquantitative surveys in veld management
experiments (Tidmarsh 1951; Roux unpublished; Figure 2.6 this volume).
These changes are primarily reflected in the considerable fluctuations in
species' populations (Roux unpublished). Furthermore, the magnitude of
change is governed by the seasonal rainfall and grazing treatment
(Tidmarsh 1951; Roux 1966). Medium~term change may be of a temporary or
permanent nature, This appears to depend on the duration of the
maintenance of a specific grazing treatment and the resultant leoss of soil
(Roux and Opperman 1986),. Where significant soil loss has taken place,
change 1is often dirreversible. The longer the vegetation is subjected to
disturbance, the greater the chance that change is irreversible,

Short-term change

These temporary changes occur over the short term and are chiefly embodied
in phenological change, effects of drought, seasonal change in rainfall
and short-term grazing. Seasonal growth rythms account for tempeorary
change in above-ground phytomass and digestible organic matter (Vorster
and Roux 1983).

Temporal change

Temporal changes resulting from the appearance of ephemeral species, are
of particular importance. Hitherto this aspect has not received
sufficient attention. Rdsch (1977) has studied the monthly changes in the
species composition and phenology of Namaqualand vegetation in the Hester
Malan Nature Reserve near Springbok. From this study it is clear that the
main vegetative cycles of most species are concentrated in the months
March to October whereas the main flowering periods are from August to
October. A few species showed two flowering periods per year.

Considerable research is still to be done on annual and short-lived
(opslag) plants. This component of the vegetation is not only valuable in
providing grazing but may also play an dimportant rele in vegetation
development.

CHANGES IN SPECIES DISTRIBUTIGN AND DENSITY

Vegetation change is often accompanied by gross changes in the distribu-
tion and density of species. The presence or absence of certain species
may dindicate change or be harbingers of future changes. Some valuable
species which have become thinned out within their distributional
boundaries over the last 50 vyears include Euphorbia coerulescens
(van der Walt 1965) and Portulacaria afra (Acocks 1975). Others
include large shrubs and trees which are now almost relictual! in the Karoo
(eg Acacia erioloba, Aloe dichotoma, Boscia species, Nymania
CapEens 1 =, Fapprea capensis, Pachypodium namaquanum, Rhus lancea and
Schotia afra). Karoo shrubs which have become reduced in number are
Limeum aethiopicum, Mestoklema tuberosa, Nenax microphylla, Flinthus
karovoicus (Theron 1964), Polygala asbestina, Salspla nigrescens,
Tetragonia arbuscula and Zygophyllum microphyllum. Shyubs which are
likely to become extinct include Euryops empetrifolius, Felicia ovata,
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Indigofera stipulacea, Phymaspermum schroeteri, Pentzia guinguefida,
Pteronia membranacea and P ogblanceglata (I P H Acocks personal
communication). Many of the rare succulents (Euphorbia species,
Haworthia species, Mesembryvanthemaceae, Stapelia species) are also
endangered (Hall and Veldhuis 1985},

Perennial grasses which were once common but have now become relatively
inconspicuous include Digitaria argyrograpta, Fingerhuthia
sesleriaeformis, Helictotrichon capense, Panicum  species, Setaria
neglecta, Tetrachne dregei, Themeda triandra and few others. A classic
relict is Secale africanum which occurs only in two isclated refugia
in the Roggeveld.

Numerous species, mostly those which are generally classed as undesirable,
have become denser or increased in number within their distributieonal

areas. Trees and tall shrubs include Acacia karroo, A meilifera var
detirens, Euclea undulata, Rbhus erosa, Rhigozum trichotomum, R ohovatum,
Lycium species and Eriocephalus aspalathoides. Some dwarf and low

shrubs which have become dominants include Augea capensis, Chrysocoma
tenuifolia, Eriocephalus  spinescens, Eberlanzia spinosa, Euphorbia
mauritanica, Galenia africana, G fruticosa, Hertia pallens, Monechma

desertorun, Pentzia gilobosa, P incana, Protoasparagus species,
Pteronia glavca, P 1incana, P paliens, P tricephala, Rosenea aopositifolia
and Zyegophyllum suffruticosum. It is not possible at present to

state with accuracy whether these species are in the process of expanding
their geographical ranges. However, it is certain that some species are
increasing their ranges as a result of ecological mismanagement. These
include Eberlanzia ferox, Acacia melliifera var detinens, A karroo,
Rhigozum trichotomum, Protoasparagns species and Aloe striata.
Grasses which bhave spread intoc adjacent regions and extended their
distributional areas are Stipagrostis obtusa, S ciliata, § uniplumis,
Cenchrus ciliaris and Merxmuellera disticha (from the mountains).
In the case of Stipagrostis species the main body has become thinned
out and spread into new habitats eastward, especially on newly formed
aeolian deposits.

Invasive alien species which are spreading within the karoo biome or from
adjacent bDieomes, are Opuntia aurantiaca, 0 rosea, O Imbricata, Cereus

peruviana, Prosopis species, Alhagi camelorum and Nicotiana
glauca. Opuntia megacantha which was formerly a national pest (late
1800 wup to about 1940) has been almest completely controlled by the
introduction of Cochenille, At present it appears that this species is

again becoming a major pest in the south-eastern sector of the biome.

FUTURE CHANGE ARD RESEARCH

It is clear that exitensive vegetation changes have occurred and are still
in progress in the karoo biome. Today there are several extensive tension
zones or ecotones where change is taking place faster than elsewhere. It
is exXpected that such changes will accelerate in the near future. The
role of the present widespread and disasterous drought cannoct be
overlopked in this respect and it can be expected that it will contribute
significantliy in promoting change.

The zones in which the most rapid change appears to be taking place are in
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the transitional tension zones between karoe and various grassveld types
(see Acocks 1975, Map 2). The monitoring of vegetation change over the
short and 1long term in these transitional zones can be regarded as a high
priority, Other areas of high priority which need to be monitored are
Bushmanland (desert grassland) and its transitions to surrounding types of
vegetation and the transitional zones between winter and summer rainfall
karoo. Monitoring will require the use of exclosures, quantitative
vegetational surveys, soil surveys, climatic data and aerial photography.

Autecological studies are required on key species which are indicative of
vegetation change, Some of these include Augea capensis, Chrysocoma
tenuifolia, Eberlanzia ferox, Eriocephalus ericoides, Felicia filifolia,
F muricata, Galenia africana, Hertia pallens, Lycium species, Pentzia
globosa, P spinescens, Protasparagus species, Pteronia pallens,
P incana, Rhigozum tricotomum, Rosenea humilis, R oppositifolia and
Walafrida saxatilis, Population and ecophysiological studies on these
species would undoubtedly contribute significantly to a predictive
understanding of processes and mechanisms involved in vegetation change
and desertification (see Theron 1964). Grasses in need of study include
Antephora pubescens, Cenchrus ciliaris, Merxmuellera disticha, Schmidtia
kalahariensis, Setaria neglecta, Stipagrostis brevifolia and
S umplumis. Grasses which have already received attention are
Tetrachne  dregei {Roux 1968), S ciliata and S5 obtusa (Skinner
1964).

Ephemeral species are of particular importance in the biome, especially in
Namaqualand and the western parts of the Karoo. Until recently (Rdsch
1977), studies on these species have been neglected. Research on the
population dynamics of this ephemeral flora will be of great interest,
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CHAPTER 4 PHYTOGEOGRAPHY AND ORIGINS OF THE KAROO FLORA

€ Hilton-Tavlor
Department of Botany, University of Cape Town

INTRODUCTION

In recent years much attention has been given to biogeographic patterns in
the Southerm Hemisphere, The nucleus of the biota of southernm Africa was
generally considered to be of Gondwanan origin (van Zinderm Bakker 1976).
Increasing knowiedge about taxa and their phylogenetic relationships has
indicated that the modern biotas of southern Australia and southern South
America are more closely related to each other than either is to that of
southern Africa {Keast 1973),

Distribution patterns, both modern and historical, are difficult to
evaluate against the backzground of the controversies in historical bio-
geography, particularly those regarding the relative dimportance of
dispersalism and vicariance as causal mechanisms for distributions
(Poynton 1983). This dispute is further compounded by the argument
between proponents of phyiogenetic and evolutionary systematics, over
punctuated and graduval modes of evolution (Vrbra 1985).

In this review it will become evident that both vicariance and
dispersalism have played a role in the evolution of the karoo flora.
Similarly, both puactuated equilibria and phyletic gradualism hypotheses
can be used to explain speciation in the karoo.

In this chapter I review the phvtogeography of the karoo flora and examine
critically hypotheses on its origins.

FLORISTIC COMPOSITION

At present it is impossible to give an accurate account of the floristic
composition of the karoo. This is largely due to the paucity of herbarium
collections (Gibbs Russel et al 1984) and more importantly the numerous
taxonomic problems, Many common karoo families, particulariy the
Mesembryanthemaceae, Aizoaceae, Asteraceae and Fuphorbiaceae, are in
taxonomic disarray. The Mesembryanthemaceae, for example, has on average
3,7 names per taxon. AL present 2 684 taxa in this family are recognized
(Gibbs Russell and Staff of the National Herbarium 1984) but critical
revision will probably reduce the number of accepted taxa to about 1 200

(Gibbs Russell and Glen 1984). Another example illustrating these
taxonomic problems 1is the genus Asparagus which is widely distributed
in the Karoo. A recent revision (Obermever 1984, 1985) has split the

genus of 44 species into two genera and 79 species.

The problems outlined above have made it extremely difficult to estimate
the size of the flora. Estimates on the size of the karoo flora range from
3 500 species (White 1983) to 7 000 taxa (calculated from Gibbs Russell
(in press) Le Roux unpublished and my own work)., Similarly, endemism
estimates range between 35% and 50% (Werger 1978a; White 1983).
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Below 1is a brief analysis of the floristic composition of the Karoo, based
on data in Werger (1978a), Goldblatt (1978) and White (1983).

Excluding Welwitschiaceae, there 1is no endemic family in the Karoo-Namib
Region (sensu Werger 1978a}, but there are a number of characteristic
families with many endemic genera and species. These include
Asclepiadaceae particularly the Tribe Stapelieae (six endemic genera,
c 160 endemic species); Aizoaceae/Mesembryvanthemaceae (¢ 95 endemic
genera, ¢ 1500 endemic species); Poaceae particularly the Tribe Stipeae:
Liliaceae sensu lato; Iridaceae; Scrophulariaceae and Asteraceae. There
are approximately 60 additional endemic genera including Adenolobus,
Arthraerua, Augea, Calicorema, Ceraria, Didelta, Ectadium, Grielum,
Hypertelis, Kaokochlpa, Leucophrys, Leucosphaera, Microloma, Monelytrum,
Nymania, Phymaspermum, Plinthus, Sisyndite and Xerocladia.,

Many genera have important concentrations of endemic species in the Karoo,
inciuding Aloe, Anacampseros, Babiana, Chrysocoma, Cotyledon, Crassula,
Eriocephalus, Euphorbia, Gasteria, Haemanthus, Haworthia, Hermannia,
Pelargorium, Pentzia, Pterona, Relhapia, Sarcocalon, Stipagrostis,
Tetragonia and Zygophvllum. Some of these genera, eg Pteronia,
are almost confined to the Karoo while others, eg Euphorbia, are
cosmopolitan,

For detailed descriptions of the vegetation of the Karoo see Acocks
(1975}, Werger (1978a) and White (1983).
PHYTOGECGRAPHY

Regional characterization and domains

The phytogeography of southern Africa has been extensively discussed by
Wergexr (1978b). This review is therefore confined to a brief description
of the various subdivisions proposed which affect the status of the Karoo-
Namib Region,

In the early phytogeographical subdivisions of soguthern Africa (eg
Grisebach 1872), the Karoo-Namib Region was not recognized as a distinct
phytocheorion. However, Bolus (1875, 1905) and subsequent authors have
recognized the Karoo as a phytogeographical unit, distinct from the
Kalahari and Sudan Regions (Werger 1978b). Subsequent authors have been
mainly concerned with the separatien of the Cape Floristic Kingdom (sensu
Good 1974; Goldblatt and Bond 1984) f{from the neighbouring phytochoria
(Weimarck 1941), Most of these classifications were based on physiognomic
criteria vryather than taxon distributions. in 1947, Lebrun published a
phytogeographical map of Africa which has, with some changes, formed the
basis of contemporary phytochorolegical concepts (Werger 1978b). However,
Lebrun was very doubtful as to the hierarchical status of the Karoo-Namib
Region and vreluctantly included it as a separate domain in his Sudano-
Zambezian Region. Since Moned's (1957) review of African chorology, the
Karoo-Namib has been regarded as a distinct region within the African part
of the Palaeotropic Kingdom,

Monod (1957) subdivided the Karoo—Namib into three domains: the Karoo
Domain, the Namagqualand Domain and the Namib Domain. Subsequent authors
(Troupin 19663 Aubréville 1975), have adjusted the boundaries of these
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domains. Troupin's (1966) map is not considered an improvement because
some boundaries cut across floristically and ecologically homogeneous
areas while some clear chorclogical boundaries were not recognized (Werger
1978a). Werger (1978a) argues that domains should be clearly
characterized both chorologically and ecologically, He subdivided the
Karoo-Namib Region into four domains: Namib, Namaland, Western Cape Karoo,
and one subdomain: the southern Kalahari (Figure 4.1).
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FIGURE 4.1 Domains in the Karoo-Namib Region (from Werger 1978a).



- 73 -

P

km
192 30 %0 40 &

Karoo-Namib regional centre of endemism

Cape regional centre of endemism

Kalahari - Highveld regional transition zone

Afromontane archipelago-like regional
centre of endemism

Tongaland - Pondoland regional mosaic

Zanzibar - iInhambane regional mosaic

OSEENEB D

Zambezian regional centre of endemism

FIGURE 4.2 Phytochorological subdivision of southern Africa (from White
1983).

Recently, White (1983) presented a new phytochorological map of Africa
{(Figure 5.2) which comprised nonhierarchical units defined in terms of
endemism, This was done by using four major categories of equal rank.
These categories ave Regional Centres of Endemism, Archipelago~like
Centres of Endemism, Archipelago Centres of Extreme Floristic
Impoverishment, and Regional Transition Zones and Mosaics. The centres of
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endemism are defined as areas where at least 1 000 plant species are
endemic and that these constitute at least 50% of the total number of
species in the centre.

White's map, though maintaining the salient structures of other
phytochorological maps, has wide or narrow transition zones separating the
clearly characterized centres of endemism. These cerrespond mainly to
regions or domains in other classifications. White's map differs from
that of Werger's in that it:

- excludes the Kalahari Sub-Domain from the Karoo-Namib Region. Despite
the arguments of Werger (1973a) most researchers in the area agree
with this (A Gubb personal communication);

- recognizes that enclaves of the Karoo-Namib Region exist within the
boundaries of the Cape Region; and

- does not subdivide the Region into smaller units, ie the Karoo-Namib
is viewed as being one regional centre of endemism.

However, both White's (1983) treatment (Figure 4,2) and Werger's (1978b)
more formal hierarchical approach (Figure 4.1) result in maps with a high
degree of congruence,

Centres of Endemism

The Karoo-Namib Region may be divided below the domain level (Figure 4.1)
into centres of endemism, These are relatively small areas with
concentrations of endemics or of closely-~related species (Nordenstam 1969)
and must not be confused with White's (1983) centres of endemism.
Similarly, other areas are notable for their 1lack of endemism and/or
relative paucity of species.

A preliminary wmap showing some of these areas in the western, south-
western and southern parts of the Karoo-Namib Region is presented in
Figure 4.3, Source material for this map comes from Weimarck (1941),
Croizat (1952, 1962), Acocks (1953, 1975); Nordenstam (1969), Werger
(1978a), Oliver et al (1983), B Baver (perscnal communication), and
A Le Roux {personal communication).

The centyes are preliminary and in most cases subjectively determined.
This map must be regarded as a working hypothesis which is currently being
tested by the application of multivariate techniques to a large floristic
data set. A detailed description of the areas defined on the map and of
the nomenclature used 1is not discussed here as it will be presented
elsewhere (Hilton-Taylor in preparation). Five centres are recognized,
viz the Gariep Centre, Karas Centre, Vanrhyndorp Centre, Little Karoo
Centre and Sneeuberg Centre (the latter is not strictly part of the
Karoo). The remaining areas have not been assigned any phytochorial
status at present, It should also be noted that the centres within the
Cape Region (fynbos biome) (¢f Weimarck 1941; Taylor 1980; Oliver et al
1983) have not been shown although the outliers in the Karoo are mapped.

ORIGINS OF THE FLORA

The present day diversity of biota in southern Africa, their phylogenetic
relationships and adaptations to different environments are manifestations
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of important palaeogeographic events since the separation of Africa from
Gondwanaland between the mid-Jurassic and mid—-Cretaceous times (Raven and
Axelrod 1974). During the rafting of Africa to its present position it
not only experienced the long-term develepment of the post-Gondwana
physiographic features (du Toit 1966; Haughton 1969; King 1967, 1978;
Truswell 1970, 1977) but also the major Tertiary palaeoceanographic events
of the southern ocean which profoundly affected global climates (Deacon
1983a,b) and hence the speciation and distribution of biota., These
climates were further greatly modified by the waxing and waning of the
Pleistocene glaciations,

The Tertiary and Quaternary periods comprise the last 65 My of earth

history (the Cenozoic era). This era is noteworthy as the period
important in the evolution and progressive medernization of the
angiosperns. An understanding of the climatic changes during this period

has relevance to the discussion of the origin of the karoo flora. As
these climatic changes are fully reviewed by Deacon (1983a,b), they will
only be mentioned briefly here.

General hypotheses

Bews (1921, 1922, 1925) considered the karoo flora to be a product of
specialization of the tropical flora bordering it to the north and east,
in response to the onset of arid conditions, Bews (1925) further
suggested that in the east, karoo was derived from the bushveld (now
termed the Subtropical Thicket) via the Fish River Scrub. Acocks (1953)
agreed that this hypothesis applied to areas like the Great Karoo and
Little Karoo where most of the large shrubs and trees are thicket
species, Cowling (1985), however, argues that data from the contemporary
thicket flora indicate that Subtropical Thicket has become established
only recently in the southern and south-western Cape. He hypothesizes
that the thicket flora has replaced karroid shrubland since the onset of
Holocene warming. He also presents evidence that suggests the Kkarroid
succulent fiora has had a lengthy history in the area. The large trees
and shrubs in the Little and Great Karoo, eg Euciea undulata, Schotia
afra and Mayvtenus species are indicative of the replacement, This
has resulited in the savanna-type structure of vegetatiom in parts of the
Little and Worcester-Robertson Karoo, with a karroid dwarf succulent shrub
understorey and a subtropical tree pverstorey.

Levyns (1964) though recognizing 1links between the karoo and fynbos
floras, also considered the Karoo to have a northern tropical origin, she
suggested two separate migration waves and regarded the karoo flora as
being vyounger than the fynbos flora. Levyus (1964) postulated that the
plants in the first migration consisted mainly of low succulent bushes and
geophytes which concentrated in the west, whereas the later migration was
of larger plants which spread over the entire area. Levyns {1964) does
not indicate when or hy what process these migrations took place,

Compton (1929) argued that two overriding selective forces in the Karoo
were aridity and grazing. In order to survive the pressures of these two
forces, karoo plants exhibit a number of features or primary adaptations
which distinguish them from plants of adjacent regions. These features
are:
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Leaf succulence - Crassulaceae and Mesembryanthemaceae

Stem succulence — Euphorbiaceae and Asclepiadaceae

Geophily (monocots) — Iridaceae and Liliaceae sensu lato

Geophily (dicots) - Geraniaceae and Oxalidaceae

Unpalatibility - Shrubby Asteraceae

Resurreciionism — The ability to revive after rain, particularly

in the Asteraceae

These features are present in the floras to the north and south of the
Karvo. Hence Compton {(1929) argued that from these floristic elements
there '"occurryed an inward converging march from all sides to populate the
arid central Karoo. But those families like Proteaceae and Ericaceae,
showing none or insufficient of the necessary features, were left behind
on the margins of the arid Kareoo".

Compton never considered the possibility of speciation in the Karoo and
outward movement into surrounding areas. Neither did he consider that the
same adaptational features cgould have evolved independently to the same or
even different selective forces.

Acocks (1953) also considered the karoo flora to be derived from both the
Cape the tropical floras, but with a stropnger influence of the Cape Flora,
particularly in the western portions of the Karoo (see also Axelrod and
Raven 1978). Acocks (1953) argued that the succulent habit, which 1is so
characteristic of the southern and western Karceo, is not peculiar to any
one vegetation type, but is rather a response to low moisture conditions,
Succulents are present in all vegetation types of South Africa. Karoo
succulents could therefore be derived from both the Cape and tropical
floras {Acocks 1953). According to Raven (1983), the evolution of such
extreme drought-adapted vegetation in the Southern Hemisphere started
about 16 My. This was during the formation of the Bast Antarctic Ice
Sheet, the formation of which reached a maximum approximately 13 My,

Goldblatt (1978) and Werger (1978a) arsue that the karoo flora, because of
its highly endemic and specialized nature, evolved in southern Africa over
a very long period. Quoting Axelrod (1972}, Goldblatt (1978) maintains
tht there has always been a zone of reduced precipitation between tropical
and temperate regions and that even in mesic landscapes there will always
be edaphically dry habitats where drought adapted plants existed. Thus
the karoo flora would be derived in part from an ancient xeric stock in
which evolutien and radiation were promoted from the Neogene as the
climate became progressively drier. If this were the case, then one would
expect to find a great number of endemic genera and a number of endemic
families. However, high levels of endemism are confined to the species
level. Furthermore many succulent taxa appear to be still undergoing
extensive speciation (species 1limits cannot be clearly defined for
Haworthia and a number of taxa in the family Mesembryanthemaceae
(B Bayer and H Hartmann personal communication).

A possible explanation for the above contradiction may be found in an
argument presented by Stebbins (1952). He hypothesized that dry and

changing environments promote rapid evelution. The anomaly 1in this
argument 1is that mesophytic communities are generally richer in species
that are Xxeric ones. Stebbins (1952) argued that this was because the

compariseon of rich, mesic and poor, Xxeric communities was based on
observations made at only one point in geclogical time, ie the present.
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Though a xeric community may only support a few species at present or at
any given time, it may have supported as many or more species than a mesic
community over a longer period because of a greater turnover in species
composition. What Stebbins has suggested is that in arid areas species
turnover is faster than 1in mesic areas. Mesic communities on the other
hand, because of their stability, may be rich due to the fact that they
have accumulated species over a relatively long period. If species
turnover is slow, very old and young (phyletically) species may coexist.

Gbservations from Mesic Mountain Fynbos {sensu Moll et al 1984a) and Karoo
support Stebbins's {(1952) argzument. Mesic Mountain Fynbos communities
have an extremely high number of species which include many old
"Gondwanan'" elements, whereas karoo communities generally have a lower
number of species (recent evidence indicates that parts of the Karoo have
high gama and possibly delta diversity) with many neoendemics. However,
it is difficult to test the rate of species turnover in arid areas using
fossil and palynological data since these areas do not generally
accumulate suitably fossiliferous deposits. One can only test by
inference from fossil sites bordering the arid areas or by phylogenetic
analysis of present-day taxa. In testing such a hypothesis one also has
to consider the palaeoclimatic changes, particularly the development of
aridity in the Karoo,

Stebbins (1952) argued that there were three reasons why evolution could
be expected to be relatively rapid in arid or semi-arid regions., These
are all pertinent to the Karoo. Firstly, in areas where moisture is
limited, 1local diversity in topography, soil, etc has a greater effect on
the character and composition of the vegetation than in more mesic
regions, The western portion of the Karoo, where species richness is the
greatest, 1is extremely diverse envirommentally. Secondly, semi-arid
climates with regional diversity promote the division of large or medium
sized populations into smaller units which although isolated from each
other, may still interchange genes through occasional "migration”, and
establish populations that may give rise to new taxa. The presence of
numerous taxonomic clines in karoo taxa, eg 1in Haworthia (B Bayer
personal communication) supports this, Thirdly, in arid regions many
different specialized structures <{eg reduced leaf size, specialized leaf
coverings, deciduous habit, swollen stems, geophily, etc) can evolve which
may enable plants to withstand periods of severe drought. Such
adaptational diversity (which many karoo plants exhibit) within a species
would be particularly favourable for further divergent evolution.

Axelrod (1967, 1972) gave further evidence in support of Stebbins (1952)
and extended the hypothesis by pointing out that it was not restricted to
climatically arid regions, but also to dry edaphic sites which can oceur
in more mesic regions. Axelrod (1972) argued that these dry edaphic sites
may have acted as local vefugia for unique taxa adapted to drought, during
periods of climatic amelioration. This formed the basis for Goldblatt's
(1978) argument presented above,

Apart from in situ evolution, many karoo taxa have their origins else-
where. The next two sections expand on the migrational origins of the
karoo flora,

The arid disjunction: a possible explanation for the origin of certain
karoo taxa

The vrecognition of distinct disjunct distribution patterns in certain taxa
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(or closely related taxa) occurring in the Karoo-Namib Region and again in
the arid areas of north-eastern Africa (Somalia, Ethiopia and Kenya) has
provided insights into origins of the karoo flora. These disjunctions
have received considerable attention in recent years and detailed surveys
of the plant taxa invelved have been presented by Verdcourt (1969), Monod
(1971) and De Winter (1971). The subject has also been reviewed by
Goldblatt (1978) and Werger (1978b}.

De Winter (1971) recognized six categories of disjunctions which included
families; genera and species 1limited to the southern and northern arid
areas of Africa; species with vicariant subspecies or varieties in the
southern and northern areas; and vicariant, closely related species with
one confined to the northerm and the other to the southern arid areas.
Apart from these disjunctions there are also a number of taxa which show a
contiguous distribution, but which are particularly stropngly represented
in both arid areas {(Werger 1978a).

Initially, long-distance dispersal was used to explain these disjunctions.
However, it has since been discovered that many species of arid regions
are poorly dispersed f{eg Ihlenfeldt 1971). A more likely explanation is
that the present disjunctions are a relict situation of formerly
continuous distributions (Balinsky 1962; Volk 1964; De Winter 1966, 1971;
Moned 1971; Werger 1973h, 1980). It is postulated that in the past the
two arid zones were commected on one or more occasions by an arid corridor
stretching across Africa from Scmalia via Kenya, Tanzaria and Zambia to
Botswana, Namibia and South Africa. Cooke's (1964) hypothetical
vegetation map of Africa at 50 to 60Z of the present rainfall, suggested
such a possible corridor. Balinsky (1962) has shown that the north-
eastern and south-western parts of Africa are at present still connected
by a relatively arid tract in which the rainfall is less than 10 mm per
month on average during at least three consecutive months per year, This
arid tract coincides with the suggested arid corridor.

Opinions differ on how long ago the arid areas were continuous. Volk
(1964) and Burtt (1971) suggested that it operated during the Tertiary.
Other authors {(eg Verdcourt 1969) suggest that it was more recent. The
palaepecological evidence indicates that the corridor probably existed
many times with 1its most receni existence being during the last glacial
maximum some 18 000 years BP (van Zinderen Bakker 1975, 1982).

Although it is now gemerally agreed that the disjunct patternm is a result
of vicariaunce, dispersalism cammot be ruled out. Such an arid corridor
could well have allowed the dispersal of northern tropical arid species
southwards dinto the Kareo (or vice versa). These dispersal events could
be the "waves of migration" referred te by Levyns (1964). The
significance of +the contribution of the arid disjunction to the karoo
flora cannot be determined wuntil a comprehensive taxonomic and
evolutionary study of the karoo flora is done.

Karoo flora derived from fyvnbos

The relationships between the Cape (fynbos)} and kareo floras have often
been discussed and most authors {eg Levyns 1950, 1964) argue that the two
floras do not merge to any exteat. Acocks (1953), on the other hand,
argued that the widespread and common nonsucculent shrub or "karoo bush"
taxa are derived from the Cape rather than the tropical flora. Many
common karco genera (eg Chrysocoma, Eriocephalus, FEuryops, Hermannia,
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Lightfootia, Pentzia, Phymaspermum, Pteronia, Selago and Walafrida)
are all well represented in the Cape Floristic Region and in fynbos in
particular (Acocks 1953). Furthermore, many karoo species in the families
Asteraceae, Scrophulariaceae and Selaginaceae have close fynbos relatives
{Goldblatt 1978). Other taxa such as Oxalis, Babiana, Gladicolus,
Crassula and Pelargonium all have marked centres of distribution
within the winter rainfall region, straddling both the Karoo-Namib and
Cape Regions,

It 1is generally accepted today that the climatic fluctuations of the
Pleistocene resulted in the expansion and contraction of the limits of
fynbos vegetation with concomittant contractions and expansions of the
Karoo. This temporal and spatial interdigitatiomn of the two floras would
have promoted speciation within each of the floras and possibly given rise
to new taxa in the reciprocal area. This hypothesis can only be tested by
rigorous phylogenetic analysis. The results of which will clearly
illustrate relationships, but causal factors will remain speculative,
Evidence to date indicates that only a few Cape taxa (eg Lobostemon
glaucophyllus and Ferraria antherosa) have their origins in the
Karoo (Taylor 1978), whereas there are a number of studies indicating that
many karoo taxa are derived from fynbos taxa. In the Poaceae, the genus
Ehrharta 1is centred in the Cape Region, but a few species have spread
into other phytochoria, particularly Kkaroo phytochoria, where they have
given rise to new species (Gibbs Russell and Robinson 1983), Primitive
species of Euryops were widespread montane taxa (probably of a
socuthern origin). Subsequent evolution gave rise to ecological types
capable of inhabiting lower 1lying areas of fynbos and Karoo (Nordenstam
1969). In the Calendulae (Norlindh 1946) the primitive forms of
Dimorphotheca 1in the Cape Region gave rise to the genera Gibbaria,
Castalis, Osteospermum and derived Dimorphotheca  species. The
last-mentioned three groups are now widespread in the winter rainfall area
of the Karoo. After rigorous phylogenetic analysis, Bremer (1978) adopts
a combined vicariance and dispersal explanation for the distribution of
Leysera. According to his model +the ancestral species was widespread
in the Cape and Karoo. The distribution of the putative ancestor was
fragmented giving rise to the primitive I Iangipes, now confined to
mountain fynbos in the south-western Cape, and a homogeneous peremmial
group. This group subsequently split to give rise to a perennial Cape
renosterveld (more arid than fynbos) species and an ammual karoo species
which dispersed to North Africa wvia the arid corridor. The latter
subsequently split into two sister species.

Unfortunately very few plant taxonomic studies have been based on phylo-
genetic systematics. This is largely because the initial construction of
phylogenetic trees was based on unsound principles and shaky evidence
{Bremer 1976). Today, however, the procedure 1is based on a firm
theoretical ground which cannot be dismissed as phylogenetic speculation,

From the above examples it is relatively easy to infer adaptive advantages
in sclerophyllous taxa, especially for both arid and infertile environ-
ments. Small (1973) has hypothesized that there should be a degree of
overlap in the ecological amptitude of plants adapted to arid and
infertile environments, In the context of Cape and karoo floras this
hypothesis implies that certain fynbos taxa growing on nutrient deficient
soils and which exhibit xeromorphic characters, could have given rise to
karoo taxa, Cowling and Campbell (1983) rejected Small's (1973)
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hypothesis for the Gamtoos region in the south-eastern Cape as there were
no species common to both the xeric nonfynbos ceenocline and fynbos
ceonocline. Despite its tautelogical reasoning Small's (1973) hypothesis
is still worth considering.

The fynbos islands on the tops of karoo mountains and the renosterveld
shrublands on top of the escarpment, are generally used as evidence for
the expansions and contractions of the Cape and karoo floras (Axelrod and
Raven 1978; Werger 1983). These islands are considered to be relics which
indicate the former extent of fynbos vegetation during colder and wetter

periods, The evidence that ihese islands are relics is extremely tenuous
and could just as easily be interpreted as expanding noda (R M Cowling
personal commmication). Similarly Brenan (1983) commenting on Werger's

(1983) paper said that we are unot always correct in using islands of
vegetation outside their normal distribution areas as evidence of past
climatic changes. Brenan (1983) argued that these islands could be
features of an advancing vegetation type or alternatively they are
indicators of an ecotone boundary.

A scenarie of expanding sclerophyllous shrubland (due to climatic changes)
and subseguent speciation in succulent shrubland is presented by Werger
{1983}. Werger argues that expanding sclerophyllous vegetation resulted
in the isolation of succulent shrubs to a few favourable sites. Here,
selection pressures on the small gene pools resulted in the parapatric
evolution of distinct species in each or several of these islands, With
the amelioration of the climates, the area suitable for these succulents
increased and hence the distribution areas expanded. This scenario could
explain the patchy and localized distribution patterns of closely-related,
yvet distinct, species of succulents in the Vanrhynsdorp and Little Karoo
centres today {(Hilton-Taylor personal observation).

A similar argument for speciation in eastern Kkaroo succulents is proposed
by Cowling (1985), Here it was postulated that variability in intensity
and frequency of frost during the glacials resulted in the fragmentation
of previocusly contisuous populations. Because of short dispersal
distances of most succulent taxa, vicariant speciation occurred,

It wounld seem therefore, that the karoo flora, particularly that of the
western portions and higher lying areas, has a strong affinity to the Cape
flora. Although this c¢ould be regarded as purely a winter rainfall
adaptation, such affinities must be taken iato consideration when
examining the phytogeography of the region,

Evidence from palaeontological studies

In formulating biogeographical hypotiheses or karoo vegetation history one
needs to apalyse the distribution, phylogeny and ecology {including
ecophysiology) of the components of karoo contemporary vegetation. These
hypotheses must then be tested, using independently derived geomorpho-
logical, climatic, palaeontological and palynoiogical data (Cowling
1985). The fossil record may in fact be regarded as the "final arbiter"
in these tests (Cowling 1985). Unfortunately the fossil record for the
karpo since the late Tertiary is very poor. Hence it is necessary to draw
on palaeontological evidence from a wider area to supplement the fossil
record from the region.
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Coetzee et al (1983) have thoroughly reviewed palyrological studies and
vegetation history of the fynbos. Much of the evidence presented can be
used to extrapolate climatic conditions and vegetation history in the
karoo. The section that follows summarizes the major fossil findings
since the start of the Tertiary and the various interpretations of this
evidence.

The beginning of the Tertiary was marked by widespread extinction of clder
Cretaceous elements and a modernization of floras on a world-wide scale
(Coetzee 1983). The Paleogene, the first half of the Tertiary, saw the
start of a trend towards cooler and drier climates (Deacon 1983a).
Palynological evidence for the Paleogene is available from sedimentary
infillings of Kimberlite pipes, particularly from the Arnot pipe at Banke
in southern Bushmanland (Coetzee et al 1983; Scholtz 1985). Today this is
an elevated plateau area lying between the winter rainfall region and the
arid Kalahari.

The Arnot microflora appears to represent a dry "subtropical' forest
flora, An interesting feature of the deposits is the presence of a number
of fynbos elements, including Proteaceae, FEricaceae and Restionaceae
{Schoits 1985). These taxa may have formed an understorey in the forest,
Axelrod and Raven (1978) dinterpret the evidence from this site as
indicating that the temperate forest was depleted in the late Eocene .and
had an admixture of more =xeric elements ancestral to those found in
present fynbos communities. Tankard and Rogers (1978) have suggested a
relatively dry climate and summer rainfall for this site some 40 My,
However, Deacon (1983b) argues that it is premature to interpret the
microflora in specific terms of past climatic and vegetation patterns
without a more complete investigation.

The dry forests can be assumed to have persisted into the Miocene, at
least along river courses, progressively giving way to more open woodland
(Coetzee et al 1983)., The early and mid-Miocene fauna in the Namib and
along the Orange River indicate a woodland mosaic but with more open
habitats developing (Corvinus and Hendey 1978; Deacon 1983b). The western
interior of southern Africa has a 1long history of relative dryness,
indicated not only in the Arnot microflora but alse in the late
Creataceous deposits in Botswana (Lancaster 1979). Axelrod and Raven
{1978) have argued that the drier interior margins of the present-day
fynbos region, would have been an important area for the distribution of
sclerophyllous taxa, preadapted under seasonal climates and available to
occupy the fynbos region when summer dry climates developed,

There are details of the Axelrod and Raven (1978) model, particularly the
timing of events and the proposed large-scale displacement of vegetation,
that can be questioned. There 1is 1ittle direct information on the
vegetation of the present-day arid areas comprising the Karoo-Namib during
the Miocene and Pliocene periods, thus making dating of events extremely
difficult, Taylor (1978) commented that a vegetation category like fynbos
which 1s associated with particular substrata, cannot be considered to
migrate as a unit and that the response to climatic changes is towards
adjustment in the range of some individual taxa and not mass migration
(the term migration is generally used to describe the dispersal of a taxon
following the disappearance of an ecological or physical barrier, not
long-distance dispersal across barriers (Vrbra 1985)). An additional
problem is that Axelrod and Raven (1978) equate the term fynbos with a
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broader category of sclerophyllous vegetation than is currently used among
local researchers (Deacon 1983b). The Arnot evidence, however, can be
interpreted as supporting their general thesis of an early association of
some taXa now prominent in the fynbos, with the drier karoo vegetation
types. It is also possible that similar drier vegetation associations
existed from an equally early time in, for example, areas affected by rain
shadows within the present fynbos region. These may have persisted and
today could constitute the elements found in the Little Karoo and
Worcester-Roberison Karco areas.

A major change in the vegetation is indicated from the end of the Miocene
when the palynological evidence from sites in the fynbos area (Saldanha,
Cape Flats and Wilderness) shows progressive impoverishment of the rain-
forest vegetation apd significant increases in pollen of typical Cape taxa
{Coetzee et al 1983), The dating suggests that this evidence relates to
the fragmentation of the distribution of rainforest and the spread of
fynbos in response to changes towards coocler and summer-dry climates at
the end of the Tertiary and in the Pleistocene., The Plio-Pleistocene
period is poorly documented in the fossil recard of the Karoo, but Tankard
and Rogers (1978) assume progressive dessication with more xerophyllous
vegetation replacing grassland (which had probably replaced the woodland
by the early Pliccere) from the Piiccene inte the Pleistocene,

The composition of the karoo shrubland communities was affected by the
climatic pulses of the Plio-Pleistccerne. However, their present status is
a result not only eof the effects of the climatic changes, but also of
natural or man-made fires and other human activities, particularly the
increase in agricultural utilization of the karco. Today, because of the
low productivity of Karoo vegetation, the accumulation of combustible fuel
is dnsufficient to support a fire. In high rainfall seasons productivity
may exceed utilization and fires might occur, This is in fact what
happened in 1975 when widespread fires were experienced in False Karoo
areas where grass production had been high following several good rain
seasons (Huntley 1984). These fires despite their infrequency today, were
probably more frequent in the past and would undoubtedly have influenced
the dynamics of karoo vegetation.

Acocks (1953) presented a model which documented and predicted recent and
future changes 1in South African vegetation. One of his maps depicts the
vegetation as he hypothesized it tc have been at approximately 1400 AD.
The differences between this map and the present veld types map
illustrates the changes that have taken place with the introduction of
agriculture and permanent settlement (see Roux and Theron this volume, for
a description of the phases of desertification in the karoo as a result of
overutilization and mismanagement). There is a long history of man's
presence in the EKarco, unfortunately his effects on the eavironment have
not been researched to the same extent as for the fynbos region (see
Deacon 1983d)}. This is possibly due to the difficulty of finding
archaeological traces because of the ephemeral nature of early settlements
(Webley 1982). A recent paper by Sampson (1986), however, documents
extensive settlement by early pastoralists (pretrekboer) of the Upper
Sea—Cow Valley in the north-easterm Cape. The effects of these San camps
are clearly visible in the landscape today as the archaeological residues
of the camps are associated with vegetation patches characteristic of
disturbed sites. One can only speculate as to what effect these
settlements may have had on the karoo flora.
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The 1late Pleistocene and Holocene cave sequences, excavated in the course
of archaeological investigations, form the basis for our present knowledge
on climatic and vegetation changes over the period coeval with the last
interglacial, glacial and present interglacial, The arguments on the
climatic changes and their effects are well documented in van Zinderen
Bakker (1976, 1978, 1982, 1981); Deacon (1983a,b,c}:; Partridge (1985) and
Vogel (1985}, It was during this period that modern plant communities
evolved.

The analysis of charcoals from a dated series of stratified hearths in the
Boomplaas Cave ({(Deacon et al 1983) gives an indication of the succession
of woody components in the vegetation of the Cango Valley over some 40 000
years. This to some extent is representative of changes in the vegetation
on the margins of the Little Karoo. From the evidence gbtained it was
hypothesized that conditions during the last glacial maximum, in the Cape
coastal region at least, were cold and dry (Deacon 1983¢). There is a
growing body of evidence in favour of this hypothesis (Deacon 1983a;
Cowling 1985),

In contradiction to data from the southern Cape, a recent paper on
freshwater shell deposits in the north-western Karoo, provides evidence
for a widepsread cold, wet phase during the late Pleistocene (Kent and
Gribnitz 1985). In their discussion on the causes, these authors accept
the hypothesis of a northerly movement of the South Atlantic anticyclonic
cell and possibly stronger westerlies. This hypothesis is the cause of
much debate (Deacon 1983c; van Zinderen Bakker 1982). Unfortunately many
fossil deposits have alternative interpretations which resuit in a great
variety of palaeoclimatic reconstructions for southern Africa during the
Quaternary.

From all these studies it 1is evident that it is not possible to
generalize, not even about the late Pleistocene, because environmental
oscillations were relatively rapid and conditions were more severe at some
times than at others. The impact of these oscillations is not fully
reflected 1in the palaepecological record. What is certain though, is that
the fossil evidence underscores the point that vegetation communities are
not fixed but are dynamic associations of taxa changing through time., The
consequence of which is that the distribution and compositicn of some
modern communities was only established at the end of the Pleistocene and
are in effect still transient.

OVERVIEW

The hypotheses concerning the origins of the karvo flora and the evidence
obtained from palynological studies have highlighted the need to review
the phytogeographic status of both the Cape Floristic Kingdom and Karoo-
Namib Region, particularly that part receiving winter rainfall.

Bayer (1984) has argued convincingly that the Fynbos Biome {(which is
equated with the Cape Floristic Kingdom/Region) is not a valid biogeo-
graphical wunit, and that a winter rainfall biome, incorporating karoo and
fynbos communities, 1is more realistic. It is clear that there is a high
degree of affinity between the karroid shrublands of the Western Cape
Domain and the shrublands of the Cape Floristic Kingdom, particularly
Renosterveld and Strandveld (Boucher and Moll 1981; Moll et al 1984a,b).
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It is postulated that these shrublands have evolved from both Cape and
Palaectropical elements in response to the onset of summer drought and as
such, are as much part of the Cape Floristic Kingdom as are the fynbos
heathlands (Moll et al 1984c).

Some phylogenetic evidence was presented earlier in this review that
certain karco taxa are derived from fynbos taxa. It was also stated that
many taxa have a marked winter rainfall distribution in both the Karoo-
Namib and Cape Region. Similarly some taxa are clearly Karoo-Namib
endemics while others are Cape endemics. Some of these distribution
patterns are illustrated in Figure 4.4 to 4.9.

Sarcocaulon (Figure 4.4) 1is clearly a Karoo-Namib genus with its centre
of diversity iam the Richtersveld or Gariep Centre (Moffett 1978, 1979).
Moraltia (Figure 4.5) 1is a Cape genus restricted to fynbos and with
its centre of diversity in the Caledon area (Oliver et al 1983).
Figure 4.6 shows the distribution of Pelargonium a fairly widespread
genus but with 802 of the ¢ 200 taxa restricted to the winter rainfall
region, the area to the west of the 407 winter rainfall isohyet (stippled
line). The main centre of diversity is in the Worcester area
{van der Walt and Vorster 1983). Looking at the distribution of the
subfamilies of the Poaceae (Figure 4.7) it 1is apparent that the
Arundinoideae and Pooideae are almost entirely restricted to the winter
rainfall region (see Gibbs Russell 1986 for a full explanation of this
map). Figures 4.8 and 4.9 ({(from Nordenstam 1969) illustrate to some
extent the dichotomy between Cape flora versus winter rainfall flora.
Figure 4.8 shows that the genus A4spalathus is restricted to the Cape
Region, with only a few species occurring outside the area of the map.
The centre of diversity as with most pure fynbos taxa is in the south-
west, in the Caledon area. Eurypos, however, is well represented
within and without the Cape Region and is essentially a winter rainfall
genus, extending well north of the area shown on the map (Figure 4.9),
There are a number of centres of diversity, viz Worcester, Laingsburg
area, Nieuweveld Mountains and the Sneeuberge. This is characteristic of
many winter rainfall genera.

The amalysis of floristic data from the region is still in a preliminary
stage, hence no conclusions can yvet be made regarding the validity of a
winter rainfall region. It is interesting to note, though, that in the
recent categorization of southern African biomes (Rutherford and Westfall
19863}, the Karoo Biome (sensu Huntley 1984) is divided into two separate
biomes. These are the Nama-Karoo Biome and the Succulent Karoo Biome.
The latter biome is restricted to the "even winter and strong winter
rainfail areas with greatest swmer aridity im southern Africa"
(Rutherford and Westfall 1986) de the winter rainfall biome of Bayer
(1984) excluding the fynbos,

To date, phytochorelogical wmmits have not corresponded to biome units
largely because phytochoria have been subjectively derived., Rutherford
and Westfall (1986) argue that if phytochoria were classified according to
rigorous phytosociological methodology with adequate sampiing, then
correspondence o biomes would be better. Preliminary indications from my
analysis of floristic data confirms their argument,
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CHAPTER 5 LATE CENOZOIC PALAEOECOLOGY

E M VAN ZINDEREN BAKKER
Bepartment of Botany, University of Orange Free State

INTRODUCTION

Palaepecological studies provide an insight into past environmental change
and as such provide the background for present day changes in environments
and vegetation. An understanding of late Cenozoic palaeoecology in the
Karoe 1is especially significant since it should resolve the controversy
regarding recent vegetation changes in the area,

THE TERTIARY

Very 1little 1is known about the Cenozoic environmmental history of the
Karoo, Nevertheless this region has experienced important changes since
during the Late Tertiary when it was about 15° further north than at
present (Smith et al 1931). At this time northern Africa was strongly
influenced by the warm Tethys Sea and was covered with tropical rainforest
while southern Africa received much moisture from the southern westerlies
and was clothed by subtropical rainforest (Axelrod and Raven 1978). The
karoo region gradually became more isolated as a consequence of epeiro-
genic uplifts of the subcontinent in Cenozoic times. The consequence of
this process was that the climate of the Karoo gradually became more
continental with warmer sumpers, colder winters and less precipitation.
The Cape folded mountains along the southern boundary and the escarpment
along the eastern side, shield the basin effectively from the influence of
the equable maritime climate. At present, cyclonic winter rain cannot
enter the basin to any great extent, while summer rain only penetrates so
far south on rare occasions {Schulze 1965)., The mean annual temperature
ranges from 12 to 16°C (Schulze and McGee 1978), while the temperature can
drop below zero on 90 to 150 days per anmum (Schulze 1965).

Another very important factor affecting the palaeocenvironment of the Karoo
was the gradual decrease in global temperature during late Cenozoic times,
which has been 1illustrated by the oxygen isotope curve of the Southern
Ocean (Shackleton and Kennett 1975a).

A reconstruction of the vegetation and palaeoenvironments of the late
Cretaceous and early Tertiary has been made on the basis of a palynocflora
from kimberlite pipes 1in the north-western karoo (Coetzee et al 1983;
Scholze 1985). Here it has been suggested (Scholze 1985) that the
angiosperm palynomorphs are dindicative of a climate somewhat drier and
probably cooler than tropical rainforest regions to the north and that
this shift in climatic conditions took place early in the Palaeocene, An
open—-canopied drier type of largely deciduous forest existed in the
region, probably with an understorey of Proteaceae, Restionaceae and
Ericaceae - the precursors of the present-day fynbos flora,

Aridification continued in the Karoo through Oligocene-Miocene times and
the dry woodland opened up to be replaced by thorn scrub and savanna
woodland, with some sclerophyll vegetation still present (Axelrod and
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Raven 1978). In the southern coastal region subtropical rainforest gave
way to subtropical laurel {forest. A considerable drop in global
temperature in Oligocene times would have accelerated this aridification.

In the late Miocene—early Pliocene, conditions were aggravated further as
the Antarctic ice sheet reached its maximum volume (Shackleton and Kennett
1975b) and the Benguela current and its upwelling lowered the temperature
along the west coast (Siesser 1978). The South Atlantic anticyclone
strengthened, and aridity spread further inland from the west, This was
the time that the mediterranean type of climate was evolving at the
sputh-western Cape, and the sclerophyll fynbos vegetation replaced the
last +tropicai-subtropical feorest elements in the coastal region {Coetzee
1978, 1980).

The karoo vegetation must have evolved from the preceding vegetation of
scrub and savanna—woodlands, while many elements indicate a relationship
with the fynbos (Hilton-Taylor this volume), The adaptation to dry
conditions has been a long process which, according to Axelrod and Raven
{1978), goes back to early Miocene times.

THE LATE QUATERNARY

In late Pleistocene times, glacial-interglacial cycles intensified
selection for adaptations to aridity and enhanced speciation as the
glacial perinds were increasingly more arid. During the last glacial
maximum, the atmospheric circulation was accelerated by some 17% (Newell
et al 1981). This 1in turn caused a more energetic oceanic circulation
with the result that along the west coast the Benguela current and its
accompanying upwelling lowered the temperature of the ocean water two to
five degrees centigrade (Moriey and Hays 1979). The Agulhas current was
also colder and a negative temperature anomaly of more than four degrees
centigrade occurred along the south coast (CLIMAP members 1976). Peri-
glacial phenomena in the high Drakensberg and on screes and ir caves along
the south coast indicate decreases in temperature of at least five degrees
centigrade during the last glacial maximum. With recent isotopic palaeo-
temperture determinations of uaderground water, and a stalagmite by Vogel
(1983), the decrease in temperature has been assessed to have been in the
order of five to 5,5°C.

Pollen analysis

As a consequernce of climatic variations which occurred in late Quaternary
times, the area covered by karoo vegetation types must have changed. The
dating of these events is important for our understanding of the evolution
of karroid environments. Pollien analysis can perhaps give a clue to these
changes. In semi-arid regions like the Karco it is very difficult to find
pollen-bearing deposits and dateable material, as pollen is destroyed by
oxidation 1in sediments which are exposed to long dry periods. Some
information 1is availablie along the northern margin of the present Karoo
region where fossil pollen has been preserved under fairly humid condi-
tions around some old thermal mound springs and in ancient lake basins and
caves,

Around the thermal springs of Florisbad (28°42'S}, 45 km north-west of
Bloemfontein, altermating layers of clay, loam and sand which contain
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countable numbers of pollen grains, have been accumulated. Four "peaty"
horizons consist of carbonaceous c¢lay and sand, rich in organic matter.
Former palynological studies of these deposits (van Zinderen Bakkey 1957)
resulted in a palaeoclimatic interpretation which is no longer valid.
Recent pollen amalytical results indicate considerable changes in
hunidity. Lack of aboslute dating of this sequence of some 200 000 vears
0ld has so far delayed the publication of the modified interpretation.

It can be postulated that during the 1last glacial maximum there was
greater humidity as a consequence of lower evaporation, and some invasion
of winter rain encouraged the spread of grassveld so that the region of
the karoo diminished. Processes of this nature have been observed at
Aliwal North (30°39'S) where peaty deposits with a depth of 10,5 m occur
around hot water medicinal springs. The cores studied by Coetzee (1967)
have been dated with six radiocarbon determinations and range in age from
12 600 110 BP (GrN 4011) to 9 650 *150 BP (GrN 4012}, Aliwal North is at
present situated in a summer rainfall area near the vegetational ecotone
between grassveld to the north and east of it and semi-arid karoc to the
south and west, The pollen analysis results from this site were compared
with surveys of atmospheric pollen carried out at Bloemfontein situated in
the dry Cymbopogon Themeda veld north-west of Aliwal North, and at
Middelburg in the False Upper Karoo south-west of the site,

The pollen spectra of these plant communities can be well distinguished,
They consist of nonarboreal pollen in which Poaceae, Chenopodiaceae and
Asteraceae dominated, As these springs are not classified as saline,
fossil pollen of Chenopodiaceae can be considered to indicate dry climatic
conditions rather than the brackish conditions of the swamp round the
springs. From values of this pollen exceeding 10%Z, combined with high
percentages of Asteraceae, very dry and warm karroid conditions at Aliwal
North can be inferred. High peaks of the Poaceae pollen curve indicate
more humid grassveld conditions, Using these criteria, several north-
eastward advances and south-westward retreats of the Karoo region could be
indentified within the time span of 12 600 to 9 650 BP. Near 12 600 %110
BP, pollen specira represent grassveld and cooler conditions, which are
especially indicated by the presence of nine per cent pollen of Stoebe
plumosa, a plant which belongs to the lower part of the Austro-Afro-
alpine Belt, The polien spectra of the upper levels of the deposits are
representative of a very dry and warm climate and have an age of 8 650
+150 BP.

The climatic data inferred from the pollen evidence from Aliwal North can
be extended by comparing the final pollen zone with the results of the
valuable study by Deacon (1974). She compared the distribution in time
and space of 223 dated archaeological sites, covering the Wilton and
Smithfield cultures. The results of this investigation show that no dates
exist for occupation sites from the inland plateau for the period between
9 500 and 4 600 BP, while sites along the coast and in the lower
mountainous areas were occupied for long periods of time without this
hiatus. Deacon (1974) suggests that the aridity could have made the
inland plateau 1less attractive for hunter-gatherers, The mountain and
coastal sites offered a much wider environmental variety especially when
they were occupied seasonally. The Aliwal pellen diagrams (Coetzee 1967)
indicate that at abeut 9 650 BP dry grassveld which surrounded the spring
was vreplaced by dry karroid vegetation. It is interesting to note that
Meadows and Hall (unpublished) found stratigraphical evidence in a variety
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of vlei sediments inm southern Africa for drier conditions from about 8 000
to 4 000 BP.

More pollen evidence is avaiiable from the Orange Free State, north of the
present Karoo. In the Kalahari Thornveld of the Alexandersfontein basin
{28°52'S), Scott (1975) found proef for karroid vegetation sometime during
the second half of the Holocene. The evalunation of pollen spectra at such
sites is difficult, however, as Chenopodiaceae here could testify to
halophytic vegetation, while the Compositae pollen found is not of the
usual type for the area and is poorly represented.

At the Voightspost site between Bloemfontein and Kimberley (29°10'S),
Horowitz et al (1978) showed that Smithfield people lived in a dry climate

with karroid vegetation around 1 220 BP. The occurrence of sand of
aeolian origin supports the polien evidence based on a spectrum of only
100 sporomorpha. The vegetation was later replaced by the present
grassveld.

These data show that not much is known about the environmental changes
which occurred in Holocene tines. The Karoco must have expanded and
retreated on many occasions. Much more research is needed especially
along the borders of the Karoo to unravel the vicissitudes of climate and
vegetation of this region.

CONCLUSIONRS AND RECOMMENDATICGNS FOR FURTHER RESEARCH

- It is of great Iimportance for our understanding of the evolution of
climate and vegetation of the Karoo that new sites for pollen studies
are found. In this generally dry region the best results can be
expected from: deposits round old springs; deposits in caves; old
deposits of manure (eg from hyrax); sites on high mountains. In this
respect pollen analysis of vlei sediments in the Winterberg Mountains
is already underway (Meadows and Meadows 1985).

- Foture analyses and dating of the Florisbad sequence may elucidate the
climatic history along the northern boundary of the Karoo.

- The assessment of the present pollen deposition in different parts of
the Karoo will be essential for the explanation of fossil pollen
spectra.
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CHAPTER 6 PALAEONTOLOGY
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INTRODUCTION

The rocks occurring in the karoo biome contain a wealth of fossils ranging
in age from Mid-Precambrian to Holocene, Although the Precambrian record
is incomplete and fragmentary, it is fortumate that the Cape and Karoo
beds, which jointly account for the greatest surface area of the biome,
provide an almost continuous record of sedimentation and evolution of life
from the Ordovician to the Triassic,

Space constraints prevent us from referring to the unfossiliferous rocks
as well as the major breaks in the sedimentary and fossil record. The
fossil record of the biome is summarized in Figure 7.1 {(see back cover)
which includes a list of the major geological events which heiped to shape
southern Africa.

This chapter should be read in conjunction with the geological description
of the karoo biome (Visser 1986).

SODIUM GROUP

Precambrian rocks are usually devoid of fossils. However, blue-green
algae living in favourable sedimentological enviromments left traces in
the form of easily recognizable  hemispherical bodies in cherty
limestones, These so-called "stromatolites" were formed by the trapping
of fine sediments by sticky algal mats.

The wupper beds of the Sodium Group exposed in the T'Kuip Hills north of
Britstown, contain stromatolite-bearing limestones interbedded with coarse
clastics and lavas (Grobler and Enmslie 1976). Different types of
stromatolites formed in small isolated basins in a shallow environment.
Variations in type of stromatolite indicate a response to shifting
environments.

At times a sudden influx of clastic sediments caused burial and extinction
of the algae which subsequently reinvaded the area as soon as conditions
became more stable and favourable again.

GRIQUALAND WEST SEQUENCE

Rocks deposited in the south-western portion of a once vast epeiric sea,

occur in the Prieska-Griquatown area, Dolomite, limestone, chert and
shale of the Ghaap Plateau Dolomite Formation accumulated on the platform
portion of the basin, The climate was arid to semi-arid with a low

percentage of oxygen in the atmosphere {Tankard et al 1982), A large and
varied assemblage of stromatolites, together with other sedimentoclogical
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features, indicate deposition din a tidal and subtidal marine environment
{Truswell and Eriksson 1973), Although the blue-green algae inhabited all
the shallow marine ecological niches, the different types of stromatolites
are nevertheless restricted to well-defined sedimentary environments
which, throuvgh time, shifted in respomse to tectonic activity.

NAMA GROUP

The Nama beds deposited in a shallow epicontinental basin, provide the
first evidence from southern Africa for the sudden expansion of metazoans
during the Late Precambrian, Rocks from just beyond the north-western
limit of the area contain impressions of invertebrate animals related to
the rare but world-wide Bdiacara Faunaz (Germs 1972) of Late Precambrian
age, North of Vanrhynsdorp the uppermost unit of the group, the Fish
River Subgroup, contains a sparser fauna, Phycodes pedum, an Early
Cambrian trace fossil (Germs 1974), as well as indistinct trails, left by
as yet unidentified invertebrates, have been found., The upper Nama beds
thus span the palaeontoiogically  important Precambrian-Phanerozoic
boundary.

CAPE SUPERGROUP

During the Early Palaeozoic, continuous sedimentation took place over a
long gzeological time span in the relatively stable area of Gondwana which
today comprises all the southern continents plus India. As can be
expected, similar stratigraphic successions containing similar fossil
assemblages are now found 1in South Africa, South America, the Falkland
Islands and Antarctica; all fragments of the o0ld supercontinent.
Sedimentary environments, ranging from continental tec near-shore and
shallow marine, shifted in space and time and the resulting assemblages of
body and +trace fossils refliect the varying envirommental and climatic
conditions.

Table Mountain Group

When compared with the overiying Bokkeveld and Witteberg Groups, the thick
succession of mainly sandstones deposited on a stable shelf is relatively
unfessiliferous.

In the Graafwater area, tidal deposits near the base of the group (Tankard
et al 1982) contain a trace fossil assemblage indicative of shallow water
and even subaerial conditions. Invertebrate burrows and trackways left by
trilobites and other arthropods have been identified (Rust 1967; Anderson
1975).

Localities yielding marine fossils occur just outside the geographical
area of the karoo biome but they are briefly described here because of
their scientific dimportance. A restricted benthonic assemblage contains:
bryvozoa; inarticulate amd articulate brachiopods and crinoids; all
attached epifaunal filter-feeders. One mobile scavenger, a homalonotid
trilobite, and a few chinitozoans have also been identified (Cocks et al
1969; Cramer et al 1974).

The clean sandstones constituting the bulk of the Table Mountain Group
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were deposited 1in an intertidal to shallow subtidal environment and are,
as can be expected, almost barren except for an occasional Skolithos
burrow, a trace fossil of an invertebrate filter-feeder.

Bokkeveld Group

The mudstones, shales and sandstones of the Bokkeveld Group represent
deltaic to marine sedimentation on a tectonically unstable shelf (Theron
1972; Tankard et al 1982). The continuous landward and seaward shifting
of the coastline resulted in a stacking of sediments deposited in
environments ranging from shoreline to shallow and even deeper marine,
Moreover, owing to continuous regression during Bokkeveld times, the
marine beds at the base of the group grade upwards into deltaic and
continental beds.

The marine fossils from the lower beds indicate that the geographical area
of deposition of the Bokkeveld was part of the Austral or Malvinokaffric
Faunal Province which included South America, the Falkland Islands and
Antarctica during the Emsian Age of the Farly Devonian Period (House 1971;
Johnson and Boucot 1973). Whereas the Farly Silurian Malvinokaffric fauna
of the Table Mountain Group was very restricted both geographically and in
diversity, the Emsian faunal assemblage of the Bokkeveld was larger and
more widely distributed. Brachiopods and pelecypods are common, with
trilobites, gastropods, echinoderms, cephalopods and coelenterates also
present,

The fairly large number of invertebrates recorded (Du Toit 19543 Theron
1972) tends to mask the true nature of the assemblage, but a comparison
with the 0ld Worid Provinces proved that the Bokkeveld Malvinokaffric
assemblage 1is a cold water one with low diversity, especially amongst the
brachiopods and trilobites. This restricted nature is also shown by the
notable rarity of corals, cephalopods and bryozoans (House 1971; Johnson
and Boucot 1973).

Although a study of the palaeoecology of the Bokkeveld has been neglected,
it 1is possible to broadly reconstruct faunal communities. A near-shore
benthonic community was dominated by scavenging trilobites and infaunal
filter~feeders such as pelecypods and inarticulate brachiopods., Towards
deeper water the assemblage changed, with epifaunal filter-feeders

becoming dominant. Trace fossils in the form of burrows and tracks are
more apparent in the sandy and silty rocks deposited closer to the
palaeoshoreline. Burrows inhabited by infaunal filter-feeders ocecur in

the sandstones while finer sediments deposited in deeper water contain a
wide assemblage of tracks left by sediment-feeders and scavengers.

Isolated spines of primitive fishes found in the basal unit of the group
at the Gamka Dam mark the first appearance of vertebrates in the fossil
record of southern Africa, Of more importance are fossils discovered in

upper Bokkeveld beds near Barrvdale. This remarkable fish-and-plant
assemblage indicates fresh water conditions probably in a deltaic
environment. The arthrodire placoderms, acanthodian spines and lycopods

described by Chaloner et al (1980) have affinities with similar
assemblages from Antarctica, Australia and Europe.

The western shallow water deposits of the Bokkeveld contain lycopod
stems. Psilopsids are of minor importance.
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Witteberg Group

The Witteberg sequence represents a transition from shallow marine to
shoreline to continental beds deposited on a stable shelf during the Late
Devonian and Early Carboniferous Periods.

The 1lower predominantly argillaceous units with interbedded sandstones
contain a wealth of trace fossils ranging from Skolithos tubes in the
sandstones to various types of traces 1left by infaunal and epifaunal
sediment-feeders and a few filter-feeders. The most common trace fossil
is Spirophyton found 1in shallow offshore eunvironments. Outcrops in
the Touws River-Ladismith area have yielded rare examples of inarticulate
and articulate brachiopods and also pelecypods (Hiller and Dunlevey
1978). The inarticulate brachiopod Lingula and stunted articulate
brachiopoeds, indicate a near-shore environment with below normal salinity.

Rare fragments of a eurvpterid and a few valves of Palaeestheria were
found in black shales in the eastern outcrop areas (Rennie 1934),

Stems and other fragments of 1lycopods, sphenopsids and psilopsids also
occur (Plumstead 1969), The resistant guartzite beds from the middie
division as seen on the southern and western borders of the Karoo contain
scattered lycopod stems.

The upper formations mark the transition of freshwater terrestrial
environments with a typical fish-and-plant assemblage. Large numbers of a
few fossil species comprising lycopods, sphenspsids and other as yet
unidentified plants are found together with fishes in concretions and
channel deposits. Several palaeoniscid fishes have been identified
(Gardiner 1969; Jubb and Gardiner 1975). Acanthodian spines are common in
some beds. The latest find is a giant eurypterid.

These fossiliferous beds of the upper Witteberg which have been dated as
of Viséan Age (Early Carboniferous), present the highest stratigraphic
unit for which a reasonably accurate geological age could be determined.
The Cape-Karoo coniaci vrepresents a gap in the geological record. This
gap in the fossil record is magnified by the overlying unfossiliferous
tillite beds which were deposited under harsh glacial conditions.

KAROO SEQUENCE

Dwvka Formation

Through the Mid and Late Carboniferous, Gondwana drifted into the polar
region and a period of glaciation followed. A considerable hiatus,
represented by a paraconformity between the glacial sediments (tillites
and diamictites) and the underlving Witteberg, probably spans much of the
Carboniferous {(Dunlevey and Hiller 1979), The period of glaciation
naturally influenced the biota of western and central Gondwana extensively
with the result that the Dwyka sediments are almost devoid of fossils of
this period. Sparse planit remains within the tillite (Plumstead 1969) and
minspores and cuticular wmaterial from interglacial shales (McLachlan and
Anderson 1973), however, indicate that the basin and surrounding highlands
were not uniformly glaciated. Unglaciated areas supported vegetation.
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An exciting aspect of the palaeontology of the Dwyka Formation is the
discovery of a fossil fauna of Cambrian age in light grey limestone

erratics, The fauna consists mostly of archaeocvathids which show a
remarkable similarity at the species level with forms of Antarctica
(Oosthuizen 1981). Trilobites, oncolytes and stromatolites are also
present. Although these equatorial forms have no bearing on the

palaeoecological reconstruction of the Dwyka, they are of extreme
importance as it is the only material known to date that was derived from
another continent. The distribution of the fossiliferous erratics may
hold the key to locating the point of entrance of the glaciers that
transported the material onto the African continent. Such information may
prove invaluable in fitting the Gondwana continents. A detailed study of
the distribution of the fossiliferous erratics should therefore be
undertaken, To date, their distribution has been documented from north of
Gamka Dam to Leeukleoof in the Willowmore district in the east (Dosthuizen
1981).

As the proto-Karoo area drifted out of polar latitudes a gemeral northward
retreat of the 1ice followed. 1In the wake of the retreating ice a marine
transgression ensued, and with it came a marine fauna that cclonized the
generally shallow epicontinental embayments. The depression of the crust
below sea level was caused partly by idice loading, but an orogenesis
migrating towards the Karoo basin from the south and south-east probably
added to the effect of the ice by downwarping the crust in front of it,

Fossils of this c¢old water fauna are found in the mudstones that overlie
the tillites in the western, southern and eastern parts of the basin., The
presence of this marine "Eurydesma fauna" (consisting of various molluscs,
brachiopods, radiolarians, echincids, asteroids, crinoids, crustaceans and
foraminifers) has long been known from the Kalahari-Karoo basin and
southern Namibia. This marine horizon has now, however, been traced all
over the Kalahari-Karoo basin and was recently also discovered in Natal by
E van Dyk (personal communication).

The horizon in Natal, in line with the diachronous tillite-Prince Albert
contact, 1lies 1in the uppermost tillite itself in contrast to its position
above the tillite in the south and west. The position of the marine fauna
in the Dwyka formation in Namibia likewise reflects the diachronosity of
the tillite-Prince Alberxrt contact.

In the southern and eastern Karoo the fossiliferous horizon lies a few
centimetres above the tillite in nodules of radiolarian tests. These
nodules yielded abundant driftwood fragments, coprolites of which some are
spiral, fish scales and possible placoderm head shields.

In the radiolarian nodules a three-dimensionally preserved shark
neurocranium was found by R D F Qosthuizen on his farm Zwartskraal in the
district of Prince Albert. The skull is unusual in that it has the nasal
capsules preserved in toto {(Zangerl 1981).

It is of interest to note that a similar fossiliferous marine horizon is
known from the Parani basin in Uruguay in a similar stratigraphic
position in relation to the tillites (Beltan 1978).
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Ecca Group

Water depth in the Karoo basin which underlies the karoo biome was greater

than that in the Namibian or Paramia basins, Whereas deep water
continental shelf-type phosphatic sediments accumulated towards the

south-east, shallow water sediments were deposited elsewhere as the Nossob

and Aub sapndsiones in the Kalahari~Karoo basin and as the Palermo

Formation in the Paranda basin, These sandstone formations are highly
bioturbated, and abundant trace fossils of the shallow water, tidal flat

ichnofacies occur in them.

The downwarping in the southern and western part of the Great Karoo basin
did not influence the Parand or more northerly basins in the Kalahari
and Namibia. Sedimentologically the central Parand basin and Kalahari
basin therefore resemble each other more closely than they resemble the
Great Karco basin in the west and south.

¥hen the Prince Albert Formation was deposited, the climate ameliorated to
such an extent that heavily forested areas developed in the coastal
regions that fringed the embayments. Evidence of such aforestation is
presented by the abundance of silicified tree trunks in the near coastal
sediments eg the Douglas-Blaauwkrantz area near Kimberley.

Overlying the Prince Albert Shale Formation is a thin but widespread,
white weathering black shale, the "White Band" or Whitehill Formation.
The black shales of this formation accumulated in shallow marine embay-
ments and it is postulated that the Whitehill and the almost identical
Iraty Formation of the Parana basin were deposited 1in shallow
contemporaneous embayments of a central sea arm that occupied a position
between the continents of Africa and South America. The water bodies were
stratified with anoxic, toxic bottom brines that prevented the
establishment of a benthonic fauna. A study of the biozonation of the
formation has shown it to be an isochronous unit (Oelofsen 1981), perhaps
the only one in the Karoo basin (Visser 1982). The biostratigraphy of the
Iraty and Whitehill formations shows a remarkable correspondence,
stressing the fact that the two formations are contemporaneous. The
problem arises that, whereas the Whitehill was traditionally regarded as
being of Early Permian age, palynological data and datings on insect wings
from the Iraty indicate a Mid Late Permian (Kazanian) age for the latter
formation.

Because of the poor conditions of the bottom waters in the Whitehill and
Iraty embayments only pelagic forms populated the waters. In the White-
hill at 1least two genera of the free swimming, filter-feeding, anapsid
reptile family, the Mesosauridae occur, On osteclogical evidence the
mesosaurids from the Whitehill and the Iraty seem to be identical at
species 1level. Several species of paleoniscid fish (of which only one has
been described by Broom, Palaeoniscus capensis); at least two species
of crustaceans Notocaris tapscotti Broom and a form that resembles the
South American Clarckekaris (Oelofsen and Araujo 1983); insect wings;
a fossil cephalochordate; and rare fragments of plant material are known
from the shales.

The ouptlier of Whitehill near Worcester and south of the Worcester fault
scarp, which 1is identical in biszonation to the rest of the basin, is
proocf of this. The fauna that populated the basin could migrate
unhindered at least as far south as this outlier.
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Shortly after deposition of the Whitehill Formation the southern shores of
the basin were elevated, and main sediment transport directions that were
mainly from the north and north-west since the Eocambrian, changed to
south and south-east. The elevation (orogeny) probably finally severed
the contact the basin had with the world oceans.

From the elevated areas towards the south, rivers drained northwards into
the inland basin and eventually built the deltas of the Waterford Forma-
tion, creating dry land habitable for a terrestrial fauna. The uppermost
unit of the Waterford Formation in the west has been interpreted as a low
sinuosity fluvial chamnel facies (Turner 1978). In overbank times
Shizoneura was found in growth positions and glossopteris leaf fragments
are preserved, In the Worcester outlier, glossopteris fragments appear
lower dowm in the stratigraphy in a position probably comparable to the
Pietermaritzburg Formation of Natal. The large leaves indicate a
temperate climate (E Koviacs-Endrdody personal communication) and apart
from perhaps severe winters, very little of the harsh climate of the Dwyka
glaciation remained.

Dry land on the deltas and suitable climate paved the way for the first
wave o0f terrestrial reptiles that migrated into the basin., Fossils of
these first terrestrial inhabitants in the Waterford Formation have been
reported from near Zeekoegat (Rubidge and Qelofsen 1981). The Ecca
reptile fauna occurs almost 800 m below the first purple mudstones of the
traditional Tapinocephalus zone (Dinocephalian/Pristerognathus-
Diicitodon assemblage zone of Keyser and Smith 1978). This fauna is
consequently much older than the Tapinocephalus fauna and may help to
bridge the gap between the latter fauna and older faunas elsewhere {(eg the
Russian zone I and II faunas),

The Ecca reptile fauna is characterized by the small herbivorous
Eodicynodon. Eodicynodon, although being a dicynodont (Barry 1970),
has some very primitive features. In some respects it differs from all
other later dicynodonts. Recently a large dinocephalian and some small
forms tentatively identified as primitive  Therocephalians by
J A van den Heever were discovered by Rubidge. Whereas the FEcca has for a
long time been regarded as unfossiliferous it now seems to contain a
complete pre~Tapinocephalus zone fauna which will require thorough
study in years to come,

In contrast to the relatively strong orogenetic source area that vwas
active to the south and south-east of the basin, the northern shores were
fringed by what 1is today a buried palaeolandscape that lay between the
highland area of Precambrian rocks in the north and a low undulating plain
to the south. This southern shelf according to Tankard et al (1982)
provided the relatively stable, but gently subsiding platform for
prograding delta systems which eventually covered the glacial outwash
fans, peat bogs and periglacial 1lakes of the deglaciated basin margin.
Apart from trace fossils like Arenicolites, Rhizocorallium and
Diplocraterion and an abundance of plant and insect remains, the
northernly Ecca has yielded no fossiils.

Beaufort Group

The boundary of the Beaufort Group with the underlying Ecca is arbitrary
and diachromous and according to Tankard et al (1982), most logically
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taken at the base of the lowermost regressive sandstome which corresponds
more or less to the base of the Waterford Formation. Ancther criterion
which has been used, the presence of abundant reptilian remains (Tapino-
cephalus zone fauna), has also become redundant by the discovery of the
waterford fauna. The Ecca-Beaufort contact is at best difficult to define
for it represents a gradual change from deita top distributionary channel
system or prodelta slope to a meandering river pattern with flanking flood
plains (Keyser and Smith 1978).

In 1854 Bain first drew attention to the reptilian fauna that inhabited

the basin. The fossils of the Beaufort Group today represent one of the
most complete and best preserved assemblages of terrestrial fossil
vertebrates known (Keyser and Smith 1978). The fauna is of prime

importance in understanding the evolutionary transition from reptile to
mammal.,

Farly efforts to make stratigraphic sense out of the Beaufort sequence
resulted in what became known as the Lower, Middle and Upper Beaufort
stages which were based on lithological and palaeontological criteria. In
recent years lithostratigraphic and biostratigraphic divisions were
separated and efforts have been made to establish more precisely
delineated biozones., Keyser and Smith (1978) give an historic review of
the development of the Beaufort biostratigraphy and add their own detailed
system, Although being the most modern, the zonation of the latter
authors is not universally preferred {cf van den Heever and Hopson 1982).
The six-fold zonatiom of Broom (1909) and its modification by Kitching
(1977) led to the widely |used Tapinocephalus, Cistecephalus,
Daptocephalus and Lystrosaurus, and Cynognathus zones still in use
{Cluver 1979)}. Tankard et al (1982) give a synoptic overview of the way
in which the old and new (Kevser and Smith 1978) systems integrate, but it
is clear that the last word on the biozonation of the Karoo has not been
written. The mere discovery of the Ecca fauna in the Waterford Formation
calls for a reconsideration of the present systen.

Bio— and chronostratigraphic units differ basically, and nowhere is this
better illustrated than in the Beaufort Group where it is not possible to
eliminate the effect of preference the reptiles had for particular enviren-
ments that shifted and migrated with time, more or less independently of
sedimentological controls.

Through the work of various researchers over the years (Keyser 1966;
Turner 1978, 1979; Smith 1978, 1979), a picture of the palaegenvironment
in lower Beaufort times has emerged. Close scrutiny of aerial photographs
has revealed exhumed palaeolandscapes with sinuous channels, point bars
with accretionary scroll bars, flood plains and crevasse splays. The
different subenviromments each contain their own characteristic suite of
vertebrate remains. Levée deposits for example, are distinguished by
interlaminated mud and siltstones with desiccation cracks, raindrop marks,
leaf remains and calcareous noedules from palaeccalcrete horizons. The
presence of desert rose pseudomorphs and evidence of seasonal flash floods
indicate semi-arid to arid conditions. Stunted vegetation confined to the
banks of the main channels provided a habitat for most terrestrial forms
while the probably perennial streams and pools housed aquatic and
amphibious forms.

From an important study by Smith (1978, 1979), it became clear that skulls
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and mandibles are concentrated in levée deposits and represent the lag
from which the postcranial elements were stripped and removed by overbank
flooding. Ephemeral lakes on the flood plains were fed by these periodic
sediment-laden floods., Abumdant evidence of the effect of wind on shallow
waterbodies in these lakes and pools is preserved in the form of falling
water-level marks, flat topped, ladderback and double crested ripples.
Further features of shallowing, emergence and desiccation are the presence
of aigal mats, casts of gypsum crystals and fossil traces of arthropod and
vertebrate trails in places traversing algal mats.

On the flood plains, Smith (1978, 1979) recognizes proximal and distal
facies. Proximal facies are taphonomically characterized by "skull only"
assemblages whereas the distal facies contains the odd disarticulated
vertebra and occasionally complete skeletons of pareiasaurs. This is
interpreted as reflecting a low periodicity of inundation in an area of
ephemeral pools and more permanent lakes of the central flood basins.
Pareiasaurs {(and fish) were almost the only forms that frequented the
lakes of the central flood basins whereas other terrestrial forms kept to
the vegetated channel banks,

Mammal-like reptiles formed a major component of the reptile fauna
supported by the vegetation on the channel banks. In some of the more
permanent ponds, fish (usually Atherstonia) flourished. The arid
conditions probably caused the vegetation toc be sparse and the plants to
be stunted as shown by the overall paucity of plant remains (Kitching
1977) and the apparent dwarfism displayed by glossopteris leaves of the
lower Beaufort {(E Kovacs-Endriody personal communication to Smith 1978).

The '"head only" beds (proximal flood plains) in the Tapinocephalus and
Endothiodon zones were attributed to carnivores with a preference for
postcranial parts (Hotton 1967). Carnivores with dentition capable of
crushing bone are unknown from the Jlower Beaufeort., Crushing of bones
wounld moreover not have been cost effective as bones with marrow cavities
are unknovm from the lower Beaufort, According to Smith (1978),
carnivores such as pristerognathids and gorgonopsians may, however, have
been instrumental in accelerating the deterioration process of carcasses
of small herbivorous dicynodonts by the opening up of the body cavity and
also by attacking the neck and disarticulating the skull and postcranium,
The mere piercing and rupturing of a tough skin may in itseif have speeded
up the process,

0f the numerous reptiles present in the Karoo sequence, initially only two
BYoups were represented. The first, the Pareiasauria are specialized
herbivorous cotylosaurs., The pareiasaurs were abundant in eariy Karoo
times and the large semi-aquatic herbivore inhabitants of the ephemeral
ponds and lakes of the distal facies of the flood basins belonged to this
group,

The phylogenetically more important mammal-like reptiles (Therapsida)
dominated the fauna, and even in the Ecca and lower Beaufort show a strong

radiation. Largest were the Dinocephalia of which both large herbivores
(eg Tapinocephalus and Moschops) and large carnivores (eg
Anteosaurus) are present, The herbivorous dinocephalians exhibit an

extreme thickening of the bones, especially the skull roof which may have
served in protecting the brain in a headbanging ritual.
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The bulk of the herbivorous forms were made up of the Dicynodontia which
started off as relatively small forms of the lower Beaufort community. It
is possible that the Dicynodontia of the Tapinocephalus zone are
descendants of the dicynodonts of the earlier Waterford (Ecca) fauna. The
dicynodonts, because of their herbivorous nature, extraordinary jaw
mechanism and the replacement of teeth by a horny beak in most forms,
exhibit major alterations in skull structure. Some dicynodonts were
probably gregarious.

Together with the carnivorous dinccephalia, the herbivores were preved
upon by the Gorgonopsia and Therocephalia and later in the Triassiec, also
by the cymodonts which probably evolved from the Therocephalia. The
Gorgonopsia became extinct at the end of the Permian, their extinction
coinciding with the appearance of the Cynodontia and competition from
these more advanced forms may have been a factor in the extinction of the
Gorgonopsia. Even before the extinction of the Gorgonopsia, the
dicynodonts disappeared towards the top of the Tapinocephalus zone
while the numbers of the Therecephalia were reduced.

The  Therccephalia became highly specialized eg the Waitsiidae and
Scaloposauridae, and it is thought that the rodent-like Bauriamorphs with
their battery of flat grinding teeth, probably for the grinding of seeds,
are descendanis of the scaloposaunrs. The extremely advanced mammal-like
Bauria 1is thought to have had cheek pouches and a chewing action of a
type that today is kanown only in mammals,

By the end of the Permian the climate in the Karoo basin became wetter and
much more water was available, A profound change in the faunal assemblage
also took place. WNot only had the dicynodonts replaced the gorgonopsians
as the prominent carnivores, but similariy, the pareiasaurs, and a
plethora of dicynodont genera of the previous drier period had been
replaced by a single dicynodont genus, Lystrosaurus. This semi-
aquatic, dwarf bhippopotamus-like animal is thought to have populated the
marshy landscape of that time,

Advanced cynodonts like Tripnaxodon preved upon lystrosaurs and it is
thought that this carnivore exhibited many of the physiological adapta-
tions of tyue mammals, and from the cynodonts, mammals probably evolved.

During deposition of the Cynognathus zone the climate became more arid
and hotter again, and the 1lystrosaurs, which were adapted to a wetter
climate, disappeared. The only dicynodont to survive into this period is
the large Kanneymyveria. Apart from the development of mammal-iike
chewing mechanisms by carnivorous cynedents, herbivorous forms such as
Trirachodon also developed a masticatorvy apparatus, an indication of a
high rate of metabolism.

In addition to the synapsid mammal-like reptiles and arapsid cotylosaurs
(eg the pareiasaurs and procolophonids), all early diapsid forms are found
as fossils in the karoe region. Youngina for example, may be on the
lineage that gave rise to lizards and smakes, and forms like Mesosuchus
are closely related to Sphenodon, the only 1living representative of
the Rhyncocephalia.
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The earliest known archosaurs are also found in the Karoo beds in forms
like the crocodile-1like Chasmatosaurus (Protosuchus } and the
semibipedal Euparkeria. From the primitive archosaurs the early
dinosaurs evolved during the Triassic and Jurassic Periods.

Throughout the Kkaroo episede a varied amphibian population flourished
alongside the reptiles.

Several genera of karoo reptiles are also found as fossils in other
Gondwana  continents. Lystrosaurus for example is also known from
Antarctica, India and China, and members of the pareiasauria and
procolophonids were recently discovered in Rio Grande do Sul, Brazil
(Araiijo 1982). The Glossopteris flora typical of the Ecca and
Beaufort was replaced by a Dicroidium flora in the Stormberg during
which period the climate became progressively more arid,

CRETACEOUS, TERTIARY AND QUATERNARY BEDS

Within the Kkaroo biome 1lies part of the Algoa basin and the Oudtshoorn
basin, both of Jurassic-Cretaceous age. These fault-bounded basins are
attributed to half graben-type subsidence and sediments accumulated during
an arid to semi-—arid climate. The aridity in the Oudtshoorn basin led to
the development of playa lake conditions and the formation of gypsum and
limestone lenses. Fossils include leaf imprints, wood and dinosaur teeth
(Tankard et al 1982).

The Algoa basin falis largely outside the karoo biome but mention can be
made of the abundance of fossil plant material, mostly wood (conifer and

cycad) and ferns. A dinosaur Algoasaurus and freshwater bivalves (eg
Unio) are known from the sedimentary beds. Towards the east the
sediments transgress into a marine facies which, however, falls outside
the karooc biomne, Sedimentary rocks deposited since the Jurassic are

unknown from the central karoo and therefore no substantial fossil record
is available apart from small localized deposits in kimberlite calderas.
Some of the beds contain dinosaur bones and from others, like the Banke
pipe, speres and pollen of Tertiary age were recovered. This pipe also
yielded scores of Eoxeno poides fossils together with fragments of
crocodile and turtle postcrania. A systematic collection of fossils in
these occurrences 1is long overdue and will provide information on late
Cretaceous and Tertiary environments in the central part of the country.

On the northern fringes of the karoo biome in the Vaal and Orange River
drainage basins, 1late Pliocene to Early Pleistocene "high level" gravels
contain mammalian fossils, the most diagnostic being the Pliocene elephant
Mammuthus subplanifrons (Tankard et al 1982).

Younger Pleistocene age gravels contain rare fossils and artifacts,

CONCLUSIONS

A study of the palaeontology of the karoo biome shows that fossil
assemblages were restricted to clearly defined physical environments.
buring a period of stability or when the environment changed gradually,
the nature and composition of an assemblage changed slowly as organisms
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evolved. On the other hand when rapid changes took place, the assemblages
were drastically affecied.

The fauna and flora of the modern <{Holocene) karco biome are not the
direct descendants of forms of life which had inhabited the region since
the Precambrian but are derived from a Tertiary assemblage. It is
therefore imperative that the Tertiary and Quaternary histories of the
biome should be investigated.

The physiography of the present-day karoe is the end product of the pro-
cesses of weathering and erosion acting on the surface of the continent
from the Mid-Jurassic onwards and especially during post-Miocene (post-
Mid-Tertiary) times., The final processes are still active teoday.

A palaeontologist entrusted with the task of constructing a full and
complete history of events of the last 25 million vears, is forced to look
at small isolated outcrops of Tertiary and Quaternary beds unevenly
scattered over the biome.

A fully integrated study of the geology, palaeontology, geomorphology and
climatology of the Tertiary and especially the Quaternary periods in the
biome should provide wus with facts which can be used in predicting the
affects of future changes in the environment on the fauna and flora.
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CHAPTER 7 ARCHAEOLOGY

A J B HUMPHREYS
Department of Anthropology
University of the Western Cape

INTRODUCTION

The karoo biome, as indicated in Figure 7.1, represents a substantial part
of South Africa. It is unfortunately true, however, that the amount of
archaenlogical research that has been undertaken in the Karoo is in neo way
proportional to its importance in terms of area in South Africa. There
are several reasons for this. In the formative years of South African
archaeology, systematic attention was focused on the Australopithecine
sites in the Transvaal and northern Cape, on the Vaal River gravels
sequence omn the northern fringe of the Karoo and at various cave sites in
the southern Cape. Mech surface cellecting was nevertheless undertaken
thronghout the country and here the Karoo was as well represented as any
other area, but modern approaches in archaeology have shown that stone
artefacts diverced from their original context are uninformative, apart
from the obvious fact that they demonstrate the past existence of man in
the area. The growth of modern archaeology in South Africa has been
centred in the larger museums which began employing archaeologists in the
early 1960's, and in some universities. Research, initiated from museums
particnlarly, tended, for reasons of policy and logistics, to be limited
to the areas '"served" by those institutions. Because the Karoo does not
suppori any museums larvge enough to employ archaeclogists, it has tended
to fall behind in the development of knowledge of the prehistory of the
country. wWhat little is known about the archaeology of the Karoo can only
be dinferred on the basis of systematic research that has been undertaken
around the periphery of the region. (Figure 7.1 shows some of the sites
that are of importance dim this regard). Some caution is, however,
necessary as these sites, situated as they are on the edges of the Karoo,
adjacent to very different enviromments, must of necessity reflect
patterns different from those to be expected in the central areas of the
Karoo, A motable exception to the situation just described is in the work
undertaken in the Middle Orange River area in conjunction with the Orange
River Scheme by Sampson (1968} and ongoing research in the Zeekoe Valley
{(Sampson  1985), These projects have and will make an important
contribution to the archaeoclogy of the Karoo, but they are confined to
very restricted areas.

There is as vyet no general agreement on the cultural-stratigraphic
terminology to be used in archaeology in South Africa and there is
therefore some ambiguity attached to the ferms that appear in the
literature. The problem stems from the fact that earlier research was
concerned with defining major techmological stages in texrms of essentially
static hierarchical models, whereas most current research is focused on
the study of dypnamic cultural systems within much smaller time-space
frameworks. The culiural-stratigraphic terms used in this discussion may
be defined as follows:

Industyry - a group of assemblages of artefacts from sites or defined
horizons within multilavered sites which share a large number of technical
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FIGURE 7.1 Approximate locations of sites mentioned in the text,

Southern Kaap Escarpement includes Limerock 1 and 2,
Dikbosch 1 and 2, and Burchell's Shelter, Middle Orange
River includes Blydefontein, Zaayfontein, Riversmead and
Glen Elliott,

and typological features,

Industyrial Complex (or "Culture" in older literature) - a group of
industries regarded as belonging to a common cultural tradition.

Early Stone Age, Middle Stone Age and Later Stone Age - informal stages
which group Industrial Complexes that show a broad technological
similarity,

As any cultural-stratigraphic hierarchy refers to cultural norms which
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need not necessarily change at the same rate or pass through the same
stages, it cannot be assumed to have any fixed chronological base. Dating
of the various Indastries or Industrial Complexes may therefore have only
very 1localized significance and in the case of a less well-studied region
such as the Karoo, even less precisiorn can be expected. In order to
overcome this difficulty, the archaeology of the Karoo, in this
discussion, is described within a broad geostratigraphic framework.

THE MIDDLE PLEISTOCENE

The middle Pleistocene lasted from about 700 000 to 130 000 BP (years
Before Present} and it is during the latter part of this period that the
first traces of man can be detected in the Karoo. Archaeological remains
dating to this period are recognized on the basis of a series of
distinctive stone artefacts, mast notably bifacially worked handaxes and
cleavers, which are generally assigned toc the Acheulean Industrial Complex
or the Early Stone Age (Figure 7.2). Although handaxes and cleavers have
been reported at wvarious 1iocalities in the Karoo, well-documented
occurrences are limited to a few sites around its periphery (Clark 1967).
Most important among the excavated sites are Doornlaagte (Mason 1966) and
Rooidam (Fock 1968) in the northern Cape and Montagu Cave (Keller 1973) in
the south-western Cape; the Middle Orange River and Zeekoe Valley Projects
have alsoc produced a few surface sites that have been systematically
sampled (Sampson 1985). It is conseguently tyue to say that little is
known about the Acheulean in the Karco proper. Uranium-series dating of
the Rooidam site suggests a minimum age of about 200 000 BP for the
terminal Acheulean (Szabo and Butzer 1979). The earliest human occupation
of the Karoo in all probability dates to well before this time. A much
earlier date can be suggested on the basis of the occurrence of the
so-called "Victoria West Industry". The "industry" which was first
described by Jansen (1926) was recognized by what was thought to be a
distinctive prepared core  stone flaking technique resulting in
"hoenderbek"” {chicken beak) and "horse-hoof" shaped cores, Subsequent
research, however, showed that this technique was not peculiar te the
central Karoo, bui occurred widely in the Acheulean at a specific stage in
its earlier development. The occurrence of these distinctive cores in the
central Karoo can therefore be taken as evidence of human occupation well
before 200 000 BP, although more precise estimates of age are impossible
of this stage.

Little is Eknown 1in South Africa of the demography of human populations
during the Acheulean (Deacon 1975). It is clear that both cave and open
sites were occupied, but the factors controlling such occupation are at
present unknown, Detailed mapping of Acheulean sites relative to a range
of environmental factors may give some leads, but site visibility in this
remote period is a very real problem. Until such time as large-scale
systematic research on the Acheulean in the Karao is undertaken,
archaeologists will be able teo say little more than that man was present
either intermittently or continuously during this period.
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1. typical handaxe and 2. cleaver from the Acheulean Indust-
rial Complex of the Early Stone Age (after Keller 1973).
3. a selection of handaxes and 4. cleaver shapes to give an
indication of wvariability; size is also highly variable
(after Kleindienst 1962), 5, a selection to typical Middle
Stone Age points showing variable amounts of retouch (after
Sampson 1972), All the above artefact types are associated
with a wide vrange of other tools, utilized and waste
pieces. In most cases, although characteristic, the above
illustrated artefacts constitute a very small proportion of
any assemblage., Scales in centimetres.
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THE LATE PLEISTOCENE

The late Pleistocene, which lasted from approximately 130 000 to 40 000
BP, brackets a series of industrial complexes known collectively as the
Middle Stone Age. Assemblages of Middle Stone Age artefacts differ from
Early Stone Age 1in that handaxes and cleavers have disappeared and have
been replaced by a wvariety of characteristic £lake tools. "Typical"
Middle Sione Age assemblages contain long, narrow, blade-like flakes,
pointed flakes (some retouched bifacially) and denticulated pieces, as
well as evidence of distincitive flaking techniques (Figure 7.2).

Studies of the Middle Stone Age in southerm Africa have a long history and
have resulted in the recognition of a large number of industrial complexes
and industries {(many of which have still to be given precise definition),
which relate to each other through time and space. This variety of names
is a reflection, in the {first place, of what must have been a far more
complex cultural response on the part of Middle Stone Age people to the
spatially and temporally varving environments in which they found them-
selves, it is also, however, a refliection of the archaeclogical problems
of insecure dating 1in this time range and limited understanding of the
variability that 1is to be expected within, as well as between, different
industries,

Middle Stone Age artefacts have been recognized widely in the Karoo (Clark
1967) but in most cases, being undated surface occurrences, they have
provided limited information about demographic patterns during the late

Pleistocene. What is perhaps the most important evidence relating to the
Middle Stone Age of the north-eastern Karoo has come from the Middle
Orange River area. Excavations at the site of Orangia I, near Petrus-

ville, vrevealed a series of seven semicircular structures composed of
large blocks and cobbles (Sampson 1968). These have bheen interpreted as
the bases of windbreaks that were built out of thorn bushes or branches.
The inner part of the "skerms™ (shelters) appeared to have been hollowed
out, perhaps for sieeping. It has been estimated that the site would have
been occupied by a group of about 12 individuals. Discrete groupings of
different artefact types were found among the stone structures and these
patterns may be interpreted in terms of activity areas once more
comparative data are available,

Orangia 1 has been linked typologically to a series of other sites in the
Middle Orange River project area to form part of a suggested sequence for
the central interior (Sampson 1968). This sequence, though undated, does
reveal some shifts 1in artefact parameters which are paralleled in other
parts of South Africa. The Middlie Stone Age of the Karoo must therefore
be seen 1in the broader context of the Middle Stone Age of South Africa,
but at this stage of research, population shifts and exploitation patterans
specific to the Karoo have not been identified.

THE TERMIRAL PLEISTOCENE AND HOLOCENE

The terminal Pleistocene and Holocene lasted from about 40 000 BP to the
present, and it dis during this period that industries, referrable to the
Later Stone Age, appeared. The transition from Middle Stone Age to Later
Stone Age in South Africa in general is difficult to pinpoint because many
sites show a hiatus in occupation after the occurrence of "typical™ Middle
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Stone Age assemblages and before the appearance of artefacts which would
generally be accepted as Later Stone Age. The reasons for this hiatus are
at present unknown but they are almost certainly bound up with the major
demographic and cultural changes which are reflected in the strongly
contrasting artefact assemblages produced before and after the break. The
transition is, however, regarded as lying between about 40 000 and 30 000
BP,

The Later Stone Age is better known than any other stage in the prehistory
of South Africa. This is the result, not only of intensive research that
has been undertaken in the eastern, southern and western Cape, but also of
relatively good preservation of faunal and botanical food waste in
addition to the wusual stone artefacts. The Later Stone Age of the Karoo
is poorly documented. An overview of this period for the area can only be
given with reference to the better studied eastern Cape sequence.

In the eastern Cape, the period from the transition to the Later Stone
Age, perhaps 30 000 BP to about 20 000 BP, is represented by a series of
assemblages which have yet to be analysed and described in detail (Klein
1974; Deacon 1978). The period after about 20 000 BP saw the existence of
three relatively stable tool-making episodes or what have been termed
"homeostatic plateaux" (Deacon 1976) known as the Robberg Industry (18 000
to 12 000 BP), the Albany Industry (12 000 to 8 000 BP) and the Wilton
Industry (from 8 000 BP onwards). Each of these industries was
distinguished by a series of characteristic artefacts: the Robberg was
charactey i e¢d by microlithic bladelets and small scrapers; the Albany by
large scrapers and relatively few retouched pieces; and the Wiltou by a
large variety of retouched pieces including scrapers, borers, adzes and
backed artefacts (Figure 7.3).

The pattern established in the eastern Cape appears to have parallels in
the southern and western Cape {(Deacon 1978; Schweitzer and Wilson 1982),
and the various industries may ultimately be seen as parts of a more
widespread series of industrial complexes, If this seguence is taken as a
norm against which to compare the Karoc Later Stone Age, some interesting
facts emerge,.

Although Later Stone Age artefacts have been ryecognized in surface
scatters throughout the Karoo, systematic research has only been
undertaken in two areas on the northern periphery of the region - the
southern part of the Kaap Escarpement (Humphreys 1979) and the Middle
Orange River area (Sampson 1972), and at two other sites on the east and
south-west edges of the Karoo - Highlands (Deacon 1976) and Aspoort (Smith
and Ripp 1978). 1In a major synthesis derived from his work on the Middle
Orange River, Sampson (1974) recognizes the existence of three industries
in the Karoo which have been related to more widespread industrial
conplexes. The earliest of these industries is known as Lockshoek and is
characterized by large scrapers, This industry was originally called
Smithfield A (Goodwin and Van Riet Lowe 1929) and has clear parallels with
the Albany Industry of the eastern Cape; both the Lockshoek and Albany
Industries have, in fact, been assigned to the Oakhurst Industrial Complex
(Sampson 1974; Deacon 1980), Although the Lockshoek Industry and the
Oakhurst Industrial Complex as a whole are at present not clearly under-
stood, these assemblages represent the earliest recognized Later Stone Age
artefacts in the Karoo., This means that at present there is no evidence
in the region for an equivalent of the earlier terminal Pleistocene



FIGURE 7.3

- 123 -

A selection of Later Stone Age artefacts (after Sampson
1967a,b). 1. scrapers typical of the Lockshoek Industry
{(Oakhurst Industrial Complex). 2. small convex scrapers
typical eof the Wilton Industrial Complex. 3. large end
scrapers from the Smithfieild or terminal part of the Wilton
of the interior of South Africa. 4. crescents and 5., backed
blades typical of the Wilton. 6. bone point and linkshaft
for use on arrows. 7. upper and lower grindstomes (not to
scale), 8. bored stone for weighting a digging-stick (not
to scale)., Scale in centimetres.
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assemblages recognized in the eastern Cape.

The Wilton Industrial Complex is clearly represented in the central
interior of South Africa, and the Karoo and eastern Cape manifestations of
these 1industries have much in common. It is a curious fact, however, that
to date, none of the Karoo sites which have produced Wilton assemblages
has vyielded dates 1in excess of about 4 500 BP. Chronologically and also
technologically therefore, only the later half of the Wilton Industrial
Complex appears to be represented in the Karoo., Sampson (1974) assumes
that the earlier part of the Wilton in the Karoo has yet to be discovered
but other researchers (Humphrevs 1972a; Deacon 1974) have suggested that
this apparent hiatus is real and that the central interior was devoid of
population from about 9 500 to 4 500 BP, Dating and raw material trends
in the Middle Orange River area suggest in that area at least, the
terminal Later Stone Age people moved in only after about 4 000 BP
{Humphreys 1972a).

The third industrial complex recognized in the Karoo by Sampson is the
Smithfield. This complex is characterized by long end scrapers which
appear to be absent in the eastern and western Cape areas, and s¢ Sampson
has suggested that the Smithfield was a purely local development in the
central dinterior. Other researchers (Humphreys 1979) have, however,
preferred to see the assemblages assigned to the Smithfield as being
merely a late development within the Wilton Industrial Complex as a result
of the use of a specific type of raw material (known variously as
lydianite, indurated shale or hornfels) available throughout roughly the
northern half of the Karoo. This problem which was demographic and
cultural rather than simply terminological implications, is one that has
yet to be resolved,

If the Karoo Later Stone Age sequence as a whole is compared with that of
the eastern Cape, it is immediately clear that a series of distinct breaks
seems to have opccurred in the Karoo over the last 30 000 to 40 000 years,
While this may be a function of the limited amount of research undertaken,
it may equally be related to changing demographic patterns in the past.
The pattern occurring in the Karoo may. be summarized as follows: the
earliest recognized Later Stone Age occupation of the Karoo must have
taken place between about 12 000 to 9 000 vears azo (assuming a rough
equivalence in age between the Lockhoek of the Karoo and the Albany of the
eastern Cape); thereafter there was an apparent depopulation of the area
until about 4 000 to 4 500 vears ago when the area was reoccupied until
historical times.

In seeking an explanation for these breaks in the sequence it is necessary
to note some aspects of the ways in which hunter-gatherers exploit their
environments and this 1is relevant, of course, because all the archaeo-
logical traces described s¢ far are referrable to hunter-gatherer
populations. It has now been recognized ethnographically and archaeo-
logically that all hunter-gatherer groups adopt a mobile existence closely
coordinated with the seasonal variations and fluctuations in the food
resources available 1in their environments, While variations 1in the
availability of animals may influence seasonal movements, it can be shown
that the faunal remains from archaeological sites generally tend to
reflect the animals available in the vicinity of the site rather than
specialization on any specific species (Table 7.1), Plant foods are much
more sensitive to seasonal variations, and ethnographic observations show
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that it 1is primarily these food resources that control the seasonal
migration pattermns. Archaeological studies, particularly in the westerm
Cape {(Parkington 1977), have been able to document the seasonal rounds of
hunter—gatherer groups occupying the area during the last few thousand

years. Information is available there and in other areas on the staples
of the various diets and the seasonal shifts that took place in response
to ammual fluctuations in their availability. If this insight into

prehistoric hunter-gatherer stirategies is applied in the Karoo some ideas
may be put forward to explain the apparent breaks in occupation. Much
worYk has vyet to be undertaken in the Karoo to establish the actual or
potential subsistence ecology from the point of view of prehistoric
hunter-gatherers, but it may be assumed that certain plants would have
formed the staples for these groups. It may prove to be the case that the
available staples were not adaptable to environmental change on the scale
of that which took place in the Karoo during the terminal Pleistocene and
Holocene (Van Zinderen Bakker 1976). Hunter—gatherers may therefore have
been left with no alternative but to withdraw to the peripheral, better
endowed areas. The Karoo may, din the past, have been a marginal area
which was only occupied during favourable envirommental circumstances and
when population pressures 1in the peripheral areas forced expansion or
"over—flow"” 1into the Karoo. Cleariy much more research is required, but
the available palaepenvironmental and archaeological evidence suggests
that such occupation took place in the terminal Pleistocene and Holocene
only between about 12 000 and 9 Q00 BP and from about 4 500 BP to the
present. Such breaks in cccupation may alsc have been a feature of the
Early Stone Age and Middle Stone Age but, as already indicated, not enough
data are available for any clear patterns of occupation to have emerged.

Another aspect of the Holocene archaeclogy of the Karoo that is of
interest 1is the rock art which eccurs in the form of both engravings and
paintings. Rock engravings appear to be limited te the interior of South
Africa and are substantially represented in the Karoo. Rock paintings,
occurring as they do im caves and shelters, have a much more limited
distribution in the Karco, but they are nevertheless present at various
places (Rudner and Rudner 1968), Dated examples of rock art from sites
around the periphery of the Karoo show that this art form has a history
going back at least 25 000 vears (Deacon et al 1976; Wendt 1976; Thackeray
et al 1981). The rock art of the Karoo itself is undated but it would be
of interest to discover whether different "phases" in the rock art (if
such exist) can be correlated with the various periods of occupation aof
the region as evidenced in the stone artefacts. Despite these
possibilities, however, the rock engravings provide a valuable source of
information on the past occurrence of wild animals (eg Fock 1966}.

At around 2 000 BP a significant change took place in the archaeological
record along the western and southern coastal regions of South Africa.
This change teok the form of the appearance of pottery and the bones of
domestic sheep and/or goats and possibly also cattle., These new elements
in the archaeological record are takenm as representing the advent of
pastoralism in South Africa. To date the archaeplogical evidence indi-
cates that pastoralism arrived in South Africa via the west coast and
there is no evidence of the herders who settled in the south-western and
sputhern Cape having moved far into the Karoo at an early date. The
historian Elphick (1977) has, however, pointed to the availability of
better pasturage 1in the central interior than occurs along the west coast
and has suggested that the herders may in fact have entered South Africa
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via the Vaal and Hart Rivers and through the central Karoo to the southern
Cape, Unfortunately, despite the attractiveness of this hypothesis, apart
from some insecure dates on isolated sheep teeth from the northern Cape
(Humphreys 1974; Beaumont 1980), there is no direct evidence for a route
via the Karoo for the advent of pastoralism. Current research by Sampson
in the Zeekoe Valley (on the route postulated by Elphick) has not vet
yielded evidence of early pastoralism (C G Sampson personal communica-
tion). The question of the origins of pastoralism in the Karoo has vet to
be resolved, and it is probably safest at this stage to accept the advance
of the Khoi-Khei (Hottentot) groups from the Cape during the late 1700's
and 1800's as being the first extensive herder occupation of the Karoo,
excepting, of course, for the extreme western strip along which
pastoralism appears to have entered South Africa.

There 1is one major phase in the archaeology of South Africa that is
totally unrepresented in the Karoo. This is the Iron Age which is the
archaeological reflection of the early Bantu-speaking farmers who occupied
parts of the Transvaal, Natal and Transkei from about AD 200. The reason
that Bantu-speakers did not advance into the Karoo would appear to be
environmental. The southern limits of Iron Age settlement coincide very
closely with the 400 mm isohyet and it likely that areas receiving less
than this amount of precipitation were too dry for crop production using
traditional techniques (Humphreys 1976; Maggs 1976). Interaction clearly
took place between Iron Age communities and hunter-gatherer groups in the
fringe areas of the Karoo. The Type R settlements of the Riet River areas
in the south-western Orange Free State appear to indicate an independent
advance to pastoralism on the part of hunter-gatherers in contact with
other stock-owning communities (Humphreys 1972b), Studies in this and
other contact zones on the outer edges of the Karoo offer good prospects
for archaeological research.

The prehistory of the Karoo can be said to have ended with the advance of
the trekboers of the 1700's and with the historical records left by the
early missionaries and explorers who penetrated the central interior of
South Africa. The records left by these travellers throw valuable light
not only on the peoples whom they met but also give insights into the
origins of the patterns of change which the arrival of the new life-style
set in motion; these changes were not only of a social nature but also had
an impact on virtually all other aspects of the karoo biome,

CONCLUSTONS

It 1is clear from this discussion that extensive and intensive research is
required to bring our knowledge of the archaeology of the Karoo up to the
level achieved in some other parts of South Africa. While some ongoing
research such as that in the Zeekoe Valley can be expected to make a
significant contribution to archaeology it is nevertheless confined to a

restricted area. A high priority should therefore be placed on investi-
gating some of those vast expanses of the Karoo that are still untouched
archaeologically. A first requirement 1is the establishment of a more

complete cultural sequence for the region. The cultural sequence itself
will have to be seen in the context of the environmental conditions pre-
vailing during its development. It has already emerged that the Karoo was
probably a marginal environment that set severe limitations on the range
of resources exploitable by hunting and gathering groups, but the actual
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impact of the enviromment on man needs much clearer definition. On the
other hand, very 1little dis known about the impact of man on the karoo
environment. It appears that, in the southern Cape, prehistoric hunter-
gatherers were directly invelved in the extinction of several large
mammals at the beginning of the Holocene (Klein 1980)., Man-animal
relationships may have been at 1least as dramatic, if not more so, in a
marginal enviromment 1like the Karoo. Moreover, hunting and gathering
groups were seen in historical times to have set fire to the vegetation in
order to attract game to the new grawth that would result (Burchell
1822). The dimpact of this and other hunting strategies on the flora of
the area will only emerge once a clearer uanderstanding of the ecology of
the prehistoric hunter-gatherers of the Karoo has been gained.

Clearly, the Karoo is an area of immense challenge and apportunity for
archaeological research.
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The stratigraphic occurrence of fossils in the karoo biome



