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1. Introduction: Concepts and
Complexity Patterns

1.1 Scope of the Chapter

The primary aim of this chapter is to provide a description of
the vegetation units as expressed on the Map (Mucina et al.
2005; see Chapter 18 entitled Vegetation Atlas in this book).

Secondly, we attempt to discuss major features of the physical,
geographical and evolutionary environment of the region hous-
ing the Fynbos Biome of South Africa.

The Fynbos Biome, due to its floristic, evolutionary and ecologi-
cal peculiarities and conservation appeal, has experienced dec-
ades of intensive and dedicated botanical research (see Bond
& Goldblatt 1984, Campbell 1985, Cowling 1992, Cowling &
Richardson 1995, Cowling et al. 1997, Goldblatt & Manning
2000a and Van Wyk & Smith 2001 for comprehensive reviews
as well as Boucher & McDonald 1982 and Boucher et al. 1995,
1996 for compilations of data sources). It may be argued that
there is a renewed need to review our knowledge on the ecol-
ogy of the Fynbos Biome since the last vegetation-focused
review (Cowling et al. 1997) of almost a decade ago. Yet it
is not our intention to provide still another, albeit possibly
updated, review of the ecology of the Fynbos Biome. Our focus
here is on the variability and typification of the vegetation of
the Fynbos Biome in relation to geographical conditions, and
the comparative ecological and evolutionary driving forces that
shaped this unique and rich flora.

1.2 Concepts of the Fynbos Biome

The Fynbos Biome takes its name from fynbos—the dominant
vegetation in the region. The concept of the biome is a unit
defined on basis of climate, corresponding life-form patterns
and major natural disturbances (Rutherford & Westfall 1994).
Although well defined geographically, the Fynbos Biome strictly
comprises three quite different, naturally fragmented vegeta-
tion types (fynbos, renosterveld and strandveld) that occur in
the winter- and summer-rainfall areas, are dominated by small-
leaved, evergreen shrubs and whose regeneration is intimately
related to fire. It is one of two (with Albany Thicket) biomes
endemic to South Africa. Although this biome concept is well
understood, its fragmented nature is not convenient for inven-
tory and regional analyses, and several additional concepts have
arisen.

The earliest of these concepts was the ‘Cape’ as a region, as
used by early explorers and botanists. The first concept of the
fynbos flora in its modern position—as distinct from the inland
Karoo—was that of Bolus (1886). Since then various studies
dealing with the region as a phytochorion (a geographical unit
based primarily on inventories and classification of species),
have been undertaken (Taylor 1978, Cowling 1992). In its mod-
ern form, Taylor (1978) defined ‘Capensis’ and White (1983)
the ‘Cape regional centre of endemism’ based on exceptional
richness and high endemicity. Takhtajan (1986) regarded the
area as a Cape Floral Kingdom (Capensis)—one of six floral
kingdoms in the world. There have also been attempts at unit-
ing the Succulent Karoo and Fynbos Biomes into a single winter-
rainfall unit, based on the richness, endemism, the shared rich-
ness of the Aizoaceae and geophytes, and possible evolutionary
drivers, but these are not relevant here.

However, many modern analyses, inventories and reviews use
the concept of a Cape Floristic Region (CFR; e.g. Goldblatt &
Manning 2000a). Unlike the above classifications, these include
all the vegetation types (i.e. also Succulent Karoo, Albany
Thicket and afrotemperate forests) within the area covered by
the Fynbos Biome. This has been necessitated by the lack of
data allowing species to be assigned to the different vegeta-
tion types (or biomes) within the region, and the need to con-
serve and manage the region as an entity. Furthermore, most
of these omit the outlying areas of the Fynbos Biome north
of Nieuwoudtville, east of Port Elizabeth and on the Great
Escarpment. In this they approximate the area of the geological
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Cape Fold Belt and effectively include the entire area underlain
by the Cape Sequence geology and its basement rocks.

Most reviews summarise features across all these vegetation
types, attributing much of the biodiversity and ecology to
fynbos vegetation. It is true that almost all the endemic plant
families, most of the spectacular floral diversity and endemism,
occur in fynbos vegetation. Furthermore, in these attributes,
fynbos vegetation so overwhelms the other vegetation types
and biomes present in the CFR that it is tempting to ignore the
‘lesser’” elements. Indeed, among the tables, lists and literature,
it is hard to extract information relevant to fynbos versus the
other vegetation types or biomes. By contrast, the omission of
the outlying areas underestimates endemism in fynbos taxa. For
instance, endemism of species in the Proteaceae is 96.7% for
the CFR, but 99.7% if the entire Fynbos Biome is considered.

To the general public, fynbos vegetation, Fynbos Biome, Cape
Floristic Region, and Cape Floral Kingdom, are all synonymous,
and the other local vegetation types and biomes are generally
assumed to be a ‘type’ of fynbos. This is rendered even more
confusing to nonbotanical lay people who mistakenly view ‘fyn-
bos’ as a particular taxon or species.

In this book, we use the term ‘fynbos’ only for the vegetation
type sensu stricto, and explicitly state when we are dealing with
the biome or other classifications that incorporate the term.

1.3 Extent of the Fynbos Biome

The Fynbos Biome occupies most of the Cape Fold Belt (both
north-south and east-west mountain chains and wetter val-
leys) as well as the adjacent lowlands between the mountains
and the Atlantic Ocean in the west and south, and between
the mountains and the Indian Ocean in the south. The north-
ern boundary of the main biome area is delimited approxi-
mately by the Olifants River Valley north of Klawer and the
Bokkeveld Plateau. However, a few patches extend as far north
as Hondeklipbaai on the deep, red sands of the Namaqualand
Sandveld, and there are also several patches at the highest alti-
tudes (above approximately 1 100 m) of the Kamiesberg and
Vandersterrberg in Namaqualand. The eastern borders of the
Fynbos Biome are in the Albany region of the Eastern Cape,
where grassy fynbos forms an intricate filigree with subtropi-
cal thicket units. The inland delimitation
comprises relatively sharp boundaries
with Succulent Karoo (see Chapter 18 in
this book) approximating the Cape Fold
Belt range, but outliers of the Roggeveld
Escarpment tend to have broad ecotones.
Within the biome, the Little Karoo and
Robertson Karoo (supporting vegetation
of the Succulent Karoo Biome) are large
islands of arid bottomlands within the
Cape Fold Belt.

Heathlands are not unique to the
Fynbos Biome. Analogous evergreen,
sclerophyllous shrublands extend as far
as the Ethiopian highlands and even
Madagascar, as ericaceous and protea-
ceous heathland and moorland. In South
Africa these are found in patches from the
Sneeuberg, Amathole and Drakensberg
Mountains, with outliers in Korannaberg
and near Nkandla, to the Northern
Escarpment, Soutpansberg and Blouberg.
Further north they occur at high altitudes
in Chimanimani and Inyanga (Phipps &
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Goodier 1962, Van Wyk & Smith 2001) and East Africa (see
Hedberg 1951). These heathlands and moorlands are now
thought to be relicts of former wetter climatic periods and con-
tain derived elements of Cape clades (e.g. Ehrharta: Verboom
et al. 2003; Protea: Barraclough & Reeves 2005), rather than
evidence of a northern origin for these elements.

1.4 Delimitation of the Fynbos Biome

The Fynbos Biome mainly borders the Succulent Karoo in the
north and northeast and the Albany Thicket Biome in the east.
The contact between the Fynbos Biome and Nama-Karoo is
marginal (through FRs 3 and 5), as is the contact between the
Fynbos Biome and Afrotemperate Forest Biome, especially its
largest patch—the Knysna-Tsitsikamma forests. Only fynbos
and renosterveld vegetation of the Fynbos Biome border on
the neighbouring biomes, while strandveld is entirely con-
tained within the Fynbos Biome and does not have any external
boundary.

1.4.1 The Fynbos Biome/Afrotemperate Forest
Boundary

Most of the fynbos—with the exception of the dry northern
types and possible exception of dry asteraceous fynbos on
sandstone and quartzite—is bioclimatically suitable for afrotem-
perate forest (Campbell 1985, Masson & Moll 1987, Manders
1990a, b, Manders & Richardson 1992, Manders et al. 1992).
It is mainly the action of regular fire that excludes forest and
allows fynbos to dominate the landscape (Figure 4.2). This is
because trees are effectively excluded from fynbos by the slow
growth rates due to the nutrient-poor soils and the relatively
high fire-return intervals. Although most forest plant species are
resprouters, they are unable to grow large enough to attain a
tree form and reproduce before the next fire. In addition, seed-
ling recruitment is of an inter-fire nature (not exclusively post-
fire as is typical for fynbos) and appears to be tied to recycling
nutrients within the litter layer, whereas in fynbos nutrients are
volatilised or ashed by fire (Cowling & Holmes 1992b, Manders
et al. 1992). Only one fynbos species regularly attains a tree
form: Protea nitida (waboom), although trees exist among fire
avoider species such as Widdringtonia cederbergensis and W.
schwarzii in rocky outcrops, and Leucadendron argenteum

Figure 4.2 Southern slopes of the Tsitsikamma Mountains (Groot River gorge north of Nature's
Valley) recovering after a devastating fire. While the proteaceous and ericoid sandstone fynbos
burned almost completely, patches of afrotemperate forest protected in deeper kloofs and in
mesic subscarp positions were scorched only along the edges.
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and species of Virgilia on the forest/fynbos interface. Even the
waboom is confined to lower talus (richer) soils in fynbos and
does not attain a tree form in denser vegetation or on poorer
substrates. Other groups of trees found in communities of the
Fynbos Biome are primary constituents of Cape thickets and
riparian thickets well confined to fire-safe habitats (Campbell
1985). Forests are able to establish on richer soils, such as the
shale bands of the Cedarberg Formation and shale soils, pre-
sumably because their faster growth allows them to establish
a high fire-resistance together with low flammability of fuel
(Cowling & Holmes 1992b).

Thus the ‘true’ (evergreen afrotemperate) forests are confined
to large screes, deep kloofs and fire-safe zones protected by
cliffs and scarps (see also Chapter 12 in this book). There is
usually a sharp ecotone, often of the order of only metres in
width, between fynbos and forest. The width of the bound-
ary is determined by exposure to fire and the flammability of
the vegetation in this zone. In the east, especially in the dis-
sected coastal platform fire refugia driven by berg winds, the
boundary is dominated by 'Virgilia divaricata fynbos’. The
fire-adapted shale-forest margin species (Virgilia divaricata, V.
oroboides) should be considered a fynbos rather than forest
element because of their fire-dominated recruitment dynamics
and seed germination cues.

Renosterveld never adjoins afrotemperate forest as these habi-
tats are too wet and support fynbos.

1.4.2 The Fynbos Biome/Succulent Karoo Biome
Boundary

The interface between the Fynbos and the Succulent Karoo
shrublands almost always occurs on sandstone and Tertiary
sands in regions experiencing 200-300 mm of rainfall per year.
Karoo replaces fynbos where the interplant spacing becomes
too large to carry fire. This boundary is not only dynamic in
terms of slope, relief, wind channels and fire-protected scarps,
but also in that the two main plant protagonists can influence
the boundary dynamics. Thus Restionaceae—the primary fire
carriers in the fynbos—can carry hot fires into karroid areas,
whereas, in the prolonged absence of fire, succulents may
establish between the senescing fynbos plants and inhibit
spread of fire (Cowling & Holmes 1992b).

It has been proposed that the boundary between Fynbos and
Succulent Karoo is determined by the relative costs of evergreen-
ness versus drought deciduousness and succulence, which is
turn is determined by soil moisture (Miller 1982). In a review of
this biome interface, Cowling et al. (1997) concluded that mois-
ture availability rather than geology is the primary determinant
of the Fynbos/Succulent Karoo boundary. In the Matjiesrivier
Nature Reserve (MNR) of the eastern Cederberg the bound-
ary can be predicted accurately based on geology and altitude
alone: fynbos occurs on sandstone above 800 m (higher rainfall)
and Succulent Karoo shrublands below 800 m (Lechmere-Oertel
1998, Lechmere-Oertel & Cowling 1999). In a small glasshouse
experiment (Lechmere-Oertel 1998, Lechmere-Oertel & Cowling
2001) it was found that fynbos seedlings could not tolerate
xeric conditions, whereas karoo shrub seedlings were able to
grow successfully irrespective of moisture regime or soil type.
Succulent Karoo vegetation therefore appears to be not limited
by the environment, excluding the effects of fire, to the same
extent as fynbos. Fire is very destructive in Succulent Karoo and
prevents Succulent Karoo species from invading fynbos sites.
However, karoo shrubs do not occur in fire-free fynbos habitats
occupied by Cape thickets. Thus fire is excluded as an important
factor and competition with fynbos excludes Karoo at the MNR.
A small transplant experiment across the interface between

Fynbos and Succulent Karoo on the Riviersonderend Mountains
indicated that at least some karoo species may be limited in
their distribution by fire and/or biotic interactions and not by
the climate or geology. Here the boundary is determined by the
fire-prone fynbos that is confined to sandstone (Agenbach et al.
2004, see also Chapter 3).

The Fynbos/Succulent Karoo boundary patterns are often com-
plex in landscapes dominated by sandstone and quartzitic fyn-
bos, where relief is a major indirect contributor to the boundary.
But although the boundary may meander over the landscape, it
is usually quite abrupt—in the order of metres. By contrast, in
sand fynbos the boundary is often a broad zone of intermediate
communities, dominated by Willdenowia or Thamnochortus
stands that may extend over kilometres. Sharper boundaries
occur in dune landscapes, but even gentle depressions, such as
alongside river courses, can prevent fire and cause quite sharp
transitions at a step in a slope.

In the northern extreme of FFd 1 Namaqualand Sand Fynbos,
fynbos is not maintained by fire, but primarily by dune or other
sand formations, and these communities extend to areas with
rainfall below 200 mm rainfall per year on acid soils, presuma-
bly over shallow aquifers (A.G. Rebelo, personal observations).

Within fynbos, fire-free habitats may contain succulent vegeta-
tion rather than forest or Cape thickets, where the soils are
skeletal such as on north-facing cliffs and extensive rock slabs
(lithophytes), or in fire-safe enclaves within asteraceous fynbos.
This interface is very poorly studied and it is not known whether
the species in these patches are largely confined to fynbos or
are merely islands of species common within Succulent Karoo
vegetation. Some typical fynbos species (such as Protea glabra)
are largely confined to these fire-free habitats.

Overgrazing, presumably by removing fuel, and thus influenc-
ing fire dynamics, can convert fynbos into a karoo shrubland, as
observed at fence-line contrasts in the Kamiesberg (A.G. Rebelo,
unpublished data).

There is very little area of contact between the Fynbos and the
Nama-Karoo Biome (see Chapter 3). For the most part these
biomes are separated by intervening areas of Succulent Karoo
Biome or in the east by Albany Thicket.

Renosterveld occupies an intermediate zone on shale and allu-
vium between Fynbos and Succulent Karoo shrublands. The
arid boundary between karoo and renosterveld has never been
studied. Casual observations suggest that the boundary is plas-
tic at between 250-300 mm, and that it is determined by the
interplay between succulence and flammability of the vegeta-
tion. Therefore, like fynbos, the boundary between renosterveld
and karoo is controlled by fire. This is supported by many appar-
ently suitable habitats for renosterveld—such as southern slopes
on small koppies, being karroid shrubland when they are too
small or too isolated to carry fire (A.G. Rebelo, personal obser-
vations). Under exceptional conditions fire does penetrate well
into neighbouring karoo shrublands, but this is rare.

1.4.3 The Fynbos Biome/Albany Thicket Biome
Boundary

In regions with a considerable share of summer rainfall, Fynbos
Biome communities often border on units of the Albany Thicket
Biome. This can, for instance, be observed in the Little Karoo
Basin, where AT 2 Gamka Thicket meets several arid fynbos
units, in the Koega-Baviaanskloof-Grootrivier Mountains region
where both AT 3 Groot Thicket and AT 4 Gamtoos Thicket are
found bordering on grassy fynbos units. Further east, fynbos
(notably FFg 6 Suurberg Quartzite Fynbos and FFh 10 Suurberg
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Shale Fynbos) forms an intricate mosaic with core Albany Thicket
units, dominated by either succulent shrubs or C, grasses (e.g.
AT 9 Albany Coastal Belt and SVs 7 Bhisho Thornveld). Here
grassy fynbos is replaced by grassland on drier, more inland,
northern slopes, especially under lower-rainfall conditions. All
factors describe lower moisture availability, suggesting that fyn-
bos requires wetter conditions. This boundary, reflected by the
increase in summer-growing C, grasses on the more fertile soils
and summer-rainfall conditions, suggests that summer growth
season temperature is the overriding factor (Cowling & Holmes
1992b). Southern slopes, with less of a summer growth season
due to cooler, wetter conditions, may favour competitively supe-
rior Restionaceae, resulting in the formation of fynbos under
wetter, coastal and higher-rainfall conditions. This would push
the system from a near annual to a longer-rotation fire interval,
allowing other fynbos species and communities to persist.

In the western part of the Fynbos/Albany Thicket contact (south-
ern Cape and Little Karoo), experiencing a high share of winter
rainfall, the border is determined by local geomorphology that
controls runoff (soil moisture), exposure to desiccation (steep
slopes) and fire movement. AT 1 Southern Cape Valley Thicket
is limited to steep, highly exposed slopes and vertical cliffs in
deep river canyons, characterised by skeletal, quickly desiccat-
ing soils and lack of fire. At AT 2 Gamka Thicket the boundary
is determined by fire, although ultimately it is determined by
moisture, except that the dynamics are governed more by the
flammability of the constituent species as the vegetation does
not become too sparse but too succulent to carry fire (Cowling
& Holmes 1992b).

The boundary with the Albany Thicket vegetation units thus
differs from that with the Succulent Karoo types in that at the
Albany Thicket interface the role of fire is actively modified by
the plant growth forms present. As a consequence, there is a
marked area effect, not so readily observed at the Karoo inter-
face. As most ignition events are caused by lightning, a cer-
tain minimum area is needed for fire to be frequent enough to
maintain fynbos at the expense of encroaching thicket. Thus
the occurrence of fynbos in the thicket-dominated landscapes
is determined by the area of uninterrupted veld suitable for
carrying regular fire. This produces characteristic patterns of
fynbos extent on linear ranges (especially obvious in several
quartzite fynbos types) that do not occur with Karoo. Where
extensive areas of sandstone occur, fynbos dominates until
aridity prevents fire from spreading, as in the case of Karoo. In
many cases spekboom (Portulacaria afra) is the dominant plant
on this margin.

It is not known if overgrazing, which preferentially removed
succulent elements, might favour the encroachment of fynbos
into thicket as might be expected—the reverse of the situation
in the Karoo.

Renosterveld interfaces with the Albany Thicket Biome along
the southern Cape coast, where AT 1 Southern Cape Valley
Thicket is embedded within renosterveld units, in the Little
Karoo Basin where AT 2 Gamka Thicket meets several renos-
terveld units, and where AT 3 Groot Thicket and AT 4 Gamtoos
Thicket are found bordering on the renosterveld types east of
Humansdorp.

On richer soils, renosterveld forms an intermediate zone
between fynbos in the wetter areas and subtropical thicket
on the arid interface. The boundary between the renosterveld/
thicket contact is almost always determined by fire. Although
thicket elements are prominent within renosterveld vegetation,
the incidence of thicket stands within renosterveld becomes
prominent east of Riversdale in FRs 14 Mossel Bay Shale
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Renosterveld, where the landscape is dissected and fire is unable
to spread. Even in this vegetation type, thicket is largely con-
fined to steeper slopes, gullies and outcrops, with renosterveld
on the summits. Further east (east of the Kouga Mountains),
renosterveld is confined to areas marginal to fynbos where fire
is able to exclude thicket and maintain renosterveld. Where
fire-prone fynbos does not occur adjacent to richer soils, renos-
terveld is unable to persist.

1.5 Global Position of the Fynbos Biome

The Fynbos Biome is a member of the global Mediterranean
Biome, located on western shores of the continents of the
world, at latitudes north (in the northern hemisphere) or south
(in the southern hemisphere) of the arid (desert) belt associated
with the horse latitudes around the Tropic of Cancer and the
Tropic of Capricorn.

The global Mediterranean Biome consists of five geographically
remote areas. In the southern hemisphere these areas include:
(1) the Cape region housing the Fynbos Biome; (2) a small
region in northern Chile, including the surrounds of Valparaiso
and Santiago; (3) two separate regions in Australia, including
the broad surrounds of Perth in southwestern Australia (also
known as South-western Australian Botanical Province) and a
smaller region in southeastern Australia (around Adelaide). The
northern hemisphere portion includes: (4) the Mediterranean
Basin along the coast of southern Europe, the Iberian Peninsula,
North Africa, the Middle East, extensive regions in Iran, all
Mediterranean islands and small outliers of the Canary Islands;
and (5) the Californian Floristic Province (southwestern USA).
All these regions are characterised by a mediterranean-type
(warm-temperate) climate with warm, dry summers and cool,
wet winters and support evergreen sclerophyllous shrublands as
the dominant vegetation complex. In the Mediterranean, these
are called macchia (maquis), garrigue, phrygana, batha, mator-
ral and tomillar. In California they are called chaparral, while in
Chile the local ecologists also use the Spanish term matorral. In
Australia they are known as kwongan and mallee, while fyn-
bos and renosterveld are well-established terms in South Africa
(e.g. Di Castri & Mooney 1973, Di Castri et al. 1981, Specht &
Moll 1983, Specht 1988, Cowling 1992, Arroyo et al. 1995b,
Davis & Richardson 1995, Allen 1996, Cowling et al. 1996a,
1997, Rundel et al. 1998, Arianoutsou & Papanastasis 2004).
Australia, South Africa and some regions of the Mediterranean
have ecologically comparable nutrient-poor systems.

The flora of the regions have apparently very different evolution-
ary roots (Raven 1973, Axelrod 1975, Axelrod & Raven 1978,
Raven & Axelrod 1978, Calsbeek et al. 2003, Linder 2003, Crisp
et al. 2004), but a common set of ecological factors (predict-
able seasonal climate patterns and importance of fire) has pro-
duced a number of notable ecological convergences (Cowling
et al. 1996a). The question of convergence (and nonconver-
gence) was the subject of a number of international meetings
(Di Castri & Mooney 1973, Kruger et al. 1983), and subject to
controversial discussions in the past and present (e.g. Schimper
1903, Specht 1969a, b, Parsons & Moldencke 1975, Cody &
Mooney 1978, Cowling & Campbell 1980, Milewski & Bond
1982, Milewski 1983, Box 1987, Barbour & Minnich 1990,
Herrera 1992, Cowling & Witkowski 1994, Arroyo et al. 1995a,
Keeley & Bond 1997, Verdu et al. 2003, Cowling et al. 2005).

The mediterranean-climate regions cover less than 5% of the
earth’s surface, but contribute a disproportionably large number
of species (about 20%) to the global flora of vascular plants
(Cowling et al. 1996a). This floral richness as well as staggering
local and regional endemism (for instance almost 70% in the
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Fynbos) qualifies these regions as global hot spots (Mittermeier
et al. 2000) and prime targets of conservation efforts.

2. Geography of the Fynbos Biome

2.1

The regions supporting the Fynbos Biome are a mosaic of vari-
ous geological substrates—one of the major prerequisites for
evolution of the remarkable diversity of taxa and vegetation
types, making the Fynbos Biome one of the most fascinating
botanical destinations. Sandstone, quartzite, granite, gneiss
(marginally), shales and also young limestone sediments are the
most prominent rocks of these regions (Figure 4.3).

Main Geological Patterns

Very prominent mountain chains mainly built of quartzite
and sandstone peaks dominate the landscapes of the Fynbos
Biome. These predominantly Cape Supergroup rocks are com-
posed almost entirely of quartz and are thus extremely nutrient-
poor. Locally, the Permo-Triassic mountain-building event that
resulted in the folding of the Cape Supergroup varied greatly
in intensity. For this reason, sandstones are found as flat-lying
or gently dipping layers (e.g. Cape Peninsula and Cederberg) or
as tightly folded, vertical and even overturned layers (e.g. the
Langeberg and Swartberg ranges). Due to their extent and hard-
wearing nature, these formations determine the morphology of
the landscape in the Fynbos Biome.

The northernmost extent of the region of the Fynbos Biome
is somewhat removed from the typical Cape Fold Belt-domi-
nated geology of most of the biome. It is found in the
Kamiesberg area, which has a basement of Mokolian gneisses
formed during the Proterozoic. The Kamieskroon Gneiss and
gneisses of the Stalhoek Complex as well as metasediments
of the Bushmanland Group were metamorphosed during the
Namaqua-Natal Orogeny to form this basement. These patterns
as well as the Gariep Orogeny of the Namibian Erathem are dis-
cussed in Chapter 6 featuring South African deserts. The Gariep
Orogeny was one of several Pan-African belts that resulted in
the amalgamation of the Gondwana Supercontinent around
500 mya. In the Kamiesberg and the adjacent Knersvlakte,
Vanrhynsdorp Group sediments overlie the older basement
towards the southeast. These correlate with the Nama Group
sediments, which were deposited in a basin adjacent to the
Saldanian Orogeny, also of the Pan-African cycle.

The rocks of the Cape Supergroup have a Precambrian sub-
stratum that consists mostly of sedimentary rocks that were
deformed and metamorphosed during mountain building in
the Pan-African orogenic event. These include the metasedi-
mentary Malmesbury Group of the southwestern Cape as well
as the Kango Group of the southern Cape (which includes
a considerable amount of limestone). These rocks formed in
the oceans that surrounded the fragments of an earlier super-
continent, Rodinia, which rifted apart over 700 mya. These
ocean basins were later to close again during the formation of
Gondwana 500 mya, as continental plates were reorganised
into this most recent supercontinent.

The orogenic activity that resulted from the convergence
and eventual collision of the continents was accompanied
by the intrusion of large plutons of granitic material into
the Malmesbury metasediments. The granites and their host
metasediments of this Saldanian Orogeny (as it is known in
the southwestern and southern Cape) are exposed where the
younger cover rocks have been eroded away. The rolling and
often deeply weathered hills of the Swartland are composed of

these metasediments. The granites around Saldanha, the Cape
Peninsula, Paarl, Robertson and George are some of the more
well known plutons of the Cape Granite Suite. These potassium-
rich granites weather to form domes that are conspicuously
different from the younger sandstone rocks that overlie them
in many areas. Outcrops, such as at Lion’s Head and Chapman'’s
Peak on the Cape Peninsula, show that the granites and their
host metasediments were exposed to erosion for a considerable
period before the earliest Cape Supergroup sediments were
deposited on top of them when sedimentation of these sand-
stones commenced in the Ordovician (see Compton 2004).

The Cape Supergroup has three important subdivisions, namely
the Table Mountain, the Bokkeveld and the Witteberg Groups,
and they remain remarkably distinct along the entire length of
the Cape Fold Belt.

The older Table Mountain Group contains an extremely thick
(1 550 m) package of rather homogenous quartzite known as
the Peninsula Formation. Table Mountain, the type locality for
this group, reveals most of the Peninsula Formation in a huge
vertical section overlooking the city of Cape Town. These coarse
sand packages formed in a high-energy environment (a wave-
dominated delta) under the influence of a wet climate, with
the result that the rocks are composed almost entirely of quartz
grains. No other minerals less resistant to weathering survived
the transport process. Terrestrial vegetation was still absent and
thus erosion was much more pronounced in high-rainfall areas
than it is today.

On top of the Peninsula Formation are the thin Cedarberg and
Pakhuis Formations. These beds serve as fairly distinctive mark-
ers throughout the Cape Fold Belt, despite the fact that they
are far more easily weathered than the quartzites above and
below. They are distinctive because the vegetation that they
host forms a green band that contrasts strongly to the bare
outcrops of quartzite. The Cedarberg shale bands were formed
in a deep-water environment of slow suspension settling of fine
mud and organic material. The glaciogenic Pakhuis Formation
was deposited on the Peninsula Formation and glacial pave-
ments are still preserved at the top of these quartzites in some
places.

The Nardouw Subgroup of the Table Mountain Group is
another thick (500 m) package of quartzitic sandstone above
the Cedarberg shales. It formed under similar conditions to the
Peninsula Formation and is prominent above the Cedarberg
shale bands today.

The Bokkeveld Group also consists of sandstones and shale,
but differs from the Table Mountain Group in that the shale
bands are much thicker and alternate with sandstone units. The
greater proportion of shale leaves the Bokkeveld more suscepti-
ble to erosion and thus it commonly forms low-lying areas with
low sandstone ridges. The area east of Caledon and north of
Bredasdorp is fairly typical. Marine fossils, including trilobites
and bivalves, are common in the lower part of this group of
Devonian sediments.

Overlying the Bokkeveld is another more quartzite-rich
Witteberg Group. These sediments were deposited towards
the end of the Devonian and probably continued to be laid
down during the Carboniferous. The central part of this group
is mostly dominated by coarse clastic deposits including well-
sorted sandstones, pebble-conglomerates and some siltstones.
A prominent, light-coloured quartzite layer is distinctive in the
Witteberg Mountains. Above and below this arenaceous (sandy)
central part, the Witteberg Group are more argillaceous (shaly)
sediments (Truswell 1970).
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Figure 4.3 The geology of the Fynbos Biome is an important factor underlying the current diversity of the flora and the evolutionary diversification
processes in the past. A: Tertiary limestone (De Hoop Vlei, Overberg); B: hard Ordovician Table Mountain Sandstone forms the dramatic peak and
soft Cape Shale forms the shale band exposed by a road cutting (marine drive between Gordon’s Bay and Rooiels); C: eroded Bokkeveld shales
exposed on the seashore near the mouth of the Breede River (Witsand, Overberg); D: Nardouw sandstones of the Table Mountain Group (Op-die-
Berg, Koue Bokkeveld); E: smooth topographic forms of a Cape Granite landscape (Langebaan Lagoon, West Coast). Photographs by L. Mucina.
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Towards the end of Cape Supergroup sedimentation, Gondwana
was taking up its position over the South Pole and the extensive
glaciation that deposited the Dwyka Formation at the base of
the Karoo Supergroup commenced. (The stratigraphy of the
Karoo Basin is discussed in Chapter 8 on Grassland.)

The Cape Fold Belt is a remnant of the foreland fold and thrust
belt of the Permo-Triassic Gondwanide Orogeny, formed when
the Palaeo-Pacific Plate was subducted beneath southern
Gondwana. Other fragments are preserved in South America,
Antarctica and Australia (Trouw & De Wit 1999). Several phases
of deformation in the Cape Fold Belt occurred from about 280
mya until around 220 mya (Halbich et al. 1983).

The Cape Fold Belt has two branches that meet in the broad
syntaxis domain that stretches from False Bay to Ceres and as
far east as Montagu. In the western branch, which stretches
to beyond Vanrhynsdorp, the large, gentle folds have a north-
northwest strike and fade out towards the north and west. The
southern branch has a distinct east-west orientation and expe-
rienced much more intense deformation. This branch is char-
acterised by large, tight folds and overfolds as well as thrust
faults. These structures verge towards the north and indicate a
considerable crustal shortening in this area due to compression
from the south (for further reading, see De Beer 1990). The
Cape Fold Belt extends as far east as Port Alfred on the coast.
Gondwana reconstructions show that the Falkland Islands were
situated just to the east of this present-day coastline—they host
the same sedimentary rocks.

During the Jurassic, Karoo sedimentation was brought to
a close by the volcanic activity that formed the Drakensberg
basalts. This period also saw the initiation of the rifting apart of
Gondwana, which strongly influenced the geology of the south-
western and southern parts of South Africa. The rifting event,
which sculpted South Africa’s coastline to its present form, also
caused a horizontal extension that was manifested in large nor-
mal faults producing graben and half-graben structures.

The faulting produced marked changes in elevation that led
to the rapid erosion of the high-lying areas. This produced
the Enon conglomerates and the other clastic deposits of the
Uitenhage Group that can be found in the Cretaceous sedimen-
tary basins adjacent to the grabens. The faults displaced rocks
vertically by several kilometres in some areas. The Worcester
fault—with a 4-6 km displacement—is an example and red
Enon conglomerates are spatially associated with it. Another
example to the west of Port Elizabeth illustrates the juxtaposi-
tion of older, Namibian Erathem metasediments to the north
of the fault, against (to the south) much younger Bokkeveld
Group rocks that are partly covered by the Cretaceous ero-
sion products. A similar outcrop pattern has developed near
Oudtshoorn.

In the off-shore basins along the South Coast, the Cretaceous
sediments host hydrocarbon reservoirs that are being exploited
to a limited extent at present. These large, and numerous, faults
are also responsible for preserving outcrops of Cape Supergroup
quartzites as down-faulted blocks such as Table Mountain and
the Cape Peninsula as well as Piketberg. This has preserved
them from erosion, while adjacent higher-lying blocks have
been eroded down to the pre-Cape basement.

In more recent times, rates of eustatic uplift together with glo-
bal changes in sea level have influenced the erosion and sedi-
mentation along the coastline as well as the incision of rivers
into the Cape Fold Belt. Periods of high relative sea level have
left recent deposits of sandstone and limestone on flat wave-
cut platforms in many parts of the southwestern Cape. The
Tertiary to Quaternary Bredasdorp and Strandveld Groups are

examples. Times of low relative sea level have resulted in the
down-cutting of rivers as is characteristic of the southern Cape,
with streams occurring in deep incised valleys. Other evidence
for this can be found on the off-shore Agulhas Bank across
which former channels of the Gourits and Breede Rivers can be
traced (Truswell 1970, p. 148).

2.2 Landscape Evolution

The West and South Coast lowlands, where most of the low-
land renosterveld types are concentrated, have totally different
erosion histories. While regions supporting West Coast renos-
terveld today have had kilometres of sediment removed since
Gondwana started separating, erosion of the region of the
South Coast renosterveld units has been relatively sedate.

The Witteberg quartzites, Bokkeveld shales and Table Mountain
sandstones have been removed over the last 100 my on the
West Coast, reducing the geology to the Malmesbury shales and
Cape granites up to the Porterville fault. Only three inselbergs
of sandstone (with Fynbos) remain on this plain—Piketberg,
Riebeek-Kasteel and the Cape Peninsula. A few isolated pock-
ets of silcrete and ferricrete remain, but they are not prominent.
Adjacent to the Porterville fault, extensive alluvial fan deposits
occur: these are typically covered with fynbos. The topogra-
phy is relatively flat and low (80-200 m), although there are
two elevated watersheds: (1) west of the Berg River compris-
ing the granite hills of the Paarl Mountain, Paardeberg (with
fynbos on the summits) and the shale hills of Kanonberg (370
m), Tontelberg (360 m) and Swartberg (480 m), and (2) the
shale hills of Tygerberg (460 m), and the granite hills of the
Bottelary Hills (480 m, mainly with fynbos), Dassenberg (570
m) and Darling Hills (450 m). North and east of the Berg River
the only inselberg is Heuningberg (360 m, with fynbos on its
northern end).

East of the Porterville fault, the Cape Group sandstones form
a largely flat area—the Cederberg and Bokkeveld covered with
fynbos vegetation types, with the exception of the Olifants River
and Koue Bokkeveld synclines which are locally strongly down-
curved bottomlands with young rocks. The area dips gently to
the east, with younger sediments progressing eastwards: the
Witteberg quartzites at Swartruggens, and finally the Karoo
sediments in the Tanqua Karoo, where the Succulent Karoo
Biome abuts the Fynbos Biome.

Over most of the South Coast and interior, only the Witteberg
quartzites have been removed, so that the Bokkeveld shales
form the bedrock, although in the eastern coastal part of the
region even this has been removed. Shale renosterveld of the
RUens region—the largest continuous block of renosterveld—is
characterised by undulated hills in the west and deeply dissected
hills in the east, at a general elevation of 200-300 m. A single
Witteberg quartzite inselberg remains at Riversdale. Extensive
silcrete and ferricrete remain on higher areas, often forming
flat-topped hills and scarps. Enon conglomerates form an apron
along the Langeberg and Outeniqua Mountains—these usually
support asteraceous and grassy fynbos, with limited patches
of renosterveld. The southern margin adjacent to the coastal
limestones is often covered with a thin layer of calcrete, but
these areas have been transformed to cropland and their flora
is largely unknown. During the Pleistocene glaciations, the
Agulhas Plain extended 200 km south of its current range, a fair
proportion of this would probably have been renosterveld.

Both the Langeberg and the Swartberg Mountains are major
fault zones, the faults being several kilometres south of the cur-
rent mountain scarp, exposing older rocks which are partly cov-
ered by Enon conglomerates deposited as the sandstone scarp
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retreated. These contain mainly fynbos vegetation. Between
the Langeberg and Swartberg ranges the rocks are gently
folded, giving rise to gentle mountains with fynbos where the
sandstone is exposed and valleys with younger sediments and
predominantly karoo and renosterveld vegetation. North of
the Swartberg range, the Bokkeveld and Witteberg rocks are
narrow ranges, but in the western Karoo these are also gently
folded, giving rise to parallel scarps of resistant quartzites, with
the Witteberg being the northernmost of these before being
replaced by younger karoo sediments. Inland renosterveld
occurs predominantly on Bokkeveld shales and on Witteberg
shales between the quartzite scarps and ridges. Topography
varies from subdued in the west, to valley basins in the east and
ridges and scarps in the north.

2.3 Soils of the Fynbos Biome

A wide range of environmental conditions, such as present
and past rainfall, parent material, terrain type and the age of
different landscapes, resulted in the very large variation in soil
types and soil associations that are characteristic of the Fynbos
Biome (Lambrechts 1983, Schloms et al. 1983, Lambrechts &
Fry 1988). Various developmental soil form sequences or cate-
nae, based on topographic position, age, clay and iron content,
drainage and/or soil depth, can be constructed for different
combinations of environmental conditions (see Figures 4.4-4.7).
However, parent material (i.e. the underlying rock type) or the
nature of recent deposits, is probably the primary factor deter-
mining the physical and chemical nature of the different soil
types. In the following paragraphs the dominant soil types (soil
forms) associated with different combinations of parent materi-
als are featured and their link to vegetation is discussed. For
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detailed description of the soil forms defined in the text, refer
to the Soil Classification Working Group (1991).

2.3.1 Heavy-textured Soils

Shales and slates of the Malmesbury Group of the southwest-
ern Cape, Kango Group of the southern Cape (including con-
siderable amount of limestones), and of the Bokkeveld Group
are less resistant to weathering than quartzites and sandstones
of the Cape Supergroup. Due to their mineral composition
these rocks give rise to soils that differ considerably from the
quartzite-derived soils. These soils are usually heavy-textured,
with large fine-sand and silt fractions, and show a much higher
nutrient status, especially potassium. Three soil regions (relict
erosional plains, coastal foreland and valley zones) can be dis-
tinguished on the basis of combinations of environmental con-
ditions (Figure 4.4).

Among the upland plains, the Koue Bokkeveld and Elgin Basin
are prime examples of old Tertiary erosion surfaces underlain
by Bokkeveld shales. The terrain is undulating, with small rem-
nants of the old land surface. On these remnants, deep red
(Hutton form) or yellow-brown (Clovelly and Oakleaf forms),
highly weathered, clayey soils occur, with varying amounts
of ferruginous gravels and/or laterite. These soils are gener-
ally porous, well-drained, highly leached and acid, and rich in
kaolinitic clays. Similar soils occur on remnants of lower ero-
sional surfaces (at altitudes of approximately 200-350 m) along
the foothills of mountain ranges such as Simonsberg and the
Drakenstein Mountains (Figure 4.4). Shale fynbos is associated
with these soils.

On younger dissected slopes, moderately to deep yellow apedal
soils (Pinedene and Tukulu forms) developed on slope-creep
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A A A A A A
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Figure 4.4 Heavy textured and duplex soils from shales, slates and granites. Abbreviations: A = orthic A-horizon; E = E-horizon; Blc = lithocutanic
B-horizon; Bvp = pedocutanic B-horizon; Bpr = prismacutanic B-horizon; G = G-horizon; Bre = red apedal B-horizon; Bye = yellow-brown apedal

B-horizon; Bnc = neocarbonate B-horizon.
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materials from the upland plains; they are associated with soils
from residually weathered shales and slates with thin gravelly
colluvial surface layers. These yellow soils are generally less well-
drained than the red soils. Due to the relatively high rainfall, the
weathering of the underlying rock is moderate to high. On mid-
and upper slopes the subsoils are clayey, moderate to strongly
structured, with red and yellow geogenic mottling, and with a
fairly low pH and base status. On lower concave slopes the sub-
soil becomes gleyed (wet and hydromorphic). The well-leached
Pinedene and Tukulu forms are usually associated with shale
fynbos or with renosterveld (on the less leached, residual soils).

Large areas of the western and southern coastal forelands
and the inland valleys are underlain by shales and slates of the
Malmesbury and Bokkeveld Groups. Depending on rainfall, ter-
rain position and slope gradient, a series of progressively more
developed soils occur from crest positions to the valley floor.
In drier areas and steeper terrains shallow (lithosolic) soils of
Mispah and Glenrosa forms are dominant. As the slope gradi-
ent deceases and/or the rainfall increases, clay migration and
the formation of clay-enriched subsoils become prominent. On
midslopes the dominant soils are of Swartland and Sterkspruit
forms. Due to a higher degree of wetness as a result of lat-
eral soil water movement, soils on lower slope positions are
characterised by a bleached, pale-coloured E-horizon above a
structured cutanic B (Klapmuts and Estcourt forms). In concave
or level foothill positions the degree of wetness is such that
a gleyed G-horizon (Kroonstad form) replaces the cutanic B-
horizon. The soils with cutanic and G-horizons are collectively
known as duplex soils because of the significant difference in
clay content between the A/E and clay-enriched subsoil hori-
zons. The difference in clay content is partially due to clay
migration, but it is significantly enhanced by movement of sur-
face soil material from upslope to lower slope positions through
creep and slip and removal of the fine silt and clay from the
material that develops into the A- and E-horizon. The lower the
clay content of the A/E in a specific climatic zone, the lower the
pH and base status. The typical vegetation type associated with
these soils is shale renosterveld.

The pH and base of the lithosolic and duplex soils vary greatly
as a function of prevailing climate. In warm, dry valleys (e.g. the
Little Karoo and eastern Breede River Valley) the soils are nor-
mally base-saturated with a slightly acid to neutral pH. Free lime
may be present as well. In more humid climate zones these soils
are generally acid to very acid throughout the profile. It is the
rainfall which largely determines the exchange characteristics of
the soils. The very high cation exchange capacity values of the
cutanic horizons in Caledon compared to those of Witzenberg,
are an indication that the Caledon subsoils contain more 2:1 clay
minerals and less kaolinite than those of Witzenberg. This might
be an indication of greater shrink-swell and stronger structural
development that negatively affects porosity, aeration and wet-
ness. The low-rainfall soils are normally associated with the shale
renosterveld and the high-rainfall soils with shale fynbos.

Duplex soils underlain by shales and slates are common in syn-
clinal valleys such as the Langkloof and upper Olifants River
Valley. Sandy colluvial material from the surrounding quartz-
ite mountain slopes covers the residually weathered clays. The
result is soils with a very sandy, pale-coloured A/E-horizon, peri-
odically saturated with water, on gleyed, prismatic, clayey sub-
soils. Although the residual clay layers might be base-saturated
and even saline, the sandy surface horizons are usually acid
and base-unsaturated. These are usually covered with sand or
sandstone fynbos.

Although granites are generally more resistant to weathering
than shales and slates, granites have undergone deep weather-

ing on old erosional surfaces. The granite hills near Darling (sup-
porting granite renosterveld) and Paarl (supporting both fynbos
and renosterveld on the crest and lower slopes, respectively),
are some of the well-known plutons of the Cape Granite Suite
exposed through erosion of the younger cover rocks. Due to
resistance of granite, rock outcrops and very shallow soils of
the Mispah and Glenrosa forms are dominant on the crest and
upper slope positions on these low granite mountains. Where
the slope becomes less steep with a straight slope gradient,
soils of the Swartland and Sterkspruit forms, similar to those
associated with shales and slates, start to develop. On level and
concave slopes, soils of the Klapmuts, Estcourt and Kroonstad
forms are found. Because of the coarse sand grade of the quartz
particles in the weathering products from granite, sorting and
removal of the fine soil fraction through creep and wash usually
results in a coarse sandy overburden with low clay content. The
coarse sandy overburden is highly permeable and leached, even
under fairly low rainfall such as in the Kamiesberg Mountains,
to form acid, low base-saturated A- and E-horizons. These sup-
port granite fynbos.

Heuweltjies are a major micro-relief feature in some units of
both the West Coast, in FRs 8 Breede Shale Renosterveld, and of
the South Coast, in FRs 11 Western Rlens Shale Renosterveld.
These are generally raised mounds of soil, regularly spaced and
up to 10-20 m in diameter and 5 m high. The density varies
from almost continuous in the Piketberg area, to sparsely scat-
tered. The name Tygerberg (‘Leopard Mountain’) is derived
from the grass-dominated heuweltjie patches that turn yellow
in summer. Heuweltjies are not confined to renosterveld: they
are prominent in Succulent Karoo and even in Fynbos, where
shale layers are within a few metres of the surface. They are
particularly prominent in the winter-rainfall region (Lovegrove &
Siegfried 1986, Knight et al. 1989). Heuweltjie soils are gener-
ally more base-rich, particularly in calcium, compared to the sur-
rounding soils. In low-rainfall areas the subsoil is calcareous and
soft or hardpan carbonate horizons and dorbank are common.

Heuweltjies have been attributed to various causes—geomor-
phic (heave mounds due to mineral accumulation) and biotic.
Among the biotic contenders were mole rats Cryptomys hot-
tentotus (differential deposition forming mounds in water-
logged areas) and plants (litter accumulation), but the current
consensus is that they are (or were in some areas) the under-
ground mounds of harvester termites (Microhodotermes viator,
Lovegrove & Siegfried 1989). Floristically they are varied and
may differ from surrounding communities by supporting pre-
dominantly annuals, grasses or thicket elements. These differ-
ent communities are probably determined by rainfall and graz-
ing pressure (Knight et al. 1989). In many areas, heuweltjies are
preferentially used for burrows by aardvarks (Orycteropus afer),
porcupines (Hystrix africaeaustralis) bat-eared foxes (Otocyon
megalotis) and historically by many other species, and (in water-
logged seasons or when covered by thicket) as resting areas
by herbivores, which may also play a role in their community
dynamics. The significance of heuweltjies in renosterveld graz-
ing and animal ecology is not known, but presumably harvester
termites were, and continue to be, an important ecological
component in renosterveld ecology.

2.3.2 Sandy Soils of Quartzitic Fold Ranges

Mountain Slope Soils

The hard, resistant Peninsula and Nardouw Formations and
Witteberg sandstones and quartzites weather slowly and gen-
erally give rise to stony, very sandy soils (Figure 4.5) with a clay
content of less than 5% and extremely low levels of free iron
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Figure 4.5 Mountain slope soils. Abbreviations: A = orthic A-horizon; E = E-horizon; Blc = lithocutanic B-horizon; Bre = red apedal B-horizon; Bye

= yellow-brown apedal B-horizon; Bpd = podzol B-horizon.

oxides. On steeper slopes the weathering products are continu-
ously removed by erosion and accumulate as pediment fan or
talus slope materials of varying thickness and extent. On steep
sloping mountain ridges, especially the northern slopes in the
eastern zone, rock outcrops and very shallow soils predominate.
Less steep slopes are generally characterised by pale-coloured,
shallow sandy soils of the well-drained Mispah and Glenrosa
forms. On more even and concave sites moderate to poorly
drained Cartref and Houwhoek forms develop. In lower-lying
positions with fairly thick accumulations of weathering products
soils of the Lamotte form are found. In areas with a fairly high
rainfall (e.g. George and Grabouw) the full range of soil forms
from Mispah to Lamotte can occur. As rainfall decreases, soil
forms with a podzol B become less prominent and may com-
pletely disappear in the relatively dry northern section. Although
soils developed from quartzites and sandstones are generally
acid, the degree of acidity increases with an increase in rainfall,
especially in the podzol B-horizon. All the sandstone and quartz-
ite fynbos vegetation units are associated with these soils.

The less quartzitic layers in the Table Mountain Group with
more iron oxides weather faster than the pure quartzite and
sandstones and produce a yellowish or reddish material with a
higher clay content than the pure quartzites. On upslope posi-
tions these materials qualify as Hutton or Clovelly forms. Under
high-rainfall conditions, soils with a podzol B without (Groenkop
form) or with (Jonkersberg form) a placic pan directly under the
orthic A, can develop. The dense and cemented placic pan has
a very low permeability and results in localised wet spots in
the landscape and restricts root penetration. The absence of
an E-horizon is due to the higher clay and iron content that
primarily retards the loss of organic carbon required for the soil
to become bleached. The soils with a podzol B-horizon are usu-
ally extremely acid with pH values as low as 3.5-4.0, while soils
of the Hutton and Clovelly forms in the drier regions are only
moderately acid with pH values higher than 4.5.

The shale bands associated with the quartzites and sandstones
are more weatherable and give rise to deeper, more heavily
textured lithosolic soils and even soils of duplex form. Due to
the fairly high rainfall in the high-elevation localities where the

shale bands occur, these soils are moderately to highly leached
with a low base saturation. These soils support shale fynbos,
shale renosterveld or karoo vegetation. In many places, how-
ever, the weathered shale bands are covered with sandy collu-
vium from the higher-lying quartzites and sandstones, and carry
sandstone fynbos communities.

Pediment and Valley Floor Soil

A great range of sandy soils, usually acid and highly leached,
have developed from pedimented colluvial and alluvial accu-
mulation products in intra- and intermountain valleys and on
footslopes associated with quartzitic mountain ranges (Figure
4.6). Depending on the source material, the accumulation prod-
ucts vary in free iron oxide content. Sand fynbos is supported
by these soils.

On iron-poor parent materials the initial upslope soils usually
qualify as Oakleaf or Tukulu forms. With sufficient rain these
soils become podzolised. The dominant soil form is Lamotte
with a well-developed organic-rich B-horizon and rarely
Concordia form with a poorly developed B-horizon. In these
soils the E-horizon is usually very thick and the B-horizon might
be as deep as 1.5 m. In wetter positions lower down the slopes,
the podzol B usually disappears to form Fernwood soils.

In well-drained or drier areas with iron-rich, sandy parent mate-
rial, yellow (Clovelly form) or red (Hutton form) soils usually
develop in upslope positions. With an increase in rainfall or in
lower positions, bleached A- and E-horizons develop through
removal of iron oxides and, to a lesser extent, clay (Constantia
form). In lower positions with a wetter water regime, typical
podzolic soils develop with pale-coloured A/E-horizons on a
dark reddish brown to yellow, iron- and humus-enriched allu-
vial B-horizon (Lamotte and Concordia soil forms). The main
difference between these soils is that with more leaching in
mid- and lower positions, the uniform clay content (5-7%) in
the Constantia form differentiates into very sandy A- and E-
horizons (<2% clay) and clay increases to up to 10% in the
podzol B. The high organic carbon content in the podzol B acts
as an absorption reservoir for exchangeable cations as well as
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Figure 4.6 Pediment and valley floor soils. Abbreviations: A = orthic A-horizon; E = E-horizon; Bre = red apedal B-horizon; Bye = yellow-brown

apedal B-horizon; Bpd = podzol B-horizon; Bnc = neocarbonate B-horizon.

trace elements. There is also a distinct decrease in base satura-
tion at pH 7 from 50-70% in the Clovelly B to lower than 30%
in the more leached Lamotte soils.

Although, morphologically, all the soils on the valley slopes
appear to be well-drained, the Lamotte and Fernwood in par-
ticular may be subject to various degrees of wetness during
the rainy season. One of the main causes may be the partially
weathered base rock or residual or transported clays below
the solum, giving rise to perched water tables. In the Lamotte
form, wetness is sometimes manifested in a vesicular harden-
ing (ortstein hardening) of the podzol B-horizon. Along the
main drainage channels and depression areas the topsoil of the
Lamotte and Fernwood forms is generally dark-coloured and
poorly drained, with abnormally high accumulations of slightly
decomposed organic material.

The well-drained red and yellow colluvium usually qualifies as
soils of the Clovelly and Hutton forms. In midslope positions a
podzol B-horizon without (Pinegrove form) or with (Jonkersberg
form) a placic pan develops directly below the orthic A-horizon.
In lower or concave slope positions that tend to be wet, soils
of Witfontein form, similar to Pinegrove, develop on unconsoli-
dated material, with signs of wetness. These soils are extremely
acid with pH(CaCl,) values usually of < 4.0 and base saturation
of < 20% at pH 8. The carbon content in the topsoil ranges
from 2.0% to as high as 4.5%.

2.3.3 Coastal Plain Soils
Young Dune Sands

Along the West Coast most of the soils (Figure 4.7) have devel-
oped from recent drift sands, locally overlying more clayey flu-
vial deposits or residually weathered clayey materials. Near the
coast the sands are highly calcareous and stratified (Namib form).
Inland the lime content gradually decreases through leaching.

Depending on rainfall and the initial iron content of the recent
sand, different combinations of soils could develop. With a low
iron content the Namib form can change with age to Augrabies,
Fernwood or Lamotte forms. With higher iron content the
Fernwood is replaced by Hutton (drier and warmer areas) or
Clovelly (wetter and cooler areas) forms. In the Vredendal area
the shallower Hutton variants are classified as soils of the Garies
form with relict duripans in the subsoil. With increase in age or
rainfall, these soils can further change to Constantia and finally
to a Lamotte form. The strandveld vegetation units occur on
soils of the Namib and Augrabies forms while the sand fynbos
is generally associated with other soil forms.

Scattered along the inland section of the West Coast are fairly
large areas of red (Hutton form), yellow (Clovelly form) or grey
(Fernwood form) aeolian windblown deposits. These soils are
older versions of the younger soils that occur closer to the coast
and support sand fynbos.

Especially along the northern section of the West Coast with
a fairly low annual rainfall (115 mm) the Hutton, Garies and
Clovelly sequence of soils is relatively poorly leached, with neu-
tral to slightly acid pH, base-rich especially in the topsoil, with
high concentrations of exchangeable magnesium. Although
there is a slight decrease in pH and base status from the Hutton
to the Clovelly, soils of the Clovelly form are far less leached
than similarly textured Clovelly soils near Knysna. The two main
reasons for this difference are the difference in rainfall and the
salty sea mist which is common along the West Coast. Soils of
the Fernwood and Clovelly forms in the Redelinghuys area with
an average annual rainfall of 250 mm are extremely acid (pH of
< 4.5) with a low base status.

In localities where the sand cover over the more clayey underly-
ing materials is relatively thin, duplex soils (e.g. Estcourt and
Kroonstad forms) support renosterveld.
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Figure 4.7 Coastal plain soils. Abbreviations: A = orthic A-horizon; E = E-horizon; Blc = lithocutanic B-horizon; Bre = red apedal B-horizon; Bye =
yellow-brown apedal B-horizon; Bpd = podzol B-horizon; Bnc = neocarbonate B-horizon.

Fossilised Dunes

In many areas along the West and South Coast old dunes have
become fossilised to form lime-rich aeolinites, usually with a
thin, hard laminar capping. These aeolinites weather relatively
rapidly. Initially shallow soils of the Coega and Glenrosa forms
develop from the aeolinites. With age or with increased rainfall,
yellow apedal soils (Clovelly form) develop, which with time
can develop a bleached E-horizon without (Constantia form)
or with (Lamotte form) a podzol B. In warm, dry areas and iron-
rich limestone even red apedal soils may develop (Hutton form).
The soils of the Coega and Glenrosa forms associated with aeo-
linites contain free lime and are base-saturated with alkaline pH
values. Calcium is the dominant exchangeable cation. Many of
these soils contain high levels of extractable phosphorous but it
is unavailable to plants due to the formation of water-insoluble
calcium phosphates. These soils support strandveld on the West
Coast and limestone fynbos on the South Coast.

An interesting weathering feature in the fossilised dune sands
and locally in recent dune sands (e.g. Bredasdorp and Knysna)
is that the weathering front is not concordant to the soil sur-
face, but has tongue-like extensions resulting in potholes. On
the Bredasdorp coastal plain round pockets of moderately to
highly leached, usually acid soils of the Clovelly and Constantia
forms are found in a predominantly very shallow Coega and
Glenrosa soil landscape. This irregular weathering pattern is
probably associated with preferential weathering and leach-
ing along roots of deep-rooted perennial shrubs of the local
limestone fynbos.

2.3.4 Soils Associated with Silcrete and Ferricrete

Silcrete (supporting silcrete fynbos) and ferricrete (supporting
ferricrete fynbos) are respectively silica- and iron-cemented
hardpans. Silcrete probably developed during the Miocene
and Pliocene in sandy/gravelly quartz-rich, lower-slope surface

deposits overlying saline and/or alkaline clays throughout the
western and southern forelands. As a result of the high pH
in the clays, silica becomes soluble. Through capillary rise the
silica-containing groundwater moves up in the profile and silica
precipitates and cements on drying (Smale 1973).

Ferricrete develops on old lower slopes with a fluctuating water
table. Due to hydromorphic conditions iron is reduced in the
permanently saturated zone and moves into the nonreduced
overlying zone with a rise of the water table. On drying and
lowering of the water table, the reduced iron becomes oxidised
and precipitates as iron oxides in the zone of water fluctuation.
If this process continues long enough, it forms a continuous,
indurate iron pan through the cementation of the individual soil
particles (Alexander & Cady 1962). Ferricretisation is ongoing
in sandy soils with fluctuating water tables. Ferricretes occur
where the sand has been eroded and the iron pan exposed.

Due to a drop in sea level during the Pliocene and later, the
coastal foreland was subjected to intense dissection and ero-
sion of the weathered surface material (Hendey 1983a). Today,
as a result of their hardness and resistance to weathering, sil-
crete, in particular, and ferricrete occur as remnants of spatially
more extensive hardpans, usually on crests and upper slopes.
On exposure, silcrete weathers slowly to produce a quartz-rich,
sandy surface layer. Depending on the thickness of the sandy
layer and the degree of breakdown of the underlying silcrete,
Mispah and Glenrosa soil forms occur. As a result of the sandy
and quartzitic nature of the weathering products, these soils
are generally acid and base-unsaturated, even under condi-
tions of relatively low rainfall. Ferricrete weathers faster than
silcrete. The depth of weathered material can range from less
than 40 cm to as deep as 1 m with an increase in rainfall. A
variety of soils can develop in the weathered material, including
Wasbank, Glencoe and a variety of podzol soils with and with-
out E-horizons. Because these soils have undergone two cycles
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of soil formation, the clay content is generally low and the soils
are highly leached, with low pH.

2.3.5 Other Soils

Many floodplains of the rivers in the Fynbos Biome with sur-
rounding quartzitic and sandstone mountains are covered with
deep sandy alluvium. Soils of the Dundee form are found on
the youngest alluvium. Depending on iron content, the older
alluvium away from the river may develop into a variety of
soil forms that may include sandy, apedal yellow (Clovelly and
Pinedene) or grey (Oakleaf and Tukulu) soils. Under conditions
of relatively high rainfall pale-coloured soils of the Fernwood
form and podzolic soils can also develop. These soils are gener-
ally acid with a low base status and are characterised by either
alluvial fynbos or alluvial renosterveld.

Near Nieuwoudtville and on the Hantam Plateau basic igneous
dolerite rocks occur. Dolerite weathers on relatively level land
surfaces to form moderately deep, red, swelling clays (Arcadia
form). On sloping, steeper land surfaces the depth of weather-
ing is restricted, and shallow soils of the Glenrosa and Hutton
forms develop. Due to the fairly low rainfall in the doleritic areas
the soils are base-saturated, with a neutral pH. The heavy clayey
dolerite-derived soils typically support dolerite renosterveld.

2.4 Current Climatic Patterns

2.4.1 Megaclimatic Framework

The macroclimates of the two African mediterranean-type eco-
systems (the North African portion of the Mediterranean and
the Fynbos Biome), show symmetric features (Goudie 1996).
The summers in both regions are hot and dry, a result of the
poleward migration of high-pressure (anticyclonic) Hadley Cells.
In the Cape region the Hadley Cell offshore of southern Africa is
located near 32° S in winter, while in summer it is centred near
37° S. The hot summers are associated with a high frequency
of trade-winds (the Southeaster). In winter the region is under
the influence of the westerlies and their associated disturbances
(see Tyson 1986 for a detailed account). In the Cape region the
major climatic feature in winter is the occurrence of cyclonic
fronts and their associated northwesterly winds, bringing abun-
dant rain. The influence of the winter rainfall, diminishes to
the east, where the relative contribution of equatorial air is
associated with summer rainfall (see Section 2.1 in Chapter 9
on Savanna on the origins and dynamics of the summer-rain-
fall regime in the eastern part of southern Africa). Especially in
spring and autumn southerly winds bring orographic rain to the
south-facing coastal mountains lying south of 33° S and east of
20° E—this is associated with frontal systems that pass south
of the continent. As a result, the climatic stations to the east of
this show a bimodal rainfall pattern (Allen 1996).

It is presumed that the mediterranean-type climate became
established in the Cape at the end of the Pliocene, about 3 mya
when the Hadley Cell was located above the South Atlantic
Ocean and assumed a relatively fixed position relative to south-
ern Africa (Hendey 1983b, Deacon et al. 1992, Allen 1996).
However, there is evidence that the Antarctic circumpolar cur-
rent and the onset of mediterranean-type climates may have
been initiated as early as 33 mya (Scher & Martin 2006).

2.4.2 Regional and Local Climate

Mean annual precipitation (MAP) averaged over the total area of
the Fynbos Biome is about 480 mm. This is highest for the fyn-
bos (FF units) at about 540 mm, followed by 370 mm for renos-
terveld (FR units), and 350 mm for strandveld (FS units). These

and some other modelled (nonstation) data below (Schulze
1997a) can be regarded only as approximate, especially with
the great topographical diversity in the fynbos region and few
confirmatory weather stations on the mountains. MAP is lower
on the lowlands of the coastal belt (especially west of Mossel
Bay), increasing to much higher values on the mountains nearer
the coast, but lower on isolated fynbos island mountains in
the Karoo of the interior. Thus, for example, the rainfall on the
coastal belt in the vicinity of Herold’s Bay increases greatly on
the first mountain range of the Outeniqua and remains greater
than the rainfall on the inland Groot Swartberg range despite
the higher altitude of the latter (Figure 4.8). The lowest MAP
is found along the northern parts of the western coastal plain,
with a minimum of roughly 100 mm for the FFd 1 Namaqualand
Sand Fynbos. The highest MAP averaged over the vegetation
unit is found in FFs 30 Western Altimontane Sandstone Fynbos
and FFs 11 Kogelberg Sandstone Fynbos (both with MAP over
1 300 mm). The station with the highest measured MAP (3 190
mm at an altitude of 1219 m at Jonkersnek, Jonkershoek)
in South Africa is in Kogelberg Sandstone Fynbos. Of all the
vegetation types in the whole mapping area (South Africa,
Lesotho and Swaziland), MAP most closely approaches equality
with mean annual potential evaporation (MAPE) in Kogelberg
Sandstone Fynbos (91% of MAPE) and Western Altimontane
Sandstone Fynbos (87% of MAPE).

In all the seven north-south pairs of vegetation units on the
generally east-west-trending mountain ranges from the Klein
Swartberg, Kammanassie and Outeniqua Mountains in the east
to the Hex River and Riviersonderend Mountains in the west,
MAP is consistently higher in the respective southern unit when
compared to that of its northern counterpart. For example, MAP
in the FFs 19 South Outeniqua Sandstone Fynbos is more than
50% greater than that in the FFs 18 North Outeniqua Sandstone
Fynbos (see also Figure 4.8). There are also large differences in
solar radiation between southern and northern slopes in win-
ter. In this season, north-facing slopes of 20° receive three to
five times as much energy than equivalent slopes facing south
(Fuggle & Ashton 1979). In summer, the solar energy received
daily differs little between north- and south-facing slopes of
less than 30°.

Coefficient of variation of annual precipitation varies from <
20% on many of the main mountains in the southwest and
south of the biome to > 35% in the northern parts of the west-
ern coastal belt.
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Figure 4.8 Mean annual rainfall along a south-north altitudinal gradi-
ent from Herold’s Bay on the coast, across the Outeniqua and Swart-
berg Mountains to Prince Albert, via the Oudtshoorn basin. Dark blue
bars represent rainfall in areas in the Fynbos Biome and light blue bars
rainfall in karroid and thicket areas. The red line represents altitude
above sea level. Green dots represent towns.
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The Fynbos Biome has a wide variation in seasonality of precipi-
tation (Figure 4.9). Most of the biome receives either winter or
even rainfall (according to definition of Bailey 1979). The area
of ‘strong winter rainfall’ is limited to a section of the West
Coast centred on Saldanha and St Helena Bays. However, some
of the western parts of the ‘winter rainfall’ zone are marginal
to ‘strong winter’. The eastern boundary of the ‘winter rainfall’
zone extends roughly to the lower Breede River Valley and to
the north includes the Roggeveld Escarpment and the Hantam
Plateau area north of Calvinia. The ‘even rainfall’ zone includes
much of the southern Cape as well as the renosterveld areas
along the Nuweveld Escarpment. Some of the easternmost
islands of fynbos, including several vegetation types of the biome
(e.g. on the Grootrivierberge and Klein-Winterhoekberge) in
the Eastern Cape, lie marginally in the ‘summer rainfall’ zone.

As a consequence of the winter concentration of rainfall in the
west, the solar radiation for winter in the southwestern part of
the biome is lower than elsewhere and at any other time of year
in South Africa (< 12 MJ.m2.day™" in July from Saldanha Bay to
Cape Agulhas).

Cloud cover on the higher mountains is frequent in the west
in the dry summer and driven by strong winds, and occurs pre-
dominantly on the summits and southern and southeastern
slopes. Over 500 mm of water may be precipitated per year
from wet stratus cloud without being recorded in standard rain
gauges (Fuggle & Ashton 1979). Schulze (1997b) reports more
than 600 mm per annum of orographically induced moisture
from fog (not recorded by standard gauges) in the Jonkershoek
Mountains near Stellenbosch.

Snowfalls occur on the higher mountains of the southwest-
ern parts of the Western Cape, with a frequency estimated at
5.4 falls per year and peaking in late July (Schulze 1965). The
snowline is very seldom seen below an altitude of 1 000 m.
Snowdrifts of more than one metre deep can occur on high
plateaus such as Fonteintjiesberg (1 989 m) in the Hex River
Mountains, with snow cover sometimes persisting for two
weeks or more. Snowfalls can occur here into early summer
(December). There is anecdotal evidence that the duration of
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persisting snow has declined over the entire region over the
past few decades.

Relative humidity is highest (> 70%) along the coast in summer
but with high values also extending inland in winter, especially
on the mountains.

Temperatures are generally the lowest on the high mountains
(mean annual temperatures of less than 12°C) and higher in
the lowlands and tend to be the highest near low-lying parts of
the Karoo (mean annual temperatures greater than 19°C), but
more ameliorated near the coast with mean annual tempera-
tures closer to 16°C.

The lowlands near the coast are generally frost-free. However,
frost does occur on higher-lying regions and towards the
interior. Thus, for example, the average number of days with
heavy frost (screen minimum temperature < 0°C) is 0.3 for
Paarl, 3 for Riversdale, 12 for Grabouw, 14 for Ceres and 93
for Sutherland.

Temperature data for the mountains are limited. On the summit
of Table Mountain (Cableway) at an altitude of 1 067 m, mean
monthly maximum and minimum temperatures are 30.3°C and
—0.2°C for January and July, respectively. To estimate the likely
temperatures on two of the highest peaks in the Fynbos Biome,
namely Matroosberg, Hex River Mountains (altitude of 2 249
m), and Seweweekspoort Peak, Klein Swartberg range (altitude
of 2 325 m), we applied seasonal temperature lapse rates cal-
culated for mountains of the southwestern Cape and separately
for the southern Cape (Schulze 1965) to nearby weather sta-
tions (Matroosberg—Helpmekaar and Amalienstein, respectively).
Mean monthly maximum and minimum temperatures approxi-
mate 28.7°C and -8.9°C for the summit of Matroosberg and
30.1°C and —-12.2°C for the summit of Seweweekspoort Peak
for January and July, respectively.

One of the highest temperatures ever measured (46.1°C) in the
biome was in January at a low altitude near the karroid edge of
the biome at Clanwilliam. This absolute figure compares with
a mean monthly maximum temperature of 44.1°C and a mean
daily maximum temperature of 35.4°C for the same station and

Strong winter

Summer

Figure 4.9 Classes of rainfall seasonality for the Fynbos Biome (shown in red) using mean winter rainfall (April to September) as a percentage of
mean annual rainfall (after Bailey 1979). Rainfall data were interpolated from rainfall station data. Strong winter (80% and over), winter (60-79%),
even (40-59%), summer (20-39%); strong summer (0-19%) is not encountered in the Fynbos Biome.
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the mountain ranges reinforces the land
breeze, giving moderately strong off-
shore winds seaward of major valleys. In
the interior there is much less wind than
on the coast, the percentage of calms is
higher and in the west a greater westerly
component is evident in both summer
and winter. In the eastern interior the pre-
vailing winds are easterly to southeasterly
in summer and northwesterly in winter.

The entire coastal belt is subject to occa-
sional hot desiccating gusty winds (berg
winds), especially in winter. These out-
breaks of subsiding air heated by com-
pression become more marked eastward
along the coast. The wind blows at right
angles to the coast and is responsible for
temperature rises of over 10°C in just
a few hours. They are associated with
approaching low pressure systems and
often precede frontal systems.

L. Mucina

Figure 4.10 Blanket of fog created by the ascending moisture-laden ‘Southeaster’ (trade winds)
blowing over the Kogelberg (Western Cape).

month. Even well within the biome there are also some areas of
high summer temperature. Wellington—-MUN recorded an abso-
lute temperature of 45.6°C in January. This figure compares
with a mean monthly maximum temperature of 38.5°C and a
mean daily maximum temperature of 31.2°C for the same sta-
tion and month.

Mean annual potential evaporation on the lowlands of the
coastal belt south of the Riviersonderend-Langeberg Mountains
is < 2 000 mm, dropping to < 1 800 mm and in parts even <
1 600 mm south of the Outeniqua and Tsitsikamma Mountains.
By contrast, the lowlands north of False Bay have a higher
mean annual potential evaporation, i.e. greater than 2 000 mm,
increasing to more than 2 200 mm north of Malmesbury and to
greater than 2 400 mm in the Olifants River Valley, the coastal
belt of Namaqgualand and the Roggeveld Escarpment. Values on
the higher mountains close to the coast are below 1 400 mm.

Fuggle & Ashton (1979) provide a useful summary of the occur-
rence of wind in the Fynbos Biome. The region’s entire coastal
belt is characterised by strong winds. Summer winds are domi-
nantly southeasterly to southerly, usually picking up in midmorn-
ing and reaching greatest strength in the evening, although
often persisting at gale force for days. They are responsible
for the orographic summer mist precipitation and the associ-
ated ‘Table Cloth" and ‘Hottentot’s Blanket” on the mountains
(Figure 4.10). Winter winds dominate from the northwest
(prefrontal) and southwest (postfrontal). Sea breezes exert an
influence when gradient winds are light, appearing as shallow
northwesterly to westerly air drifts along the Atlantic coast but
as shallow southeasterly flows on the South Coast. In summer
the sea breeze over False Bay reinforces the southerly gradient
winds, giving rise to maximum wind velocities in the early after-
noon. Land breezes do not occur in the southwestern part of
the Western Cape due to the very low sea temperatures.

From Cape Hangklip eastwards a slight sea breeze influence is
evident throughout the year, but prevailing winds are roughly
easterly and westerly. The main difference between winter and
summer winds east of Mossel Bay is the high frequency of east-
erly winds in summer (greater than 25%). The warm Agulhas
Current off the coast provides a land-sea temperature gradi-
ent sufficient for land breezes to develop on calm, clear nights.
Katabatic drainage down the major valleys cutting through

Wind speed can be high, especially in

the west. In Cape Town (Windfield), the
wind speed exceeds 26 km per hour, almost half of the time
in January (Schulze 1965). For around 20 hours of this month,
wind speed exceeds 42 km per hour. Wind speed and frequency
can be expected to be considerably higher on mountain tops.

Lightning frequency and hail are rare in the extreme western
parts of the biome but increase eastwards. Yet even in the
extreme eastern parts, lightning ground-flash densities remain
below 2 flashes per km? per year (Schulze 1997a).

3. Vegetation Types of the Fynbos
Biome

There are three major vegetation complexes within the Fynbos
Biome—fynbos, renosterveld and strandveld—described
below.

Embedded within the Fynbos Biome are edaphically specialised
vegetation units of azonal nature (Table 4.1), such as those of
coastal vegetation (see Chapter 14) or inland azonal vegetation,
including freshwater wetlands and salt pans and alluvia (see
Chapter 13). The remnants of the afrotemperate and coastal
subtropical milkwood forests are of intrazonal nature and are
described in Chapter 12.

3.1

Fynbos (derived from the Dutch ‘fijn-bosch’ and pronounced
‘feinbos’) means ‘fine bush’, with a Dutch connotation for ‘kin-
dling’—as opposed to fire-wood. It is an evergreen, fire-prone
shrubland characterised by the presence of restios (wiry, ever-
green graminoids of the Restionaceae), a high cover of eri-
coid shrubs (fine-leaved, principally in the families Ericaceae,
Asteraceae, Rhamnaceae, Thymelaeaceae and Rutaceae),
and the common occurrence of proteoid shrubs (exclusively
Proteaceae). It is thus often considered a ‘heathland’, which it
resembles in structure and function, but strictly only ericaceous
fynbos is truly a heathland (Cowling et al. 1997). Other impor-
tant features of fynbos are the presence of leaf spinescence,
high sedge (Cyperaceae) cover and low grass cover in mature
phases of some facies (Campbell 1985). Campbell (1985)
ascribed the origin of the botanical use of the term ‘fynbos’ to

Fynbos
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Table 4.1 Zonadl, intrazonal and azonal vegetation units (or groups of units) within the Fynbos Biome.
For the discussion on the concepts related to zonality see Chapter 13 on Inland Azonal Vegetation.

Vegetation unit Extent (km?) Zonality status
FF Fynbos 59281 zonal

FFq 1 Stinkfonteinberge Quartzite Fynbos 49 extrazonal A

FFd 1 Namaqualand Sand Fynbos 939 extrazonal A

FFg 1 Kamiesberg Granite Fynbos 36 extrazonal A
FR Renosterveld 27962 zonal

FRg 1 Namaqualand Granite Renosterveld 706 extrazonal A
FS Western Strandveld 3001 infrazonal
Cape Thicket® unknown intrazonal
F 11 Western Case Talus Forest® (part of FOz 1)° unknown intrazonal
F 12 Western Cape Afrotemperate Forest (part of FOz 1) P unknown infrazonal
F 13 Southern Cape Afrotemperate Forest® (part of FOz 1) P unknown intrazonal £
F VII3 Western Cape Milkwood Forest® (part of FOz 7) P unknown intrazonal
AZf 1 Cape Lowland Freshwater Wetlands © 72 intrazonal/azonal F
AZa 1 Fynbos Riparian Vegetation © 17 intrazonal/azonal F
AZa 2 Cape Lowland Alluvial Vegetation © 358 intrazonal/azonal F
AZd 3 Cape Seashore Vegetation 227 intrazonal/azonal f

moON®>

G featured in Chapter 13: Inland Azonal Vegetation
H featured in Chapter 14: Coastal Vegetation

isolated patches outside the main Biome extent, embedded within other biome (Succulent Karoo)

not mapped or classified due to very small extent and lack of data

nomenclature and code as in Von Madltitz et al. (2003); see also Table 12.1 in this book

codes FOz 1 and FOz 7 refer to the Forest zonal vegetation units (see Chapter 12 in this book)

the isolated patches embedded within Fynbos Biome are intrazonal; the Knysna-Tsitsikamma forest region is the
largest zonal remnant of the Afrotemperate Forest Biome in Southern Africa

F intrazonal on regional scale; azonal on continental scale

Bews (1925), who applied it to fine-leaved shrublands of both
the Cape and the Drakensberg.

We define ‘fynbos’ in structural terms pragmatically as a shrub-
land or restioland with a cover of more than 5% Restionaceae,
usually containing elements of Ericaceae or other ericoid
shrubs and Proteaceae. Ecologically it is naturally dominated
by the effect of hot summer fires at intervals of 10-30 (or more
extremely 5-50) years, which are fuelled by the fine-leaved
shrubs and especially by the Restionaceae. Fynbos occurs mainly
on nutrient-poor sandy soils, and less frequently on limestone,
leached clay soils derived from shale and granite, and gravelly
soils derived from duricrust outcrops and alluvial sediments.

3.1.1 Approaches to Typology of Fynbos

Classification of vegetation of the Cape Floristic Region has
been, for descriptive vegetation scientists at least, a challeng-
ing and daunting task.

To date there have been six major classification attempts for
vegetation in the Cape Floristic Region:

(1) Acocks's (1953, 1975, 1988) veld type scheme.

(2) Braun-Blanquet (floristic-sociological) approach, repre-
sented by Taylor, Boucher and their students.

Moll and Bossi's large-scale units based on remote-sensing
(Moll & Bossi 1983) and used by Low & Rebelo (1996).

Campbell’s (1985) structural classification.

Cowling’s Broad Habitat Unit classification (Cowling et al.
1999b, Cowling & Heijnis 2001).

Our classification presented here.

The vegetation classifications of Acocks, Moll, Cowling and
this chapter address biome-scale patterns, and are therefore
well suited to national management and planning of natural
resources. Acocks and Moll's schemes contain a small number
of broad units and are thus less successful in summarising the
diversity of vegetation in the Cape Floristic Region. The Broad
Habitat Units (BHUs) and our vegetation types are far more
detailed, and also mapped at a far finer scale. The BHUs are
based on three basic sources: geology, climate and centres
of endemism. Our approach uses the BHUs, but also includes
important characters such as: (1) extensive use of floristic data
in delimitation and calibration of the units, (2) differentiated
weighting of the importance of geology and climate depending
on the broad subcategory of the classified object, (3) applica-
tion (albeit only to a limited extent) of the concepts of zonality
in the unit delimitation, and (4) high-level of GIS precision of
definition of boundaries by using more detailed (and precise)
GIS sources—leading to a high level of detail recognisable down
to 1:250 000 and in places even 1:50 000 scales.

Only the floristic-sociological and structural classifications did
not produce a biome-wide map of the region, arguably as they
focus at much smaller scales.

The Braun-Blanquet (or ‘BB’) approach, known as ‘phytosoci-
ology” or "phytocoenology’ (Braun-Blanquet 1964, Westhoff
& Van der Maarel 1978), became the most used method in
Europe and was exported worldwide (Van der Maarel 1975).
In South Africa this approach has been used in the Savanna
and Grassland Biomes, but achieved less success in the Fynbos
Biome, where it has been used locally in management plans of
some conservation areas.

By addressing the vegetation complexity on habitat (or habitat
complex) level, the floristic and structural approaches became a
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focus of controversy, which continues today (Linder & Campbell
1979, Campbell 1986¢, Cowling & Holmes 1992b). The use of
the BB approach was criticised (if not dismissed) in the Fynbos
Biome because of the following flaws and difficulties:

(1) Floristic composition requires cover classes but fynbos takes
8-15 years to mature, during which the species canopy
cover changes dramatically. In fact, seral stages recapitu-
late the fynbos series (see below). Thus, at any one time, a
large proportion of fynbos vegetation may be too young
for sampling.

(2) The composition of many communities is determined by
fire (intensity, season, frequency, veld age, past fire history,
lottery recruitment from seed banks following fire), and
thus the same community may vary in species composi-
tion and abundance between fires. This results in different
community classifications for the same site.

(3) Asaconsequence of focusing on mature communities, fire
ephemerals and geophytes are not routinely recorded or
included into community descriptions. Phytosociological
data do not exist for young fynbos, and it is not known
whether the community patterns for young communities
reflect or are independent of mature fynbos. Data do not
even exist as to which communities have markedly dis-
tinctive post-fire communities. Some communities have a
dominant and high-cover early seral community (usually
Asteraceae or Fabaceae), which is completely absent in
mature veld, whereas other communities merely change
by overtopping of later seral species without much loss
of early seral cover. The dynamics of these community
changes are unexplored.

(4)  We do not understand the geophytic and spring annual
communities. These are routinely excluded from phytoso-
ciological surveys as they effectively restrict sampling to
two or three months of the year. There is some evidence
that geophytes are not as geologically restricted in their
distributions as many shrubs (phanerophytes). This affects
patterns of endemism, with surprisingly many renosterveld
geophytes also present in fynbos on sandstone substrates
and thus crossing many shrub-based community bounda-
ries, a rare occurrence in shrubs.

(5) The high gamma diversity results in ecologically analogous
communities in different areas having different replacement
species, not necessarily in the same genus. Consequently,
the proportions of replacements between analogous com-
munities will vary between regions and communities to
the extent that analogous communities may not be easily
detectable.

(6) There are too many species (many of which are identifiable
only for short flowering or seeding periods) for the practi-
cal identification of species, so that omitted, indetermi-
nate and incorrectly identified taxa will confound floristic
analysis. Adequate sampling to resolve these problems will
make sampling too expensive.

(7) There are too many species and too many communities,
so that a formal (syn)taxonomic synthesis of communities
becomes unlikely even given sufficient resources.

(8) Because of the high species numbers it takes a long time
to collect field data and also for herbarium identification,
making data collection a slow and tedious process. This is
not helped by frequent taxonomic name changes, or, less
frequently, changes in species and generic delimitation—a
constant problem in a rich and diverse flora.

(9) Because of species turnover, floristics will yield biogeo-
graphical rather than ecological insights into fynbos.

(10) Time, budgetary and legal constraints require that many
studies—especially for Environmental Impact Assessments,
Integrated Environmental Management and development
applications—have to be completed within a matter of
months. It is simply impossible to undertake community-
type analyses under these scenarios, and communities are
usually merely ‘eye-balled’, with a brief summary of domi-
nant and Red Data taxa (De Villiers et al. 2005).

The first four issues question the theoretical soundness of
procedures used in floristic classification of vegetation, based
on a misunderstanding of the floristic-sociological approach.
Exclusive study of ‘mature’ communities or the deliberate exclu-
sion of a floristic segment is not preached: the floristic approach
is suited for communities at any stage of development. The lack
of understanding of the short-lived synusia (such as those of
geophytes and annuals) within the Fynbos and Succulent Karoo
Biomes is not a theoretical drawback of the approach, but is
due to the wrong application of its sampling procedures. The
issues (5) to (8) lament the high diversity and the concomitant
high time and identification investment needed, and taxonomic
deficiencies. All of these issues are logistical and certainly valid.
However, these are surmountable provided there is change
in political will that would result in more support for vegeta-
tion surveys (including better funding) and steady and genuine
progress in plant systematics.

The success of the floristic-sociological approach lies especially in
the researcher’s or user’s ability to read the ecological message
in particular species groups. This implies being able to iden-
tify all the species and understand their ecology—admittedly a
tall order in a region containing over 9 000 taxa. Consequently
only a few areas of the Cape Floristic Region have been stud-
ied using the floristic approach—far too few to be of use in
the compilation of a detailed vegetation map of the entire
Fynbos Biome. The floristic classification of the vegetation of
the Cape Floristic Region is possible and necessary, but is still a
very distant target. It took European phytosociology more than
100 years to develop a unified vegetation system acceptable
to the European Union (EU) legislature (Devilliers et al. 1991,
Devilliers & Devilliers-Terschuren 1996, European Commission
1995, Rodwell et al. 2002) and applied on a continent-wide
scale (NATURA 2000 network of nature reserves, biotope map-
ping in the EU, etc.). Despite the lack of manpower and current
politically motivated lack of acceptance, South African descrip-
tive vegetation scientists should continue building the floristics-
based classification system and ensure that it is used at the
proper scale in nature management of the Cape.

Many of these arguments also apply to the alternative struc-
tural approach proposed by Campbell (1983, 1985, 19864, b)
for fynbos of the mountainous regions. This system was later
tested and extended to the South Coast lowlands by Cowling
et al. (1988) and Rebelo et al. (1991). Campbell’s scheme has
the advantage in that it is relatively quick to sample and does
not require many years of taxonomic experience to execute.
However, its reliance on certain easily identified taxonomic
groups, and their cover/abundance, renders it equally problem-
atic to floristic studies in terms of requiring mature veld for sam-
pling (Cowling & Holmes 1992b). It is also problematic in that
a comprehensive map of structural types across the biome has
never been attempted, although it was shown to be amenable
to fine-scale mapping on the South Coast.

The structural classification approach fails in several important
theoretical and practical aspects. The most serious theoreti-
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cal drawback is the fact that the vegetation structure is of a
convergent nature—the same structural phenomena can be
encountered under very different habitat conditions. However,
this has not proved a drawback in the Fynbos Biome, with the
exception of restioid fynbos, where the arid facies and meso-
trophic restioid fynbos were easy to separate at the next hier-
archical level (Rebelo et al. 1991). Another serious weakness of
the approach lies in the link between the vegetation structure
and function, assuming that the ecological message can be
detected in growth forms. Admittedly, we know even less about
it than about the ecological requirements of particular species.
Structural classifications are currently the method of choice for
rapid, quick appraisals required for conservation monitoring
and Environmental Impact Assessments, where floristics are
restricted to the documentation of the dominant 10-20 spe-
cies and the listing of Red Data taxa. Whatever its deficiencies,
fine-scale mapping of core areas of the Cape Floristic Region
is currently under way based on Campbell's methodology as
modified by Cowling et al. (1988) and Rebelo et al. (1991).

There is a clear need for a theoretical integration and develop-
ment of both floristic and structural approaches as well as for a
classification of habitats at a scale finer than vegetation types
(Linder 2005a).

3.1.2 Structural Communities in Fynbos

Campbell’s (1985) structural approach is based on the cover-
abundance in height classes of life or growth forms (e.g. annual
grasses, ericoid leaves), single-structural characters (e.g. spines-
cence, leaf hairiness), higher taxa (e.g. Ericaceae) and domi-
nant species (especially Proteaceae). The interplay between the
different structural communities is complex, but clear patterns
have been determined.

Within fynbos availability of water appears to be a key element
in determining the distribution of structural components across
the landscape. Overall, asteraceous fynbos occurs at the most
arid extreme, followed by restioid, graminoid, proteoid fynbos
and waboomveld, with ericoid and wet restioid fynbos on the
moistest extreme. In deep soils with widely fluctuating water
tables, shrubs appear to be excluded and restioid and occasion-
ally ericoid fynbos are dominant. This composition appears to
be determined by success of post-fire establishment, with shrub
seedlings failing to keep in root contact with the dropping water
table. In rocky areas, the amount of soil and depth of cracks
seem to be important variables for vegetation structure.

Proteoid fynbos (Figure 4.11) is characterised by a high cover
of dominant, reseeding overstorey proteoids. These plants are
usually tall or emergent, but in ferricrete and silcrete fynbos
they may be lower than 1 m. Ferns and evergreen geophytes
are prominent, and leafy and wide-leaved sedges are also char-
acteristic. Proteoid fynbos is widespread on the deep and rela-
tively fertile colluvial soils at the foot of mountains. It is often
prominent on the Cedarberg shale bands, and more prominent
below it than above it. With their deep roots, proteoids exploit
deep water unavailable to other fynbos plants, and conse-
quently grow when most other fynbos plants are dormant—the
wet season is the major flowering time.

Ericaceous fynbos (Figure 4.11) is dominated by ericoids and
a high cover of restioids. Endemic and near-endemic families
(Bruniaceae, Penaeaceae and Grubbiaceae) are also character-
istic, as is a high cover of sedges. Ericaceous fynbos occurs at
higher altitudes than proteoid fynbos, on permanently wet, cool,
relatively fine-grained soils with a high organic carbon content.
Mists are prominent in summer, especially under southeasterly
wind conditions when the orographic cloud known on some
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local mountains as the ‘Table Cloth’ or 'Hottentot’s Blanket’
occurs.

Restioid fynbos (Figure 4.11) is dominated by restioids, with a
low cover of shrubs. Because restioid fynbos is dominated by
shallow-rooted plants, it occurs on warmer, north-facing slopes
that are on shallow or deep soils prone to drought in summer,
including dunes and perched sandy plateaus. Restioid fynbos
also occurs on waterlogged soils on cooler, south-facing slopes,
where root growth is inhibited for much of the year.

Asteraceous fynbos (Figure 4.11) has a relatively low total cover,
and often a high grass and elytropappoid cover, and a promi-
nent deep-rooted nonericaceous ericoid shrub component
(Asteraceae, Rhamnaceae and Thymelaeaceae). We exclude
talus asteraceous fynbos, which does not fit comfortably within
this group, as ‘waboomveld’ (see below). Asteraceous fynbos
occurs on the hot, lower, north-facing slopes, on the deeper
colluvial soils.

Waboomveld or ‘talus asteraceous fynbos’ (Figure 4.11) has
been long recognised as a fynbos community (Taylor 1963). It
is characterised by the presence of Protea nitida (waboom), the
only stem-resprouting plant in fynbos, a habit which allows it
to form a very unusual 2-5 m tall tree overstorey. It is largely
confined to the lowest slopes and talus slopes, often on more
fertile, deeper soils. The understorey is very varied, but often
contains significant nonericaceous ericoids.

Grassy fynbos (Figure 4.11) is characterised by a high grass
cover, with an associated high cover of nonproteoid nanophylls
and forbs. It is quite distinct from the other fynbos types and
has been regarded as a separate grouping, known as ‘Eastern
Fynbos’ (Cowling 1984, Campbell 1985). Grassy fynbos occurs
on soils of finer texture and higher nutrient levels, and under
conditions of less summer drought than the other fynbos

types.

It is apparent that ericaceous and proteoid fynbos are more
common on the coastal ranges, whereas restioid and astera-
ceous fynbos prevail on inland ranges. In addition, higher (wet-
ter) mountains have more ericaceous and proteoid fynbos. Flats
and lower ranges are dominated by restioid and asteraceous
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Figure 4.11 Direct ordination of various fynbos shrublands and related
vegetation of the southwestern Cape (including forests, karroid shrub-
lands etc.) in relation to annual rainfall and soil depth (courtesy of
Oxford University Press, Cape Town).
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Figure 4.12 Faces of fynbos shrublands: A: proteoid fynbos dominated by Leucadendron xanthoconus and prominent Phaenocoma prolifera
(Potberg); B: waboomveld with tall scattered Protea nitida (Du Toitskloof, Limietberg); C: coastal asteraceous shrubland with Phaenocoma prolifera
and Metalasia densa (Betty’s Bay); D: grassy fynbos with low tree of Oldenburgia grandis (Asteraceae) in the foreground (Howison’s Poort near
Grahamstown); E: typical ericoid fynbos with Erica laeta dominant in temporary wetlands of the Smitswinkelvlakte (Cape of Good Hope); F: restioid
fynbos with Thamnochortus spicigerus on the Agulhas Plain. Photographs by L. Mucina.
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fynbos. In the east, where summer drought is less pronounced
and soils are more fertile, grassy types dominate. Thus, in the
east, proteoid fynbos is replaced by graminoid fynbos, res-
tioid fynbos is replaced by grassland, and asteraceous fynbos
is replaced by grassy shrubland. Richer soils (granites, shales,
silcrete and ferricretes), if leached by high rainfall (more than
600 mm per year), contain mainly asteraceous and proteoid
fynbos (Figure 4.12). Restioid fynbos also occurs in seasonally
waterlogged dune environments.

Although complex, structural types occur predictably across
landscapes in fynbos vegetation types. Analogues between
units are relatively straightforward and allow easy comparison
of ecological gradients between units. Generally there is also an
altitudinal zonation in the mountains, with waboomveld, pro-
teoid, ericaceous and restioid fynbos on southern slopes, and
asteraceous, proteoid, ericaceous and restioid fynbos on the
northern slopes. However, these patterns are modified by soil
depth and drainage (Cowling & Holmes 1992b).

3.2 Renosterveld

Renosterveld, or renosterbosveld, literally translates as ‘rhinoc-
eros vegetation’. There is confusion as to whether this refers to
the historical presence of the hook-lipped or black rhinoceros
(Diceros bicornis) in this veld type or, more likely, whether it is
derived from ‘renosterbos-veld’ (Boucher 1980). Renosterbos
refers to Elytropappus rhinocerotis, the dominant plant in this
vegetation thought to be so named because reputedly only the

black rhinoceros ate it (it is filled with phenolics and eschewed
by livestock). A third explanation is the dull, grey appearance
of the veld (hence ‘Swartveld’ and ‘Swartland’, meaning ‘black
field" or ‘black land’), which is similar in hue to rhino hide
(Boucher 1980).

Renosterveld is an evergreen, fire-prone shrubland or grass-
land dominated by small, cupressoid-leaved, evergreen astera-
ceous shrubs (principally renosterbos) with an understorey of
grasses (Poaceae) and a high biomass and diversity of geophytes
(Boucher 1980, Moll et al. 1984, McDowell & Moll 1992). Here
we define renosterveld narrowly as excluding (fynbos) types
dominated by Proteaceae, Ericaceae or having more than 5-10%
cover of Restionaceae. Thus we approximate Campbell (1985)
in our approach, in that Elytropappus-dominated communi-
ties with Passerina, Phylica and restioid components considered
asteraceous or restioid fynbos types. Our definition is much nar-
rower than that of Moll (Boucher & Moll 1981), but approaches
Acocks (1953) for the West Coast. We reject Acocks’s ‘false’
veld types, as a derived type and consider them typical types
in their area. However, we include thicket bush-clumps such as
those occurring on heuweltjies as a typical renosterveld element.
Renosterveld occurs predominantly on clay-rich soils derived
from shale and granite and, to a lesser extent, silcrete.

Apart from Asteraceae (including Elytropappus, Eriocephalus,
Helichrysum, Oedera, Pteronia and Relhania), other impor-
tant shrub families represented in renosterveld include
Boraginaceae, Fabaceae, Malvaceae, Rosaceae (Cliffortia) and
Rubiaceae (Anthospermum) (Goldblatt & Manning 2002b).

Figure 4.13 Faces of renosterveld: A: ‘bulbveld’ (bulb-rich herbland) at Waylands near Darling (West Coast) with Zantedeschia aethiopica,
Sparaxis bulbifera (white), Geissorhiza radians (purple and red), Trachyandra filiformis (small whitish stars) and a cloud of blue Heliophila
coronopifolia in the distance; B: typical renosterveld shrubland dominated by renosterbos (Elytropappus rhinocerotis) on a slope overlooking the
Koo (western Little Karoo); C: extensive grazing lawns in the valley of the Potberg River in the eastern portion of De Hoop Nature Reserve—the major
feeding ground of large herds of bontebok Damaliscus pyrgargus pyrgargus) and eland (Taurotragus oryx); D: tussock grassland with Cymbopogon
pospischilii and Themeda triandra on shale slopes in the Potberg section of De Hoop Nature Reserve. Photographs: A: J.C. Manning, B: L. Mucinag,

C & D: F.G.T. Radloff.
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Among the geophytes are representatives of both the mono-
cots (Amaryllidaceae, Asparagaceae, Asphodelaceae, Iridaceae,
Hyacinthaceae, Orchidaceae) and dicots (Oxalidaceae and
Geraniaceae) (Duthie 1930, Cowling 1983a, Paterson-Jones
1998, Goldblatt & Manning 2002b, Proches & Cowling 2004,
Proches et al. 2005, 2006). Indeed the world cut-flower trade
owes freesia, Ixia, Gladiolus, Ornithogalum (Chinkerinchee) and
Pelargonium to plants originally collected from the CFR. The fre-
quency and diversity of geophytes, according to Kruger (1979),
increase with that of soil fertility, aridity and fire frequency.
Floristic affinities of renosterveld with fynbos are low in spite
of their structural similarity (Boucher & Moll 1981). Although
many families and genera are shared, apart from geophytes,
very few species are shared, with the exception of the shale and
granite fynbos types where boundaries are often diffuse.

A major feature of renosterveld, at least the coastal units, is
the extensive transformation that has taken place over the last
100 years. Today these areas are predominantly croplands. This
follows on a major shift in large herbivore dynamics that took
place in the early 18th century, as large game and Khoi cat-
tle herds were replaced by European stock farmers. We will
probably never be able to recreate or determine the ecology of
renosterveld in any detail (Krug et al. 20044, b).

Moll et al. (1984) differentiated renosterveld into four distinct
(more or less biogeographically defined) types. These exclude
the escarpment types, which show strong karroid affiliations.

(1) Renosterveld of the West Coast Centre (west of the
Hottentots Holland and Twenty-four River Mountains)
tends to have a sparser grass cover, comprising mainly
C3 genera, a higher diversity of deciduous geophytes and
annuals, and Eriocephalus africanus and Leysera gnapha-
loides as characteristic subdominants. The overstorey
shrubs have a greater canopy cover (50-90%) than in the
other centres. Heuweltjies support tall clumps of thicket
elements. The unusually high abundance of geophytes is
particularly characteristic.

(2) Renosterveld of the South Coast Centre (south of the
Langeberg and Riviersonderend Mountains) tends to
have less geophytes and more grassy elements (mainly
C4 genera) with typical subdominants Oedera genistifo-
lia, O. squarrosa and various species of Helichrysum and
Hermannia. Canopy cover varies from 50-75%. In the east
it grades into Albany Thicket types where dissected topog-
raphy prevents the spread of fire.

(3) Inland renosterveld of the Mountain Centre (from
Nieuwoudtville to Oudtshoorn, east of the Cederberg and
north of the Langeberg) tends to be more xeric and has a
lower cover than the coastal types, but this is determined
by moisture; southern aspects may be as dense as in
coastal renosterveld types. This renosterveld has a higher
proportion of succulents (reflecting a stronger Succulent
Karoo influence), and mixtures of renosterbos and
Relhania as dominants, occasionally with Pteronia incana.
Total cover is low (25-60%). Grasses (mainly C, genera)
may be prominent, but are often lost due to overgrazing
and may be absent. Locally Acacia karroo, Euclea undulata
and Aloe ferox may be prominent as scattered elements.

(4) Renosterveld of the Eastern Centre is relatively uniform
with no emergents above the renosterbos-dominated
shrubland. Grasses (mainly C, genera) can be a major com-
ponent, but overgrazing may eliminate them. Renosterveld
types of the Eastern Centre have the strongest affinities
with Albany Thicket and grasslands to the east. The east-
ern units of this type are particularly difficult to subdivide.

No further studies on the relationships and determinants of the
groupings of Moll et al. (1984) have been undertaken. Despite
its structural diversity, renosterveld has so far not been sub-
ject to detailed vegetation-structural classification. However
four major structural types have been used in an informal way:
shrubland, tussock grassland, grazing lawn (low, heavily grazed
grasslands), and lately also herblands dominated by bulbous
plants (‘bulblands’) (Figure 4.13).

3.3 Western Strandveld

Strandveld (Figure 4.14) consists of communities of medium
dense to closed (sometimes forming an impenetrable tangle)
shrublands dominated by sclerophyllous, broad-leaved shrubs
(Moll et al. 1984). Along arid stretches (especially at the West
Coast) the succulent shrubby element becomes obvious. The
shrublands are very low, especially closer to the seashore,
but can grow tall in sheltered sites and become replaced by
low scrub milkwood forest (especially on the Agulhas Plain;
see Cowling et al. 1988). Structural and floristic differences
between strandveld and neighbouring fynbos are striking.
Although restios (Ischyrolepis, Thamnochortus, Willdenowia)
can be a common element on deep soils, the Proteaceae are
absent and Ericaceae are extremely rare.

Strandveld vegetation is usually found close to the sea (whence
the Afrikaans term ‘strandveld’ or ‘beach vegetation’) but never
in habitats under direct influence of sea spray and other fac-
tors associated with the influence of the sea water—these
habitats are occupied by the azonal coastal vegetation (see
Chapter 14). Immediate coastal hinterland with its stabilised
Pleistocene (rarely also post-Holocene) dune cordons showing
signs of soil formation is the characteristic habitat of the typical
strandveld vegetation of the southwestern and southern Cape.
In the coastal hinterland, strandveld also occurs on harder sub-
strates supporting shallow soils, such as on granites (surrounds
of Vredenburg, Saldanha and further south in Cape Town on
the West Coast and on the coast south of George and Knysna
on the South Coast), Tertiary limestones of the West Coast
(Langebaan area) and South Coast (from De Kelders to as far as
Mossel Bay). Strandveld penetrates deep inland in several locali-
ties, such as east of Langebaan and Saldanha (here found over
sandy overlying calcrete pavements), along limestone krantzes
(cliffs) fringing De Hoop Vlei and in the hinterland of the sedi-
mented portion of Mossel Bay.

As opposed to the sand fynbos (often bordering on the strand-
veld units, both on the West and South Coasts), the substrate
of the strandveld is mineral-rich, with high concentrations
of calcium. Intricate relationships between topography, local
waterlogging and fire dictate the nature of the delimitation of
strandveld and sand fynbos on calcium-rich coastal sands of
the South Coast (see Section 9.1.3 on sand fynbos below for
further details).

Unlike in fynbos or renosterveld, fire plays a lesser role in the
strandveld communities. Despite high cover of the strandveld
shrublands, fire frequency is low. However, the succulent nature
of strandveld impedes the spread of fire, except under excep-
tional conditions. Although no data on fire-return intervals
for strandveld exist, they are probably in the order to 50-200
years. The early seral stages following fire are dominated by
Restionaceae and Rutaceae and have a typical fynbos physi-
ognomy, hence the term ‘dune fynbos'. It takes dune fynbos
over 20 years before it becomes overtopped by more typical
strandveld elements.

The major floristic component of the strandveld communities,
especially on the South Coast, shows subtropical biogeographi-
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Figure 4.14 Faces of strandveld. A: coastal dune strandveld dominated by aromatic shrubs
(buchus) such as Acmadenia mundiana and Agathosma collina and the restio Ischyrolepis eleo-
charis in De Hoop Nature Reserve (Overberg); B: granite strandveld with spring flower display
(Dimorphotheca pluvialis) in the Postberg Reserve (West Coast National Park); C: typical dune
strandveld with Metalasia muricata in De Mond Nature Reserve near Struisbaai. Photographs
by L. Mucina.

cal links. The notable genera occurring in strandveld and point-
ing towards this (sub)tropical link include for example Aloe,
Azima, Cassine, Clausena, Cussonia, Euclea, Diospyros, Grewia,
Gymnosporia, Lauridia, Maytenus, Mystroxylon, Pterocelastrus,
Rhus, Robsonodendron, Sideroxylon and Tarchonanthus. The
strandveld units of the West Coast also show a link to the
Succulent Karoo (through the increased occurrence of succulent
shrubs of genera such as Antimima, Cheiridopsis, Cotyledon,
Crassula, Dorotheanthus, Drosanthemum, Euphorbia,
Mesembryanthemum, Prenia, Ruschia, Tetragonia, Tylecodon,
Zygophyllum etc.). Floristic links to the fynbos and renos-
terveld (especially the granite renosterveld) are indicated by the
occurrence of genera such as Aspalathus, Babiana, Ehrharta,
Ischyrolepis, Metalasia, Oscularia, Oxalis, Phylica, Psoralea,
Romulea, Thamnochortus, Thesium, Ursinia and Willdenowia.
(For discussion on possible routes of evolution of the strandveld
flora, see Section 5.2 below.)

The dune thicket flora represents a westward extension of
the subtropical flora into the warm-temperate southern and
Western Cape. It is one of the major reasons why Tinley (in
Heydoorn & Tinley 1980; see also Moll et al. 1984) extended
the concept of ‘thicket’ to the Western Cape strandveld thickets
and why the vegetation map by Low & Rebelo (1996) included
the coastal thickets of the Western Cape in the (subtropical)
Albany Thicket Biome. The clear ‘depauperization’ trend in rep-
resentation of the subtropical element in the dune thicket flora
was reported by Cowling & Pierce (1985), who found that of
72 thicket species occurring at Cape St Francis, 56 (hence 79%)
were found in the Mossel Bay and Riversdale regions, but only
38 species (52%) in the southwestern Cape.

An interesting phenomenon linked to the dune thicket vegeta-
tion of the strandveld complex is the change in growth form in
some typically subtropical woody elements. Sideroxylon inerme
can be a tall tree reaching a height of 15 m in the tropics (and still
with a tree stature in dune forest along the KwaZulu-Natal coast),
becoming only a low tree or shrub (even showing a creeping
habit) on the temperate dunes of the southwestern Cape. This
remarkable plasticity has also been observed in Pterocelastrus
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tricuspidatus, Maytenus procumbens and
Cassine peragua (Cowling & Pierce 1985,
Taylor & Boucher 1993).

Here we consider the strandveld units
FS 1-9 as intrazonal units of the Fynbos
Biome, since their extent is strictly linked
to that of the Fynbos Biome—the zonal
fynbos units form the inland backdrop
to the coastal-bound strandveld units.
Hence the strandveld units share the
basic feature of the macroclimate with
the neighbouring zonal fynbos units.
We call this group of strandveld units
‘Western Strandveld’ to distinguish them
from those fringing our coasts further
east (in the realms of the Albany Thicket
Biome and Indian Ocean Coastal Belt).
The latter have been handled as azonal
(AZs 1-3) and featured in Chapter 14.

Moll et al. (1984) recognised two types
within strandveld, namely ‘"West Coast
Strandveld’ and "South Coast Strandveld'.
Our current classification builds upon this
dichotomy (largely motivated by the dif-
ferences in growth-form composition)
and pursues further subdivision based
on regional/local bioclimatic and biogeo-
graphical patterns as well as geology (reflected in the separa-
tion of the limestone and granite strandveld units).

3.4 Fynbos Thicket

While the strandveld shrublands are linked to coastal (hinter-
land) habitats, the fynbos thickets are found in fire-sheltered
habitats (Figure 4.15) embedded as fragments within fynbos—
sandstone, quartzite and granite fynbos, in particular.

We consider ‘fynbos thicket' a distinct (from subtropical Albany
Thicket, from fynbos per se, from riparian thickets typical of the
Fynbos Biome as well as from afrotemperate forests) vegeta-
tion type characterised by dominant sclerophyllous (‘other than
nanophyllous’ sensu Campbell 1985) shrubs and small trees
found in fire-sheltered habitats such as steep rocky slopes, boul-
der formations, screes and deep kloofs without streams, and
embedded within the fire-prone matrix of typical fynbos. The
understorey of these small shrublands is sparse. Most impor-
tantly, the dominant shrub elements are recruited from taxa
with their evolutionary roots (and current centres of diversifica-
tion) in the (sub)tropics—suggesting ‘pre-fynbos’ age, hence
possibly being relicts of pre-Pliocene subtropical woodlands that
possibly dominated the landscapes of the southwestern Cape.

The fynbos thickets have never been a subject of an exclusive
scientific enquiry. Many authors have, however, described their
local communities but usually focusing on fynbos or forests (e.qg.
McKenzie et al. 1977, Laidler et al. 1978, Kruger 1979, Taylor
1984b, 1996, Van Wilgen & Kruger 1985, McDonald 1988,
Mustart et al. 1993, Cleaver et al. 2005). So far, the most pen-
etrating insight has been provided by structure-oriented studies
of Campbell (1985). This author described two structural vari-
ations of the fynbos thickets called Cape and Mitchell Thickets.
Cowling & Holmes (1992b) introduced an overarching term
‘Western Thicket’ to encompass both.

In deep kloofs on lower northern sandstone slopes, fynbos
thickets with species of Buddleya, Rhus, Salvia and Pelargonium
occur in fire-safe habitats. These are dominated by aromatic-
leaved species, unusual in fynbos, perhaps an adaptation
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against grazing by animals on their way to summer watering
points up the kloofs. They have never been studied ecologically
or floristically.

Clumps of the wild olive (Olea europaea subsp. africana) occur-
ring within renosterveld matrix on rocky outcrops or on termi-
taria (Boucher 1980) also qualify as patches of ‘fynbos thicket'.

The question arises whether thicket patches found within fynbos
matrix should rather be considered forest (Afrotemperate Forest
Biome) or a Fynbos Biome type. Both may have Restionaceae
and other typical fynbos elements as an understorey, in which
case they should be considered as ‘thicket fynbos’. In these
cases the understorey usually burns. In granite fynbos, gran-
ite boulders often shelter stands of ‘closed-scrub fynbos’ and
‘thicket fynbos’. Presumably on richer soils the forest elements
establish more easily by virtue of the richer soils. However,
these patches appear to be far more dynamic, often containing
restioid, ericoid and proteoid elements, or patches of typical
fynbos within them. Furthermore, the boundaries are far more
diffuse. These species are not confined to these small forest
habitats, but may occur as isolated plants in fynbos in fire-safe
areas, some as small as single large rocks. Most of these species

Figure 4.15 Faces of Cape (fynbos) thicket. A: steep slopes of the Oorlogskloof River canyon
cutting though the Bokkeveld Plateau, clad in fire-resistant thicket; B: a thicket group with Aloe
arborescens in the mouth of the Baviaanskloof Valley near Genadendal that survived a recent
fire; C: Cape thicket with Heeria argentea on rocky slopes of the Witrivier in the Bain’s Kloof Pass

near Wellington. Photographs by L. Mucina.

fail the test as ‘true forest species’ in that they can establish and
survive in fynbos vegetation. They are forest pioneer elements,
most of which disappear as the forest matures to afrotemper-
ate forest and are more at home in the fynbos landscape than
in forest.

Due to the very limited extent of patches of fynbos thicket and
virtually no floristic data to address possible subdivision, this
type was not mapped and subsumed into the fynbos units in
which they occur. We have, however, noted the ‘fynbos thicket’
elements in the species lists in the descriptions of fynbos veg-
etation units (Table 4.2).

3.5 The Within-biome Boundaries

Fynbos and Renosterveld

Renosterveld occurs predominantly on clay-rich soils. At drier
extremes (usually below 250-300 mm) it is replaced by suc-
culent karoo shrublands, and in wetter areas (usually over 500—
800 mm) by fynbos (Cowling & Holmes 1992b). This boundary
is not determined by fire, as both communities are dominated
by fire, although renosterveld (at least in
higher-rainfall areas) typically burns more
frequently (3-5 years) than fynbos (10—
25 years) because of faster growth rates
and dominance by finer fuel grasses. By
our definition, the boundary is where
Restionaceae stop (or drop to less than
5% cover), usually in mesotrophic astera-
ceous or graminoid fynbos, but typically
Ericaceae and Proteaceae end at these
boundaries as well. However, transition
zones are broad and diffuse, resulting
in different interpretations of the actual
renosterveld-fynbos boundary. This tran-
sition has been attributed to leaching and
consequent loss of soil nutrients support-
ing fynbos (Cowling & Holmes 1992b).

The fynbos-renosterveld transition
appears related to differences in leaching
and is determined by annual precipita-
tion but it is unaffected by seasonality of
rainfall. Renosterveld does not typically
occur on sandstone and quartzite, but
occasionally occurs in more arid facies
where a thin clay or silt layer, usually
derived from remnants of overlying shale,
covers the bedrock. Even skeletal layers
of clay appear to exclude Restionaceae
and most other fynbos taxa. Typically
this only occurs in asteraceous fynbos;
as in other fynbos types, the clays would
be sufficiently leached to allow fynbos
to occur.

Overgrazing and excessive burning may
convert fynbos to renosterveld on shales,
but the mechanism for this is unclear.
Bush-cutting and liming of graminoid
fynbos in the Langeberg foothills con-
vert it to a grassland or grassy shrubland
that, because of the preferential loss
of typical fynbos elements, would be
classified as renosterveld (A.G. Rebelo,
unpublished data).
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Table 4.2 Floristic composition of the fynbos thicket communities embedded within various fynbos units (FFs 1
Bokkeveld Sandstone Fynbos, FFs 4 Cederberg S.F., FFs 10 Hawequas S.F., FFs 9 Penlnsula S.F., FFg 2
Boland Granite Fynbos, FFg 3 Penlnsula G.F, FFs 25 North KammanaSS|e S.F.). Status: found in both
western and eastern fynbos thickets, presumably endemic to fynbos thickets of the Bokkeveld, ‘typical of
coastal close fynbos thlckets of the Cape Peninsula, presumably endemlc to fynbos thickets of the Cederberg,
onIy in eastern thickets, © presumablycvendemm to granite fynbos thickets, " °presumably endemic of the fynbos
thickets of the Hawequas Mountains, "only in western thickets. The entries (numbers) within the body of the
table refer to the sources of the data: 1: L. Mucma (unpublished data) 2: Taylor (1996; original taxon names:
*Protasparagus, **MyrSIphyIIum ***Co/poon *Cassine barbara, ®E. natalenSIs *L. lobata), 3: Mustart et al.
(1998; *Protasparagus, Cassme barbara, E natalensis, *L. lobata, *G. heterophyila), 4: Taylor (1983; *T.
camphoratus, **Colpoon, $Cassine barbara, *G. heterophylla), 5: McKenZ|e et al. (1977; *Cassine capensis), 6:
Van Wilgen & Kruger (1985; *O. europaea, probably R. scytophylla, SA. thunberg/anus) 7: McDonald (1988 ;
*Protasparagus compactus), 8: Cleaver et al. (2005; * Cassine eucleiformis, *E. natalensis), 9: A.G. Rebelo & N.
Helme (unpublished data; see the descriptions of the respective units in this Chapter), 10: PRECIS database.

Taxon Status FFs FFs FFs FFs FFg FFg FFs | Taxon Status FFs FFs FFs FFs FFg FFg FFs
1 4 10 9 2 3 25 1 4 10 9 2 3 25

Hyaenanche globosa Be - Chironia baccifera w 23 6 5 7
Clivia mirabiis e Rhus rosmarinifolia w 9 7
Lidbeckia quinqueloba o 2+,3* Cassine peragua subsp. peragua w 10 2¢3% 10 4% 5*
Aloe plicatilis He 6 Clutia pulchella w10 2 10
Chionanthus foveolatus c 4 Kiggelaria africana w 10 23 10 5
Cussonia thyrsiflora ¢ 4 Knowltonia capensis w 3 6 4 5
Cynanchum obtusifolium c 4 Heeria argentea w110 123 6 10
Euclea racemosa c 4 Podocarpus elongatus w110 23 1,10 1
Maurocenia frangularia c 4 Indigofera frutescens w 10 23 10
Olea exasperata ¢ 4 Clutia polifolia w10 2 10
Phylica buxifolia ¢ 4 Anisodontea bryoniifolia w10 2
Pterocelastrus tricuspidatus c 4 Diospyros austro-africana w 10 23
Rhus glauca c 4 Euclea acutifolia w10 23
Rhus laevigata ¢ 4 Euclea lancea w 9 2
Sideroxylon inerme ¢ 4 Euclea linearis w10 3
Tarchonanthus littoralis ¢ 4* Euclea natalensis subsp. capensis w 9 2838
Clutia pterogona Ge Euclea tomentosa W 1,10 1,10
Leucadendron argenteum Ge - Rhus scytophylla w 23 6*

Rhus undulata w 23 6

Secamone alpini w 23 6
Cotyledon woodii E - Othonna amplexifolia w 23 6
Cussonia paniculata E 8N | Pellaca pteroides w 2 6
Diospyros lycioides E . Ficinia acuminata w 23 6
Euclea crispa E Asparagus scandens w 3 1
Euclea natalensis subsp. natalensis ~ E - Asparagus rubicundus w 6% 1
Euclea polyandra E - Rhus lucida w 9 4 5
Euclea undulata E - Widdringtonia nodiflora w 1 5
Ficus burtt-davyi E - Olea capensis subsp. capensis w 4 5
Lachnostylis bilocularis E - Rapanea melanophloeos w 10 7
Melianthus comosus E - Tylecodon paniculatus w19
Pelargonium zonale E B8N | Melianthus major w 2
Rhus pallens E . Rhus dissecta w 2,3
Robsonodendron eucleiforme E Rhus rimosa w 23

© | Senecio vestitus w 2

Asparagus aethiopicus w 2"
Maytenus acuminata A 0 10 9 10 10 7 10 Asparagus kraussianus w 2%
Maytenus oleoides A 9 23 6 5 8 Asparagus retrofractus w 2"
Clutia alaternoides A 10 10 10 10 8 Asparagus suaveolens w 2
Dodonaea viscosa A 123 10 10 8 Crassula atropurpurea w 2
Gymnosporia buxifolia A 10 3% 4% 10 8 Crassula decumbens w 2
Myrsine africana A 10 23 6 4 5 10 8 Crassula umbella w 1,2
Rhus tomentosa A 3 23 6 4 5 7 9 Knowltonia vesicaria w 2
Olea europaea subsp. africana A 1 23 6* 7 8 Stachys aethiopica w 2
Osyris compressa A 2% 4% 8 Teedia lucida w 6
Pteridium aquilinum A 1 5 7 8 Ursinia abrotanifolia w 6
Solanum tomentosum A 2 8 Asparagus asparagoides w 6

Asplenium aethiopicum w 6

Crassula albiflora w 6
Diospyros glabra w 10 23 6 10 5 7 Crassula coccinea w 6
Halleria lucida w10 10 10 10 7 Mohria caffrorum w 6
Cassine schinoides w 10 2 6 7 Rhus angustifolia w 7
Viscum pauciflorum w10 2 10 Asparagus lignosus w 7
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Fynbos and Strandveld

Like the fynbos boundaries with the Karoo and Albany Thicket
Biomes, the boundary between fynbos and strandveld is largely
determined by fire dynamics. Thus sand fynbos tends to occur
adjacent to strandveld, with the boundary and its transition
zones determined by the interplay of topography (primarily
dunes) and succulence associated with more nutrients derived
from salt spray from the sea. A dune fynbos occurs as a seral
stage to strandveld in areas of intermediate fire. The details
of the sand fynbos/strandveld boundary are summarised under
sand fynbos.

Renosterveld and Strandveld

Renosterveld does not abut upon strandveld. The two types
occur on different soil types and typically the aeolian sand/shale
interface is with acid sands supporting sand fynbos rather than
strandveld.

4. Evolutionary and Ecological Driving
Forces

Four complex factors stand paramount in fynbos ecology,
which, taken together, separate the Fynbos Biome from the
other biomes of southern Africa. These are: (1) the nutrient-
poor soils supporting fynbos, arranged in an archipelago within
more nutrient-rich soils containing mainly renosterveld, (2) hot,
dry summers alternating with cool, wet winters, typical of other
mediterranean-type regions, at least in the west of the biome,
(3) recurrent fires at 5-50-year intervals in fynbos and 2-10
years in renosterveld (not nearly annual as in the Grassland
and Savanna Biomes, or absent as in the Karoo biomes), and
(4) an intricate complex of animal-plant interactions, especially
involving grazing, pollination and dispersal (see also Goldblatt &
Manning 2002b, Linder 2003, Barraclough 2006).

We do not cover the considerable amount of other information
on plant function and ecophysiology in the Fynbos Biome here.
Reviews in these fields include those of Lamont (1982), Mooney
et al. (1982), Rutherford (1991), Stock & Allsopp (1992), Stock
et al. (1992b, 1997).

4.1

The generally nutrient-poor soils of the fynbos proper pose
a serious ecological challenge to plants. The significance of
the nutrient-poor soils in the Fynbos Biome is overwhelming.
Although there is obviously an interplay between fire, climate
and biotic interactions, the unique and diverse systems preva-
lent in fynbos are unsurpassed in all other ecosystems on the
subcontinent, and indeed in the world. By contrast, renos-
terveld and strandveld do not appear to be uniquely unusual in
any traits. It is highly likely that further surprises await ecologi-
cal investigators as ecophysiological and genetic investigations
into low-nutrient adaptations progress.

Responses to Low Nutrients

Plants have come up with a number of intriguing answers lead-
ing to the evolution of traits of eco-morphological, life-historical
and community-assembly rules. Some of the most prominent
ecological-evolutionary traits identified that link the composi-
tion and dynamics of fynbos to a low soil nutrient status are
listed below.

Serotiny: The phenomenon of serotiny (bradyspory) is confined
to fynbos vegetation within the Fynbos Biome. It is absent in
renosterveld which burns too frequently, and as a fire-related
phenomenon it is largely absent in other biomes. In this strat-
egy, species retain the seeds in fire-proof seedheads on the

plant and only release them after a fire. This strategy requires
thick stems (ca. 10 mm at the flowerhead) to remain stand-
ing after the fire and is therefore largely confined to emergent
and overstorey plants (where fires are also cooler), and a few
resprouters. Serotiny requires predictable fire-return times at
greater than 5-year fire intervals—it is thus rare in grassy fyn-
bos. As a strategy elsewhere it is virtually confined to mediter-
ranean-type ecosystems on nutrient-poor soils (Bond 1985) and
coniferous forests. It is sparse in communities too dry (espe-
cially asteraceous fynbos, or seasonally dry restioid fynbos) or
too cool (especially ericaceous fynbos, where it is most promi-
nent in resprouters) to allow growth of thick stems. It occurs in
Proteaceae (Protea, Leucadendron, Aulax), Bruniaceae (Brunia,
Berzelia, Nebelia), Ericaceae (Erica sessiliflora), Asteraceae
(Phaenocoma) and Cupressaceae (Widdringtonia), totalling
just over 100 species. Alien invaders displaying serotiny include
species of Hakea, Banksia (both Proteaceae), Pinus (Pinaceae),
Callistemon (Myrtaceae) and Casuarina (Casuarinaceae). Seed
protection in fynbos species (cones and seedheads) is not as
robust as in the heathlands of Australia, where there is a parrot
seed predator capable of extracting seeds from fire-proof cones.
Seed germination cues are simple, usually requiring cool condi-
tions and saturated soils (Le Maitre & Midgley 1992).

Because seeds are exposed to predation after release following
a fire, nonseasonal fires (spring or early summer in the summer-
drought region, and winter and summer in the all-year rainfall
region) may decimate post-fire recruitment (S. Heelemann, per-
sonal communication), presumably by prolonging the period
between release and germination. Non-resprouting serotinous
species may be eliminated by fire in young veld (less than 3-8
years of age, depending on species) where plants have not yet
set seed—as all the plants typically burn, no reserve seed bank
is possible, as with soil-stored seed banks. This feature is used
to control serotinous alien invaders: adults are hacked and after
seed release the veld is burned, thereby eliminating the spe-
cies (Le Maitre & Midgley 1992). Serotinous species also exhibit
senescence, in which plants become moribund, lose their seed
banks, and die out when veld exceeds 2-3 times the average
fire cycle in age (Le Maitre & Midgley 1992).

Myrmecochory: Ant seed dispersal is found in 15% of fynbos
species (Bond & Slingsby 1983, 1984, Breytenbach 1988, Bond
et al. 1990, 1991, Johnson 1992, Cowling et al. 1994b), of
almost all characteristic and dominant plant families (although
it is very rare in Ericaceae), and in all growth forms. In many
cases, wind-dispersed species in neighbouring vegetation types
have myrmecochorous congeners in fynbos (Bond & Slingsby
1983, Bond et al. 1991). These species tend to produce small or
large nuts with an ant-fruit or elaiosome. The fruit are buried by
indigenous ants in their nests, where they remain dormant until
after a fire. The alien Argentine Ant (Linepithema humile) con-
sumes the elaiosome above ground and does not bury the seed,
resulting in high predation (Bond & Slingsby 1984, Christian
2001, Christian & Stanton 2004, Witt et al. 2004, Witt &
Giliomee 2004, Traveset & Richardson 2006). Post-fire germina-
tion cues are complex and are determined by fire effects, cycli-
cal soil temperature fluctuations and maturation requirements.
Burial removes fruit from rodent and bird predation, and from
fire and probably provides protection against fungi, especially
Phytophthora. Myrmecochorous species are seldom dominants,
but they may account for a high cover in the middle strata, and
for up to 30% of species in a community.

Apart from a paucity in dry asteraceous fynbos, and low cover in
restioid fynbos, myrmecochory has no obvious overall patterns
between fynbos communities. Some alien invasive Fabaceae
(Acacia) are myrmecochorous. Seed-dispersing ants include
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deep buriers (> 50 mm deep), large ants that disperse the larger
fruit, and smaller ants with shallow burial sites (10-50 mm)
that are unable to move the larger fruit (Le Maitre & Midgley
1992). Myrmecochory is almost nonexistent in renosterveld and
adjacent biomes, and is usually attributed to the need to rap-
idly store seeds in predator-free, fire-safe refugia (Le Maitre &
Midgley 1992).

In total contrast to the prevalence of myrmecochory, is the
near total absence of ornithochory (seed dispersal by birds)
in fynbos. Frugivorous birds are generally absent from fyn-
bos, the red-winged starling (Onychognathus morio) being
the notable exception. Fleshy fruit are confined to the aerial
parasites Cassytha (Lauraceae) and Viscum (Viscaceae), the root
parasite Osyris (Santalaceae) and the fynbos endemic family
Grubbiaceae. By contrast, ornithochory is a prominent dispersal
strategy in strandveld, subtropical thickets and in forests, which
all contain abundant and diverse fauna of frugivorous birds (Le
Maitre & Midgley 1992).

Obligate Reseeding versus Resprouting: Fynbos is unusual in the
low proportion of woody plants that survive fire by resprouting.
Both renosterveld (which burns more frequently) and forest
(which hardly ever burns) are characterised by resprouting
plants. Similarly, both the Grassland and Savanna Biomes are
dominated by resprouters. Because of the predictable fire-return

interval, fynbos shrubs appear to invest all their resources in
seed production at the expense of regeneration. These species
dominate fynbos in terms of cover and comprise most emer-
gent elements. The only true fynbos shrub that is able to regen-
erate from aerial stems (epicormic resprouter) is the waboom,
Protea nitida, which occurs on richer, colluvial substrata. In for-
est, savanna and grassland, epicormic resprouting is the norm.

Obligate reseeders occur in all plant families and comprise
most species of the Ericaceae (> 90%), Proteaceae (> 80%),
Fabaceae (> 75%), Asteraceae, Rutaceae and Bruniaceae, and
is even common in the Restionaceae, in which it has been
underestimated in the past (Le Maitre & Midgley 1992). In a
study of 10 fynbos species 26 years after a fire at Jonkershoek
near Stellenbosch, the ratio between root and shoot mass was
lower (0.2) in the obligate reseeders than in the resprouters
(2.3) (Higgins et al. 1987, Smith & Higgins 1990). Resprouters
can persist at a site through several generations of obligate
reseeders (Bond & Midgley 2003). By contrast, reseeders out-
grow resprouters, and after 15 years start shading out and
reducing the cover of resprouters, resulting in increased species
richness in areas dominated by reseeders compared to resprout-
ers (J.H.J. Vlok, personal communication).

Lack of Annuals: Annuals are generally a rare component of
fynbos communities, especially when compared to other medi-
terranean regions (Naveh & Whittaker 1979, Cowling 1983a).
Wisheu et al. (2000) attribute the virtual absence of annuals in
fynbos to the infertile soils and hypothesise that the soil nutri-
ent status is too low for annuals to complete their life cycles
and set seeds in one growing season.

Most annuals in the Fynbos Biome occur in strandveld (espe-
cially on granite), some types of renosterveld (especially the dol-
erite and granite types), sand fynbos and asteraceous fynbos
in the more arid facies. By contrast, annuals are prominent in
the succulent karoo shrublands. Alien annuals are prominent
only along paths in most fynbos types (Vlok 1988). However,
alien annuals have become invasive in sand fynbos and renos-
terveld, where they appear to displace the geophytes (Le Maitre
& Midgley 1992).
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The lack of fire annuals in fynbos compared to more nutrient-
rich renosterveld types is particularly marked. Most early seral
species in fynbos live for 3-5 years. Some orchids and bulbs
flower only in the year following a fire, but, being geophytic,
probably live through several fire cycles.

Sclerophylly: Sclerophylly is a feature of most mediterranean flo-
ras and may be a summer-drought strategy. However, it is espe-
cially prominent in systems where low nutrients limit the option
of drought deciduousness, and long-lived, tough, low-nutrient
leaves capable of resisting desiccation are required. The lack of
nutrients results in a carbon-rich, and thus woody, sclerophyl-
lous leaf. This effectively eliminates herbivory (the nitrogen-to-
carbon ratio is too low to allow animal utilisation, except in
young growth). As a consequence, defences against herbivory
(thorns, spikes, leaf chemicals) are largely absent in fynbos. In
fynbos sclerophylly is manifested as proteoid, ericoid, restioid
and spine-tipped leaf forms (Le Maitre & Midgley 1992). On
richer soils—bearing strandveld and renosterveld—succulent,
orthophyllous and drought-deciduous leaves abound, often
protected with thorns, spines and aromatic compounds.

Lack of Mycorrhiza and the Presence of Cluster Roots: Two of
the dominant components in fynbos, the Proteaceae and the
Restionaceae and Cyperaceae, are characterised by not hav-
ing fungal associates to extract nutrients from the soil. Instead
they have, respectively, proteoid and caudiform rootlets, which
resemble dense balls or carrots of fine root hairs (Lamont 2003).
These cluster roots form a large surface area releasing phosphate-
solubilising compounds and efficiently extracting phosphates in
a small soil volume (Lambers et al. 2003). Fertilising with phos-
phorous or potassium kills the plants and on richer soils these
rootlets are not produced. It has been argued that because
fungi have nitrogen-rich cell walls they are a liability in nutrient-
poor fynbos soils and species utilising them are compromised
and never attain emergent dominance, except under special
conditions as for instance in Ericaceae with endorhizal mycor-
rhiza under peaty conditions. However, even then Ericaceae are
spindly plants lacking the robustness of the other characteristic
dominants (Le Maitre & Midgley 1992). Cluster roots are appar-
ently not prevalent in renosterveld or strandveld.

Carnivory and Digestive Mutualism: Because of the nutrient-
poor soils, and especially peaty soils, it is not surprising that
carnivorous plants abound, although they are never dominant.
Over 10% of the world's species of Drosera (15 species) occur
in fynbos. Of the other typical plant carnivores, the genus
Utricularia is also represented in fynbos wetlands (Le Maitre
& Midgley 1992). The shrubby endemic family Roridulaceae
(two species) superficially resembles Drosera, but plants do not
digest trapped insects, utilising heteropterans and spiders to
process nutrients (Ellis & Midgley 1996, Anderson & Midgley
2002, 2003, Anderson et al. 2004). The pitcher type of carnivo-
rous plant is absent from fynbos (Le Maitre & Midgley 1992).

Low Biomass of Herbivores: The low nutrient status of fynbos
makes the soils unsuitable for agriculture, although with mod-
ern methods of fertilisation via watering this is no longer true.
A characteristic of fynbos is the low number and biomass of
animals, especially large animals, but also birds and insects,
encountered. Carrying capacity for fynbos is generally lower
than 1 small stock unit per 8 ha (Stock et al. 1992b). Although
large mammals were generally absent, in the past fynbos was
probably well traversed by large animals en route to kloof and
high-altitude seeps as a water source during the dry periods,
and as migration routes between different renosterveld and
karroid shrublands. Use of fynbos by large mammals for food
was probably limited to early post-fire regrowth. The absence of
antiherbivore defence (both structural and chemical) in fynbos
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plants is striking (Le Maitre & Midgley 1992). Old kraals and his-
torical bomas have distinct and often well-defined ruderal plant
communities, as do dung middens of klipspringer and vaal
rhebuck, the largest extant herbivores in fynbos proper today.
Mountain zebra tend to frequent shale bands and renosterveld
where they have access to these. While biomass of herbivores
(and consequently carnivores) is very low, animal diversity is
high, especially among insects (Le Maitre & Midgley 1992). The
fynbos insect fauna is particularly poorly known, but freshwa-
ter, cave and forest faunas are particularly rich in species and
endemics. Of the six birds endemic to fynbos, two specialise
on seeds and two on insects, and two are nectarivores (Stock
et al. 1992b). (The significance of large-mammal herbivory in
renosterveld is discussed in Section 4.4.1 below.)

Bird and Mammal Pollination: One of the most striking features
of fynbos on nutrient-poor soils is the contrast between the
low biomass of herbivores, insectivores and frugivores, and the
relative abundance and conspicuousness of nectarivorous birds.
The same is true of the plants: bird-pollinated species are con-
spicuous, abundant and usually dominant (both in cover and
structure) in their communities, especially so in proteoid and
ericaceous fynbos. This is unparalleled in renosterveld, strand-
veld, karoo, thicket or forest. Although not so obvious amongst
the mammals, mammal-pollinated plants are also abundant
and often dominant in terms of cover.

Ornithophily (bird pollination) is most common in fynbos, with
75% of bird-pollinated plant species on the subcontinent occur-
ring in fynbos (Rebelo 1987a). Approximately 5% of fynbos plant
taxa are pollinated by birds (Johnson 1992). Nectarivorous birds
account for 50% of bird biomass in fynbos, but less than 5% in
other vegetation types (Rebelo et al. 1984). Bird-pollinated taxa
are concentrated in the Ericaceae (ca. 100 species), Proteaceae
(ca. 80 species, especially in Leucospermum, Mimetes, Protea)
and in geophytes of Amaryllidaceae and Iridaceae (Rebelo et al.
1984, Johnson 1992, Goldblatt et al. 1999), but are also found
in Orchidaceae (Johnson 1996a). Although nectarivore diversity
is similar to other ecosystems, bird-pollination systems in fynbos
show a striking asymmetry, with several hundred plant taxa rely-
ing on only 3-5 bird species for their pollination. Two key pol-
linators, the Cape Sugarbird (Promerops cafer) (primarily visiting
Proteaceae) and Orange-breasted Sunbird (Anthobaphes viola-
cea), primarily visiting Erica, are endemic to fynbos. The other
significant bird pollinator in fynbos is the Malachite Sunbird,
which has been suggested to specialise on geophytes, although
it regularly visits other plants as well (Rebelo 1987a).

Plants pollinated by birds invariably exhibit a classic syndrome of
tubular or brush-like flowers, or cup-shaped flowerheads with
copious amounts of dilute nectar and an absence of discern-
able scent. Colour, however, does not conform to the classical
syndrome, with numerous pale and even green flowers: in fact,
most bird-pollinated species are strongly colour polymorphic
in fynbos (Rebelo 1987a). The high prevalence of ornithophily
is ascribed to a high energy resource, but lack of nutrients to
convert this to nonstructural tissue. Ornithophilous nectar is
also dilute and abundant, requiring water. It is rare in the drier
types (asteraceous and restioid fynbos), but dominates prote-
oid fynbos, and is prominent in ericaceous fynbos. Flowering
tends to peak in winter and spring, depending on the availabil-
ity of moisture. Seasonal movements of birds within fynbos are
unknown (Rebelo 1987b).

Therophily (pollination by nonflying mammals) in shrubby
plants is confined to fynbos in Protea (with over 20 species)
and Leucospermum (two species) (Rebelo & Breytenbach 1987).
Pollination by rodents is associated with a distinctive floral
syndrome that includes geoflory (flowers located close to the

ground), dull perianth coloration and yeasty fragrance (Wiens
et al. 1983). A few other candidates in Erica and Leucadendron
may also be therophilous. First reported in the 1970s (Rourke
& Wiens 1977, Wiens & Rourke 1978, Wiens et al. 1983),
therophily has also subsequently been found in the geophytes
Massonia (Hyacinthaceae) and Androcymbium (Colchicaceae)
and the parasitic Cytinus (Cytinaceae) (Johnson et al. 2001).
These plants are not restricted to fynbos, but occur in karoo as
well. The arguments for the distribution of therophily within
fynbos are similar to those for bird pollination, but the more
concentrated nectar lacks the water requirement, allowing
therophily to occur in areas too arid for bird pollination. It
occurs predominantly in proteoid and asteraceous fynbos. The
rodents that visit the flowerheads, appear to rely on nectar only
during their breeding season (Fleming & Nicholson 2002a, b).
Interestingly, shrews are also pollinators, but appear to be visit-
ing flowerheads for the insects, especially ants, found there
(Fleming & Nicholson 2003). Flowering occurs in winter and
spring (Rebelo 2001). Based on exclusion experiments, rodents
account for about half the seed set in therophilous proteas
(Fleming & Nicholson 2002a).

Exclusion experiments have shown that insects, particularly
pollen-feeding bees and beetles, can make a substantial con-
tribution to seed production in plants that otherwise appear
adapted for bird or mammal pollination (Coetzee & Giliomee
1985, Wright et al. 1991a, Vos et al. 1994, but see Fleming &
Nicholson 2002a, Hargreaves et al. 2004). Reciprocal experi-
ments and the genetic fitness of seeds produced by the differ-
ent pollinators have not been attempted so far.

Interestingly, fynbos is not known to differ markedly from other
vegetation types in other pollination syndromes.

4.2 Climate and Growth-form Response

The mediterranean-type and all-year climate regimes have also
influenced diversity in the region. The interplay between arid
and wet climatic cycles as a species pump for alternatively con-
tracting fynbos and succulent karoo vegetation has resulted in a
proposal for a single ‘Winter-rainfall Biome’ encompassing both
Fynbos and Succulent Karoo Biomes. However, only two biotic
features stand out that link vegetation types between the two
biomes, namely (1) the shared abundance of geophytes, and
(2) the lack of trees.

Abundance of Geophytes: Fynbos, especially renosterveld, has a
high diversity of bulbous plants—a striking feature shared with
the Succulent Karoo (Esler et al. 1999, Proches & Cowling 2004,
Proches et al. 2005, 2006). This suggests a climatic explana-
tion, as fire and nutrients do not appear to be prime factors in
the high diversity of geophytes in the region. The absence of
annual grasses (and hence the threat of invasive annual grasses
to geophytes) has been suggested as a reason. Geophytic diver-
sity is four to five times the geophytic richness of the other
mediterranean floras—geophytes comprise some 17% of the
flora of the Cape Floristic Region (Goldblatt & Manning 2000a,
Manning et al. 2002). Associated with the prevalence of bulbs
is the occurrence of four species of exclusively fossorial rodents
(mole rats), which subsist primarily on geophytes. More fynbos
geophytic species have adopted an evergreen and woody habit
than in renosterveld or karoo, and some fynbos Iridaceae have
become uniquely shrub-like (Aristea, Klattia, Nivenia, Witsenia).
The presence of geophytes in the dicots (e.g. Oxalis with 118
species) is very unusual, but again this is not confined to fynbos.
Most winter-rainfall geophytes are dormant in summer and
flower after leafing in winter, but the Amaryllidaceae—with
large particularly poisonous bulbs—Ieaf in winter and flower
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in autumn, usually after the first rains (Goldblatt & Manning
2000a). Most fynbos geophytes flower most prolifically after
fire, and only rarely in older veld (Le Maitre & Midgley 1992) but
in karoo geophytes, flowering is determined more by rainfall.

Interestingly, geophytes appear resilient to both frequent fire
and heavy grazing regimes (McDowell 1988). However, it is
thought that alien invasive grasses compete directly with the
geophytic component (Vlok 1988). Certainly in eutrophic areas
and old agricultural land, alien annual grasses are dominant at
the expense of geophytes (Milton 2004). Heavy grazing might
control the annual grasses, but fire and heavy grazing may
favour alien annual grasses by virtue of their larger seed banks
compared to those of indigenous grasses (Milton 2004). More
research into the control of alien invasive grasses is required to
ensure that the rich geophytic flora survives.

Lack of Trees: The absence of trees in fynbos (Moll et al. 1980)
is a feature shared with renosterveld, and the Karoo, Desert and
Grassland Biomes. As in arid vegetation types, trees are largely
confined to riverine habitats. However, this is more a function
of topography, with trees occurring in fire-safe habitats, as in
grassland. Despite much debate, the reasons for the lack of
trees in fynbos have never been resolved. Part of the reason
for this is that alien trees (Pinus, Acacia, Eucalyptus) flourish in
the Fynbos Biome. Arguably with adequate biocontrols these
alien plants might not attain tree status in Fynbos (Le Maitre &
Midgley 1992).

Climatic Reliability: Climatic variables such as the reliability (or
predictability) of rainfall and mist precipitation may be linked
to certain plant life-history traits in mediterranean-type eco-
systems, as noted by Cowling et al. (2005). They suggest that
germination response to soil moisture regimes, allocation of
resources to below and above-ground biomass, and seedling
mortality in relation to short-term stress are major candidates
for further studies.

4.3 Fire as a Non-selective Grazer

Fynbos and renosterveld are fire-maintained systems (Figure
4.16). Of all fynbos and renosterveld vegetation units, per-

Figure 4.16 Satellite image of the devastating fires in the Overberg region near Cape Agulhas
(February 2006) showing a huge smoke plume being carried deep into the southern Atlan-
tic Ocean against a background of a massive western cloud- and precipitation-bearing front
approaching the southwestern Cape. (Courtesy of NASA and the University of Maryland.)
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haps only FFd 1 Namaqualand Sand Fynbos and FFq 1
Stinkfonteinberge Quartzite Fynbos are not exclusively driven by
fire. Fire in fynbos burns on a 5-50-year rotation, usually in the
order of 15-25 years. Fire regimes in renosterveld are largely
unknown, but are assumed to be in the 2-10-year range. The
fires naturally occur in late summer and early autumn, towards
the end of the dry season, and their natural causes include
rockfalls and lightning. With increasing population density in
and around fynbos, man-made fires have become more fre-
quent. The increased incidence of man-made fires has prob-
ably decreased the average fire size, without changing the fire-
return interval at any location (Figure 4.17). Arguably, nutrients
and climate are the primary determinants of the fire regime
(Van Wilgen et al. 1992a, b, Bond & Van Wilgen 1996). Rather
than concentrate on all the ramifications of fire, we will confine
ourselves to several community-ecology issues such as the fyn-
bos vegetation boundaries, boundaries of internal units, and
alternative states maintained by fire.

4.3.1 Fire and Community Composition
Fynbos

Typically, boundaries within fynbos units are not determined by
fire. However, fire does play a major role in determining spe-
cies composition and community type. These effects are usu-
ally mediated by the fire temperature, which is controlled by
air temperature, season, time of day, aspect, wind conditions,
aeration, humidity, wood moisture content, veld age, and size
of fuel storage (Van Wilgen et al. 1992a).

Although much is made about fynbos burning when too young,
fynbos cannot burn until there is sufficient fuel to sustain a
fire. Very frequent fires eliminate firstly the serotinous species,
which being the dominant overstorey group and with its shad-
ing effect in veld older than 15-20 years, are the key species
in community composition. However, young veld tends not
to burn cleanly, and a mosaic of unburned patches is typical
of areas where farmers attempt to burn as often as possible.
These offer refugia to serotinous species. Species with soil seed
banks appear to carry a proportion of the seed bank over to the
next fire (Van Wilgen et al. 1992a).

Regular frequent fires, as for instance in
fire belts, result in bole resprouting spe-
cies becoming dominant, but the total
cover of the area is unaffected. The
relative abundance of obligate reseeder
species versus resprouters is a good indi-
cation of historical fire frequency within
any vegetation community. In proteoid
fynbos this is complicated by aseasonal
(spring) burns that reduce serotinous
population sizes, allowing nonseroti-
nous species to increase in cover. Thus
very frequent fires or aseasonal burns
can convert proteoid fynbos to its under-
storey equivalent of ericaceous, restioid
or asteraceous fynbos, but extinction of
the proteoid element is rare (Le Maitre &
Midgley 1992, Van Wilgen et al. 1992a).

Aseasonal fires (spring versus the natu-
ral late summer or autumn fires) reduce
population sizes of serotinous species
by exposing seeds to rodent and bird
predation for prolonged periods prior
to germination in autumn. This reduces
the cover of these key species in mature
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fynbos, allowing resprouters to gain competitive dominance.
Resprouter dominance is exerted by usurping space for post-fire
seedling regeneration of obligate reseeders. Most aseasonal
fires are managed block burns and firebelts (Van Wilgen et al.
1992a).

Hottest fires occur in more mature veld, where there is more
fuel, and during the summer fire season. Very hot fires have
two major effects on species composition. They incur a higher
mortality of resprouting species, and in Protea nitida can reduce
the plants from epicormic to bole resprouters. Hot fires also
eliminate shallow seed banks. Most affected appear to be
Asteraceae, with species of Helichrysum, Stoebe and Syncarpha
the most marked of these. Presumably ericoid seeds occur in
wetter soils and are less affected. Myrmecochorous and seroti-
nous species appear to benefit most from very hot fires. The
former are buried too deep to be killed by fire, and the latter
are safe in their fireproof cones. Neither establish well in cool
fires that leave a thick litter layer; presumably the germination
cues are not triggered in myrmecochorous species, and seedling
mortality is high in serotinous species. In myrmecochorous spe-
cies the dormant seedbanks appear to persist to the next fire.
It is not known how long-lived the seed banks are—possibly
in the order of 40-80 years. Consequently, the species present
in a stand of fynbos may depend as much on fire history as on
habitat and species pool. Most management fires are cool, as
manageability is a function of fire temperature, but natural fires
burn larger areas and account for most of the area burned in
any year (Bond 1985, 1997, Bond et al. 1990, Van Wilgen et
al. 1992a).

Topography and rockiness drastically affect fire temperature,
and favour smaller-seeded species. In addition, these species
tend to have soft persistent leaves that retard fire, create much
smoke and result in incomplete combustion at ground level
due to oxygen starvation (aeration). Occurring in similar habi-
tats, are myrmecochorous species, such as the Rutaceae, which
appear to encourage fire with volatile oils. Presumably these
two strategies are dominant after a particular fire and attempt
to influence future fire temperatures to favour their regenera-
tion niche (Van Wilgen et al. 1992a).

Figure 4.17 Controlled fire in renosterveld shrublands on shale in the Potberg section of the De

Hoop Nature Reserve (Overberg region).

Rocky habitats also cool fires down sufficiently to allow canopy
survival. This is a relatively rare strategy—Leucospermum cono-
carpodendron subsp. viridum and Mimetes fimbriifolius are the
best known examples of this strategy. On sandstone both species
are dominant in rocky areas and seldom reach tree status in open
vegetation. In rugged areas where cooler fires do not penetrate,
fire escapers such as Protea glabra, P rupicola, Widdringtonia ce-
derbergensis and W. swartzii survive (Van Wilgen et al. 1992a).

Fire also affects the minimum patch size of fynbos within non-
fire vegetation types. Thus below 600 ha fynbos loses species,
and below 4-15 ha fynbos cannot exist (Bond et al. 1988,
Rebelo 1992b). This affects patches on hills and peaks within
forest, thicket and karoo shrublands. The size of patches deter-
mines the probability of a lightning strike and therefore the fire
interval. Where this exceeds 30-50 years, fynbos cannot exist
(Bond et al. 1988). In larger blocks of fynbos, ignition is not as
important as most fires enter any patch from ignition events
outside the patch.

Renosterveld

Although renosterveld is clearly a fire-maintained system, there
is little evidence as to what might constitute an ideal fire fre-
quency (Von Hase et al. 2003). Estimates of 3-10 (up to 40) years
exist (Rebelo 1992a). Presumably heavily grazed areas seldom
burn. By contrast, ungrazed areas can accumulate sufficient
fuel to maintain fire. Fire-safe habitats—including heuweltjies
in some landscapes—contain thicket elements such as Rhus
bush clumps. Similarly, fire-protected areas become dominated
with Rhus bush clumps as on Signal Hill. Most grasses, annu-
als and bulbs survive under a high fire cycle, but many shrubs
(and animals, such as the Geometric Tortoise (Psammobates
geometicus) require 3-5 years to mature. Season of burn has
a profound impact on vegetation composition in fynbos, and
presumably also in renosterveld (Cowling et al. 1986). Thus
early spring fires would prevent annuals, geophytes and most
grasses from setting seed. Summer and autumn fires would not
have these negative effects, but may—by virtue of their being
hotter—change community composition to those plants with
deeper soil seed and bulb banks. Similarly, patterns of graz-
ing after fire would affect species composition, particularly the
interplay between grasses and geophytic
and shrubby components.

Some fire-associated strategies common
in fynbos are absent from (e.g. serotiny)
or rare (e.g. obligate reseeding, myrme-
cochory) in renosterveld. Fruit dispersal
by birds is common in species of thicket
clumps (Le Maitre & Midgley 1992).

A major complication in the study of
renosterveld is the current insularisation
of renosterveld. In areas where farm-
ers do not regularly burn for grazing,
the vegetation rapidly (within decades)
converts to a thicket or a thicket mosaic.
Britton & Jackelman (1996) argue that
even in 25 year-old renosterveld (pro-
tected from grazing, and dominated by
Rhus and Hyparrhenia hirta), the geo-
phytes and perennials are actively grow-
ing and flowering and that renosterveld
species can therefore survive in a fire-free
Cape thicket. However, no controls were
done and thickets tend not to contain
as many geophytes as renosterveld (A.G.
Rebelo, personal observations).

F.G.T. Radloff
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4.3.2 Post-fire Regeneration

Seral succession has been poorly studied in the Fynbos Biome.
The constraint of veld age on floristic and structural studies has
resulted in a dearth of knowledge of pattern and process in early
seral (i.e. immature) fynbos communities. The basic post-fire
regeneration pattern is obvious and has general features: imme-
diately after a fire, the “fire lilies’ (such as Cyrtanthus, Watsonia,
etc.) are the first to emerge, sometimes within a few days of the
fire (Figure 4.18). A few geophytic orchids and daisies flower
only during these earliest periods, before seeds germinate (Le
Maitre & Midgley 1992). If rain is delayed or late in autumn,
then seed germination is delayed but most resprouters will com-
mence regrowth. Similarly, early rains result in massive resprout-
ing, but seed germination is usually tied to a strong cold require-
ment, ensuring that seeds germinate sufficiently well into winter
to guarantee follow-up rains. Almost all recruitment appears to
occur in the first and possibly second autumn following a fire.
Conditions might be laxer in the all-year rainfall area, where it
is not known whether spring recruitment might occur. During
this period, all species present in later seral stages are present as
seedlings, and no further significant recruitment occurs, with the
exception of the aerial parasites Viscum and Cassytha (spread by
birds from fire refugia). This lack of recruitment is thought to be
a combination of rodent predation of seeds and overwhelming
competition from established plants for water so that any seed-
ling dies during the summer drought period. Most fynbos plants
have seeds with strong dormancy- and post-fire-related cues for
germination (Le Maitre & Midgley 1992).

In spring, large-scale flowering of geophytes and, where
present, of annuals occurs. Some species flower only in the first
spring, but many flower best two years after a fire. Few species
produce more than a small fraction of flowers after the third
year (Le Maitre & Midgley 1992).

The first year or two is dominated by resprouting species and
fire ephemerals, with seedlings being small and relatively
inconspicuous, although non-resprouting Restionaceae and
Cyperaceae rapidly become dominant in some communities.
The fire ephemerals are mainly Fabaceae, with Aspalathus being

Figure 4.18 Explosive postfire floral display of Kniphofia tabularis (Asphodelaceae) in the sum-
mit marshlands of the Hottentots Holland Mountains (Western Cape).
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the most obvious element, Asteraceae (Othonna quinqueden-
tata and Ursinia crithmoides require special mention), and some
other families such as Campanulaceae (endemic genus Roella)
and the monotypic endemic family Lanariaceae (Lanaria lanata).
Fire ephemerals can reach 100% cover in shale and granite
fynbos as a 0.5-1.5 m layer, but such dominance is rare in other
fynbos types. These species peak 3-5 years after a fire, after
which senescence eliminates them from the community, where
they survive as seeds until the next fire. The effect of these
species on seedlings of later seral stages is unknown, but later
seral stages do not appear to be compromised by them. Slightly
more long-lived, but in the same category, are many grasses
and Asteraceae colloquially known as ‘everlastings’ or ‘sewe-
jaartjies’ (e.g. of the genera Anaxeton, Edmondia, Helichrysum,
Phaenocoma), of which many are harvested from young recov-
ering veld for the cut flower trade (Le Maitre & Midgley 1992).

Resprouters remain alive in mature veld, but the flowering of
most peaks in year 2 or 3 after which growth and flowering
declines. Some species remain vigorous, but many seem to
enter stasis with minimal new leaf production and few flowers.
These species appear to recruit best when veld is burned when
young (about 4-6 years old), with little recruitment following
fires in older veld. Most mortality in resprouters occurs after
regeneration, but it is characteristically low (< 5%), suggesting
that resprouting plants may be hundreds of years old (Le Maitre
& Midgley 1992).

Most species maturing after four years remain in the commu-
nity, but the ericoids start emerging and becoming dominant
after 4-5 years and the proteoids start emerging after year
4-7 and reach maximum canopy cover between year 8 (dense
stands and wetter habitats) and year 15 (sparser stands and
more arid situations). Although no mortality of proteoids is
usually apparent until senescence sets in, shading and com-
petition in the understorey do occur, but mortality rates are
unknown. Usually after 30-40 years, senescence sets in. With
most plants this manifests as shortening lengths of leaves on
the branch tips, until the branches die. Serotinous species lose
their seed banks, resulting in reduced populations after fire.
Some inter-fire recruitment sets in as plants die off, but survival
is still relatively low compared to after a
fire. Most flowering ceases and skeletons
(thanatocoenoses) form prominent fea-
tures in the fynbos vegetation (Le Maitre
& Midgley 1992).

Seral succession therefore mirrors struc-
tural complexity, with graminoid fyn-
bos being replaced by restioid fynbos,
asteraceous or ericaceous fynbos fol-
lowing, and proteoid fynbos dominant
until senescence sets in and closed-
scrub fynbos starts appearing. Although
the species present and the number of
plants remain constant, apart from the
ephemeral component, dominance in
height and cover alters dramatically as
the community ages. Too frequent fires
reset the seral complexity at lower stages.
However, later stages are important, with
proteoids a key element in shading and
suppressing resprouters and thus main-
taining local species diversity (Le Maitre
& Midgley 1992).

E.G.H. Oliver

Seral succession has not been recorded
from renosterveld communities—pre-
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sumably the high fire frequency and grazing maintain renos-
terveld at an early seral stage.

4.3.3 Fire-adaptive Responses

There are at least three striking adaptation phenomena linked
to the selective force of fire in the fynbos and renosterveld
ecosystems. Of these, the high incidence of obligate reseed-
ing species versus resprouters (Bond & Midgley 2003) and the
occurrence of serotiny are most obvious (Bond 1984, 1985).
Although these phenomena are related to fire, they are largely
confined to fynbos on nutrient-poor soils. The absence of these
strategies from other fire-prone ecosystems suggests that it is
interplay between the low-nutrient soils and the predictable
long-term (5-30-year) fire cycle that have allowed the evolution
of these strategies rather than fire per se. A third adaptation is
the incidence of smoke-induced seed germination.

Much has been made about the importance of smoke and
smoke extracts in inducing germination in seed (De Lange
& Boucher 1990, Dixon et al. 1995, Van Staden et al. 2000).
Indeed for certain groups it is the only known way of breaking
dormancy and obtaining seedlings in cultivation. Still we do not
fully understand why natural smoke does not initiate germina-
tion in areas that do not burn, and why smoke may initiate
germination of species typical of fire-free vegetation types such
as karoo shrublands. While the physiological and horticultural
importance of smoke is clear (Meets 2000, Brown et al. 2003,
Boucher & Meets 2004, Brown & Botha 2004), the ecological
significance of smoke requires further investigation, especially
by setting in situ experiments.

4.4 Animal-plant Interactions

4.4.1 Large Mammal Herbivory

Herbivores change the structure, biomass, production and spe-
cies composition of vegetation in heavily browsed or grazed
areas of numerous and diverse ecosystems around the world.
Both feeding strategies and physical disturbance by large ver-

Figure 4.19 Bontebok (Damaliscus pyrgargus pyrgargus)—a conservation symbol of the Fynbos

Biome.

tebrates can alter important ecosystem properties, resulting
in long-term changes in communities (Hobbs 1996, Owen-
Smith & Danckwerts 1997, Frank et al. 1998, Olofsson et al.
2001, Augustine et al. 2003, Augustine & McNaughton 2004,
Archibald et al. 2005). What role did (and do) large herbivores
play in the vegetation dynamics of the Fynbos Biome?

Historical accounts indicate that a high and diverse number of
large native herbivore species (> 20 kg) occurred in the Fynbos
Biome and more specifically in the low-lying areas of the
Western Cape at the time of European colonisation (1652) (Du
Plessis 1969, Skead 1980, Rookmaaker 1989, Boshoff & Kerley
2001). There is little doubt that lowlands supported African
elephant (Loxodonta africana), black rhino (Diceros bicornis
bicornis), hippo (Hippopotamus amphibius), eland (Taurotragus
oryx), mountain zebra (Equus zebra zebra), quagga (Equus
burchellii quagga), ostrich (Struthio camelus), red hartebeest
(Alcephalus buselaphus) and grey rhebuck (Palea capreolus). In
addition, the lowlands to the east of the Overberg also hosted
populations of Cape buffalo (Syncerus caffer), blue antelope
(Hippotragus leucophaeus; extinct around 1800) and bontebok
(Damaliscus pygarqus pygargus: Figure 4.19), with bushbuck
(Tragelapus scriptus) present in forest and thicket patches. It is
not exactly clear how far west quagga (a subspecies of Burchell’s
zebra; extinct in 1876) ventured and what its ecological relation-
ship with mountain zebra was. On the West Coast, gemsbok
(Oryx gazella) has been reported as far south as Saldanha but
is believed to have been only an occasional visitor to this area
and more abundant from Namaqualand northwards. Springbok
(Antidorcas marsupialis) occurred inland in both the Warme and
Koue Bokkeveld regions, but was most likely restricted to these
parts within the Fynbos Biome.

In association with these large herbivores all the members
of the large carnivore guild of southern Africa were found,
including Cape lion (Panthera leo), leopard (Panthera pardus),
wild dog (Lycaon pictus), cheetah (Acinonyx jubatus), spotted
hyaena (Crocuta crocuta) and brown hyaena (Hyaena brunnea),
with attendant vultures and birds of prey. Unfortunately the size
of the populations of these animals changed very rapidly after
colonial settlement. It is estimated that by the year 1700 there
was no game within 200 km of Cape
Town and that by 1800 most large mam-
mals (above 50 kg) and birds had been
driven close to extinction within the area
today known as the CFR (Rebelo 1992a).
Most of these extinctions were due
to hunting for meat and sport, or the
elimination of predators, scavengers and
‘problem’ animals (Rebelo 1992a, Krug
et al. 2004b). Game animals were, how-
ever, not the only animals present at the
time of colonisation. Around 2 000 years
ago, the Khoekhoen introduced live-
stock (sheep and later also cattle) to the
Fynbos Biome and the number of domes-
tic livestock roaming the Cape forelands
could have run well into the thousands
with the arrival of the Dutch colonisers
(Deacon 1992). Entries in Van Riebeeck’s
diary state that the Khoekhoen, eager to
trade, gathered in such numbers with
their livestock around the fort in Table
Bay in December 1652 that they could
easily have captured 12 000 cattle if they
were so inclined (Thom 1952). A later
entry (14 January 1653) gave an esti-
mate of at least 20 000 cattle and sheep

L. Mucina
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present in that December. Whether these animals were per-
manently kept on the coastal lowlands and at such densities is,
however, debatable as the same entry mentioned cattle trade
by these Khoekhoen with tribes ‘far inland’, indicating migra-
tion by these people.

Little is known about the past distribution of large herbivores
within the Fynbos Biome. It appears that the largely accepted
opinion (Bigalke 1979, Cody et al. 1983, Morrow et al. 1983,
Johnson 1992, Rebelo 1992b, Owen-Smith & Danckwerts
1997) is that the sandstone, sand and limestone fynbos did
not support large resident herbivore populations and that they
rather concentrated on renosterveld on the more nutrient-rich
soils. However, this is based primarily on the exceptionally low
nutritional status of fynbos (Joubert & Stindt 1979, Campbell
1986Db, Le Roux 1988, Johnson 1992) rather than on historical
records or habitat choice experiments. The reviews of histori-
cal accounts (Du Plessis 1969, Skead 1980, Rookmaker 1989)
are vague with regard to the exact areas and habitats occu-
pied (Boshoff & Kerley 2001). Even recent reviews (e.g. Hendey
1983a, b) stating that the influence of large mammals must
have been ‘significant and are under-appreciated’ and that
they might have been able to keep the vegetation more open
and grassy than today, fail to distinguish between fynbos and
renosterveld, referring to both as ‘fynbos’. This is in contrast to
opinions such as that of Rebelo (1992b) suggesting that the
large herbivores never played a major role in the dynamics of
nutrient-poor fynbos communities, but were largely confined
to renosterveld.

The influence of large herbivores on the Fynbos Biome ecosys-
tem has for the most part been a neglected topic. At the Third
International Conference on Mediterranean-type Ecosystems
held in 1980 it was concluded that there was very little under-
standing of the relationship between soil nutrient status, plant
nutrition and the vertebrate faunas of any of the mediterra-
nean-like ecosystems (Cody et al. 1983, Morrow et al. 1983).
It appears that, for at least the Fynbos Biome, very little has
changed since then.

Published studies on large native herbivores in the Fynbos
Biome have been conducted mainly in the Bontebok National
Park and Elandsberg Private Nature Reserve, with some isolated
contributions from the Cape of Good Hope Nature Reserve
(now part of the Table Mountain National Park) and De Hoop
Nature Reserve. In the Bontebok National Park (primarily FFc 1
Swellendam Silcrete Fynbos, with patches of FRs 13 Eastern
ROens Shale Renosterveld) studies focused on some aspects
of Grey Rhebuck ecology (Beukes 1984), Bontebok behaviour
(David 1973, Van Zyl 1978) and Bontebok population dynam-
ics (De Graaff et al. 1976). Both Novellie (1987) who focused
on grassy elements, and Beukes (1987) who studied especially
the shrubby component, conducted studies that looked into
the interrelationships between fire, herbivory and vegetation
cover. Both studies clearly showed the preference of Bontebok
and Grey Rhebuck for recently burnt fynbos. Beukes (1987)
reported on a dramatic drop in the utilisation of vegetation
older than four years. Novellie (1987) found that intense graz-
ing after fire is not necessarily deleterious to the preferred grass
species. Luyt (2005) looked into habitat preference and stock-
ing densities for Bontebok within the park found that Bontebok
prefer recently burnt areas and may delay the re-establishment
of shrubs if too small an area is burnt at a given time. A small
burnt patch can attract a very high density of animals that sup-
press shrub seedling establishment by indiscriminate grazing of
any new growth. Bontebok seek out Cynodon dactylon grazing
lawns and might also create and maintain these lawns by posi-
tive feedback nutrient loops.
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The Elandsberg Private Nature Reserve recently became the
focus point of research regarding the restoration of West Coast
renosterveld (Krug et al. 200443, b), although most of the study
area is FFa 3 Swartland Alluvium Fynbos. Midoko-Iponga (2004)
found that both browsing and competition with grass played a
role in transplanted shrub seedling (5 cm high) establishment
on old lands, but that competition between shrubs and grasses
was more important, although the role of large herbivores via
grazing was not included. Shiponeni (2003) looked at seed
dispersal by large herbivores (endozoochory) and found that
it played an important role in the dispersal of seeds. Cynodon
dactylon and several alien invasive grasses were the dominant
species dispersed by this means. Here large herbivores may
also be instrumental in the establishment and maintenance of
Cynodon dactylon grazing lawns on old lands. Walton (2006)
studied the influence of grazing on vegetation dynamics after
ploughing and found that succession on old fields was retarded
by grazing, and the establishment of palatable shrubs, such as
Anthospermum and Hermannia, was particularly slow. These
results must further be treated with caution with regard to
historical/natural ecosystem processes—nearly two thirds of
the large herbivores were historically not indigenous to the
Elandsberg Reserve, the vegetation is not renosterveld and this
study focuses on recovery in fallow lands.

In the Cape of Good Hope Nature Reserve, Langley & Giliomee
(1974) found that the introduced population of Bontebok
favoured recently burnt areas, fire breaks and well-established
Stenotaphrum secundatum lawns. In De Hoop Nature Reserve,
Cape Mountain Zebra demography (Lloyd & Rasa 1989) and the
decline in Bontebok populations experienced between 1984
and 1990 (Scott 1993) have been studied. The main reason for
the population decline was attributed to the lack of suitable
habitat in the form of recently burnt veld. A rapid improvement
in Bontebok body condition did occur after a controlled fire in
1991, but a subpopulation without access to newly burnt areas
also showed an improvement in body condition and survival.
Here Bontebok also concentrate on Cynodon dactylon lawns
and recently burnt veld. The last study of relevance is that of
Milewski (2002) reporting on the diet of forest elephants roam-
ing the forest/fynbos ecotone near Knysna. Based on oppor-
tunistic qualitative data obtained from forest guards, he pro-
vides evidence that elephants utilised nutrient-poor fynbos (FFh
9 Garden Route Shale Fynbos). However, in contrast to these,
large game numbers at both the Cape of Good Hope Nature
Reserve (mainly sandstone fynbos) and in the original Bontebok
National Park (limestone fynbos) declined and animal health
declined largely due to bone diseases and gut parasites. This
resulted in the removal of game from the Cape of Good Hope
Nature Reserve and the relocation of the Bontebok National
Park from the Bredasdorp area to south of Swellendam.

Grazing lawns have been noted in both recent and old studies
(Langley & Giliomee 1974, Scott 1993, Shiponeni 2003, Luyt
2005, Walton 2006) as being an important habitat for large her-
bivores and especially Bontebok. If large herbivores are capable
of establishing and maintaining these grazing lawns, it might
provide some new insight on how large herbivores managed to
survive on the coastal lowlands. However, apart from Hippo, no
short-grass grazer occurred naturally on the West Coast low-
lands. Natural grazing lawns may thus have been confined to
the regions east of the Overberg Mountains.

McDowell (1988) compared the influence on total cover
and species diversity of heavy browsing by sheep with adja-
cent areas ungrazed by domestic livestock for 14 years at
Eensaamheid (primarily FFa 3 Swartland Alluvium Fynbos, with
some FRs 9 Swartland Shale Renosterveld also present). There
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was no significant decline in total cover or species diversity, but
a definite change in the species composition of the flora was
noted. Species of the Poaceae and Rutaceae declined while
Asteraceae and Iridaceae increased. Three Proteaceae species
were absent from grazed areas and three Thymelaeaceae spe-
cies were dependent on grazing for survival. Grazing by stock
can thus have either a negative or positive influence, depending
on how it is managed. In the Riviersonderend Mountains catch-
ment area, frequent burning and intensive grazing (coupled
with trampling) caused a reduction in floral diversity and led to
erosion (Le Roux 1988). The latter author recommended that all
domestic grazing in mountain fynbos must be stopped as it was
not only detrimental to the vegetation, but also economically
unviable due to the low nutritional status of the veld.

Some studies suggest that perhaps renosterveld contained
more grass (primarily Themeda) than is currently the case
(Sparrman 1786, Levyns 1956, Joubert & Stindt 1979, Skead
1980, Cowling 1984, Scholtz 1986, Stock et al. 1992a, Rebelo
1995, Krug et al. 2004b, Newton & Knight 2004). About 50
years after European colonisation it was first noted that the
amount of grass available for grazing and thatching was declin-
ing markedly. At about this time, early naturalists started noting
an increase in the abundance of Elytropappus throughout the
region, apparently due to the increase in grazing pressure. By
1800 this process appeared to have occurred throughout the
renosterveld (Cowling et al. 1986).

Isotope analyses yielded no evidence that Swartland Shale
Renosterveld could have once been covered by C, grass species
such as Themeda triandra (Stock et al. 1992a). The possibility
does, however, exist that the grassland consisted of C3 grasses
but this does not show via isotope analysis.

Severe and continuous overgrazing of freshly burnt veld by
domestic stock has been proposed as the cause for the pre-
sumed change from a grassland to a shrubland (Sparrman
1786, Du Toit & Du Toit 1938, Joubert & Stindt 1979, McDowell
1988). This followed the advent of settled agriculture, which
changed the disturbance regime from an intense and localised,
pulsed grazing system by indigenous and domestic livestock
coupled with a variable fire frequency, to a system of continu-
ous overgrazing and a fixed burning cycle (Cowling et al. 1986).
However, the absence of large native mammals over the past
300 years, more specifically the lack of large browsers that con-
sume the dominant shrubs, has been suggested as a reason for
the current existence of renosterveld as a shrubland (Rebelo
1995, Krug et al. 2004b). Until more research is undertaken
on the impact of large mammals on renosterveld shrubs, these
hypotheses remain speculative.

The interplay between shrubs and grasses in renosterveld is not
well understood, and probably was greatly influenced by graz-
ing pressure and fire intervals. Presumably some areas such as
natural grazing lawns dominated (as today) by Cynodon dacty-
lon and other grasses, were well utilised, whereas others were
dominated by shrubs and were relatively less grazed. Thicket
probably occurred in fire-safe environments, including heu-
weltjies and rocky areas. Presumably river margins supported
Acacia karroo-dominated thickets on the South Coast, although
transformation on the West Coast pre-dates any records of the
riverine vegetation. Alien grasses are an additional concern:
heavy grazing might control the annual grasses, but fire and
heavy grazing may favour alien annual grasses by virtue of their
larger seed banks compared to those of indigenous grasses
(Milton 2004). It is ironical that 300 years after renosterveld
was reputedly converted from a tussock grassland to a shrub-
land by overgrazing, today it is threatened by a conversion to
grasslands dominated by short-lived alien flora.

In summary, we know very little about the influence of large
mammals on the vegetation of the Fynbos Biome. We know
with reasonable confidence which species occurred here in
the resent past (last 2 000 years), but are unsure of their exact
whereabouts, numbers and impact. We speculate that they
focused on the more fertile renosterveld areas, avoiding the
nutrient-poor fynbos and strandveld. There is reason to believe
that these preferred renosterveld areas might have been grass-
ier in the past, but this is not verifiable. The interplay between
shrubs and grasses in renosterveld is still not well understood,
and probably was greatly influenced by grazing pressure and
fire intervals. Fluctuation between the shrubland and grassland
states is presumed to have occurred, but for the moment the
exact mechanisms are unclear.

4.4.2 Other Animal-plant Interactions

The Fynbos Biome shows an exceptional diversity of pollination
systems (Rebelo 1987b, Johnson 1992, 1996b). Their most out-
standing feature is a high degree of specialisation (Johnson &
Steiner 2000). A recent synthesis of data on pollination systems
in southern Africa, much of it from the Fynbos Biome, revealed
that pollination systems in southern Africa tend to be more
specialised than those in the temperate regions of the northern
hemisphere (Johnson & Steiner 2003). Indeed, pollination by a
single animal group, even species, is the norm rather than the
exception in many plant families in the Fynbos Biome (Johnson
& Steiner 2003). This applies even to abiotic pollination where
Cliffortia (Rosaceae, 114 species) and most Restionaceae (318
species) are all wind-pollinated.

Plant specialisation for particular pollinators often leads to the
evolution of distinctive suites of floral traits known as ‘pollina-
tion syndromes’ (e.g. Faegri & Van der Pijl 1979). The semi-
nal paper on pollination syndromes by Vogel (1954) was, in
fact, inspired by his experience with the southern African flora,
particularly its representatives in the Cape region. It has been
argued that evolutionary specialisation for pollination by dif-
ferent animals has been a key driving force behind the ram-
pant speciation in the Cape region (Johnson 1996b, 2006).
This is based largely on the observation that sister taxa often
differ in their pollination systems (Johnson & Steiner 1997) and
that large genera show great diversity in pollination systems
(Johnson 1996b, Johnson et al. 1998, Goldblatt et al. 2000,
2001). On the other hand, many large genera have only a sin-
gle pollination syndrome, including wind pollination. The exist-
ence of specialised pollination systems also has implications for
conservation because these plants may be particularly vulner-
able to changes in land use that affect the pollinator fauna
(Bond 1994, Johnson & Steiner 2000, Donaldson et al. 2002).
Here we outline some of the major pollination syndromes in
the Fynbos Biome:

Long-proboscid Fly Pollination: Highly specialised pollination
systems involving long-proboscid flies belonging to the fami-
lies Nemestrinidae, Tabanidae, and Bombyliidae are well devel-
oped in the CFR (Goldblatt & Manning 2000b). These systems
are shared between fynbos, renosterveld and succulent karoo
shrublands. The flies are flower specialists that feed mostly
on nectar (although female tabanids take blood meals and
Bombyliidae feed extensively on pollen). Some nemestrinid and
tabanid flies have proboscides longer than 50 mm (Johnson &
Steiner 1997, Manning & Goldblatt 1997a). This syndrome is
concentrated in the Iridaceae, Orchidaceae, Geraniaceae and
Ericaceae and probably involves over 100 species (McDonald &
Van der Walt 1992, Manning & Goldblatt 1996, Struck 1997,
Goldblatt & Manning 2000b). Flies with shorter proboscides are
probably also important as pollinators of small open flowers,
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but there are fewer documented cases of specific associations
between plants and these flies.

Beetle Pollination: A distinctive feature of the winter-rainfall
region of South Africa is the syndrome of bright (red, orange or
yellow) odourless and bowl- or disc-shaped flowers pollinated
by monkey beetles (Scarabaeidae: Rutelinae: Hopliini) (Picker &
Midgley 1996, Goldblatt et al. 1998). Scarab beetles often use
flowers as mating rendezvous sites, but there is no strong sup-
port for the hypothesis (Steiner 1998) that dark patterns in the
centre of these flowers attract male beetles (Johnson & Midgley
2001). On the other hand, the attraction of the beetles to the
bright long-wavelength colours is now well documented (Picker
& Midgley 1996, Johnson & Midgley 2001). Pollination by small
beetles (Nitulidae, Alticidae, Curculionidae) has been suggested
for many fynbos taxa including Leucadendron (Proteaceae) and
Audouinia (Bruniaceae) (Hattingh & Giliomee 1989, Wright et
al. 1991b, Hemborg & Bond 2005). Beetle pollination is wide-
spread across all vegetation types and there is no documented
guilds specific to any major vegetation type.

Butterfly Pollination: The relationship between a guild of about
20 mainly fynbos plants (in the Iridaceae and Orchidaceae) and
the satyriine butterfly Aeropetes tulbaghia is one of the classic
examples of floral specialisation in plants. In this system, the but-
terfly is attracted to large red flowers, leading to convergent evo-
lution in these traits among plants in the guild (Johnson 1994a,
Johnson & Bond 1994, Goldblatt & Manning 2002a). The guild
includes several very rare species that depend completely on the
butterfly for their survival (Bond 1994), and is most prominent in
fynbos on southern slopes of the mountains, flowering peaking
in late summer. Many other butterflies are also pollinators but
few studies have been undertaken on them.

Moth Pollination: Data presented by Johnson (2004) indicate
that less than 3% of flowering plants in the CFR are moth-pol-
linated, as opposed to 6-7% in the eastern summer-rainfall
region. The difference is even more striking for hawkmoth-
pollinated plants, which are virtually absent from the CFR
(Manning & Snijman 2002). The most likely reason is a pau-
city of plants in families such as Balsaminaceae and Solanaceae
that are the typical larval food-plants for hawkmoths (Johnson
1997b). Pollination by small settling moths (Noctuidae and
Geometridae) has been recorded for several taxa (Johnson et
al. 1993, Johnson 1997a), but the relative contribution of moth
pollination within units of the Fynbos Biome is unknown.

Bee Pollination: Bee diversity in southern Africa increases from
east to west, with a maximum diversity in Namaqualand (Eardley
1989). There is no doubt that these insects as a group are the
most important pollinators in the CFR. The Cape Honeybee,
Apis mellifera capensis, is confined to this region and is specifi-
cally adapted for colony survival during the cold and wet Cape
winters (Hepburn & Crewe 1990, 1991, Hepburn & Guillarmod
1991). Carpenter bees also play a major role in the pollination of
larger flowers, especially legumes (Watmough 1974, Johnson
1993). They are abundant in the fynbos, especially after fires
when charred woody stems are used as nesting sites (Watmough
1974, Johnson 1997b), and also in forests where woody nest-
ing sites are more abundant. Smaller solitary bees have also
been implicated in the pollination of several CFR plant species
(Johnson 1994b, Johnson & Steiner 1994). Oil-collecting bees
in the genus Rediviva (Melittidae) pollinate Scrophulariaceae,
Orchidaceae and Iridaceae with oil-producing flowers (Steiner
1989, 1993, Manning & Goldblatt 2002, Steiner & Whitehead
2002). On account of their unusual floral reward and the low
diversity of Rediviva bees, oil-producing plants have extremely
specialised pollination systems (Johnson & Steiner 2003). There
appears to be no pattern of bee syndrome pollination within
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vegetation types of the Fynbos Biome, indeed most are shared
with succulent karoo shrublands to the north.

Bird Pollination: The significance of bird pollination in fynbos
as compared to renosterveld, strandveld and karoo is dis-
cussed under the effects of nutrient-poor soils (see Section 4.1).
Although the fynbos bird-pollination guild comprises only four
pollinators (two endemics), they service almost 400 species of
plants. By contrast, strandveld and renosterveld have only two
pollinators and a few dozen plant species, comparable with
bird pollination systems in the other biomes, although they
tend to have more bird species. An unusual strategy is found in
Microloma (Apocynaceae) by which pollen packets are placed
on the tongue of birds (Pauw 1998).

Nonflying Mammal Pollination: Among shrubs in the Fynbos
Biome, this syndrome is confined primarily to proteoid and
asteraceous fynbos. The syndrome is also known in geophytes
(Massonia depressa; Johnson et al. 2001) and probably in
Androcymbium (Colchicaceae) and Cytinus (Cytinaceae). A
proper appraisal of the geophytic component is required.

Bird Fruit Dispersal: Ornithochory is virtually absent from fynbos,
but is well represented both by bird and plant species in strand-
veld and renosterveld. Its absence in fynbos is attributed to the
lack of a regeneration niche, where the fruit and seedlings are
killed by fire. By contrast, in other systems, birds target favour-
able microhabitats most suitable for germination and establish-
ment (Le Maitre & Midgley 1992).

5. Origins of the Cape Flora
5.1

Rare evidence of the origins of species of the CFR is available in
the form of fossil pollen of Tertiary age while fossil charcoal only
provides information about its most recent history during the
Late Quaternary. In comparison with pollen and spore records
from the rest of the southern hemisphere, the early to middle
Cretaceous in South Africa has not yet developed clearly unique
features (Scott 1976, McLachlan & Pieterse 1978). Pollen from
Banke in Namagqualand, however, suggests that some groups
that could have developed into certain fynbos elements like
Thymelaeaceae, Restionaceae and Ericaceae, were already
developed by the Latest Cretaceous or Palaeogene, although
the vegetation in which they occurred was of a subtropical type
(Scholtz 1985). According to Linder (2003) who thoroughly
reviewed the molecular, geological, climatological, palaeon-
tological and other evidence for diversification of the plants
of the CFR, it may have been in existence in isolated locations
in the nutrient-poor mountains of the Cape early during the
Tertiary period but its dramatic spread in the region may have
taken place only by ca. 8-10 mya. Available fossil evidence is
not dated well enough to narrow this interval further but the
following broad picture of its origin and history can be derived
from it.

Palaeoecological Framework

In Knysna, southern Cape region, subtropical vegetation
with Restionaceae, palms and forest elements was reported
from lignite deposits (Thiergart et al. 1962, Helgren & Butzer
1977, Coetzee et al. 1983). Tertiary pollen assemblages in the
southwestern Cape at Noordhoek and Langebaanweg, sug-
gest a markedly different subtropical woodland vegetation
that include palms (Coetzee 1978a, b, Coetzee & Rogers 1982,
Coetzee et al. 1983, Coetzee & Muller 1984). Although precise
dates have not been established for the Knysna or southwest-
ern Cape assemblages, they are apparently of Neogene age.
Controversial opinions about the age of the Knysna deposits
have been expressed but on the basis of tectonic evidence they
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are thought to be of Miocene age (Thiergart et al. 1962, Maud
& Partridge 1987, Partridge & Maud 1987). The tropical ele-
ments in both regions are probably from a period before the
development of the current circum-Antarctic ocean system,
the Benguela Current and the enlarged Antarctic Ice Sheet
(Shackleton & Kennet 1975, Van Zinderen Bakker 1975, Vail &
Hardenbol 1979). These events possibly accompanied a transi-
tion from subtropical forest pollen in the Late Miocene to typical
fynbos and strandveld elements in the Early Pliocene associated
with the well-known fauna from the Varswater Formation at
Langebaanweg (Coetzee & Rogers 1982, Hendey 1984, Scott
1995). Asteraceae pollen evolution accompanying the change
to Fynbos Biome types showed earlier low-spine Gerbera-like
pollen (Mutisiae) and later more diverse and typical modern
long-spine and other forms, a situation which seems to be par-
alleled in South America (Coetzee 1978a, Barreda 1993).

Reconstruction of the Quaternary vegetation of the Fynbos
Biome on the basis of fossil pollen data suggests that marked
changes took place during this period. More extensive wood-
land at different times before the Late Glacial Maximum
(LGM) is suggested by pollen in lagoon deposits (Schalke
1973) and charcoal from Elands Bay Cave of > 24 000 years
cal. BP (Parkington & Cartwright 1997, Cowling et al. 1999a,
Parkington et al. 2000). Pollen in hyrax dung suggests that the
LGM in the northeastern part of the Cederberg range (Pakhuis
Pass) bordering on the Karoo, was characterised by astera-
ceous shrubland (renosterveld) with fynbos elements such as
Proteaceae, Ericaceae, Passerina and Lobostemon etc. (Scott
1994, L. Scott & S. Woodborne, unpublished data). The LGM
was by no means a uniform event and showed regular fluc-
tuations in temperature, moisture availability and seasonality (L.
Scott & S. Woodborne, unpublished data). In view of climatic
forcing of the earth’s orbital variations, the latter authors pose
the question: What if the fynbos of the LGM experienced a
slight shift to more summer rain during the LGM? If so, cool
growing seasons prevented it from changing to a more typical
summer-rain vegetation type. Variations in 80 values from the
Cango Caves ca. 300 km to the east, suggest a temperature
difference of ca. 5°C between the LGM and Holocene (Talma
& Vogel 1992). It has been suggested that fynbos and renos-
terveld elements migrated far to the north to northern Namibia
during the LGM following northward penetration of winter rain,
according to Shi et al. (2000) who found high concentrations of
Ericaceae and Restionaceae in marine sediments off the mouth
of the Cunene River. On the basis of fossil pollen of LGM age
from the Brandberg/Daures (Namibia) and elsewhere in South
Africa and an investigation of source areas and long-distance
transport, Scott et al. (2004) consider this unlikely and give dif-
ferent explanations for the composition of the pollen assem-
blages. Temperatures at the end of the LGM started increasing
sharply ca. 16 000 years cal. BP as recorded by pollen changes
from the Pakhuis Pass and the vegetation accordingly changed
to woodland, with Dodonaea, Olea, Rhus, Ebenaceae and
Proteaceae, etc. (L. Scott & S. Woodborne, unpublished data).
Paralleling the transition at Pakhuis Pass, charcoal and pollen
from archaeological sediments in Boomplaas Cave (Deacon et al.
1984, Scholtz 1986) adjacent to the Cango Caves, show open
renosterveld vegetation (Elytropappus and Euryops) changing
to more woodland. The hyrax dung sequence from the Pakhuis
Pass which, however, has a much higher sample resolution than
the Boomplaas record, suggests that regular variations persisted
throughout the Holocene, indicating markedly contrasting wet
and dry phases on a millennial scale, with variations in pollen of
Restionaceae, Cyperaceae, Asteraceae and succulent Aizoaceae
types (L. Scott & S. Woodborne, unpublished data). The Pakhuis
Pass results are, however, in contrast with previous pollen data

from the higher mountain peaks of the Cederberg, which sug-
gested that very constant climatic conditions prevailed during
the LGM transition and persisted throughout the Holocene,
with only Widdringtonia cederbergensis showing a very grad-
ual decline (Meadows & Sugden 1991, 1993). A low degree of
change in the high mountain fynbos of the Cederberg during
the terminal Pleistocene according to Cowling et al. (1999a)
might be explained by different climatic regimes between the
moist mountain peaks and the area to the east which lies in the
rainshadow of the range.

Late Holocene vegetation was apparently more open in the
fynbos environment and the change in firewood in Boomplaas
Cave from species on adjacent mountain slopes to Acacia kar-
roo ca. 2 000 years ago, might have been due to the necessity
to collect firewood from valley bottoms (Deacon et al. 1984,
Scholtz 1986, Scott & Lee-Thorp 2004). An increase in more
C4 grassland in the area during this time is indicated by the 3C
values from a stalagmite in the nearby Cango Caves (Talma &
Vogel 1992). According to the pollen contents, present values
of Dodonaea and Euclea pollen at the Pakhuis Pass are much
reduced in comparison to the late Holocene. This could possibly
be as a result of modern human influence on the vegetation
(Scott 1994).

Palynological evidence from coastal lakes and swamps,
e.g. Hangklip (Schalke 1973), Groenvlei (Martin 1968) and
Verlorenvlei (Baxter & Meadows 1994) suggests that coastal
vegetation composition did vary markedly during the Holocene.
At Groenvlei the fynbos that occurred during the early Holocene
was replaced by coastal forest (Martin 1968). At Verlorenvlei
a middle Holocene salt-marsh environment associated with
raised sea level changed to a freshwater one, while it has been
inferred that anthropogenic disturbance since ca. 1 700 AD
is responsible for the development of the current Verlorenvlei
environment (Baxter & Meadows 1994).

5.2 Phylogenetic Perspective

The overall lack of fossil plant evidence (Deacon et al. 1983; see
also Section 5.1 above) from the region of the current Fynbos
Biome makes the inference of palaeo-vegetation patterns very
difficult. It is therefore not surprising that alternative sources of
information have been sought. Progress in the field of molecu-
lar biology driven especially by technological advancement of
nucleic acid analysis and the methodological revival of cladis-
tic inference offers unique and powerful tools of phylogenetic
inference. Due to its legendary richness, the Cape is in the fore-
front of phylogenetic studies (Barraclough 2006, Linder 2006),
and the Fynbos Biome is possibly one of the best researched
biomes in the world in terms of using phylogenies in disentan-
gling its origin and evolution.

It is amazing that much of the richness of the CFR (about 50%)
is concentrated in only 33 major clades, which most probably
originated and radiated within the CFR (Linder 2003, Linder &
Hardy 2004), and are largely confined to fynbos. The taxonomic
expression of this is an extraordinary abundance of large genera
(containing more than 100 species), e.g. Erica with 658 spe-
cies (Linder & Hardy 2004, Linder 2005b, E.G.H. Oliver personal
communication). Another intriguing phenomenon emanat-
ing from the high species:genus ratio is the remarkable small-
scale (habitat-level) co-occurrence of many congeners, defying
entrenched ideas about the role of competition (hence niche
differentiation) in community assembly. Proches et al. (2006)
found that in recently radiated classes typical of evolutionary
young biomes (such as the Fynbos Biome), the co-occurring
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species tend to be more closely related than predicted by clas-
sical niche theory.

At large temporal scales, the governing paradigm of the past was
that the Cape flora is a mixtum compositum of three compo-
nents, namely (1) a Gondwanan element (also called ‘Antarctic’
by some)—a relict of the Cretaceous Gondwanan flora, (2) an
African element, accounting for the bulk of the Cape flora, and
(3) an Eurasian element, supposed to have migrated recently
along the eastern and southern African mountains to the CFR
(see Adamson 1958, Linder et al. 1992, Linder 2005b citing
Levyns 1962 as further sources of these ideas). Phylogenetic
analyses, however, shed different light on these ideas by point-
ing towards the importance of post-Gondwanan interconti-
nental dispersal. In general, large-distance intercontinental
dispersal events do not seem to be rare (Sanmartin & Ronquist
2004). The CFR appears to be a long-term assemblage with a
strong Austral, rather than African, relationship (Linder 2005b).
Furthermore, the dispersal from CFR to the high mountains of
the afromontane archipelago has been suggested as the more
probable direction, rather than the reverse (Galley & Linder
2006, Reeves et al. 2006; see also Chapter 8 on Grassland).

How old then is the Fynbos Biome? Very roughly we presume
that the Mid-Miocene vegetation of the southwestern Cape
was (sub)tropical (Axelrod & Raven 1978, Linder 2003, Linder
& Hardy 2004) with ancestral lineages of the modern fynbos
flora possibly restricted to the mountains. The climate of those
times was also (sub)tropical, mesic and with no pronounced
dry season. The steepening of the global pole-to-equator cli-
matic gradient linked to complete glaciation of Antarctica and
the associated strengthening of the upwelling of cold waters
along the Atlantic seaboards of southern Africa which started
some 8-10 mya (Siesser 1980), blocked off the summer rain-
fall, leaving only winter rainfall to dominate the southwestern
Cape (Linder & Hardy 2004); the eastern regions of the cur-
rent Fynbos Biome presumably still retained some share of the
summer rainfall. The (sub)tropical flora and vegetation of the
southwestern Cape was almost obliterated, perhaps except for
the remnants of relict forest and fynbos thicket (see Section
1.4.4) patches, opening vacant habitats for fast-radiating line-
ages of the Cape clades, facilitated by regular fires in the hot
and dry summers (Linder & Hardy 2004). According to Goldblatt
(1997) the Cape flora is not older than Pliocene age (less than
5 mya), while Cowling & Pressey (2001) suggest that the major
diversification is of Late Pliocene age. Richardson et al. (2001)
found that the initiation of the Phylica radiation was in the
Late Miocene, but other dated phylogenetic studies suggested
older radiation dates: Mid-Miocene for Pelargonium (Bakker
et al. 2005) and Indigofera (Schrire et al. 2003), Oligocene or
Early Miocene for some tribes of the Iridaceae (Goldblatt et al.
2002), and Oligocene for African clades of Restionaceae (Linder
& Hardy 2004). On the other hand, the radiation in Heliophila
(Mummenhoff et al. 2005) was found to be of Pliocene age.
It appears that adaptive nature of the radiations is a common
phenomenon (Goldblatt et al. 2002: Moraea; Verboom et al.
2004: Ehrharta; Linder & Hardy 2005: Thamnochortus; Manning
& Goldblatt 2005: Tritoniopsis).

Although the earliest recruitment of an angiosperm lineage into
the Cape flora has been dated to the Cretaceous, more lineages
have been incorporated into the flora, not really hindered by the
opening of the southern oceans (Linder 2005b). The few dated
molecular phylogenies available to us suggest a step-wise birth of
the biome through accession of diversity (resulting from radiations)
over the past 35 my, rather than a boom-like dramatic change of
flora as a consequence of a unique change in environmental condi-
tions in the palaeohistory of the Cape (Linder 2005b).
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We hypothesise that also the major floristic component of the
intrazonal fynbos thicket and strandveld vegetation is a relict
of past subtropical periods (see also Linder 2005b). The domi-
nance of genera of Anacardiaceae (Rhus), Celastraceae (Cassine,
Gymnosporia, Lauridia, Maytenus, Mystroxylon, Pterocelastrus,
Robsonodendron), Ebenaceae (Euclea, Diospyros) and
Sapotaceae (Sideroxylon) with their evolutionary roots (and cur-
rent centres of diversification) in the tropics, supports our claim.
We further propose, alongside earlier suggestions (Levyns
1964), that the strandveld shrublands of the Cape might be
in part relicts of old resident Mid-Miocene woodlands, which
retreated to nutrient-rich and climatically more stable, mild
(buffering function of the ocean) and fire-sheltered coastal
habitats in times when most of the Cape region had been
taken over by fire-prone fynbos and renosterveld shrublands
since about the Miocene/Pliocene boundary and later through-
out the Pleistocene. The increased aridity in the Plio-Pleistocene
either prevented migration of coastal elements or increased
depauperisation of the strandveld flora. On the other hand,
warmer (and possibly also wetter) interglacial periods during
the Pleistocene might have encouraged south-bound migra-
tion of tropical elements along the coasts—processes naturally
dependent on the dynamics of coastal dune fields (accretion
rates, stabilisation and abrasion rates). The glacial periods must
have had an adverse effect on both south-bound migrations of
the subtropical coastal thicket flora due to a decrease in tem-
perature along the South Coast (as much as 6°C lower yearly
average for the LGM) and a decrease in precipitation. West of
the Caledon Mountains, the depauperisation of the strandveld
('subtropical’) flora might have been further encouraged by
intensification of the winter rainfall on the West Coast during
the glacial periods.

We suggest that the core of the present-day strandveld
expanded especially after the last major marine transgression
about 1.5 mya (Compton 2004). This regression exposed major
stretches of the coast (and its hinterland) and today is covered
by limestone strandveld and extensive sandy plains underlain
by calcrete as well as lower slopes of the granite outcrops on
the West Coast. It was after this regression when extensive cal-
careous sand dune systems were initiated on the South Coast,
opening new habitats to strandveld vegetation. The tops of
the West Coast granites (Vredenburg and Saldanha Batholiths)
were exposed for a long time and experienced isolation caused
by marine transgressions about 5 and 1.5 mya (Compton 2004)
and we suggest that it is here where the evolutionarily oldest
(and most endemic-rich) form of strandveld could have devel-
oped on the West Coast.

The young age of the ‘recent element’ in the strandveld flora
is documented in genera of typical Cape clades (Linder 2003),
which contain species resulting from recent (Plio-Pleistocene)
radiations. Such is the case of Ehrharta villosa and E. calycina
(Verboom et al. 2003, 2004), Thamnochortus spicigerus and
T. erectus (Linder & Mann 1998), Phylica littoralis (Richardson
et al. 2000), Pelargonium gibbosum and P fulgidum (Bakker
et al. 2004), Metalasia muricata (Karis 1989) and Ischyrolepis
eleocharis (H.P. Linder, personal communication).

6. Taxonomic Diversity, Endemism and
Biogeographical Subdivisions

Patterns of species diversity and endemism in the Cape flora
have long been the focus of research, both academic and con-
servation-oriented. These are well reviewed (Kruger & Taylor
1979, Campbell & Van der Meulen 1980, Bond 1983, Cowling
et al. 1989, 1992, Cowling & Hilton-Taylor 1994, Goldblatt &
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Manning 2000a, Linder 2003, Cowling & Proches 2005) and
analysed and compared to other regions (Cowling 1983a,
199043, Ojeda et al. 2001, Cowling & Holmes 1992a, Cowling et
al. 1996a, 1997, 2003, Wisheu et al. 2000, Cowling & Lombard
2002, Laurie & Silander 2002, Latimer et al. 2005, Etienne et al.
2006). Here we limit ourselves to patterns of biodiversity issues
relevant to vegetation types of the Fynbos Biome.

6.1

The Cape Floristic Region is internationally recognised for its
exceptional species diversity, which ultimately led to the recog-
nition of the Cape flora as one of world’s floristic kingdoms, on
a par with much larger regions (Engler & Gilg 1919, Good 1947,
Takhtajan 1986). It has also been recognised as one of 25 ‘hot
spots’ of the world's diversity (see also Mittermeier et al. 2000,
Van Wyk & Smith 2001).

At the local scale, diversity in the CFR is high, without being
exceptional. Where relevé data yield more plant species than
tropical rainforest plots, this can be simply explained by the size
of individual plants, fynbos, renosterveld and strandveld shrubs
occupying less space than large forest trees. In fact, where com-
parisons of nonepiphytic plant diversity adjust the plot size for
plant size, rainforest appears more diverse (Latimer et al. 2005).
By comparison with other mediterranean-climate vegetation
types, the values recorded in the CFR (10-20 species/10 m?;
30-40 species/100 m?; 40-120 species/1 000 m?) are certainly
not extreme (see Bond 1983, Cowling 1990a). Plots dominated
by taller shrubs have generally lower diversity values compared
to plots entirely dominated by smaller plants.

Plant Diversity along Ecological Scales

It is at larger spatial scales that the diversity of the CFR becomes
exceptional, not only in a mediterranean-climate context, but
in any context. Floristic dissimilarity along transects (often
addressed as beta-diversity; Cowling & Campbell 1984, Cowling
1990a) ranging from hundreds of metres to hundreds of kilome-
tres is impressive, with complete turnover of species between
vegetation types. It has been alleged that in fynbos vegeta-
tion each mountain and valley has a flora of its own (Kruger
& Taylor 1979, Cowling 1990a), although endemism levels per
mountain unit are typically in the order of 1-10%. The reasons
invoked to explain these astounding species numbers are mul-
tiple (Table 4.3). While spatial species packing is sufficient at
finer scales, broader explanations involving habitat and climatic
diversity and speciation-extinction dynamics are necessary at
larger scales, most of the recorded species being endemic to
fynbos vegetation (Goldblatt & Manning 2000a). Renosterveld

diversity is lower in endemic species, with the exception of West
Coast renosterveld, and appears to be shared more, with far
less turnover, between different vegetation units. It has been
suggested that long-term climatic stability was crucial in the
attainment of the current levels of species diversity in the CFR
(Cowling et al. 2004, Cowling & Proches 2005).

6.2 Local and Regional Endemism

The CFR’s claim to fame is that it contains almost 9 000 plant
species (out of the 20 500 plant species in southern Africa:
44%) on 90 000 km? (or 4% of the area of the subcontinent).
Almost 69% of these plant species are endemic to the CFR. This
is comparable with many of the richest tropical forests and is
exceptional among temperate and African floras (Goldblatt &
Manning 2000a). It is the richest temperate flora in the world
(Van Wyk & Smith 2001).

Most plant species in the CFR are limited to fynbos—about
7 500 of the 9 000 species, of which over 80% are endemic
to the region and many (proportion is unknown, perhaps
60%) are endemic to fynbos vegetation itself. Floristically
it is unique in having large numbers of species belonging to
the Ericaceae (all in Erica with 658 species), Proteaceae (330
species), Restionaceae (318 species), Rutaceae (273 species),
Polygalaceae (141 species, with Muraltia accounting for 100
species), Rhamnaceae (137 species, with Phylica accounting for
133 species), Thymelaeaceae (124 species) and Rosaceae (120
species, with Cliffortia accounting for 114 species). Of the 942
genera of seed plants native to the CFR, about 160 (16%) are
endemic (Goldblatt & Manning 2000a).

Recent taxonomic revisions involving molecular-phylogenetic
studies confirmed that five families of angiosperms (Figure 4.20)
are endemic to the CFR. These are: Penaeaceae (with 23 species),
Roridulaceae (2 species), and the monotypic Geissolomataceae,
Grubbiaceae and Lanariaceae. All of them are confined to fyn-
bos vegetation. Wardiaceae is the only family of mosses con-
sidered endemic to the CFR. The Bruniaceae (with 64 species
in the CFR and one species in Pondoland) is near-endemic to
the CFR and is also confined to fynbos. When described, the
family Prioniaceae (Munro & Linder 1998) comprised only one
species (Prionium serratum), and was considered near-endemic
to the CFR (with populations in Pondoland), but it has since
been placed in the Thurniaceae, with further representatives
in South America (Chase et al. 2000, Goldblatt et al. 2005).
The monotypic family Retziaceae previously considered endemic
to the CFR (and fynbos vegetation), is now classified in the

Table 4.3 Factors and mechanisms underlying the rapid and localised diversification of the Cape flora.

Extent

Mechanisms of
fine-scale subdivision

Underlying factors

~ 90 000 km?
(small by global standards)

Spatial component

Landscape patchiness

Climatic diversity

Topographical heterogeneity

Fire-derived age mosaics

Limited
seed dispersal

Limited investment in dispersal, determined
by low productivity

Packing of individuals
and species

Small plant stature and niche separation

5-15 million years (of relatively

Short generation time

Connected to fire and small plant stature

high climatic stability, long by
global standards)

Temporal component

Separation
between generations

Fire-driven simultaneous cohort death
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Stilbaceae (Kornhall 2004). The Stilbaceae were in turn also
previously considered endemic to the CFR (and fynbos vegeta-
tion), but a new circumscription of the family (Olmstead et al.
2001, Kornhall 2004) extends it to tropical Africa.

The fact that the CFR endemics belong to families such as the
Ericaceae, Proteaceae, Restionaceae, Rhamnaceae and Rutaceae
(all with over 90% endemism to the Cape flora; Goldblatt &
Manning 2000a)—all families predominant in fynbos vegeta-
tion and not a taxonomically representative sample, suggests
that fynbos vegetation types contribute significantly to overall
levels of endemism. Cowling et al. (1992) have argued that
most of the endemics are edaphic specialists, but this might
be an artefact of their lowland sampling—the large number
of local endemics presented in the descriptions of particular
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vegetation units as defined in this chapter suggests that on
sandstone substrates at least, endemism is strongly influenced
by topography. Endemics (on the lowlands) tend to be small
shrubs, nonsprouting, with soil-stored, ant-dispersed seeds,
and with microsymbiont-mediated nutrient uptake (Cowling
et al. 1992), but whether these patterns hold within fynbos
throughout the region and how they vary between local and
subregional scales and the entire Fynbos Biome, is unknown.

A major problem with studies of endemism requires that detailed
and comprehensive distributional data exist for the entire area.
This is not generally available, the most comprehensive data
being available only at a broad scale (25 x 25 km). Although it
is therefore not possible to evaluate subregional or proportional
endemism, it is reasonably easy to obtain data on extremely

Figure 4.20 Representatives of the endemic and near-endemic families of the Cape Floristic Region: A: Lanaria lanata (Lanariaceae); B: Grub-
bia rosmarinifolia (Grubbiaceae); C: Brunia albiflora (Bruniaceae); D: Roridula gorgonias (Roridulaceae); E: Retzia capensis (Stilbaceae);
F: Saltera sarcocolla (Penaeaceae). Photographs: A, C-F: L. Mucing, B: D. Gwynne-Evans.
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localised endemics. Preliminary comparisons of the lists of
endemic taxa compiled for each of our vegetation units support
the general view of endemism being greatest in the fynbos units
of the southwestern mountain ranges, with a strong northern
trend and much reduced richness on the eastern ranges east of
the Langeberg, paralleling overall trends of species richness of
taxa studied by Oliver et al. (1983) and Moline & Linder (2006).
For instance, it seems that the extremely high figure for FFs
4 Cederberg Sandstone Fynbos possibly reflects the extensive
collecting in the past. With more research, many of these spe-
cies might be found to be more widespread in the neighbour-
ing fynbos units. This is also supported by the high proportion
of the Red Data category ‘Uncertain’ scored by many of the
Cederberg endemics (A.G. Rebelo, unpublished data). On the
other hand, the endemic accounts for well-researched areas
such as Langeberg and Cape Peninsula (e.g. McDonald 1999,
Helme & Trinder-Smith 2006) are probably reliable.

Renosterveld has much lower levels of endemism at the local
scale (the scale of the vegetation units as defined in this chap-
ter) than most of the units of sandstone fynbos in the western
regions of the fynbos, but the endemic counts in many of the
shale, granite and dolerite renosterveld units match those of
the sandstone fynbos in the eastern regions as well as sand
fynbos in general. When groups of ecologically analogous and
geographically juxtaposed renosterveld units are considered (for
instance West Coast renosterveld, South Coast renosterveld),
the regional levels of endemism are considerable (N. Helme,
unpublished data).

In strandveld, local endemism is considerably higher in the
western units than in the strandveld units fringing the Garden
Route. This is probably due to edaphic as well as occasional
topographic isolation (formation of islands during marine trans-
gressions). The endemism of the granite and limestone strand-
veld units of the Saldanha and Langebaan Peninsulas is compa-
rable to those of the endemic-rich fynbos units.

A more detailed analysis of the pattern of endemism and its
correlations is imminent, but it remains confounded by the lack
of data for the total richness of the different vegetation units,
so that the relative importance of endemism to the local and
regional species pool cannot be computed.

6.3 Sources of Species Diversity and Endemism

The key to understanding the complexity of the flora and veg-
etation of the CFR is in understanding the sources of its extraor-
dinary species diversity and endemism. Of the ecological factors
correlated with high species diversity and endemism in the fyn-
bos of the Langeberg (McDonald 1995), the most important is
limited dispersal of seeds with a high prevalence of ant disper-
sal (myrmecochory) and species with no obvious adaptations to
seed dispersal. Wind-dispersed species generally have broader
geographical ranges. Obligate reseeding (i.e. plants incapa-
ble of resprouting) is also important, with spatially fluctuating
and temporally discrete populations mediated by fire, result-
ing in more species. Resprouters can survive several successive
fire events, and genetic intermixing between the longer-lived
generations is possible, impeding speciation, so that richness
approaches that of forest or thicket habitats. Consequently,
reseeders usually have smaller geographical ranges than res-
prouters (Cowling 1987). Within the same dispersal and fire
survival categories, low shrubs are generally more likely to be
local endemics than other growth forms. Of all these factors,
limited dispersal is particularly important, as it applies to many
plant groups, irrespective of fire survival strategy and growth
form (McDonald et al. 1995). This potentially contributes to

the understanding of high species diversity in fynbos for groups
that are fire-resistant (e.g. geophytes; Proches et al. 2006).

From the point of view of evolutionary processes, the roots of
the species diversity should be sought in the nature of specia-
tion and extinction, and their relationship. Lately, Barraclough
(2006) has summarised the causes of speciation in the Cape
flora under six headings, including topographical complexity,
edaphic complexity, pollinator specialisation, fire and short-dis-
persal distances (see Sections 2 and 4 of this chapter for more
details). The patterns of extinction have not been formally ana-
lysed in the Cape, but climatic stability (see Section 2.4 for more
details) has been cited most often as one of the major reasons
for presumably low levels of extinction. For further analyses and
insights of the intriguing hot topics forcing functions influenc-
ing the patterns of speciation and extinction, consult Dynesius
& Jansson (2000), Jansson & Dynesius (2002), Linder (2003,
2005b), Linder & Hardy (2004) and Cowling & Proches (2005).

6.4 Biogeographical Compartmentalisation

The regional distribution of endemism in the CFR was first
described by Weimark (1941), who recognised ‘Centres’ of
endemism based on the distribution of range-restricted spe-
cies. These centres, updated to include a limestone centre, are
still used as phytogeographical subunits of the CFR in summa-
rising plant distributions (Goldblatt & Manning 2000a). These
centres were only partly confirmed in an analytical study on
major groups with fynbos endemics (Restionaceae, Ericaceae,
Proteaceae, Aspalathus, Muraltia; Oliver et al. 1983), although
further division between the western centres is possible (the
Southwest Centre is broken down into the Peninsula Centre,
West Coastal Centre, Bredasdorp Centre, and Southwest Centre
proper), whereas the eastern centres (Karoo Mountain Centre,
Langeberg Centre and Southeast Centre) are comparatively
uniform. More advanced multivariate techniques showed even
further division in the west, at least as far as the Restionaceae
are concerned (Linder & Mann 1998, Linder 2001, Moline &
Linder 2006). This has led to a more conservative approach by
which the CFR is referred to simply as represented by a western
part, rich in local endemics, and an eastern part, comparatively
poor in local endemics (Cowling & Lombard 2002, Proches et
al. 2003).

Comparison of four schemes of phytogeographical subdivision
of the CFR (Weimark 1941, Oliver et al. 1983, Linder & Mann
1998, Goldblatt & Manning 2000a) indeed reveals a number of
important spatial congruencies, but also leaves us with many
open questions, one of the most important ones being the
delimitation of lowland phytochoria. However, the lowlands
feature prominently in centres of endemism for the Proteaceae
(Rebelo & Siegfried 1990, Cowling et al. 1992), placing them
clearly within the Centres recognised by Weimark, and suggest-
ing that Weimark’s gaps were due to inadequate data. The res-
olution was too coarse to delimit the ‘limestone floras’, which
are clearly a major centre of endemism (Goldblatt & Manning
2000a). At present, data for most taxa are not available at a
fine enough scale (as is available for the Proteaceae) for more
detailed analysis, but finer-scale data are becoming available
through the geo-referencing of herbarium data and conserva-
tion projects such as CREW (Raimondo & Ebrahim 2006). It is
likely that species from strandveld and renosterveld within the
CFR will show different patterns.

7. Status and Threats

The degree of transformation of the Fynbos Biome vegetation
types is strongly linked to topography and geographical location.
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Among the ‘Critically Endangered’ and
‘Endangered’ ecosystems rank especially
those of the shal