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ABSTRACT

Comprising a land area of ca. 90,000 km2, less than one twentieth (5%) the land area of the southern African
subcontinent, the Cape Floristic Region (CFR) is, for its size, one of the world’s richest areas of plant species diversity.
A new synoptic flora for the Region has made possible an accurate reassessment of the flora, which has an estimated
9030 vascular plant species (68.7% endemic), of which 8920 species are flowering plants (69.5% endemic). The number
of species packed into so small an area is remarkable for the temperate zone and compares favorably with species
richness for areas of similar size in the wet tropics. The Cape region consists of a mosaic of sandstone and shale
substrata with local areas of limestone. It has a highly dissected, rugged topography, and a diversity of climates with
rainfall mostly falling in the winter months and varying from 2000 mm locally to less than 100 mm. Ecological gradients
are steep as a result of abrupt differences in soil, altitude, aspect, and precipitation. These factors combine to form an
unusually large number of local habitats for plants. Sandstone-derived soils have characteristically low nutrient status,
and many plants present on such soils have low seed dispersal capabilities, a factor promoting localized distributions.
An unusual family composition includes Iridaceae, Aizoaceae, Ericaceae, Scrophulariaceae, Proteaceae, Restionaceae,
Rutaceae, and Orchidaceae among the 10 largest families in the flora, following Asteraceae and Fabaceae, as the most
speciose families. Disproportionate radiation has resulted in over 59.2% species falling in the 10 largest families and
77.4% in the largest 20 families. Twelve genera have more than 100 species and the 20 largest genera contribute some
31% of the total species. Species richness of the Cape flora is hypothesized to be the result of geographic and parapatric
radiation in an area with a mosaic of different habitats due to local soil, climate, and altitudinal differences that
combine to produce steep ecological gradients. Also contributing to the diversity has been a relatively stable geological
history since the end of the Miocene that saw the establishment of a semi-arid and extreme seasonal climate at the
southwestern part of southern Africa.
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Situated at the southwestern tip of the African
continent between latitudes 318 and 348309S (Fig.
1), the area that has come to be called by biologists
the Cape Region has a flora, and to a lesser
extent a fauna (Stuckenberg, 1962), that is so
sharply distinct from that of the land immediately
adjacent to it that it has impressed naturalists from
the time of its discovery by European explorers in
the 16th century. Indeed, the floristic characteris-
tics of the Cape Region are so unusual that it has
sometimes been regarded as one of the world’s six
floral kingdoms (e.g., Good, 1974; Takhtajan,
1986). There are, however, no objective criteria for
distinguishing such ‘‘floral kingdoms,’’ and recog-
nition of a Cape Floral Kingdom is not universal.
We use the neutral term ‘‘floristic region’’ here sim-
ply for convenience.

Comprising a land area of ca. 90,000 km2, less
than 5% of the total area of the southern African
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subcontinent (Goldblatt, 1978, 1997), the Cape
Floristic Region (CFR) is one of the world’s most
botanically diverse regions. An estimated 9030
species of vascular plants (ferns and other vascular
cryptogams, gymnosperms, and flowering plants),
the majority of which, some 8920 in total, are flow-
ering plants, occur there, almost 69% of which are
endemic (figures based on Goldblatt & Manning,
2000, but reflecting taxonomic changes made since
the completion of that work). Thus, the flora of the
Cape Region comprises 44% of the estimated
20,500 species that occur in all of southern Africa
(Arnold & de Wet, 1993; de Wet, pers. comm.). The
level of species richness is notable, particularly in
Africa, the tropical flora of which is relatively de-
pauperate, but is remarkable for the world’s tem-
perate zone, comparing favorably with species rich-
ness for areas of comparable size in the wet tropics
rather than for areas of temperate climate.
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Figure 1. The Cape Floristic Region, showing relief, with the phytogeographic centers marked (from Goldblatt &
Manning, 2000). Abbreviations: AP, Agulhas Plain; KM, Karoo Mountain; LB, Langeberg; NW, Northwestern; SW,
Southwestern; SE, Southeastern.

Not only is the plant species richness of the
Cape flora exceptional, but its familial and generic
composition is remarkable (Bond & Goldblatt,
1984; Goldblatt, 1997; Goldblatt & Manning,
2000). Unexceptionally for a region of fairly dry
climate, the largest families are the Asteraceae
and Fabaceae, together comprising some 20% of
the total species. The families next in size, how-
ever, are not matched in any other flora—nowhere
else in the world do Iridaceae, Aizoaceae, Erica-
ceae, Proteaceae, and Restionaceae assume such
numerical significance, except in some parts of
Australia where Proteaceae and Restionaceae are
also unusually well represented. Other peculiari-
ties of the Cape flora are the dominance of fine-
leaved sclerophyllous shrubs, the paucity of trees,
and a remarkably large number of geophytes, here
defined as seasonal herbaceous perennials with
bulbs, corms, tubers, or prominent rhizomes (thus
excluding shrubs and subshrubs that resprout
from a woody caudex, usually after fire). Such geo-
phytes, especially numerous among the monocots
(notably, in order of importance, Iridaceae, Orchi-
daceae, Hyacinthaceae, and Amaryllidaceae), also
include many species of Oxalis (Oxalidaceae) and
Pelargonium (Geraniaceae) as well as other eu-
dicots. Geophytes as so defined comprise slightly
more than 17% of the species in the CFR. Con-
versely, the Cape flora has a surprisingly low pro-
portion of annuals for an area of largely semi-arid
climate. Approximately 6.8% of the species are
annuals, which is a striking contrast to California

(30% annuals) or Chile (nearly 16% annuals)
(Kalin Arroyo et al., 1994), areas of comparable
latitude and climate. Both geophytes and annuals
are primarily adapted to seasonally dry climates
and escape the time of year unfavorable for growth
by retreating to underground storage organs or by
ensuring continued survival only by the produc-
tion of seeds.

The compilation of a synoptic flora of the Cape
Region (Goldblatt & Manning, 2000) replaces ear-
lier vegetational analyses based on the work of
Bond and Goldblatt (1984), now very much out of
date. Statistics presented here are taken from
Goldblatt and Manning (2000), with minor modi-
fications reflecting taxonomic changes in press or
published since its completion. Familial and or-
dinal taxonomy is that recommended by the An-
giosperm Phylogeny Group (APG, 1998). Changes
in the CFR made since this synoptic classification
was published are recognition of Veronicaceae
(now including Plantaginaceae and several genera
previously of Scrophulariaceae), enlargement of
Stilbaceae to include non-Cape genera, the reduc-
tion of Achariaceae in Flacourtiaceae, and Prion-
iaceae in Thurniaceae, and the transfer of Hyaen-
anche from Euphorbiaceae to Picrodendraceae
(5 Pseudanthaceae) (Olmstead et al., 2001, and
pers. comm.; Chase et al., 2000; Savolainen et al.,
2000). Tamaricaceae, represented by one species
of Tamarix, was omitted in error from the account
of the flora. These changes are represented in the
revised familial statistics.
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PHYSICAL CHARACTERISTICS

LANDSCAPE AND CLIMATE

Mountain belts of the Cape Region are not par-
ticularly high, generally 1000–2000 m in elevation,
and although the peaks are well below a truly al-
pine zone at the latitude of the Cape region, they
are high enough for winter freezing to be a factor
affecting the vegetation. The mountains are rugged,
and cliffs and exposed rock are evident everywhere.
The rugged topography and vertical landscape am-
plify the effects of local climatic variation with the
result that the mountains offer a greater diversity
of habitats than are present in the lowlands.

The climate is largely mediterranean, and strictly
so in the west, although the eastern half of the CFR
receives substantially more summer precipitation.
Rain thus falls mainly in the winter months and
while summers are hot and dry, they are relatively
less so in the east. In areas of low total rainfall, the
average monthly precipitation distributed in the
summer months may be higher, notably in the Little
Karoo, but due to more favorable precipitation/
evaporation (P/E) ratios effective rainfall is still
mainly in the winter. South-facing mountain slopes
benefit from summer moisture in the form of rain
or fog from the southeast trade winds. The narrow
coastal plain in the Knysna area, which has a com-
paratively equable climate and high rainfall, sup-
ports an evergreen, broad-leaved forest. Likewise,
sheltered valleys and locally wet sites throughout
the region, affording higher P/E ratios, support for-
est vegetation.

Local variation in rainfall is particularly pro-
nounced in mountainous areas, and this is impor-
tant when precipitation is orographic. Mountain
slopes facing prevailing winds receive considerably
more precipitation than those in the lee. Rainfall
patterns in the Cape Region show dramatic varia-
tion in quantity, dropping from 2000 mm per year
on the high mountains of the ranges immediately
facing the coast, to less than 200 mm on the lee-
ward slopes of the interior ranges. Mosaic effects
of soils across the entire region are thus compli-
cated by variation in precipitation from the coast
to the interior, as well as changes in seasonality
from the west to the east. In addition, elevation and
aspect affect precipitation depending on the direc-
tion of moisture-bearing winds. The eastern and
western parts of the CFR are considered to be un-
der fundamentally differing climatic controls, prob-
ably a long enduring pattern that has affected the
evolutionary histories of the areas and, hence, re-
sulting in their distinctive floras and faunas (Cowl-
ing et al., 1999).

The number of ecological niches available to
plant life is multiplied by soil differences, and this
is particularly pronounced as precipitation levels
drop. With ample rain the effect of soil on vegeta-
tional composition is less prominent. Rainfall is
limiting almost throughout the region, however, and
vegetation varies conspicuously with soil and avail-
able moisture. Climatic gradients are steep, al-
though perhaps not more so than in most other ar-
eas of mediterranean climate, but the effect may be
compounded in the Cape Region by soil diversity.
Different soil types in the Cape Region support
characteristic vegetation types depending on asso-
ciated levels of precipitation. Forest vegetation is
typical of deeper soils and sites where precipitation
is high and fairly evenly spread throughout the
year. As soil qualities change and precipitation be-
comes lower or more seasonal, forest gives way to
shrubby or herbaceous vegetation types. On sandy
soils, forest yields to a sclerophyllous vegetation
(fynbos) in which species diversity decreases and
composition changes until rainfall minimums reach
about 300–250 mm p.a. when a succulent shrub-
land becomes dominant. On clay soils forest gives
way to fynbos and then to the characteristic renos-
terveld, a shrubland dominated by shrubby, micro-
phyllous Asteraceae. At precipitation levels below
100 mm p.a. renosterveld is increasingly dominated
by succulent perennials. The dissected landscape
ensures that broad sweeps of one vegetation type
are isolated from others by habitats that will not
support their growth. The mosaic of different soil
types alone contributes to increasing diversity, but
the peculiar nature of nutrient-poor soils may result
in more pronounced effects on plant diversity, plant
dispersal, and hence gene flow.

GEOLOGY AND SOILS

Over most of its surface the Cape Region is cov-
ered by soils derived from rocks of pre-Carbonif-
erous age (King, 1962), thus more than 400 mya
(Fig. 2). Most of these rocks comprise part of the
Cape System, an ancient Devonian–Ordovician se-
ries of sediments consisting of alternating layers of
largely quartzitic sandstones (the Table Mountain
and Witteberg Groups) or fine-grained shales (the
Bokkeveld Group). During the Jurassic the land
surface was folded and warped as Antarctica sep-
arated from the south coast of southern Africa and
South America rifted away from the west coast. The
folds consistently run parallel to the coasts, result-
ing in a series of east-west trending mountain rang-
es in the southern half of the Cape Region and
north-south trending ranges in the west.
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Figure 2. Geology of the Cape Floristic Region (adapted from Cowling, 1992).

Differential weathering of the components of the
Cape System has yielded two fundamentally differ-
ent soil types, coarse-grained sandy soils, poor in
essential plant nutrients, and richer, clay soils of
nutrient-intermediate status (Groves et al., 1983).
At the low precipitation levels that are usual in the
Cape Region, these factors become so limiting that
these soils support markedly contrasting vegetation.
Apart from variation in nutrient status, the soils
depart significantly in their structure and water-re-
tention properties. Erosional patterns differ on the
two rock types, and the result is that the mountains
consist primarily of sandstone rocks and the valleys
of shale. Where folding or faulting have been se-
vere, more ancient rocks of the Precambrian Mal-
mesbury Group are exposed. These are largely
shales that give rise to clay soils of the same type
as do the shales of the Cape System. Granitic
schists are locally exposed in deep valleys and
along the west coast, and limestones, mainly of Ter-
tiary age, are exposed near the coast where they
are extensive only along the southern coast from
the Agulhas Peninsula east to Mossel Bay. The
coastal plain includes areas with aeolian sandy
soils derived from reworking of Cape Sandstones.
Since these major episodes of folding and rifting in
the Mesozoic, only erosional forces have had a ma-
jor impact on the Cape landscape, modified only
slightly by minor uplift, associated with coastal
downwarping in the mid to late Tertiary (King,
1962). Moving from the coastal plain to the interior,

the resultant landscape is a mosaic of coastal lime-
stones and deep sands, or valleys with clay soils
alternating with mountain ranges of nutrient-poor
sands. Local faulting has added a secondary com-
ponent of islands of one rock type embedded in
another. Both the nutrient-poor and nutrient-inter-
mediate soils favor the development of a fairly uni-
form, sclerophyllous, shrubby vegetation that is
fire-adapted (see discussion under Diversity).

WINTER-RAINFALL AND CLIMATIC STABILITY

How important to the flora is the current medi-
terranean climate that prevails over most of the Re-
gion? The vegetation of the Cape Region prior to
the establishment of a winter-rainfall climate was
very different from that now found there. Evergreen
forest has been decreasing since the middle of the
Tertiary, and its diversity has dropped dramatically
since the mid Miocene, some 16–14 mya, as well
(Coetzee, 1993). Families such as Arecaceae, Cas-
uarinaceae, Chloranthacaeae, Sarcolaenaceae, and
Winteraceae, no longer found on the African main-
land but still extant in Madagascar, were present in
the Cape Region at least until the mid Miocene
(Coetzee & Praglowski, 1984; Coetzee & Muller,
1985). In addition, early to mid Miocene deposits
on the Cape west coast indicate a fauna adapted to
forest and woodland (Hendey, 1982).

The establishment of the cold Benguella Current
along the west coast of southern Africa in the Mio-
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cene, with its cooling and drying effects, was prob-
ably the single most important influence affecting
vegetation change in the subcontinent. Summer
drought became increasingly severe in the west as
this current strengthened as a result of the spread
of the Antarctic ice sheet at the end of the Miocene,
ca. 5.5 mya. Even in the later mid Miocene, how-
ever, there was a fairly rich subtropical flora replete
with palms (Coetzee & Rogers, 1982) near Saldan-
ha Bay, on the west coast of the Cape Region in an
area that today supports a largely treeless, succu-
lent or sclerophyllous shrubland. No palm species
occur today in the CFR. Faunal remains suggest
that by the late Miocene the once widespread forest
and woodland were being replaced by more open
savanna (Hendey, 1982). It was probably not until
after the beginning of the Pliocene, i.e., less than
6 mya, that the present Cape flora could be distin-
guished, although elements of that flora are recog-
nized in Oligocene pollen cores taken within the
Cape Region and nearby (Scholz, 1985). It seems
clear that climatic change, including increased
summer drought and lower overall rainfall, was the
driving force for vegetational change in southern
Africa into the Pliocene.

Although post-Pliocene changes in climate of the
Cape Region are poorly documented, the climate
appears to have been relatively stable. In compar-
ison with southern Europe, North America, and
southern South America, all of which experienced
cycles of extreme climatic fluctuations with periods
of mild climate alternating with extreme cold and
dryness (Villagrán, 1994), the climate of the Cape
Region appears to have been relatively stable
throughout the Quaternary. Whereas in central
Chile, southern Europe, and North America moun-
tain glaciers developed and winter temperatures
must have fallen to levels that large portions of
their floras could not tolerate, the Cape appears to
have merely undergone cycles of drier and cooler
alternating with wetter and warmer conditions. The
ameliorating affects of large oceans to the south and
west would have prevented the extreme conditions
that result in major extinction events. Although no
glaciers developed, there is evidence of colder cli-
mates in the past (Deacon, 1979) consistent with a
temperature depression of the order of 58C at the
latitude of the Cape Region.

The data of Meadows and Sugden (1991) are
among few documenting the history of the Cape flo-
ra over the past 20,000 years. Their pollen profiles
from the Cedarberg Mountains in the northwestern
part of the CFR show no vegetational changes com-
parable to those known for Chile (Villagrán, 1994)
or California (Raven & Axelrod, 1978). Instead,

there seems to have been a series of subtle shifts
in conditions that favored one community type over
another in the 14,600 years covered in their sam-
pling. The Cedarberg data are especially notable
because that range lies at the northern, more arid
end of the Cape Region, an area that is therefore
particularly sensitive to climatic change. In con-
trast, the somewhat older fossil wood assemblages
from Elands Bay Cave on the west coast of the CFR
(Cowling et al., 1999) document a shift from xeric
to mesic thicket and fynbos and then to afromon-
tane forest at 18,000 BP, indicating higher moisture
conditions in the west during the Last Glacial.

In the southern Cape the lowering of sea levels
as much as 120 m below present levels at times
during the Pleistocene resulted in the extension of
the coastal plain off the southern coast of Africa.
The vegetation along the coast at this time was
probably grass-dominated, and it supported the
dominant alcephaline and equid fauna (Klein,
1977). Even today, the vegetation on clay soils of
this area has a large grass component.

FLORISTIC COMPOSITION

MAJOR FAMILIES AND GENERA

The Asteraceae, usually the largest family in flo-
ras of arid to semi-arid regions, are also the most
speciose family in the Cape flora, with 1036 species
(Table 1). Additions to several genera of Fabaceae
since the flora was last documented (Bond & Gold-
blatt, 1984) now make this family the second larg-
est in the flora (previously believed to be fourth
largest), which is also unexceptional, as Fabaceae
are well developed in most parts of the world. How-
ever, the huge contribution made by Iridaceae, Ai-
zoaceae, and Ericaceae, next in numbers of species
(Table 1), is a unique aspect of the flora (and con-
sequently of the southern African flora as a whole).
Scrophulariaceae, Proteaceae, and Restionaceae
follow in importance, showing a pattern, described
in more detail by Goldblatt and Manning (2000).
Aizoaceae, with its huge southern African repre-
sentation of Mesembryanthemoideae, are probably
the second largest family in the southern African
flora (Goldblatt, 1978) and appear to be the largest
family in the Namaqualand–southwestern Namibia
region (R. Cowling, pers. comm.) that lies to the
north of the CFR and also has a winter-rainfall and
summer-dry climate. This arid zone has such strong
floral affinities to the Cape flora that the inclusion
of Namaqualand–southwest Namibia in the CFR to
comprise a Greater Cape flora has been given se-
rious consideration (Bayer, 1984; Jürgens, 1991,
1997). The relationships of the extended Namaqua-
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Table 1. Ranking of the 20 largest families in the Cape Flora Region as indicated by species number. Family
circumscriptions reflect the recommendations of the Angiosperm Phylogeny Group (1998). These families contribute
6989 species to the flora, or 77.4% of the total.

Family Total species

Number endemic
(% of total

species)
Total genera

(number endemic) Species/genus

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Asteraceae
Fabaceae
Iridaceae
Aizoaceae
Ericaceae
Scrophulariaceae
Proteaceae
Restionaceae
Rutaceae
Orchidaceae
Poaceae
Cyperaceae
Hyacinthaceae
Campanulaceae
Asphodelaceae
Geraniaceae
Polygalaceae
Rhamnaceae
Crassulaceae
Thymelaeaceae

1036
761
677
659
657
414
329
318
273
227
207
206
191
183
157
157
141
137
134
125

S 5 6989

655 (63.2)
629 (82.7)
540 (79.8)
524 (79.5)
637 (96.9)
297 (71.7)
319 (97.0)
294 (92.5)
257 (94.1)
138 (60.8)

80 (38.6)
101 (49.0)

83 (43.5)
140 (76.5)

81 (51.6)
91 (58.0)

122 (86.5)
127 (92.7)

35 (26.1)
94 (75.2)

5244 (77.0)

121 (33)
37 (6)
28 (6)
76 (18)

1 (0)
33 (7)
14 (9)
19 (10)
15 (6)
25 (2)
61 (3)
29 (4)
14 (0)
13 (6)

8 (0)
3 (0)
3 (0)
5 (1)
5 (0)
4 (1)

514 (112)

8.6
20.6
24.2

7.5
657

12.5
23.5
16.7
18.2

9.1
3.4
7.1

13.6
14.1
19.6
52.3
47.0
27.4
26.8
31.3

land flora (or Succulent Karoo Region) seem un-
questionably closer to the Cape flora in its tradi-
tional sense than to the flora of the summer-rainfall
karoo (Nama-Karoo Region) although their common
boundary is not clearly fixed and there is evidence
for its east–west shift in the past (Jürgens, 1991).

The large numbers of species of Proteaceae and
Restionaceae, seventh and eighth largest families,
respectively, are another striking feature of the flo-
ra. The importance of Ericaceae, Proteaceae, and
Restionaceae both in terms of biomass and species
diversity is widely appreciated, but the huge num-
ber of species of Iridaceae, predominantly a family
of herbaceous, seasonal geophytes, is especially no-
table. Nowhere else in the world does this family
comprise such a significant floristic component. In-
deed, the adaptive radiation of Ericaceae and Iri-
daceae in the Cape flora is one of its most striking
features. The diversification of Ericaceae, Protea-
ceae, Restionaceae, and even Cyperaceae, is close-
ly associated with the impoverished sandstone soils
of the Cape mountain ranges, and these families
are poorly represented on other soils. The massive
radiation of Fabaceae and Iridaceae shows no such
correlation. Although the wealth of Scrophulari-
aceae, sixth largest family in the Cape flora, seems
remarkable in a world context, the family is also

well represented across Africa, especially in the flo-
ras of drier areas (Maggs et al., 1998). In the Cape
flora Scrophulariaceae contribute 166 species to
the annual flora, far more than does the next most
important family, Asteraceae, with 138 annual spe-
cies. As circumscribed for the Cape flora (Goldblatt
& Manning, 2000) Scrophulariaceae do not include
the parasitic and hemiparasitic genera now referred
to Orobanchaceae (APG, 1998) but, nevertheless,
it remains a major family in the flora. Rutaceae,
ninth largest family, are also a surprising aspect of
the Cape’s floristic composition. Over 95% of the
273 species of Rutaceae there are small shrublets
belonging to the tribe Diosmeae, most members of
which are restricted to the Cape flora, and reflect
the large numbers of shrub species in the flora. The
wealth of Polygalaceae, Rhamnaceae, and Thyme-
laeaceae, 17th, 18th, and 20th in size, respectively
(Table 1), likewise exemplify the importance of the
shrubby habit in the Cape flora.

Poaceae are comparatively poorly represented in
the Cape flora. Although they are the third largest
family in the flora in number of genera (Table 1),
they are only 11th in size in total species, with
fewer representatives than Restionaceae and barely
more than Cyperaceae, the two other families gen-
erally that occupy similar habitats. This situation is
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Table 2. Endemic families of the CFR. Note that the
characteristic and nearly endemic family Bruniaceae has
11 genera and 61 endemic species of a total 64 in the
family and is not included here, its range extending east-
ward to southern KwaZulu-Natal. In addition, Olmstead et
al. (2001) have proposed enlarging Stilbaceae to include
non Cape genera rendering it no longer endemic.

Family
Number

of genera
Number

of species

Penaeaceae
Stilbaceae s. str.
Grubbiaceae
Roridulaceae
Geissolomataceae

7
5
1
1
1

23
14
3
2
1

Totals 15 43

paralleled only in southwestern Australia but con-
trasts sharply with adjacent southern Africa where
Poaceae are prominent and diverse. Poaceae are
the largest family in the flora of Namibia (Maggs et
al., 1998) and one of the five largest in southern
Africa excluding the CFR (Goldblatt, 1978).

Although 150 families of seed plants and another
23 of ferns and other vascular cryptogams are rep-
resented in the flora, remarkably few account for
the bulk of the species. While 23 families in the
flora have over 100 species, only 12 have over 200
species. In contrast, 38 families have just one spe-
cies each. The largest 10 families account for 5351
species, well over half the total 9030 in the flora,
and the largest 20 families account for 6989 spe-
cies, over 77% of the flora (Table 1).

ENDEMIC FAMILIES

The unique floristic composition of the Cape Re-
gion, with its high representation of Ericaceae, Ir-
idaceae, Proteaceae, and Restionaceae (Table 1), is
emphasized by the presence of several families that
are endemic or nearly so. The endemic families are
all eudicotyledons of diverse affinity and relatively
low evolutionary specialization (Table 2). The larg-
est is Penaeaceae (Myrtales), followed by Grubbi-
aceae (Cornales), Roridulaceae (Ericales), and
Geissolomataceae (together with Ixerbaceae and
Strasburgeriaceae, sister to Crossosomatales) (clas-
sification following APG, 1998). Based on a molec-
ular clock calibrated using 135 mya for the diver-
gence of the eudicot lineage (V. Savolainen et al.,
2000, and unpublished data), Penaeaceae may
have diverged 20 mya from its sister clade, the Af-
rican Oliniaceae plus the Neotropical Alzateaceae,
while Roridulaceae diverged from Ericaceae, its
closest relative (Savolainen et al., 2000), ca. 48

mya. Geissolomataceae appear older, having di-
verged perhaps 55 mya from Ixerbaceae plus Stras-
burgeraceae. Grubbiaceae may have diverged from
Cornaceae plus Hydrostachyaceae in the earliest
Tertiary, 63 mya. We have no comparable data for
the monotypic, near endemic monocot family Lan-
ariaceae. Stilbaceae (including Retziaceae) (Lami-
ales) are provisionally regarded as a Cape endemic
family, but if the changes to its circumscription sug-
gested by Olmstead et al. (2001, and pers. comm.)
are accepted, the family occurs across sub-Saharan
Africa, Arabia, the Mascarenes, and Madagascar
(see below).

Bruniaceae, one of the distinctive families of the
Cape flora, are almost endemic. Of an estimated 64
species in 11 genera, just 3 species in 2 genera
extend outside the confines of the Cape Region, 2
locally, and 1 as far east as southern KwaZulu-Na-
tal. Bruniaceae are now thought to be the sister
group to the order Dipsacales (Savolainen et al.,
2000), perhaps meriting recognition at ordinal
rank. The discovery of pollen matching modern
Bruniaceae in early Tertiary and late Cretaceous
(?Senonian) deposits in northern Namaqualand (S.
E. de Villiers, pers. comm.), well to the north of
the CFR, attest to considerable age for the family
in southern Africa. The pollen record also accords
with Savolainen’s preliminary early Tertiary dating
of the divergence between Bruniaceae and Dipsa-
cales at about 57 mya (V. Savolainen, unpublished
data).

Retziaceae (1 genus : 1 species) have often been
considered an endemic Cape family (e.g., Bond &
Goldblatt, 1984), although its affinities have long
been in dispute (Goldblatt et al., 1979). DNA se-
quence analysis shows the genus nested in Stilba-
ceae (Bremer et al., 1994; Savolainen et al., 2000).
Floral specialization for bird pollination appears to
be the source of most of its distinctive features. The
familial status of Stilbaceae is not in question, but
Olmstead et al. (2001) included the Afro-Arabian
Nuxia in tribe Stilbeae and added the Afro-Mada-
gascan Halleria and the southern African tribe
Bowkerieae to the family (previously Scrophulari-
aceae) rendering Stilbaceae no longer endemic to
the CFR or even to southern Africa.

In contrast to the Cape Region, which alone has
5 (or more likely 4) endemic families, all of south-
ern Africa perhaps has just 10 endemic families (9
according to the revised concept of Stilbaceae). In
addition to those absolutely restricted to the Cape
Region, the southern African endemic families are
the eudicots Bruniaceae (ordinal position sister to
Dipsacales, 11: ca. 64), Greyiaceae (Geraniales, 1:
3), and Rhynchocalycaceae (Myrtales, 1 : 1); the
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Table 3. Ranking by numerical size of the 20 largest genera in the CFR (endemic species number). An estimated
9030 species occur in the flora, of which 6208 are endemic (68.7%).

Erica 657 (637) Muraltia 106 (100)
Aspalathus 272 (258) Gladiolus 106 (86)
Pelargonium 148 (89) Selago 100 (77)
Agathosma 143 (138) Crassula 95 (26)
Phylica 133 (126) Disa 92 (78)
Lampranthus 124 (118) Ruschia 88 (79)
Oxalis 119 (94) Restio 85 (82)
Moraea 115 (79) Leucadendron 82 (79)
Cliffortia 114 (104) Helichrysum 81 (34)
Senecio 110 (57) Thesium 81 (35)
Total in largest 10 genera 5 1935 spp. (21.4% of flora)
Combined total in largest 20 genera 5 2851 spp. (31.6% of flora)

monotypic monocot genus Lanaria is also currently
regarded as comprising its own family, Lanariaceae
(Asparagales) (APG, 1998; Chase et al., 2000); and
the cycad family Stangeriaceae (1 : 1). Lanaria is
widespread in the Cape Region and extends outside
its confines a short distance to the east. Aitoni-
aceae, Curtisiaceae, and Oftiaceae have at times
been accorded recognition but they are no longer
considered to be separate families. They are readily
referable to Meliaceae (Pennington & Styles, 1975),
Cornaceae (Xiang et al., 1993), and Scrophulari-
aceae (Goldblatt, 1979), respectively. Prioniaceae
(Poales), treated as a family by Munro and Linder
(1998) for the monotypic and largely Cape Prion-
ium, and recognized by Goldblatt and Manning
(2000) for the Cape flora, are now regarded as be-
longing to Thurniaceae (Chase et al., 2000). Behn-
iaceae, described for the monotypic southern Afri-
can Behnia, is an endemic southern African family
according to Conran et al. (1997), although it is
reported to occur in Zimbabwe. However, the status
of Behniaceae is in question and it is likely to be
subsumed in a more widely circumscribed Agava-
ceae (M. W. Chase, pers. comm.). Likewise, Achar-
iaceae (Malpighiales, current name for Flacour-
tiales, 3 : 3) (Savolainen et al., 2000), two species
of which also occur in the Cape Region, are often
regarded as a southern African endemic family. The
genera are, however, nested in Kiggelariaceae (Sa-
volainen et al., 2000) and are regarded here as
members of that family.

GENERA

Some 944 genera of seed plants (or 990 genera
of vascular plants), about half of those occurring in
southern Africa, are represented in the Cape flora,
of which some 160 or 16.3% are endemic (Gold-
blatt & Manning, 2000). The level of generic en-
demism is modest and reflects little of the unusual

nature of the flora. The number of near-endemic
genera (those of moderate size with just one or two
species extending locally outside the Cape Region)
is, however, dramatically high. The largest genus in
the flora by far is Erica, with some 657 species
(Table 3). Changes in the circumscription of Erica
(Oliver, 2000) have now resulted in the inclusion
of all the minor genera of southern African Erica-
ceae: Ericoideae, leaving Erica with over 7% of the
species in the entire flora. It is unclear whether this
remarkable pattern of speciation without generic
diversification is associated with the relatively re-
cent arrival of ancestral ericaceous stock in the
CFR, or with adaptive radiation following the es-
tablishment of a semi-arid climate there. By com-
parison, the smaller families Proteaceae and Res-
tionaceae appear to belong to old African (or even
Gondwanan) groups, now poorly represented else-
where in Africa, and they show the highest levels
of endemism at the generic level. These two fami-
lies plus Bruniaceae are the only non-endemic fam-
ilies that show greater than 50% generic endemism.

Aspalathus (Fabaceae) is the second largest ge-
nus, with 272 species, followed by Pelargonium
(Geraniaceae), Agathosma (Rutaceae), Phylica
(Rhamnaceae), Lampranthus (Aizoaceae), and Ox-
alis (Oxalidaceae), each with between 118 and 148
species (Table 3). Thirty-six genera have over 50
species and 13 genera have over 100 species. The
10 largest genera contribute over 21%, or 1935
species, to the flora. The next 10 largest genera
contribute an additional 922 species. The 20 larg-
est genera in the Cape flora thus contain over 31%
of the total species.

There is no one unifying ecological pattern evi-
dent in the species-rich genera. Agathosma, Aspa-
lathus, Cliffortia, Erica, Phylica, and the two larg-
est genera of Proteaceae, Leucadendron and Protea,
are best developed on sandy soils and are most
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Table 4. Selected statistics for the CFR and various comparable regions (emended from Bond & Goldblatt, 1984).
The figures represent the percentage of the total flora. The ten largest genera were determined by species number.

Region

Mean sp.
number

per genus
10 largest

genera

Percentage of total flora

Monocots Asteraceae
Annual
species

Cape flora 9.1 21.4 24.5 11.5 6.7
Southern Africa (incl. Cape flora) 9.6 15.1 23.0 11.0 7.0
Cape Peninsula
Natal
Eastern North America
Europe
California Flora
Sonoran Desert
Texas
Hawaii
New Zealand

4.2
3.9
5.2
7.8
5.3
3.3
3.9
4.4
5.1

17.5
17.0
21.8
14.0
15.2
12.8
10.2
81.0
26.3

34.6
27.1
28.2
18.0
19.2
12.1
24.4
11.8
27.3

11.5
11.4
12.7
12.0
13.6
15.0
13.4
15.9
12.5

9.6
ca. 6.5

8.7
?

27.4
21.4
20.4

0.04
6.0

diverse in montane habitats. In contrast, species of
Lampranthus, Moraea, Pelargonium, Oxalis, Glad-
iolus, and Crassula appear to occur with equal fre-
quency on nutrient-poor, nutrient-intermediate, or
comparatively rich soils and favor lowland habitats.
Lampranthus and Crassula are succulents, and
Disa, Oxalis, Gladiolus, and Moraea are seasonal
geophytes, as are some species of Pelargonium. The
remaining genera among the largest 20 comprise
mostly shrubs or small trees. A few species of Pel-
argonium, Senecio, Crassula, and Helichrysum are
annual species. Thesium species are hemiparasitic
shrubs.

The most obvious shared factors in diversified
genera in the Cape flora seem to be either a shrub-
by habit or seasonal geophytism. Over 17% of the
total species in the flora are geophytes with bulbs,
corms, tubers, or rhizomes. The number of species
with underground perennating buds would be even
higher if plants with woody caudexes were regarded
as geophytes.

The ratio of species per genus, 9.1 (9.3% ex-
cluding ferns) in the Cape flora (Table 4), is partic-
ularly high compared to other floras and is one of
the highest in the world (Fenner et al., 1997), al-
though southern Africa as a whole, including the
Cape Region, has a comparable ratio (9.6%, fide
Goldblatt, 1997). A ratio of three dicots to one
monocot species in the Flora is close to the average
for floras across the world. Although the proportion
of monocots does not seem unusual, the monocot
families that are represented in the Cape flora are
most distinctive. Some half of the species in the
monocot families are geophytic and belong in the
petaloid monocot families, notably Iridaceae, Or-
chidaceae, Hyacinthaceae, and Amaryllidaceae.
The proportion of monocot to dicot species, match-

ing that elsewhere in the world, is thus no more
than coincidence.

PALEOENDEMIC GENERA

The endemic and near-endemic families of the
Cape Region are all small and contribute relatively
few genera and species to the flora, and they are
best regarded as paleoendemics. With the excep-
tion of the rhizomatous perennial Lanaria, members
of these families are all evergreen, sclerophyllous
shrubs. They are often summer-flowering, usually
have small flowers, and typically grow on sand-
stone-derived soils. We speculate that these plants
are relicts of an ancient temperate southern African
flora adapted to nutrient-poor soils.

Among non-endemic families, these paleoen-
demic genera are often members of the geologically
oldest communities, tropical thicket and evergreen
forest. Especially notable are Platylophus, a mono-
typic genus of Cunoniaceae and one of two conti-
nental African members of this family. The other,
Cunonia capensis, is common in the Cape Region
but extends into eastern southern Africa. Other
monotypic genera such as Heeria and Laurophyllus
(Anacardiaceae), Hartogiella and Maurocenia (Ce-
lastraceae), Lachnostylis (Euphorbiaceae), and
Smelophyllum (Sapindaceae) also exemplify the pa-
leoendemic component of the depauperate tree el-
ement of the flora and mostly have ranges restricted
to the southern or eastern portion of the Cape Re-
gion (Goldblatt & Manning, 2000).

In non-forest habitats there are few paleoendem-
ic genera or species apart from members of the en-
demic (and near-endemic) families of the Cape Re-
gion. These include the monotypic shrublets,
Empleuridium (Celastraceae) and Ixianthes (Scro-
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Table 5. Comparison of life forms in the California
flora, central Chile, and the CFR. Figures are percentages
of total species number; perennials below include geo-
phytes and graminoids. Data for California and Chile are
from Kalin Arroyo et al. (1994).

Region

Percentage of total flora

Trees Shrubs Perennials Annuals

Cape Region
California
Central Chile

2.5
4.6
2.9

53.3
11.0
17.8

37.5
56.2
63.4

6.7
30.2
15.8

phulariaceae or Stilbaceae, Olmstead et al., 2001).
The small tree, Hyaenanche (Euphorbiaceae or Pi-
crodendraceae, Savolainen et al., 2000), also mono-
typic, and Metrosideros angustifolia (Myrtaceae), a
member of an otherwise Australasian genus, show
an odd pattern for the tree flora. Their ranges are
restricted to the western half of the Cape Region
where there are few tree species. Metrosideros an-
gustifolia, the only African member of Myrtoideae:
Metrosiderinae, seems as geographically isolated
from its closest relatives as Cunonia and Platylo-
phus. Like Metrosideros, Bulbinella is also a Cape–
Australasian disjunct, but in this case the radiation
within the genus has occurred largely in the Cape
Region. The dwarf, tree-like monocot Prionium
(Thurniaceae), of watercourses in nutrient-poor
sandstone soils, is widespread in the Cape region
but extends some distance to the east. The other
member of the family is the Brazilian shield genus
Thurnia, the pair thus exhibiting an unusual dis-
junction. The taxonomically isolated Oldenburgia
(Asteraceae–Mutisieae), with three Cape species
and one occurring a short distance beyond its east-
ern limits, is perhaps another example of that dis-
tribution pattern, for its closest allies occur in the
Guyana Highlands. The small number of paleoen-
demic taxa emphasizes the huge contribution that
recent speciation in a narrow range of families and
genera has made to the total species diversity in
the Cape Region.

LIFE FORMS

In contrast to other mediterranean floras, the
Cape flora has relatively few trees, and this life
form only accounts for some 220 species, about
2.5% of the flora. Trees in the California flora ac-
count for 4.6% of the species, but in Chile some
2.9% of the species are trees (Table 5). Most of the
remaining elements of the Cape flora are shrubs
and perennial herbs. The shrubby habit is the most
common life form in the Cape Region, accounting

for an estimated 4797 species, 53.3% of the total
flora. Shrubs are diverse in form, but typically in-
clude species with sclerophyllous, and mostly mi-
crophyllous leaves, the characteristic that has given
rise to the word fynbos, an Afrikaans word describ-
ing fine-leaved vegetation. Shrubs also include
large numbers of species with succulent leaves (es-
pecially Aizoaceae). Stem-succulents include spe-
cies of Apocynaceae and Euphorbiaceae, some of
which are so reduced in size that the term shrublet
hardly seems appropriate. The Cape flora stands
out when compared to that of both California and
Chile in the overwhelming proportion of shrubs (Ta-
ble 5), which is largely explained by the nutrient-
poor soils that favor this life form.

The Cape flora shows some notable differences
with other mediterranean floras. One of these is a
surprisingly low proportion of annuals—only some
609 species, about 6.7% of the total flora, as com-
pared to 30% and 15% respectively for California
and central Chile (Table 5) (Kalin Arroyo et al.,
1994; Cowling et al., 1996). No comparable figures
are available for the Mediterranean Basin. Al-
though the proportion of annual taxa in the CFR is
low, the annual flora is quite species rich. The total
number of annual species is actually almost twice
as high as the 378 annuals recorded in central
Chile, an area of comparable size, and although the
Cape has less than half the 1279 annuals in Cali-
fornia, its area is only about one fourth that of Cal-
ifornia. For its geographic area then, the Cape flora
is not depauperate in annuals, but its wealth of
other life forms makes the annual habit appear un-
der-represented. A small annual flora is also char-
acteristic of southwestern Australia, an area that
has a recent geological history comparable to that
of the Cape Region and a similar pattern of nutri-
ent-poor sandstone soils and richer clay. The low
proportion of annuals in the Cape flora has re-
mained without a satisfactory explanation since it
was first noted by Bond and Goldblatt (1984) but
the answer may simply lie in the disproportionate
numbers of other life forms, especially microphyl-
lous shrubs that are particularly well adapted to the
nutrient-poor soils.

Two families, Scrophulariaceae and Asteraceae,
are especially important in their contribution to the
annual flora. Scrophulariaceae, with 166 species,
contribute the largest number of annuals, and not,
as might be expected, Asteraceae, which have some
138 annual species (Table 6). The Aizoaceae, Bras-
sicaceae, Campanulaceae, Crassulaceae, Cypera-
ceae, Fabaceae, and Poaceae, each contribute be-
tween 20 and 35 species to the annual flora.
Campanulaceae, in particular, need taxonomic
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Table 6. Families with more than 10 annual species
in the CFR. Total: 609 species (6.7% of the flora).

Family Species number

Scrophulariaceae
Asteraceae
Campanulaceae
Brassicaceae
Poaceae
Aizoaceae
Fabaceae
Crassulaceae
Cyperaceae
Gentianaceae
Molluginaceae

166
138
35
33
31
25
25
23
21
18
16

Table 7. Total species (percentage in parentheses) of
the different life forms in the Cape flora.

Life form
Species
number

Species % of
total flora

*Perennials
Trees
Shrubs
Geophytes
Graminoids

Total, all perennials

Annuals
Total

1025
221

4805
1575

795

8421

609
9030

(11.4)
(2.4)

(53.2)
(17.4)

(8.8)

(93.3)

(6.7)
(100)

* Perennials excluding trees, shrubs, geophytes, and
graminoids.

Figure 3. Major vegetation communities of the Cape Floristic Region (adapted from Louw & Rebelo, 1996).

study and our estimation of the number of species
in the family, including its annual component, is
subject to significant revision.

In contrast to the low proportion of annuals, the
Cape Region has perhaps the highest proportion of
geophytes of any part of the world, and is four to
five times richer in this life form than is docu-
mented for other mediterranean floras (Esler, 1998;
Esler et al., 1998; Goldblatt & Manning, 2000). At
least 1550 species, over 17% of the total, have spe-
cialized underground organs including bulbs,
corms, rhizomes, or tubers and are seasonally dor-
mant (Table 7). The overwhelming number of geo-
phytes are monocots, with over 1300 geophytic spe-
cies, 662 of which belong to one family, Iridaceae.
Most of these geophytes are seasonal and lie dor-
mant underground in the dry season, but we have

included in the geophyte category the few more or
less evergreen species (e.g., Agapanthus, Kniphofia)
with similar underground organs. The other main
category of the monocots are the graminoids, that
is, the perennial species of Cyperaceae, Juncaceae,
Poaceae, Restionaceae, and a few other families,
which account for 795 species (8.8% of the flora).

VEGETATION

Far from having uniform vegetation, the Cape
Region encompasses five biomes (Fig. 3) and sev-
eral distinctive vegetation types, each with its own
suites of species and physical characteristics
(Rutherford & Westfall, 1994; Cowling & Holmes,
1992a). The most common and distinctive biome is
heathland, locally called fynbos, an analogue of
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Table 8. Comparison of species richness (indicated by species number per area), endemism, and the proportion of
life forms in the floras of the six phytogeographic centers of the Cape flora (n/a 5 not available). For comparison, data
are listed for the Cape Peninsula, a small area within the Southwest Center.

Floristic center
(listed from west

to east)

Physical
area

103 km2

Total
species
number

Species/
103 km2

%
species
endemic

Tree
species

Annual
species

number (%)

Geophyte
species

number (%)

Northwest Center
Southwest Center
Agulhas Plain
Karoo Mountain
Langeberg Center
Southeast Center
Cape Peninsula
Cape Region

22
23
3

19
7

18
4.7

90

4066
4661
1374
2151
2363
2832
2250
9030

184.8
202.7
458.0
113.2
337.6
157.3
478.7
100.3

26.3%
32.0%
14.9%
15.5%
11.7%

9.7%
7.5%

68.7%

69
95
24
47

100
163
n/a
221

415 (10.3)
312 (6.8)

92 (6.7)
130 (6.1)
127 (5.4)
156 (5.5)

n/a
609 (6.7)

855 (21.2)
846 (18.2)
202 (14.7)
330 (15.5)
389 (16.4)
427 (15.1)

n/a
1575 (17.4)

Californian chaparral and Mediterranean maquis.
Shrubs with ericoid or short, narrow, often needle-
like leaves predominate, but most species of Pro-
teaceae, a family common in this vegetation, have
broad sclerophyllous leaves. Fynbos typically oc-
curs on sandstone soils. A second distinctive veg-
etation type, renosterveld, is usually restricted to
richer fine-grained soils. It shares few species with
fynbos although they often grow adjacent to one
another. Microphyllous Asteraceae are common in
renosterveld, which consists of a dense shrubland
with a rich herbaceous understory that becomes ev-
ident after fire or clearing but is often suppressed
under a mature shrub cover. Dry sites with rainfall
less than 200 mm p.a. support a vegetation of small
succulent-leafed shrubs, including many Aizoaceae
and Asteraceae, in a biome called succulent karoo.
Thicket (a dense, semi-succulent and spinescent
evergreen shrubland to low forest) and evergreen
forest make up the remaining biomes.

Fire is an integral part of the ecology of the Cape
Region and accounts for several aspects of the veg-
etation (Cowling, 1987). Growth form in mature fyn-
bos and renosterveld is a relatively uniform, closed,
low canopy of twiggy and microphyllous to sclero-
phyllous shrubs. These vegetation types are highly
prone to periodic fire. Fire itself has a disruptive
effect on the vegetation. It has obviously been a
feature of the ecology for so long that there is a
large flora of ephemerals, geophytes, other peren-
nials, and short-lived shrubs that appear in the
years following a fire, often flower profusely, and
subsequently disappear, as they are succeeded by
longer-lived shrubs. The long-term ecological con-
sequence of fire on the flora is the existence of a
niche for species that grow rapidly after fire to per-
sist and bloom in the immediate post-fire years.
This fire-adapted suite of species contributes sub-
stantially to the overall diversity in the flora. Ma-

ture vegetation is affected by fire in more subtle
ways, but fire may cause local perturbations in spe-
cies composition and the elimination of some taxa.

DIVERSITY

REGIONAL DIVERSITY

The patterns of endemism within the Cape Re-
gion are fairly consistent, and examination of these
patterns in selected genera that have diversified
largely on sandstone substrates has resulted in the
recognition of several regional centers of endemism
(Fig. 1, Table 8). Weimarck (1941) pioneered this
field, which has now been refined by Cowling and
his coworkers (e.g., Cowling & Holmes, 1992a;
Cowling & McDonald, 1999). The presence of these
centers suggests that exchange between them is
limited because of effective geographic isolation or
because different microclimates in each center fa-
vor local species at the expense of migrants.

One aspect of our account of the Cape flora
(Goldblatt & Manning, 2000) has been the formal
recognition of phytogeographic centers so that dis-
tributional data for species can be analyzed within
the CFR. Thus, we have been able to estimate for
the first time the floristic diversity for each center.
To some extent the statistics are approximate be-
cause some centers are under-collected (or under-
cited in taxonomic accounts). We suspect that the
Karoo Mountain Center (KM) and the Agulhas
Plain Center (AP) have more species (and thus low-
er levels of endemism) than our data suggest (Fig.
1).

At the geographic center of the Cape Region, the
Southwestern Center (SW) has the largest number
of species (4661) and the highest level of endemism
(32%). The Northwestern Center (NW) follows in
taxonomic size (4066 species) and endemism
(26.3%). The Karoo Mountain and Southeastern
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Centers have much smaller floras and substantially
lower levels of endemism. Much smaller in extent,
the Langeberg (LB) and Agulhas Plain (AP) Centers
understandably have smaller floras. The Southeast-
ern Center (SE), of almost the same physical size
as the NW and SW Centers, has a markedly smaller
flora (2832 species), and only 9.7% endemism.
This may be explained by its more equable and
apparently less diverse climate or simply by higher
levels of extinction during colder and drier periods
of the Pleistocene. Differences in levels of ende-
mism across the Centers are striking. The SW and
NW Centers each have about twice the proportion
of endemic species as the others, which may be a
reflection of their greater climatic diversity.

The different life forms are unevenly distributed
across the Cape Region (see Table 8), and the num-
bers of species of the two most distinctive life
forms, annual species and geophytes, drop dramat-
ically moving from west to east. The summer-dry
NW and SW Centers have the largest numbers of
geophytes and the highest proportion of geophyte
species in the Cape flora, 21.2% and 18.2%, re-
spectively. These two centers each have over 50%
of all the geophytes in the entire CFR. In compar-
ison, the other centers have between 14.7% and
16.4% geophytes. Annual species are more com-
mon in the west, and the NW Center has 10.3%
annual species, while the remaining Centers each
have no more than 6.8% annuals. The NW Center
alone has 65% of the total annual species in the
Cape flora. The distribution of trees shows the con-
verse, with relatively few tree species in the NW
Center and the highest numbers by far in the SE
Center, which may be explained by its less pro-
nounced seasonality and more predictable rainfall.
Cowling (pers. comm.) suggests that proximity to
the source pool of species for recolonization during
warmer (e.g., Holocene) periods is probably the
most important factor in explaining tree distribu-
tions.

These patterns seem directly related to climate.
Both geophytes and annual species seem best
adapted to a seasonally extreme climate with a wet
winter and dry summer. A climate with higher, sea-
sonally more evenly distributed rainfall, character-
istic of the LB and SE Centers, seems likely to
favor a tree flora and fewer geophytes and annuals.
Like annuals, geophytes are adapted for survival in
semi-arid, seasonal habitats. This is reflected in the
greater representation of annuals and geophytes in
the western half of the Cape Region, where summer
precipitation is lowest. The unexpectedly high
numbers of trees in the SW Center reflect the dis-
sected landscape with the presence of fire-sheltered

valleys and the regular occurrence of rainfall in the
summer along its southern coast and interior.

COMPARISONS WITH OTHER FLORAS

An aspect of the Cape flora that is of particular
interest is the high level of species diversity, both
regional and local. For its size (ca. 90,000 km2),
the number of species of vascular plants in the
CFR, 9030 (8918 seed plants plus 112 pterido-
phytes), is comparable with areas of the wet Neo-
tropics (Table 9). Thus Panama (75,000 km2) has
7300 seed plant species and Costa Rica (54,000
km2) may have over 9000 species (see Table 9). In
fact, southern Africa as a whole has a particularly
rich and diverse flora for a predominantly temper-
ate region. The area customarily treated for floristic
purposes as southern Africa (Botswana, Lesotho,
Namibia, South Africa, and Swaziland) has about
20,500 native vascular plant species in an area of
2,674,000 km2, and South Africa alone may have
some 18,500 species (ca. 18,275 seed plants plus
245 pteridophytes) in 1,221,000 km2 (C. de Wet,
pers. comm.). This is striking compared with an
estimated 19,000 species in all of North America
north of Mexico (19,341,000 km2), or the estimated
16,500 native vascular plant species (15,800 seed
plants plus ca. 700 pteridophytes) recognized for
Peru, an area of 1,285,000 km2 (Brako & Zarucchi,
1993; Zarucchi, pers. comm.). To put this in a re-
gional context, all of tropical Africa may have about
26,500 species (Lebrun & Stork, 1997), in an area
nearly 10 times larger than that of southern Africa
and about 250 times as large as the Cape Region.
Southern Africa and North Africa have approxi-
mately 21,500 additional species (those not shared
with adjacent tropical Africa), making a total of ca.
47,000 species for the entire African continent. The
tiny Cape Region, less than 0.5% of the total area
of Africa, then has about one fifth of all the species
on the continent. Subtropical southern Africa, ex-
cluding the Cape Region, has only about 14,300
species, a figure comparable with that for Tropical
East Africa (Polhill, unpublished data). For the Af-
rican continent then, not only is the Cape Region
remarkably rich in species, but southern Africa has
a higher species diversity than would normally be
predicted given the general trend that species di-
versity increases toward the equator.

The species richness in the Cape flora is, by any
measure, remarkable. Moreover, some 6208 or
about 68.7% of the species are endemic there (Ta-
ble 9). The high degree of species endemism in the
Cape flora compared to the California Floristic
Province, for example, with some 4240 species,
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47.7% endemic (Raven & Axelrod, 1978), under-
scores the peculiarities of the Cape flora (Table 9).
Such levels of endemism are usually associated
with islands that have been isolated for long periods
of geologic time, or with areas that have very sharp
boundaries limiting direct plant migration. In a bi-
ological sense, the Cape Flora Region is virtually
an island, not surrounded by ocean, but by a zone
of dry climate or sharply different soils, or of sea-
sonal rainfall distribution. The flora of southwestern
Australia shares with the Cape Region an unusually
high endemicity for a local continental flora (Beard,
1970; Hopper, 1992), and so does that of southern
Africa as a whole (Table 9). Why the latter region
should have such a high level of endemism is not
at all clear.

The high level of diversity and local endemism
of the CFR is starkly emphasized by comparison of
the phytogeographic centers of the region with other
areas. The SW and NW Centers each have over
4000 species and over 31% or 26% endemism, re-
spectively, compared with about 2400 species and
an estimated 22–23% endemism (depending on the
geographical definition of the region) for the entire
mediterranean flora of Chile (Table 9), an area over
five times greater than either of these phytogeo-
graphic centers of the Cape flora. Likewise, impor-
tant centers of local endemism (hot spots) within
the Mediterranean Basin, including the islands of
Sicily, Sardinia, and Crete, or the Peloponnese Pen-
insula, all of more or less comparable size to the
NW or SW Centers, have approximately half or less
than half the number of species and between 6%
and 12.5% endemism (Médail & Quézel, 1997).

ALPHA DIVERSITY

Aspects of plant species diversity have been ad-
dressed on several levels, and it has been shown
that at the local level selected areas within the
Cape Region are not unusual on a world scale
(Cowling et al., 1992; Goldblatt, 1997) and are less
species-rich than many areas sampled in the New
and Old World lowland tropics (Gentry, 1988a,
1988b). Patterns of alpha diversity (the number of
species in a homogeneous community, e.g., Cowling
et al., 1992) in a range of vegetation types in the
Cape Region, including fynbos, renosterveld, forest
thicket, and evergreen forest, are surprising. Fyn-
bos sites (with seasonal species not included in
species counts) have a mean alpha diversity of 68
species per 1000 m2, with 121 the highest number
of species recorded at any site (Cowling et al.,
1992). Fynbos diversity is by no means uniform,
and data indicate that diversity is higher in the west

than the south and in sites of intermediate produc-
tivity than in either more mesic or drier sites (Bond,
1983).

Non-fynbos sites have been less well studied.
Figures in the literature for renosterveld include
means of 66 (Tilman et al., 1983) and 84 (Cowling
et al., 1992) species per 1000 m2. Forest thicket
sites have a mean of 59 species per 1000 m2, forest
sites have ranges of 44 to 52 species, and succulent
karoo shrublands a mean of 43 species in the same
area (Tilman et al., 1983).

Comparisons made by Cowling et al. (1992) in-
dicate that California chaparral communities have
alpha diversity levels around 34 species per 1000
m2 but the more comparable southwestern Austra-
lian region has an average of 69 species per 1000
m2 in heathland (kwongan), a vegetation type sim-
ilar to fynbos. While these figures are consistent
with higher total species richness in the CFR and
southwestern Australia compared with the Califor-
nia Floristic Province, they do not explain the com-
parable regional diversity of the CFR and the low-
land wet tropics. In the wet tropics mean alpha
diversity of trees (including woody lianas) alone has
been found to range from 129 species (Africa) to
140 species (Neotropics), to 193 species (Asia) per
1000 m2 (Gentry, 1988b), about twice the alpha di-
versity found in mediterranean communities on nu-
trient-poor soils. Inclusion of epiphytes and other
herbaceous plants raises alpha diversity in tropical
sites. Gentry and Dodson (1987) have shown that a
major component of the plant species diversity in
tropical forests actually lies with the epiphytes.
Similarly the inclusion of seasonal geophytes would
increase the figures for the Cape flora, and until
more comprehensive surveys are made any com-
parisons can only be tentative.

BETA AND GAMMA DIVERSITY

Beta diversity (species turnover along a habitat
or environmental gradient, Cowling et al., 1992) is
relatively high in the Cape Region. Cowling (1990),
for example, has reported nearly complete replace-
ment in sites along the Agulhas plain that differed
in soil features but were climatically and topo-
graphically similar. Differences in composition be-
tween communities on sandstone versus clay soils
are so nearly complete that the plants on these two
soils are treated as belonging to different vegetation
types.

Gamma diversity (species turnover in equivalent
habitats along geographic gradients, also called
delta diversity, Cowling et al., 1992) is likewise ex-
tremely high in the Cape Region, and is reflected
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in the high levels of regional endemism. Species
replacement values of 46–70% have been reported
by Kruger and Taylor (1979) for sites 25 km apart,
and Linder (1985) has suggested that geographic
replacement may account for 30% of the differenc-
es in species composition along geographic gradi-
ents in similar habitats. These figures are, however,
lower than some estimates for lowland Neotropical
sites (B. Boyle in Goldblatt, 1997).

REASONS FOR CAPE FLORISTIC DIVERSITY

Richer in species than any other temperate flora
and most tropical ones occupying comparable phys-
ical area (Table 9), the Cape flora is also highly
distinctive. One of five regions in the world with a
mediterranean climate, the Cape has substantially
more species than do either California or central
Chile, which are substantially larger in land area.
Although southwestern Australia has a flora that
may have about the same number of species as the
Cape Region (Table 9), it is at least three times
larger in area. Only the Mediterranean Basin, ap-
proximately 25 times larger in area, has a flora that
is larger than the Cape flora, with about 2.5 times
as many species. A formal comparison of these pat-
terns is provided by Cowling et al. (1996). The rea-
sons for the substantially higher species diversity
of the Cape Region compared with these floras are
several, and include a range of factors, both phys-
ical and historic.

A diversity of soils, a rugged landscape, and ex-
tremely variable and complex rainfall patterns have
combined in the Cape Region to produce a mosaic
of sharply different habitats that lie in close prox-
imity to one another in a pattern repeated across
its entire area. This high physical heterogeneity, al-
though striking, is not unique to the region, and
may even be greater in other regions. For example,
the California Floristic Province has a wide range
of soils, including serpentine substrates not present
in the Cape Region, diverse climates, a rugged to-
pography with higher mountains than those in the
Cape, plus a wider latitudinal extension. Likewise,
the Mediterranean Basin, orders of magnitude larg-
er than the CFR, has a wide diversity of soils and
a rugged landscape, with the mountains also higher
than those found in the CFR. Both areas are often
cited as being species-rich compared to neighbor-
ing regions, yet both are substantially poorer in
species than the Cape Region, California in abso-
lute number, and the Mediterranean area in sub-
stantially less alpha diversity per unit area. South-
western Australia, in contrast, which has a flora
approaching that of the Cape in size, noticeably

lacks the rugged topography of other Mediterranean
regions, although it exhibits some of the ecological
features of the Cape Region. Physical heterogeneity
alone cannot therefore account for the richness of
the Cape flora, and edaphic factors as well as his-
torical biogeography may be more significant.

Of the five mediterranean regions of the world
only the Cape and southwestern Australia have
soils that include large areas of nutrient-poor
quartzitic sands, and at least part of the explanation
for the higher species numbers here has been
thought to relate directly to the particular effects of
this substrate on plant life. High levels of local di-
versity have been considered characteristic of nu-
trient-poor soils (Tilman, 1982, 1983) and if this is
correct, then the mere existence of large areas of
such soils should account for the comparatively
high alpha diversity of heathland vegetation in both
South Africa and southwestern Australia compared
with that in California or central Chile unless high
levels of local and regional richness are not cou-
pled. This hypothesis is, however, not supported
either in the Cape or southwestern Australia, where
alpha diversity levels on nutrient-poor and nutri-
ent-intermediate soils appear to differ only mini-
mally (Goldblatt, 1997). Although nutrient-poor
soils may not support a flora significantly richer
than that occurring on soils of other nutrient status
in the Cape, they are able to maintain particularly
high beta diversity in the associated fynbos vege-
tation, both on geographical gradients and on
slightly different soils under the same climatic con-
ditions. Comparable data for nutrient-intermediate
and nutrient-rich sites are not yet available. Nutri-
ent-poor soils in mediterranean climate zones have
a higher proportion of reseeding versus resprouting
shrubs (Wisheu et al., 2000), and these authors ar-
gue that this directly contributes to higher diversity
because the high frequency of fires that destroy re-
seeders would lead to their shorter generation times
and thus higher speciation rates. The high frequen-
cy of fire in areas of low-nutrient soils is thus an-
other aspect that may contribute to diversity in the
Cape Region. Fire is also significant in southwest-
ern Australia and California but not in the medi-
terranean zone of Chile (Kalin Arroyo et al., 1994).

The combination of edaphic and topographic di-
versity, steep local climatic gradients, peculiar nu-
trient-poor soils, and frequent fires, although un-
doubtedly important in promoting species diversity
in the Cape Region, is still inadequate to explain
the presence of the unusually rich flora in the Cape
Region, particularly when compared to southwest-
ern Australia. A notable and perhaps crucial dif-
ference between the Cape and other areas of med-
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iterranean climate, possibly excluding southwestern
Australia, lies in their Pliocene–Pleistocene cli-
matic history. Available data indicate a history for
southern Africa very different from that experi-
enced in the Northern Hemisphere and to a lesser
extent Chile (Villagrán, 1994). Cycles of extreme
cold and aridity alternating with warm wet phases
made these areas largely uninhabitable by anything
resembling their current floras, elements of which
either became extinct or were locally restricted to
sites of relatively mild climate. A similarly dynamic
history for the Cape flora has been hypothesized in
which Pleistocene glacial cycles caused a north-
ward shift in the winter-rainfall zone, which in turn
caused a northward expansion of the flora during
the pluvial periods but local extinction and its re-
striction to refugia during dry periods (Axelrod &
Raven, 1978). The limited evidence available for
the Cape Region, however, indicates a more mod-
erate climate without changes of such cataclysmic
dimensions. Pollen cores reflect comparatively
modest shifts in the flora (Meadows & Sugden,
1991), even in the semi-arid and ecologically sen-
sitive Cedarberg mountains. Changes there might
be expected to have been more severely influenced
by the drier and colder climatic conditions that are
postulated to have occurred during glacial periods,
when belts of vegetation adapted to mediterranean
climates contracted away from the dry zones that
lay toward the equator. The absence of any evi-
dence of major changes in the vegetation of the
Cape Region during the Pleistocene suggests that
the glacial cycles did not have the catastrophic ef-
fects on plant life in southern Africa that they did
in the Northern Hemisphere or Chile. In the CFR
relatively drier and wetter cycles may simply have
induced changes in the local composition of vege-
tation, perhaps causing limited extinction, which in
turn created opportunities for speciation.

The unusually high species richness of the Cape
flora is thus, in all likelihood, a consequence of
sustained climatic stability and reliability, enabling
a more or less uninterrupted evolution and diver-
sification of the flora to occur in a region of high
physical complexity. The history of this evolution
can be traced to some extent by considering the
modes of speciation evident in the flora. Although
there are few such studies for plant groups centered
in the Cape flora, the available evidence suggests
that parapatric speciation linked to substrate or mi-
croclimatic differences is an important mode of
speciation in some families (Linder & Vlok, 1991;
Cowling & Holmes, 1992b; Goldblatt & Manning,
1996). Vicariant species exhibit differences in ecol-
ogy such as edaphic, microclimatic, seasonal, or

pollination characteristics. For example, vicariant
species of Rhodocoma (Restionaceae), a genus re-
stricted to nutrient-poor sandstone soils in montane
habitats, favor different habitats and are not signif-
icantly isolated geographically (Linder & Vlok,
1991). Parapatric speciation also appears to have
been more important than geographic isolation in
Agulhas Plain shrubs (Cowling & Holmes, 1992b)
and in the genus Lapeirousia (Iridaceae) in the CFR
and adjacent parts of the southern African west
coast (Goldblatt & Manning, 1996). High levels of
both beta and gamma diversity likewise support the
hypothesis that microgeographic speciation has
played a major role in speciation in the Cape flora.
Nearly adjacent habitats with the same climatic and
topographical conditions, which differ only in their
substrates (coarse sand or fine sand or limestone),
can support plant communities that differ radically
in their species composition while still being broad-
ly similar in family and generic composition (Cowl-
ing & Holmes, 1992a).

Parapatric or microgeographic speciation may
actually be the rule not the exception in plants
(Levin, 1993), and is favored by reduced gene flow
across strong selection differentials. The mosaic of
contrasting substrates that characterizes the CFR
appears to provide such a strong selective differ-
ential. Although the Cape flora may not differ from
other floras in mean pollen dispersability (Linder,
1985), many of its most characteristic elements
have low seed dispersal distances. The majority of
species in the Cape Region show no evident ad-
aptations for seed dispersal and are regarded as
passively dispersed, with estimated seed dispersal
distances under 5 m (and most likely much less
than this) (Linder, 1985). Dispersal in most Aizo-
aceae is by rain drops falling on hydrochastic cap-
sules, and this mechanism, although an active one,
results in very small dispersal distances (Desmet &
Cowling, 1999). Active seed dispersal by ants is
disproportionately well represented in both the
Cape Region (Bond & Slingsby, 1983) and Austra-
lia (Berg, 1975). Some 1000 Cape species, notably
in the families Fabaceae, Proteaceae, Restionaceae,
Rhamnaceae, and Rutaceae, produce seeds with
lipid bodies (elaiosomes) that are attractive to ants,
and an undetermined additional number are trans-
ported to underground nests by harvester ants. In
vegetation types prone to frequent fires, such as
fynbos, the burial of seeds is a valuable adaptation
(Cowling & Holmes, 1992b). However, dispersal
distances for ant-dispersed seeds are also short, up
to 6 m (Linder, 1985). More effective dispersal
strategies are relatively restricted in their occur-
rence. Wind-dispersal is characteristic of many As-
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teraceae and Orchidaceae (which have compara-
tively low levels of endemism in the Cape flora),
while long-distance dispersal involving flying ver-
tebrates (birds and bats) is least common, and is
especially rare in plants on nutrient-poor sub-
strates. There is an assumption that plants on such
soils cannot afford to allocate resources to protein-
rich berry or drupaceous fruits (Bond & Slingsby,
1983). The low frequency of fruits with burs and
spines, adapted for exochory, suggests that dispers-
al by non-flying vertebrates has long been unim-
portant in the flora, perhaps because the fauna has
historically been a small one in terms of numbers
of species and individuals. This may be due largely
to the unpalatability, low nutrient status, and low
productivity of the flora as a whole.

Indirect evidence of the importance of reduced
gene flow distances in stimulating local species di-
versity comes from a comparison of the number of
species and their level of endemism between taxa
with widely dispersed seeds and those with reduced
dispersal distances. Genera with fleshy diaspores
or those that are well adapted for wind dispersal
tend to have wide ranges, few species per genus,
and low levels of local endemism. Compare the ber-
ry-fruited Nylandtia (Polygalaceae), which has two
species, with its relative Muraltia, which has dry
fruits and over 100 species, most with narrow rang-
es. Similarly, Chasmanthe (Iridaceae), which has
fleshy or deceptive (brightly colored) seeds, has two
widespread species and one localized one, whereas
its close relative Tritonia, which has dry seeds, has
16 species in the flora, most of them with narrow
ranges. Another striking example is Chrysanthe-
moides (Asteraceae), which has seeds enclosed in
a fleshy pericarp. The two species of the genus ex-
tend throughout the Cape Region and one far be-
yond it into tropical Africa. The numerous species
of the closely related genera Osteospermum and
Tripteris have dry seeds and mostly have smaller
geographic ranges. This comparison is also instruc-
tive at the family level. Low seed dispersability is
typical of many of the larger and most characteristic
families in the flora with high ratios of species to
genus and high levels of local endemism. Erica-
ceae, Iridaceae, and Fabaceae, which largely lack
highly developed mechanisms for long-distance
seed dispersal, have ratios of above 20 species per
genus and higher than 80% endemism at the spe-
cies level. Levels of local and regional endemism
for Asteraceae (63% endemic species) and Orchi-
daceae (60.8%), mostly with wind-dispersed seeds,
and Poaceae (38.6%) and Anacardiaceae (32.1%),
many with fruits adapted to wind and/or animal dis-

persal, show levels of local and regional endemism
below the mean for the entire flora (68.7%).

The massive speciation in the Cape flora is, we
suggest, most likely explained by a model of local
speciation in the absence of catastrophic climatic
or topographic perturbations. It appears that a rel-
atively stable climate prevailed in the Cape during
the Pleistocene and that local parapatric speciation
across steep environmental gradients may account
for a considerable proportion of the speciation
events that occurred in the CFR. Because of this
relative stability it seems reasonable to postulate
that extinction rates in the main vegetation zones,
fynbos, renosterveld, and succulent shrubland,
were low and more than compensated for by local
speciation events. The nutrient-poor soils scattered
in a mosaic across the CFR must have stimulated
local speciation rates because of the characteristic
low vagility of the seeds in the great majority of the
plants adapted to these soils. Likewise, the low va-
gility of many of the species in Succulent Karoo,
although likely a result of different selective forces,
has the same consequences, with high levels of lo-
cal speciation, and thus high levels of diversity
across geographic, environmental, and edaphic gra-
dients (e.g., Cowling & Holmes, 1992b; Cowling et
al., 1998; Desmet & Cowling, 1999).

The unusually high diversity of the Cape flora is
matched by its extraordinary composition of fami-
lies and genera. Instead of a balanced flora with
relatively small numbers of species per genus there
has been massive local radiation in a series of un-
related genera. This is so pronounced that almost
22% of the total species in the Cape Region fall in
just 10 genera, while the 20 largest genera account
for over 30% of the total species (Table 3). Typical
examples of these genera are Erica (over 650 spp.),
Aspalathus (272 spp.), Agathosma (143 spp.), Phy-
lica (133 spp.), and Cliffortia (114 spp.). Signifi-
cantly, none of the genera that display a pattern of
massive local radiation in the Cape Region are en-
demic there, but rather they extend northward into
Namaqualand, eastward into southern KwaZulu-
Natal, or even further to the northeast into tropical
Africa. They are, however, primarily restricted to
nutrient-poor soils wherever they occur.

In sharp contrast to these examples are the en-
demic families of the Cape flora, which are without
exception depauperate in species, although they
may contain several genera. These families are typ-
ically restricted to montane habitats in acidic sand-
stone soils, and many of their constituent species
are highly local endemic plants of particular moun-
tain chains or peaks. They display the character-
istics of paleoendemism and probably represent el-
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ements of a previously more widespread southern
temperate flora adapted to nutrient-poor soils in a
summer-rainfall regime. It is probably no coinci-
dence that most of these species flower in summer,
and are thus out of phase with the spring flowering
peak of the flora. With the development of a winter-
rainfall climate in the Pliocene (e.g., Coetzee,
1993), it is reasonable to infer that these pre-Cape
flora elements were gradually restricted to mesic
sites in which some moisture was present over the
summer months. Concomitantly it appears that oth-
er elements of the flora were able to radiate into
emerging niches, thereby establishing the huge
neo-endemic element of the flora. The highly scler-
ophyllous or microphyllous habit developed by taxa
adapted to nutrient-poor substrates can thus be re-
garded as an important pre-adaptation to the med-
iterranean climate. The highly seasonal nature of
the mediterranean climate, as well as its regularity,
would also have favored families and genera with
a geophytic habit, for example, Amaryllidaceae,
Hyacinthaceae, Iridaceae, and Oxalidaceae.

The rapid and extensive radiation of plant taxa
in the CFR must have been favored by both the
emergence of new habitats through climatic change
and the exposure of the coastal plain as sea levels
fell at times during the Pleistocene (Coetzee, 1993),
as well as by the stability of the climate. At the
same time the flora was increasingly isolated by the
winter wet and summer dry climate regime from
recruitment from the summer-rainfall-adapted flora
of adjacent parts of southern Africa, which largely
lack the low- or nutrient-intermediate soils so char-
acteristic of the Region.

A final characteristic of the Cape flora is the
great, and often extreme, diversity of flower form
that is a feature of many of the genera. This is
linked to a diversity of pollination strategies, many
of which are poorly exploited outside the region. In
particular, pollination by sunbirds, long-proboscid
flies, hopliine beetles, rodents, and the butterfly
Aeropetes are more extensively developed in the
Cape flora than elsewhere in Africa (Manning &
Goldblatt, 1996; Goldblatt et al., 1998; Goldblatt
& Manning, 1999). All these strategies favor dif-
ferently shaped, large, brightly colored flowers. Pol-
linator diversity is likely to be part of the expla-
nation for the high species diversity in the CFR,
particularly for certain families in the flora. Both
Iridaceae and Ericaceae, for example, have adopted
a range of pollination strategies not evident or only
weakly expressed elsewhere across their range (Vo-
gel, 1954; Goldblatt & Manning, 1996, 1998; Bern-
hardt & Goldblatt, 2000), and are often particularly
striking when in bloom. In Gladiolus, a prime ex-

ample of a genus with diverse pollination systems
and represented in the CFR by 106 species, the
genus exhibits no less than 27 shifts in pollination
system in southern Africa, most of these in the CFR
(Goldblatt et al., 2001), and repeatedly evolved ad-
aptations for long-proboscid fly, sunbird, moth, and
butterfly pollination, which must have played a ma-
jor role in its radiation. The short season favorable
for both plant and insect growth is probably the
overriding factor responsible for the diversification
of pollination strategies and, more than anything
else, has made the Cape flora so extremely ap-
pealing to human sensibilities.

CONSERVATION

Like other parts of the world with species-rich
floras and an expanding human population, there
are varied and serious threats to the Cape flora.
Expanding agricultural activity for growing food or
to supply other human needs has transformed low-
land areas near population centers to the extent that
little or no native plants remain locally (Rebelo,
1992). Moreover, the peculiarly local distribution
of many Cape plants (high beta diversity) means
that a higher proportion is imminently threatened
with extinction than would be the case with wide-
spread species. The number of species known to be
lost forever is relatively low, but the number of spe-
cies represented by single, reduced, and diminish-
ing populations is alarmingly high. Taylor (1978)
estimated that some 500 endemic species in the
CFR were threatened, while at least 60 species
were known to be extinct (0.67%). Red Data Book
numbers for southern Africa in 1985 include 1320
Cape plants (14.67% of the total) (Hall & Veldhuis,
1985). Criteria for classification of threatened spe-
cies vary; Rebelo (1992) estimated 218 threatened
species (extinct, endangered, or vulnerable) in the
CFR (ca. 4.8%), slightly less than half the figure
provided by Taylor, but nevertheless, considerable.

In 2001 these figures are certain to be higher as
a result of the expanding human population, de-
spite ever more sophisticated conservation activity.
A peculiar threat to the Cape flora is the spread of
alien vegetation, largely woody species of Austra-
lian Acacia and Hakea and European Pinus. These
species rapidly invade montane and lowland areas
not currently suitable for agriculture, thus com-
pounding the threats of agricultural activity and ur-
ban growth. The threat posed by this alien vege-
tation is being vigorously countered by biological
control methods and manual removal, but the prob-
lem is immense and requires constant monitoring.
Kruger (1977) estimated that 60% of fynbos had
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been replaced by alien vegetation, agriculture, or
urban development. Twenty-five years later, this fig-
ure is bound to have increased.

Concrete examples may better illustrate the sit-
uation. Rebelo (1992) estimated that of 306 endem-
ic species of Proteaceae 65 were threatened (de-
fined as extinct, endangered, or vulnerable) (ca.
21%), while 131 were treated as Red Data species.
The pattern in other families is similar, although
slightly less serious, with 10.5% of endemic Iri-
daceae, 9% of endemic Rutaceae, ca. 3% of en-
demic Ericaceae, ca. 2% each of endemic Astera-
ceae and Fabaceae threatened (Rebelo, 1992). The
number of species of each of these families includ-
ed in the Red Data Book is substantially higher
(Hall & Veldhuis, 1985).

A detailed analysis of reserves and other con-
servation areas in the CFR is presented by Rebelo
(1992). Recent conservation efforts have secured
substantial areas for preservation of diverse vege-
tation types in the CFR and a framework for a con-
servation plan to establish reserves to cover por-
tions of all vegetation types has been developed
(Cowling & Heijnis, 2001; Cowling et al., 2001).
Although such reserves cannot include populations
of all endangered species because of their erratic
distributions, future loss of distinctive vegetation
types will be limited and preservation of substantial
tracts of each will in the future be enhanced.
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