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Taxonomic, edaphic and biological aspects of endemism were studied in a phanerogamous flora
from the Agulhas Plain, a coastal lowland area of the Cape Floristic Region. Of the 1751 species in
the flora, 23.69, were regional endemics and 5.7%, were local endemics. Families which were over-
represented in terms of endemics included the Ericaceae, Rutaceae, Proteaceae and Polygalaceae.
Under-represented families included the Poaceae, Cyperaceae, Scrophulariaceae and Orchidaceae.
Highest levels of local endemism were recorded on limestone and colluvial acid sand. Sixty-nine
percent of regional endemics and 85%, of local endemics were confined to a single substratum. An
analysis of the frequency of biological traits associated with species with different categories of
endemism enabled the establishment of a biological profile of a local endemic: a dwarf to low, non-
sprouting shrub with soil stored seeds which are ant-dispersed and/or form a symbiotic relationship
with microbes. It is argued that lineages with these characteristics are vulnerable to severe
population reduction or even local extinction. An effect of this would be the promotion of rapid,
edaphic speciation as a result of catastrophic selection. Thus, certain traits (e.g. non-sprouting)
prevail or even predominate in the flora not because of any adaptive advantage but because high
speciation rates of lineages which possess them, overwhelm low survival rates.

KEY WORDS:—Cape Floristic Region — edaphic specialization — endemism — extinction — fynbos —

speciation.
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INTRODUCTION

Certain mediterrannean-climate regions provide a striking exception to the
trend for plant geographical range size to decline with decreasing latitude
(Cody, 1986; Gentry, 1986; Major, 1988; Stevens, 1989). The most notable of
these is the Cape Floristic Region of South Africa which has one of the highest
known levels of plant species endemism of any continental tropical or temperate
area (Goldblatt, 1978; Gentry, 1986; Cowling, Holmes & Rebelo, 1992). Despite
the flora being relatively well studied, and the region’s accessibility for research,
patterns and determinants of endemism have been poorly studied in the Cape
Floristic Region.

We identified three main questions regarding endemism in the Cape Floristic
Region: are endemics a heterogeneous group taxonomically; what is the
relationship between endemism and habitat specialization; and is it possible to
develop a biological profile of an endemic? Some of these question have been
addressed in the Cape Floristic Region (Thoday, 1925; Dahlgren, 1968;
Cowling, 1983) and elsewhere (Stebbins & Major, 1965; Kruckeberg, 1969;
Raven & Axelrod, 1978; Kruckeberg & Rabinowitz, 1985; Major, 1988), but we
know of no study which has addressed all three.

A major aim of our study was to identify the relationship between endemism
and speciation. In order to do this, it was necessary to distinguish between
paleoendemism and neoendemism (Favarger & Constandriopoulos, 1961;
Stebbins & Major, 1965; Major, 1988). Paleoendemics are taxonomically
isolated taxa, usually monotypic sections, genera or subgenera, which may be
regarded as evolutionary relicts. Neoendemics are subspecies, semi-species or
sibling species: they usually have close relatives in the same or adjacent areas.
Neoendemics are the products of recent speciation reflecting contemporary
selective forces (Major, 1988). Thus, pattern associated with the characterization
of neoendemics in terms of taxonomic, biological and habitat attributes should
provide important insights into speciation processes. Specifically, these patterns
should identify selective forces and biological traits associated with speciation, as
well as lineages which are prone to speciation (Vrba, 1980).

This paper is an attempt to address these questions by studying patterns and
determinants of endemism in the phanerogamous flora of the Agulhas Plain
(Thwaites & Cowling, 1988), a coastal lowland area of the Cape Floristic
Region. In most respects the Agulhas Plain is a highly suitable study area: it has
a rich flora (Cowling & Holmes, 1992); floristic pattern is under strong habitat
(edaphic) control (Thwaites & Cowling, 1988; Cowling, 1990); and it has a
large, neoendemic flora (Cowling ¢t al., 1992). Evidence for neoendemism is that
the Agulhas Plain was largely inundated by a marine transgression in the early
to mid-Pliocene (4 Myr) (Hendey, 1983). Since most local endemics are
confined to sediments and soils deposited after this transgression, it is reasonable
to assume they are younger than this event (Nordenstam, 1969; Deacon, 1983;
Midgley, 1987). Secondly, nearly all of the endemics belong to speciose genera
and there is good evidence that many have sympatric or parapatric sister species
(Rourke, 1972; Midgley, 1986, 1987; Williams, 1972, 1982a; E.G.H. Oliver,
personal communication).
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STUDY AREA
Physiography

The study area is on the Agulhas Plain, and comprises a gently rolling, coastal
lowland landscape occupying 1609 km? at the southern tip of Africa (Fig. 1).
Virtually the entire area was inundated by transgressions during the mid-
Miocene (15 Myr) and the early—mid-Pliocene (4 Myr) (Hendey, 1983). Most
sediments and soils postdate the regression (Hendey, 1983). The geology of the
region is complex and there is a high diversity of geomorphic land units and
associated soil types (Thwaites & Cowling, 1988). The Agulhas Plain is largely
underlain by Palaeozoic sediments of the Cape Supergroup. Sandstones and
quartzites of the Table Mountain Group form the low mountains and coastal
ridges; soils derived from these rocks are acidic and highly infertile. Landscapes
underlain by Bokkeveld Group Shales comprise the broad vales and low, rolling
surfaces between the mountain ridges. Soils are non-hydromorphic and duplex
with an acid topsoil and a sodic, clayey B horizon. They are more fertile than the
sandstone-derived soils. Numerous siliceous ferricrete outcrops supporting
shallow, infertile soils are scattered across this landscape. These are remnants of a
ferricrete-veneered surface of late Pliocene age. Mio-Pliocene limestones and
associated colluvial deposits of the Bredasdorp Group form distinctive relief
features in the coastal zone. Soils on the limestone bedrock are shallow, well-
drained, calcareous sands. Colluvial sands which apron the limestone hills are
deep, weakly acid and infertile. The Quaternary is represented by an extensive
cover of calcrete and dunes comprising calcareous aeclian quartz and shelly
sand. Soils are poorly developed alkaline sands which are moderately fertile,
especially under thicket and forest. The valley floodplains, with many vleis and
pans, form the youngest identificable surface. Soils are duplex with alluvial or
colluvial acidic topsoils over residual or transported clays. These different soils

18°

34°Jr-

Cape
Peninsula 100 km

22° 26°

Agu\hos PlOin 350+ 35o+

Figure 1. Location of the Cape Floristic Region (enclosed by thick, solid line), regional centres of
endemism (SW = South Western Centre and BR = Bredasdorp—-Riversdale centre) and the
Agulhas Plain study area.
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are juxtaposed in a complex mosaic so that up to five types may be encountered
along a transect of 5 km (Cowling, 1990). Further details on the geology,
geomorphology and soils (including physical ahd chemical data) of the Agulhas
Plain are given in Thwaites (1987) and Thwaites & Cowling (1988).

The climate of the area is relatively uniform. Mean annual rainfall along the
coast ranges from 445 mm in the east to 540 mm in the west, and rises to about
650 mm 1n the low hills that form the region’s northern boundary (Weather
Bureau, 1986). Rainfall seasonality is typical of a mediterranean-type climate
with between 659, and 759%, of annual precipitation falling in the winter months
(May—-October). At Cape Agulhas (34°50’S, 20°01’E) potential evaporation
exceeds rainfall from November to March. Mean annual temperature at this
station is 16.9°C; the highest mean monthly temperature is in January (26.6°C)
and the lowest in August (6.6°C). Frost is extremely rare and snowfalls have not
been recorded (Weather Bureau, 1986).

Vegetation and flora

The Agulhas Plain falls within the Cape Floristic Region (Bond & Goldblatt,
1984) and is dominated by fynbos, a sclerophyllous, heath-like shrubland
associated with nutrient-poor soils which cover most of the region (Cowling &
Holmes, 1992). These shrublands are fire-prone and usually burn at six to 40
year intervals. A structural classification employing limited floristic data
(dominant species) recognized nine major vegetation categories in the area
(Cowling et al., 1988). Non-fynbos types included forest, thicket and renoster
shrubland; fynbos types comprise variations of proteoid fynbos, asteraceous
fynbos, restioid fynbos, and ericaceous fynbos (Table 1). Soil type is the major
determinant of the distribution of the communities (Thwaites & Cowling, 1988}.
Details are given in Cowling et al. (1988).

The Agulhas Plain has a rich phanerogamous flora estimated at 1751 species.
The composition is typical of floras from the Cape Floristic Region (Cowling &
Holmes, 1992). The flora has six genera with more than 25 spp. including Erica
(Ericaceae) with 91 spp. and Aspalathus (Fabaceae) with 60 spp. There are
3.6 spp. per genus and 19.89, of the spp. occur in the ten largest genera
(Cowling & Holmes, 1992). The taxonomic reliability of taxa is generally good:
nomenclature follows Bond & Goldblatt (1984).

METHOD
Categories and centres of endemism

We recognized three categories of endemism: species confined to the Cape
Floristic Region (Goldblatt, 1978); regional endemics confined to either
Weimarck’s (1941) South Western Centre or the Bredasdorp-Riversdale centre
(Dahlgren, 1963; Nordenstam, 1969); and local endemics, more-or-less confined
to the study area (Fig. 1). The Cape Floristic Region and South Western Centre
are well established centres of endemism (Oliver, Linder & Rourke, 1983;
Cowling et al., 1992). The Bredasdorp-Riversdale centre, which was not
recognized by Weimarck (1941), comprises a well-defined centre for the calcicole
fynbos taxa confined to the Bredasdrop formation limestone and associated
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colluvial deposits which have their maximum exposure in this area (Hendey,
1983). The Agulhas Plain is roughly coincident with the Bredasdorp centre of
local endemism recognized for the Proteaceae and other Cape taxa (Rebelo &
Siegfried, 1990). Additional discussion of these centres appears in Cowling et al.
(1992).

We categorized endemics on the basis of distributional data gleaned from
several sources. These included: PRECIS, a computerized data bank managed
by the National Botanical Institute (Gibbs Russell, 1985); relatively recent (i.e.
post-1960) monographs; Bond & Goldbatt’s (1984) catalogue of the Cape flora;
specimen localities in three south-western Cape herbaria; and the collections and
observations of R.M. Cowling. Data from these sources were also used to
categorize local and regional endemics in terms of substratum specificity. This
list of endemics, classified by category and substratum specificity, is available on
request.

Taxonomic aspects of endemism

We asked the question: are endemics in the Agulhas Plain flora a
heterogeneous group taxonomically or do certain taxa have a higher than
expected probability of being endemic? We addressed this question by using y*
analysis to test the null hypothesis that the frequency of endemics in a family
would not be significantly different from the frequency for the remaining flora
(independent sample) from which it was drawn. Owing to problems with
minimum expected cell count frequencies, we were only able to analyze families
with more than 35 species.

Edaphic aspects of endemism

Here we explored the relationships between levels of endemism, and
substratum type and edaphic variables. We categorized all local and regional
endemics in terms of substratum specificity. The substrata included quartzite,
colluvial acid sand, limestone, calcareous dune sand and shale/ferricrete. These
are fairly crude categories but a finer subdivision was not feasible. Shale and
ferricrete were combined since, in the study area, ferricrete always overlies
shale-derived saprolite and other shale-derived soils usually have substantial
amounts of ferricrete in the A horizon or as a stone line (Thwaites & Cowling,
1988). Very few endemics were exclusive to either shale or ferricrete.

In order to quantify the relationship between soil variables and level of
endemism we sampled 17 1000 m? (20 X 50 m) plots in the study area. Five
plots were located along three transects, chosen to include the widest possible
range of edaphic habitats on the Agulhas Plain. Two non-transect plots were
also sampled. In all, twelve different soil and associated vegetation types were
sampled (Table 1). Each of the transects represented crude gradients of
increasing soil fertility, from fynbos at leached upland sites to non-fynbos at more
fertile bottomland sites. A soil fertility index, which generally increased along all
the transects, was computed for each plot. The indices were derived from a
covariance biplot ordination (Greenacre & Underhill, 1982) of a plot X topsoil
(chemical and physical) data matrix (Cowling, 1990). This ordination technique
is essentially similar to principal components analysis employing a covariance
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matrix except that axes are weighted to facilitate simultaneous plotting of both
sample sites and variables. The actual soil data and the results of the analysis are
presented in Thwaites & Cowling (1988). The first axis of the ordination, which
accounted for 349, of the variance, was strongly associated with increasing total
nitrogen, pH, available phosphorus, organic carbon, clay content and available
cations (particularly calcium). This was taken to represent a gradient of
increasing soil fertility. The ordination score of this axis for each plot was used as
its soil fertility index (more negative is less fertile) (see Table 1).

Sampling was carried out between 1983 and 1987 and confined to the spring
(Sept-Nov). Therefore, species lists include most ephemerals (geophytes and
annuals). All species were allocated to categories of endemism as described
above.

Biological aspects of endemism

We compared the association between endemism and biological attributes of
species in order to determine whether endemics were a random assemblage with
respect to growth form, dispersal mode, dispersal distance etc. We used the
combined flora (1121 spp.) from the 17 1000 m? plots for this analysis.

The categorization of species with respect to attributes (these are self evident
in Table 5) was based on data in Phillips (1951), Bond & Slingsby (1983), Bond
& Goldblatt (1984), Rebelo (1987) and our own unpublished observations. In
some cases the categories were possibly too broad to be biologically meaningful
(e.g. soil-stored seed, insect pollination} but data were unavailable for finer
subdivisions.

Relationships were investigated using two-way frequency tables (BMPD
Program 4F; Dixon, 1988). y* was used to test for independence between the
variables. Adjusted standardized deviates (Haberman, 1973) exceeding 3.0 in
absolute value were taken to indicate cells with unusually large deviations from
the expected. Three-way frequency tables were computed to examine how some
of these variables interact. Unfortunately log-linear modelling could not be used
because the data were over-dispersed (i.e. there was insufficient data in many of
the variable classes).

RESULTS

Of the 1751 species in the Agulhas Plain flora, 413 (23.6%,) were regional
endemics and 100 (5.79%,) were local endemics (Table 2).

Taxonomic aspects

Of the larger families in the flora, the Ericaceae, Rutaceae, Proteaceae,
Polygalaceae and Mesembryanthemaceae were strongly over-represented in
terms of both regional and local endemics (Table 2). Under-represented families
included the Poaceae, Cyperaceae, Scrophulariaceae, and Orchidaceae. In the
Restionaceae only regional endemics were over-represented. Among the larger
genera { > 20 spp.) higher than average ( > 309,) levels of regional endemism
were recorded for Erica (Ericaceae) (44.99%,), Thesium (Santalaceae) (47.89%,),
Leucadendron (Proteaceae) (47.1%,), Muraltia (Polygalaceae) (45.8%,), Agathosma
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TasLe 2. Frequency of local, regional and non-endemics in the Agulhas Plain flora. The y* tests

the null hypothesis that the frequency of species in the endemic categories would not be different

from the frequency in the whole flora, excluding that family. Only large ( > 35 spp.) families were

used in order to avoid excessively low predicted cell frequencies. NS, Not significant, *P < 0.05,
**P < 0.01, ***P < 0.00!

No. endemics (%)

Family Non Regional Local b
All 1238 413 (23.6) 100 (5.7)

Asteraceae 151 50 (24.6) 2 (1.0) 9.53 NS
Campanulaceae 38 13 (25.0) 1 (1.9) 1.44 NS
Cyperaceae 56 6 (9.5) 1 (1.6) 10.56%*
Ericaceae 44 58 (46.8) 22 (17.8) 82.16%**
Fabaceac 89 41 (30.0) 8 (5.8) 3.20 NS
Iridaceac 111 31 (20.8) 7 (4.7) 1.16 NS
Liliaceae™” 63 11 (14.7) 1 (1.3) 7.23 NS
Mesembryanth 32 17 (29.3) 9 (15.5) 12.98%%*
Orchidaceae 36 2 (5.3) 0 (0) 10.92*
Poaceae 62 3 (4.6) 0 (0) 19.97%**
Polygalaceae 16 12 (34.3) 7 (20.0) 17.66**
Proteaceae 19 28 (47.5) 12 (20.3) 46.17%**
Restionaceae 53 34 (38.6) 1 (L) 13.73%*
Rutaceae 13 23 (48.9) 11 (23.4) 52.29%*
Scrophulariaceae 48 8 (14.3) 0 (0) 1.27*
Thymeleaceae 21 14 (38.9) 1 (2.8) 12.01%*

*Sensu lato.

(Rutaceae) (37.99,) and Aspalathus (Fabacaeae) (31.7%,). High levels of local
endemism { > 15%,) were recorded for Phylzca (Rhamnaceae) (26.9%,), Muraltia
(25.0%,), Leucadendron (23.5%,), Agathosma (16.7%,) and Erica (15%,).

Edaphic aspects

The proportion of all categories of endemism in the 17 1000 m* plots were
negatively correlated with soil depth and most measures of soil fertility.
However, these relationships were, on the whole, significant only for the Cape
Floristic Region endemics (Table 3). This trend was also evident along the three
soil fertility gradients where the incidence of Cape Floristic Region endemics
dropped sharply in the non-fynbos plots (G5, H5 and S5) (Fig. 2). The pattern
was less pronounced for regional and local endemics: plot H3, a limestone site
mid-way along the Hagelkraal transect had the highest proportion of both
regional and local endemics. Local endemics were very poorly represented in the
non-fynbos plots.

The proportion of regional and local endemics in the combined floras of
fynbos plots on different substrata were similar except for calcareous dune sand
(Table 4) (x* excluding calcareous dune sand = 6.5, P = 0.35). Inclusion of the
calcareous dune sand data resulted in a significant test (* = 21.9, P < 0.01).

At the whole flora level, the highest proportion of regional endemics were
confined to quartzite and the lowest proportion confined to shale/ferricrete
(Table 4). Local endemics confined to limestone comprised a massive 379%, of the
total. Only 319, of regional endemics and 159, of local endemics occurred on
more than one substratum. Local endemics confined to one substratum were
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Figure 2. The percentage occurrence of Cape Floristic Region endemics (H), regional endemics ([7)
and local endemics () in 1000 m? plots located along three soil fertility gradients on the Agulhas
Plain. See Table 1 for a description of the three transects. Note that all regional and local endemics
are included in the Cape Floristic Region endemic category.

TasLE 3. Correlations (Spearmans r) between percentage endemism and soil
variables in 1000 m? plots (n = 17, see Table 1) on the Agulhas Plain. Soil
data from Thwaites & Cowling (1988). *P < 0.05, **P < 0.01, ***P <

0.001
Soil Cape Floristic Regional Local
variable Region endemic* endemic endemic
Soil depth —-0.29 -0.58* —0.51*
%, Rock cover —-0.25 0.34 0.46
%, Sand 0.36 0.15 0.01
pH —-0.55* 0.34 —0.39
% Organic carbon —0.24 0.21 0.11
Total nitrogen -0.11 0.18 —0.23
Available phosphorus —0.83%** —-0.29 —0.47
Available calcium —0.63* —0.25 —-0.34
S-value** —0.53* —-0.14 —0.38
Soil fertility index® —0.71*+ —0.30 —0.53*

*Includes both local and regional endemics.
** = sum of exchangeable bases (Ca, Mg, Na and K).
*From Cowling (1990) (see text).

375
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TaBLE 4. Substratum specifity of endemics in (a) 1000 m* plot from fynbos communities on the
Agulhas Plain, and (b) for the entire Agulhas Plain flora { = 1751 spp.)

Substratum
Colluvial Shale/ Calcareous > 1
Quartzite acid sand ferricrete Limestone  dune sand substratum

{a) Plot data
No. pots 3 3 2 2 2
Total spp. 154 97 126 97 96
Regional endemics (9%,) 20.1 22.7 19.0 27.8 12.5
Local endemics (9%,) 7.8 9.3 5.6 1.3 0
(b) Whole flora
Regional endemic 127 (30.7)* 55 (13.3) 14 (3.4) 55 (13.3) 33 (8.0) 129 (31.2)
Local endemic 12 (12)*+ 14 (14) 13 (13) 37 (37) 9(9) 15 (15)

* = 9, of total regional endemics ( = 413 spp.).

+* =9 of total local endemics ( = 100 spp.).

significantly over-represented relative to regional endemics (x’ = 10.5,

P < 0.05).

Biological aspects

The y° tests were significant for all endemic category-biological attribute
relationships with the exception of woody plant pollination (Table 5). Amongst
the local endemics woody plants and dwarf shrubs in particular, were over-
represented. Widespread species had a higher than expected frequency of forbs
and trees. In general, taller woody growth forms were over-represented amongst
the widespread species. Local endemics had a higher than expected frequency of
ant-dispersed species—the inverse held for widespread species. Vertebrate
dispersed species were massively over-represented in the widespread category as
were species with long-distance dispersal and non-storage of seeds.

An analysis of three-way frequency tables showed that 569, of local endemic
shrubs (comprising 849, of all local endemics) were ant-dispersed as were 419,
of regional endemics. All of these species had soil-stored seed banks.
Furthermore, 719, of local endemic shrubs and 619, of regional endemic shrubs
had short-dispersal distances.

DISCUSSION
Levels of endemism

The level of local endemism in the Agulhas Plain flora is extraordinarily high
for a lowland continental region. About 89, of the 2256 spp. on the nearby
island-like Cape Peninsula (Fig. 1) are endemics (Cowling et al., 1992). When
compared with similar sized continental areas higher levels of endemism than the
Agulhas Plain are recorded only from some mountainous areas in the
Mediterrannean Basin, the Caucasus and certain tropical mountains (Gentry,

1986; Major, 1988).
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Endemism and edpahic specialization

Nutritionally unusual substrata such as serpentine, limestone, quartzite etc.
provide a strong selective force for the evolution of neoendemic plant species
throughout the world (Kruckeberg, 1969; Raven & Axelrod, 1978; Hopper,
1979; Cowling, 1983; Kruckeberg & Rabinowitz, 1985; Major, 1988). Our
results suggest a high degree of edaphic specialization of Agulhas Plain endemics.
The generally low nutrient status of most of the soils (Thwaites & Cowling,
1988), and subtle differences in nutrient and moisture status between soil types
on the Agulhas Plain (Mustart & Cowling, 1992), probably represents a major
selective force for plant speciation. Many Agulhas Plain local endemics have
edaphically differentiated hypothetical sister taxa (Cronk, 1985) with sympatric
or parapatric distributions (Cowling ef al., 1992). These patterns are consistent
with Linder’s (1985; Linder & Vlok, 1991) suggestion that speciation in the
Cape Floristic Region is predominantly ecological (e.g. edpahic) rather than
geographical.

Taxonomic and biological profile of an endemic

It is possible to provide a reasonably comprehensive profile of species endemic
in the Agulhas Plain. There is a higher-than-average chance that locally
endemic species will be dwarf to low shrub with ant-dispersed and soil-stored
seeds belonging to one of a relatively low number of taxa, especially Rutaceae,
(Agathosma), Polygalaceae (Muraltia) and Rhamnaceae (Phylica). These species
also have short-dispersal distances (Slingsby & Bond, 1985), a trait correlated
with endemism in other floras (Lewis, 1962; Gentry, 1986).

Locally endemic species not characterized by this profile are more than likely
members of the Ericaceae and certain genera in the Fabaceae (Aspalathus). These
shrubby taxa with soil-stored seed banks both have microsymbiont-mediated
(ericoid mycorrhiza and rhizobia respectively) nutrient uptake. Cowling,
Straker & Deignan (1990) have suggested that specificity for microbes could
explain edpahic specialization and local endemism and speciation in these
groups.

For lack of data, we were not able to explore the association between mode of
post-fire regeneration and endemism in our data. Wells (1969) has shown that
endemism and speciation in the Californian chaparral shrub genera,
Arctostaphylos and Ceanothus, is related to the post-fire, non-sprouting habit. In the
Cape Floristic Region, only 109, of locally endemic and 20%, of regionaily
endemic Proteaceae are sprouters as opposed to 479, of widespread species
(Cowling et al., 1992). Similar patterns exist for other Cape taxa. For example,
all local endemics in Acmadenia (Rutaceae), a shrubby, ant-dispersed genus, are
non-sprouters (Williams, 1982b). Le Maitre & Midgley (1992) estimate that
> 909, of Cape Floristic Region Ericaceae, 809, of Proteaceae, and > 509, of
Rutaceae, are non-sprouters. All these families in the Agulhas Plain flora and
elsewhere in the Cape Floristic Region (Cowling et al., 1992) are associated with
higher than average levels of endemism.

An expanded biological profile of a local endemic in the Agulhas Plain flora
would read thus: a dwarf to low, non-sprouting shrub with soil-stored seeds
which are ant-dispersed and/or form a symbiotic relationship with microbes.
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Below we explore the implications of biological and other aspects of endemism
for speciation on the Agulhas Plain.

Implications for speciation

The dominant paradigm for speciation in the Cape Floristic Region is that it
has been largely allopatric (Rourke, 1972; Goldblatt, 1978). The high floristic
turnover between fynbos landscapes is suggestive of geographic speciation
(Kruger & Taylor, 1979). However, there is much evidence for patterns, such as
occur on the Agulhas Plain, of geographic overlap in the distribution of closely
related species. Linder (1985; Linder and Vlok, 1991) suggests that sympatric
speciation in response to steep ecological gradients is prevalent in the Cape flora.
The following requirements must be met for sympatric speciation to occur: short
gene flow distances; strong disruptive selection on sufficiently polymorphic traits
in relation to spatially heterogeneous resources; the evolution of reproductive
isolation either as a result of selection or pleiotropy; the extinction of
intermediate individuals to minimize selection-recombination antagonisms
under a wide range of ecological conditions; occasional and drastic reduction of
marginal populations facilitating rapid speciation as a result of catastrophic
selection or genetic drift (Lewis, 1962; Grant, 1981; Templeton, 1981; Linder,
1985; Kondrashov & Mina, 1986; Rice & Salt, 1988). Much of the debate
concerning allopatric or sympatric speciation is centred on the meaning of the
word ‘geographical’ (Templeton, 1981). Bearing in mind that most fynbos
species have short gene dispersal distances (Linder, 1985; Slingsby & Bond,
1985), each distinctive habitat could represent a “‘geographic’ region without the
usual physical barriers associated with allopatric speciation (Linder & VIlok,
1991).

Stated thus, conditions are highly conducive to rapid ‘sympatric speciation’ in
an area such as the Agulhas Plain. The high level of edaphic specialization
indicates that the complex mosaic of edaphic environments represents an
important selective regime. Populations of edaphically restricted species would
be subject to drastic reduction as a result of fire in the short-term (Van Wilgen,
Bond & Richardson, 1992) and climatic change in the long term (Goldblatt,
1978). These processes would result in the extinction of intermediates (Cowling,
1987) and a reduction in the population sizes of genetically divergent isolates in
marginal habitats (e.g. limestone). The result could be rapid speciation. We now
elaborate this model to explain why speciation has been so prolific in lineages
which possess such traits as non-sprouting, ant-dispersed seed or microbe-
mediated nutrient uptake. We begin with the non-sprouting, ant-dispersed
combination.

There is a strong selective force to produce large protein-rich seeds in the fire-
prone and nutrient-poor fynbos environment (Le Maitre & Midgley, 1992).
Large seeds enable rapid seedling growth and the avoidance of drought-induced
mortality during the dry summer months. However, the commonly observed
trade-off between seed size and number (Le Maitre & Midgley, 1992) means
that seed production is often low and highly variable. Ant-dispersal has evolved
to ensure that precious seeds are dispersed to sites safe from vertebrate predators
(Bond & Breytenbach, 1985). Low seed production results in small soil-stored
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seed banks which are often dependent on the current year’s seed crop for their
maintenance (Pierce & Cowling, 1991). Fire may severely reduce the population
sizes of non-sprouting, ant-dispersed species and thus promote population
fragmentation and isolation, especially if the species are edaphically restricted to
small habitat patches. In other words, these species are vulnerable to local
extinction (Parker & Kelly, 1989). Cowling & Bond (1991) have shown that
shrubs with ant-dispersed seeds and Ericaceae were the species groups most
vulnerable to local extinction on small limestone habitat fragments on the
Agulhas Plain. However, lineages that are extinction-prone are also prone to
speciation. This certainly seems to be the case for Clarkia, a richly diversified
genus of annuals in the California Floristic Province (Lewis, 1962). Populations
of Clarkia species, which have transient seed banks, are vulnerable to local
extinction or severe population reduction as a result of environmentally extreme
events. Speciation of populations at the margin of the species’ distribution or on
unusual substrata (Raven, 1964) occurs as a result of catastrophic selection
whereby exceptionally adapted individuals survive extreme events (Lewis, 1962;
1972). Similarly, the lack of buffering provided by persistent seed banks is
thought to have contributed to diversity, endemism and habitat specialization
among non-sprouting species of the Californian chaparral genera, Arciostaphylos
and Ceanothus (Wells, 1969; Stebbins, 1974; Parker & Kelly, 1989).

Of relevance to our argument is Vrba’s (1980; 1984) effect hypothesis, which
states that ‘selection for proximal fitness may also, and incidentally, drive
speciation’ (Vrba & Gould, 1986). Habitat specialists are more likely to be
subject to directional selection in the event of environmental change leading to
fragmentation, population divergence, vicariant speciation and extinction. Thus,
for fynbos shrubs, selection for non-sprouting and large, ant-dispersed seeds,
which may be adaptive at the organism-level, incidentally causes the
multiplication of species. The potential of non-sprouting lineages for speciation
probably has nothing to do with rapid generation turnover (cf. Wells, 1969)
which suggests a gradualist mode of speciation (Vrba, 1980). Speciation occurs
in punctuated events when populations of non-sprouting lineages undergoing
strong selection are driven to very low numbers. Thus, traits prevail or even
predominate in a flora because high speciation rates may overwhelm low
survival rates. Microevolution at the organism level is uncoupled from
macroevolution at the species level (Vrba & Eldredge, 1984; Vrba & Gould,
1986). The effect hypothesis is not an example of species selection since it does
not require units of selection above the level of the species (Vrba, 1980, 1984;
Vrba & Gould, 1986).

It could be argued that in a fire-prone environment, sprouting ability is a
more adaptive trait under a wider range of fire regimes that non-sprouting
(James, 1984; Le Maitre & Midgley, 1992). However, selection for this trait wiil
reduce the probability of population fragmentation and, thus, rates of lingeage
turnover. Clades which possess sprouting ability produce species that are
resistant to extinction and hence, speciation: in Vrba’s (1980) terminology these
are survivors. The corollary is more interesting: the prevalence of nonsprouting
in fynbos shrub lineages may have resulted not from any immediate adaptive
advantage to the organism, but rather from their greater potential for speciation.
The preponderance of species with particular traits in communities and
landscapes may be a stronger reflection of incidental speciation events than
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contemporary or historical ecological conditions (Fowler & MacMahon, 1982;
cf. Le Maitre & Midgley, 1992).

This model similarly explains the tremendous diversification of lineages with
microsymbiolent-mediated naturient uptake (e.g. Ericaceae and Aspalathus).
Epaphic specialization would result from strong selection at the organism level to
acquire new microsymbionts in different soil types (Cowling et al., 1990). It is
appealing to suggest that the massive speciation of Erica in the Cape Floristic
Region (526 spp.) is an effect of selection on seedlings for capturing more
efficient microsymbionts in new edaphic environments.
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