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A. Historical Perspective

Phytogeographic classifications have generally been based on the distribution of
vascular plants only. The global phytogeographic classifications of Engler & Diels
(1936), Good (1974) and Takhtajan (1986) have recently been compared by
MeLaughlin (1994). Detailed accounts of the history of phytogeographic divisions of
(southern) Africa are given by Monod (1957), Werger (1978), Denys (1979), Friis
(1986) and Iversen (1991). The latter provided an useful list of the most important
phytogeographic classifications of Africa. A short synopsis for the southern African
region is provided by Cowling & Hilton-Tayler (1997). Hilliard & Burtt (1987)
reviewed the phytogeographic divisions of the southern KwaZulu-Natal Drakensberg,.
Some of the most important global and regional, contemporary classifications of
floristic regions are briefly discussed here while regional subdivisions are generally
considered under the relevant Regions and Domains (section C of this chapter). A
distinction is made between phytogeographical classifications largely based on the
geographic distribution of vascular plants and those based on the distribution of

bryophytes.
I. Vascular plants

Known for his important plant collections, including bryophytes, from southern
Africa (Dixon & Gepp 1923, Bayer 1971, Magill 1980, Gunn & Codd 1981, Codd
& Gunn 1982), Antoni Rehman’s contribution to the phytogeography of the
region is not always appreciated (Zemanek & Zemanek 1990). In 1880 Rehman
published Phytogeographical conditions in South Africa (Rehman 1880, in Polish)
in which he described and mapped seven phytogeographic provinces in southern

Africa (see map in Werger 1978):
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The phytogeographic provinces of Rehman (1880)

Kalahari
Highveld
Monsoon Area
Forest Region
Roggeveld
Karoo

S.W. Cape

Frank White (1927-1994) of Oxford, United Kingdom (Gunn & Codd 1981,
Angus & Chapman 1996) dominated the phytogeographic scene in Africa for the
past 30 years. His early classifications (White 1965, 1970, 1971) were hierarchical
and recognised six Regions in southern Africa, some of them represented by

Domains:

Phytogeographic regions of southern Africa according to the hierarchical

classification of White (1965, 1970, 1971)

1. Sudano-Zambezian Region, represented by the Zambezian Domain

i

Guineo-Congolian Region represented by the Usambara-Zululand
Domain

Afro-montane Region

Afro-alpine Region (not mapped)

Karoo-Namib Region

Oy S DT

Cape Region.

In 1976 White departed from a hierarchical classification system and introduced
the rather confusing concepts of Regional centres of endemism, Archipelago-like
centres of endemism, Regional mosaics, and Regional transition zones (White

1976). These phytogeographic categories are characterised as follows:
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1) A regional centre of endemism has more than 50% of its species restricted
to it and a total of more than 1000 endemic or near endemic species.

2) An archipelago-like regional centre of endemism only differs from the
other regional centres of endemism in its fragmented distribution.

3) Regional transition zones separate regional centres of endemism and are
characterised by less than 1000 endemic species, representing less than
50% of the total flora.

4) Regional mosaics cannot be categorized as any of the preceding and consist
of a mosaic of distinct vegetation types and “.. a small amount of

intermingling of otherwise distinct floras.” (White 1993).

In 1976 White (1976) also introduced a 7th phytochorion, the Kalahari-Highveld
regional transition zone. In his publication The Vegetation of Africa (White 1983),
which White himself called “A milestone in the history of African botany...”, he
described the vegetation types of Africa and Madagascar “...within a regional
chorological framework” (White 1983). With this publication White emphasized
the similarities between the structural and floristic classifications of plants in the
subregion. The following non-hierarchical phytochoria ‘of equal rank’ were now

recognised by White (1976, 1983), see Fig. 17:

The non-hierarchical phytochoria of southern Africa according to White (1976,
1983).
Regional centres of endemism:
1. Zambezian
2. Karoo-Namib
3. Cape
Archipelago-like centres of endemism
1. Afro-montane
2. Afro-alpine (not mapped)
Regional mosaic
Tongaland-Pondoland
Regional transition zone
Kalahari-Highveld
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The phytochorological classification of Africa by White (1976, 1983) is today
widely accepted and forms the basis of other contemporary classifications, e.g.

those of Goldblatt (1978) and Cowling & Hilton-Taylor (1997).

I largely agree with Linder (1990), who criticized the following aspects of White’s

phytochorological classifications:

1) The phytochoria are based on dominant taxa only.
2) The classification is influenced by historical developments in African

phytogeography.

To these I would like to add that White’s phytochorological classification is

largely subjective and does not satisfy the current requirements of objectivity and

repeatability.

Good (1974) recognised six Kingdoms (Boreal, Palaeotropical, Neotropical, South
African, Australian, Antarctic) and 37 Regions in his phytogeographical
classification of the world. His South African Kingdom, restricted to the south-
western tip of Africa, contained a single Region, the Cape Region. The rest of
southern Africa was covered by the South African and East African Steppe
Regions, both of the Palaeotropical Kingdom. The South African Region is more
or less restricted to the study area and described by Good (1974) as a transition
zone between the ‘tropical African flora’ and the ‘southern Mediterranean flora’.
Good’s East African Steppe Region is restricted to the north-eastern corner of
South Africa and is characterised by savanna vegetation. The South African

Region is subdivided into five ‘parts’ (Good 1974).

Phytogeographical division of southern Africa by Good (1974)

South African Kingdom
Cape Region
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Paleotropical Kingdom
East African Steppe Region
South African Region
High veldt of the Transvaal and the Orange Free State
The Kalahari
The Karroo
Namaqualand and Damaraland

Natal and the eastern Cape Province.

In A Classification of the Biogeographical Provinces of the World, based on
similarities in floral, faunal and ecosystem composition, Udvardy (1975) divided

the world into eight biogeographic Realms instead of Kingdoms:

The Biogeographic Realms of Udvardy (1975)

Palaearctic Realm
Nearctic Realm
Africotropical Realm
Indomalayan Realm
Oceanian Realm

Australian Realm

Udvardy’s (1975) Afrotropical Realm (Fig. 18) covers the whole of sub-Saharan
Africa and is subdivided into 29 biogeographic Provinces, largely based on the
classification of Dasmann (1974). Udvardy’s biogeographical classification of
Africa was followed in The IUCN Directory of Afrotropical Protected Areas
(IUCN/UNEP 1987). It appears that 6 of these provinces are present in the FSA
area (Fig. 18):

1) South African Woodland/savanna Province in the northern and eastern
parts of the study area.
2) Cape Sclerophyll Province along the Cape Fold Mountains.

3) Namib Province along the Namibian coast.



University of Pretoria etd — Van Rooy J 2000

115

4) Kalahari Province in the northern interior.
5) Karroo Province along the Cape west coast and interior.
6) South African Highlands covering Lesotho and the high altitude plateau

along the eastern escarpment.

Werger (1978) analysed the phytogeographic divisions of Africa up to the mid
1970s and came up with a composite classification for southern and south-eastern
Africa (Fig. 19). The whole area was divided into two main units: 1) Capensis
restricted to the south-western corner and 2) the Palacotropis Subkingdom in the
remainder of the subcontinent. The following regions are recognised in the FSA

arca.

1) The Indian Ocean Coastal Belt represented by the Tongaland-Pondoland
Regional Mosaic.

2) Sudano-Zambezian Region represented by the Zambezian Domain.

3) Afromontane Region.

4) Afro-alpine Region represented by the Austral Domain.

5) Karoo-Namib Region subdivided into four Domains and one
Subdomain.

6) Capensis.

The first more or less objective, numerical phytogeographic classification of
tropical and subtropical Africa was presented by Denys (1979, 1980). She based
her classification on a factor analysis of plant distributions mapped in the
Distributiones Plantarum Africanarum series, edited by P. Bamps (Denys 1979,
1980). This purely floristic approach included the liverwort family Frullaniaceae
and the moss family Thuidiaceae. Denys (1980) identified the following Regions,

Subregions and Domains in tropical Africa (Fig. 20):

The phytogeographic divisions of Denys (1980)

Guineo-Congolian Region

Upper-Guinea Domain
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Lower-Guinea Domain

Congo Basin Domain
Guinea-Congolia/Sudania Transition Region
Sudanian Region

Southern Subregion

Northern Subregion
Region of the Central African Lakes
Guinea-Congolia/Zambezia Transition Region
Zambezian Region
Region of the Indian Ocean Coastal Belt
Afromontane Region
Madagascan Region

Occidental Domain

Oriental Domain

Denys’s classification largely confirmed the phytochoria 6f White (1983) but
without clear support for his regional mosaics. Unfortunately her study excluded
the largest part of southern Africa and only the Afromontane Region and a small
part of the Zambezian Region is mapped in this area. The Afromontane Region
was subdivided by Denys (1980) into seven Domains (see Discussion under the

Afromontane Region, this chapter, and Fig. 21).

In a numerical analysis of the geographical distribution of Cape taxa Oliver et al.
(1983) identified six phytogeographic areas or regions in the ‘Cape Floral Region’.
These regions, or ‘elements’ as they were called, were compared with the endem-
centres of Weimarck (1941), which are not floristic regions but distribution centres
within the Cape element. The six areas delimited by Oliver et al. (1983) are: 1) the
Northern Centre, 2) the Peninsula Centre, 3) the South-western Centre, 4) the West
Coast Centre, 5) the Bredasdorp Centre, and 6) the Southern Centre. These areas

are generally below the level of Domain.



University of Pretoria etd — Van Rooy J 2000

117

Takhtajan (1986) divided the world into six kingdoms:

1) Holarctic Kingdom (Holarctis).

2) Paleotropical Kingdom (Paleotropis).
3) Neotropical Kingdom (Neotropis).

4) Cape Kingdom (Capensis).

5) Australian Kingdom (Australis).

6) Holantarctic Kingdoms (Holantarctis).

The Cape Kingdom is the smallest of the six and restricted to the southernmost tip
of Africa. The rest of sub-Saharan Africa is covered by the ‘Paleotropical’
Kingdom. The whole of southern Africa is divided into four of Takhtajan’s 35

Regions, subdivided into subregions and provinces:
The phytogeographic subdivision of southern Africa by Takhtajan (1986)

1). The Cape Region in the extreme south-west represented by a single

- Cape Province.
2). The Karoo-Namib Region along the arid western coast, subdivided into
4 provinces (Namib, Namaland, Western Cape and Karoo) similar to the
KarooNamib domains of Werger (1978).
3). The Sudano-Zambezian Region occupies subtropical Africa and is
subdivided into a northern Sahelo-Sudanian Subregion and a southern
Zambezian Subregion. The latter is represented in southern Africa by a
single province, the Zambezian Province, which occupies much of the
central and northern parts of the study area
4) The Uzambara-Zululand Region which runs along the southeastern coast
of Africa and consists of a northern Zanzibar-Inhambane Province (not

present in the study area) and a southern Tongoland-Pondoland Province.

In order to determine the conservation status of the Fynbos and Karoo Biomes
Hilton-Taylor & Le Roux (1989) provided a combined structural and floristic

classification of this area. Their map shows 25 “...biogeographic areas of the
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fynbos, succulent karoo and Nama-karoo biomes.”. They explained that “The
boundaries are based on Weimarck (1941), Oliver ez al. (1983) and Hilton-Taylor
(1987) with modifications based on Acocks (1953, 1975)”, therefore a mixture of
floristic regions (Oliver et al. 1983, Hilton-Taylor 1987), floristic elements and
distribution centres (Weimarck 1941), and vegetation types (Acocks 1953, 1975).

Phytogeographic patterns in the Coryciniae, a group of orchids mainly distributed
in southern Africa, were determined by Kurzweil ef al. (1991). A numerical
analysis of the data set “...to determine the relationships among the degree squares
...” revealed three main floristic regions in southern Africa, which Kurzweil et al.
(1991) referred to as ‘centres’. They are: 1) the Namaqualand area, 2) the Cape
Floristic Region, and 3) the Drakensberg. They also identified a number of floristic
elements or ‘centres of endemism’ which are listed in Chapter 5 under Historical

Perspective.

Oliver (1994) studied geographic distribution and endemism in the largely
southern African subfamily Ericoideae (Ericaceae). Similarities and differences
among the ericaceous floras of 12 subjectively chosen ‘centres’ were analysed
using Jaccard’s coefficient and the classification program TWINSPAN
respectively. Oliver (1994) recognised five main areas or regions with distinct
Ericiodeae floras and high levels of species endemism which he called ‘Regional
Centres of Endemism’. He suggested that the Cape Centre be included in a broad

Afrotemperate Region.

Regional Centres of Endemism based on the distribution of the subfamily

Ericiodeae (Ericaceae)

Cape Centre

Drakensberg Centre

Tropical Afromontane Centre
Madagascan Centre

North African/European Centre
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In a recent review of the phytogeography of southern Africa Cowling & Hilton-
Taylor (1997) adopted the floristic regions of Goldblatt (1978), who followed
White (1976, 1978) with minor changes to the boundaries of the Cape Region.
Goldblatt (1978) and Cowling & Hilton-Taylor (1997) have given their
phytochoria the rank of Region except for the Kalahari-Highveld phytochorion
which they called a Transition Zone after White (1976, 1978, 1983). Although the
Afro-alpine Region is included within the Afromontane Region, Cowling &
Hilton-Taylor (1997) admit that such an approach remains problematic. They

recognise the following 6 regional phytochoria (see Fig. 22):

The phytogeographic regions of Goldblatt (1978) and Cowling & Hilton-Taylor
(1997)

Zambezian Region
Kalahari-Highveld Transition Zone
Karoo-Namib Region
Tongaland-Pondoland Region
Afromontane Region

Cape Region

II. Bryophytes

Werger (1978), in his historical review of phytogeographic divisions in Africa,
mentioned the bryogeographic classifications of Herzog (1926) and Ochi (1973).
These, as well as other bryogeographic classifications published since 1978, are

briefly reviewed here.

Herzog (1926) provided the first comprehensive analyses of bryophyte distribution
patterns in his Geographie der Moose. He did not include a map of his
bryogeographic regions but Miller (1982) created a map from Herzog’s
descriptions (Fig. 23). The following six kingdoms were recognised by Herzog
(1926):
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Herzog'’s Florenreiche (Herzog 1926)

Holarktisches Florenreich
Neotropisches Florenreich
Paléotropische Florenreich
Australisches Florenreich
Austral-antarktisches Florenreich

Stidafrikanisches Florenreich

According to the map in Miller (1982), Herzog’s Siidafrikanisches Florenreich
included the whole of the FSA area. The recent vascular plant Kingdoms of Good

(1974) and Takhtajan (1986) are remarkably similar to Herzog’s Florenreiche.

Ochi (1973) based his bryogeographic division of Africa and adjacent islands on
the geographic distributions of mosses in the subfamily Bryoideae (family
Bryaceae). He took the geographic recording system of Van der Wijk et al. (1969)

as a starting point to divide the area into four main regions (Fig. 24):

1) Afr I in the north (Sahara).

2) Afr II covering tropical and subtropical Africa, the west African islands,
and eastern Indian Ocean islands including Madagascar, the Seychelles and
the Mascarenes.

3) Afr IIT in the south.

4) KERG for the subAntarctic islands of Kerguelen, Prince Edward and

Crozet.

Afr I was subdivided into two subregions and Afr II into five. The boundary
between Afr II and Afr ITI is rather artificial but seems to enclose the whole of the

study area in Afr III.

Miller (1982) adopted Good’s classification of Floristic Regions (Good 1974) in
his discussion of the phytogeography of the bryophytes. He found that the

“...austral nature...” and “...high endemism rate” of the Cape bryoflora could not be
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explained satisfactorily by contemporary hypotheses. Miller (1982) proposed that
the Cape Fold Mountains represents a Gondwana island which caught up with the
African mainland in the late Cretaceous or early Tertiary. Migration in and out of
the unique flora of the “...long separated Cape Island” was supposed to be limited

by ecological processes.

The rest of the study area is covered by the whole of Miller’s South African
Region and the southernmost tip of his East African Steppe Region, both classified
under the African Subkingdom of the Palaeotropical Kingdom (Miller 1982).

Schofield’s tentative Bryophyte floristic kingdoms (Schofield 1992) are essentially
those of Herzog (1926), modified by incorporating recent distribution data. The
floristic kingdoms are based on “...floristic similarity, with emphasis on families
and genera unique to the Kingdoms, and on the degree of endemism, at the species
level” (Schofield 1992). The following six bryofloristic kingdoms are recognised
(Fig. 25):

Bryophyte floristic kingdoms of Schofield (1992)

Holantarctic kingdom
South African kingdom
Australian kingdom
Neotropical kingdom
Palaeotropical kingdom

Holarctic kingdom

Almost the whole of the FSA area is included in the South African Kingdom, the
smallest of the six kingdoms. This kingdom was found to contain a “...highly
distinctive bryoflora, especially in the mosses.” and is characterised by “...the
endemic monotypic family Wardiaceae and at least 10 endemic genera, most of
which are monotypic.” Schofield (1992) also pointed out that many of the endemic

genera are small, short-lived mosses adapted to arid conditions, similar to many
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genera in the Australian flora. He found that the (Schofield 1992) “Affinities of the

23

South African flora are predominantly with continental Africa....”.
I1I. Phytogeographic categories

The following phytogeographic categoriés, in descending order, are widely used in
hierarchical classifications of the world (See White 1970, Takhtajan 1986 and
McLaughlin 1994):

1. Kingdom or Realm
2. Region
3. Province or Domain

4. District
Subdivisions of the main categories, viz. subkingdom, subregion, subprovince and
subdistrict, are also used. The formal categories of Region and Domain are

assigned to the bryogeographic regions described in this study.

B. TWINSPAN Classification of Grid Squares

TWINSPAN classification of grid squares into southern African floristic or
phytogeographic regions (floristically homogeneous geographic areas or areas of

similar floristic or species composition within southern Africa).

I. TWINSPAN Complete classification

The TWINSPAN Complete data set, consisting of the presence/absence of the 503
moss species/infraspecific taxa in each of the 416 grid squares, was divided into 11
groups after the 6th level of TWINSPAN division. The dendrogram resulting from the
TWINSPAN Complete classification is shown in Fig. 26.
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1. First level of division
The first and major TWINSPAN Complete division separated grids 1816 D in
northern Namibia and 2023 B near Maun in northern Botswana (Figs. 26 & 27,
region 1/2 or end group 11) from the rest of the grids in the study area. These two
grid squares are under-collected and contain a single species, Plaubelia involuta
(Pottiaceae), a southern African endemic restricted to end group (or floristic

region) 11.

2. Second level of division
At the second level of division, grid 3127 A in the Dordrecht area of the Eastern
Cape province (Figs. 26 & 27, region 2/1 or end groupl) is split off from the
remainder of the grids. This grid is distinguished by the narrow endemic

Pseudoleskeopsis unilateralis (Leskeaceae), the only species recorded.

3. Third level of division
At the 3rd level of division grid 2818 B in southern Namibia was distinguished as
floristic region (end group) 10 (Figs. 26 & 27) on the presence of the narrow
endemic Archidium dinteri (Archidiaceae). Only this single species has so far

been recorded from the locality.

4. Fourth level of division
It is only at the fourth level of division that the TWINSPAN classification divides
the remaining grids into two main groups (Fig. 26). Region 4/2 (fourth level of
division group 2, consisting of end groups 2-5) represents the largest group of 287
grids that occupies the eastern part of southern Africa. Region 4/3 (end groups 6-
9) form the smaller group of 135 grids, concentrated in the semi-arid to arid

western and central parts of the study area (Fig. 28).

The groups have adjacent grids more or less grouped together along the eastern,
southern and western borders of the study area. In the central and northern parts,
however, the grids are non-contiguous, partly as a result of the many empty grids.
The division line between the two groups is not very clear, mainly as a result of

outliers and empty grid squares (Fig. 28).
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5. Fifth level of division
At this level of division, region 5/2, consisting of 17 non-contiguous grids in the
northern parts of southern Africa (Figs. 26 & 29), is separated from the rest of the
eastern group (region 5/3). On the other side of the main division line region 5/,
consisting of 11 non-contiguous grids scattered down the centre of Namibia, from
Otjiwarongo in the north to Augrabies in the south (Figs. 26 & 29), is split off

from the western group (region 5/4).

After the fifth level of division the majority of grids still belong to one of the two

main groups distinguished at the fourth level.

6. Sixth level of division
At the sixth and final level of division the grid squares have been divided into 11
end groups or regions (Fig. 26). Region 1 (grid 3127 A) has already been split off
at the second level of division. At the first dichotomy TWINSPAN separates end
group or region 3 (three grids in northern Botswana and two grids in the north-
eastern corner of the Northern province) from end group 2, consisting of grids
scattered across the northern parts of the study area (Fig. 30). Region 3 is
characterised by Erpodium beccarii (Erpodiaceae), a woodland epiphyte which
occurs in all five of the grids. The next dichotomy separates a single grid square
as region 4 from the rest of the grids in the large eastern group or region 5 (Fig.
30). This grid (2429 C) contains a single species, Weisiopsis plicata (Pottiaceae),

which is restricted to three grids in the Northern province of South Africa .

Region 5, the largest floristic region distinguished by the TWINSPAN Complete
classification of grid squares, has several outliers in the central and northern
regions of the study area (Fig. 30). These outliers are species poor grids, many
with single species recorded from them (e.g. 1712 B, 1712 D, 1914 D, 1915 C,
1922 C, 2716 A, 2917 C, 2919 B and 3112 D), and are most probably under-
collected. The rest of the grids in region 5 are more or less contiguous along the
eastern and southern borders of the study area, from the Soutpansberg in the north

to Table Mountain in the south-west (Fig. 30).
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The other major group distinguished by TWINSPAN at the 5th level of division
(region 5/4), spread over the western and central parts of South Africa, is here
subdivided into an eastern and a western region (Fig. 26). Region 6 is situated
along the West Coast, roughly from Liideritz on the Namibian Coast in the north
to Malmesbury in the south and extending eastwards along the southern edge of
the Great Karoo (Fig. 30). Several outlying grids to the east and north (e.g. 2117
D, 2217 D, 2516 A, 2525 C, 2616 C, 2624 C, 2720 C, 2926 B etc.) represent less
than three species each. Region 7 is a high-altitude, low July and annual mean
temperature area, scattered over the central parts of South Africa, from the

Lesotho Highlands eastwards (Fig. 30).

The last dichotomy at the 6th level (Fig. 26) divides the already non-continuous
region 5/5 into a northern group (region 8) and a southern group (region 9). Most
of the grid squares in these two regions have less than three species recorded from
them (2016 D, 2117 C, 2317 A, 2318D, 2426 D, 2417 C, 2417 D. 2718 B and
2820 C), while one grid contains less than five species (2216 D), and another
(2116 D) six species (Fig. 30).

Discussion

From the results of the TWINSPAN Complete classification it is clear that
TWINSPAN is sensitive to species-poor grids, especially those containing single
narrow endemics or taxa of limited geographic distribution in the study area. This
phenomenon, where instead of a first division in the middle, small groups of sample
points are split off by TWINSPAN from the main data set, was also reported by
Gauch & Whittaker (1981) and Van Groenewoud (1992). The latter blamed the
problem on the displacement of sample points along the ordinations (Van
Groenewoud 1992) while in the case of Gauch & Whittaker (1981) it could have been
caused by the presence of outliers. I therefore decided to remove some of the outliers
from the TWINSPAN Complete data set by deleting grids which contain less than
three species, resulting in the TWINSPAN 3+ data set, and grids with less than five
species, resulting in the TWINSPAN 5+ data set. The results of these two
TWINSPAN classifications are discussed next.
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II. TWINSPAN 3+and TWINSPAN 5+ classifications

For the TWINSPAN 3+ data run 128 grid squares with less than three
species/infraspecific taxa each (Fig. 3) were deleted from the complete data set of 426
grids. An additional 47 grids with only three or four species/infraspecific taxa
recorded (Fig. 3) were deleted for the TWINSPAN 5+ data run. Fortunately only two
FSA endemics, Plaubelia involuta (Pottiaceae) and Pseudoleskeopsis unilateralis
(Leskeaceae), restricted to two of the grids deleted for both data runs, were lost in the

process.

The presence/absence data of 501 species/infraspecific taxa in 298 grid squares in the
TWINSPAN 3+ data set was classified into 45 end groups or floristic regions (Fig.
31). The 251 grids in the TWINSPAN 5+ data set were divided into 39 floristic
regions or end groups (Fig. 35). The results of the two TWINSPAN classifications are
very similar and although the empty spaces increased compared to the TWINSPAN
Complete classification, the floristic groups became more geographically

homogeneous and the number of outliers decreased.

1. First level of division
The first and major TWINSPAN 3+ (and TWINSPAN 5+) division divides the
grid squares into two main groups (Figs. 31 & 35), similar to the groups
distinguished at the 4th level of division of the TWINSPAN Complete
classification. Region 1/1 (end groups or regions 1-24 of the TWINSPAN 3+
classification) occupies the eastern and southern parts of the study area while
region 1/2 (regions 25-45) is scattered over the arid and semi-arid western and
central parts (Figs. 31 & 32). The only region 1/1 outliers that remain after the
TWINSPAN 5+ classification are three grids in the Korannaberg and Langeberge
of the Northern Cape Province, two grids in northern Namibia (Otjiwarongo-
Otavi area) and two grids in the swamps of the Caprivi strip and northern
Botswana (Fig. 36). The fate of these grids will only be decided by classifications
based on more data from under-collected areas but I suspect that these areas will

eventually prove to be continuous with the main areas occupied by region 1/1.
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Region 1/2 is now more homogeneous than region 4/3 of the TWINSPAN
Complete classification due to the ellimination of species poor outliers. It has
actually expanded, from the TWINSPAN Complete to TWINSPAN 3+ to
TWINSPAN 5+, along the eastern and southern borders (Compare Figs. 28, 32 &
36). In central Namibia, however, the group has been reduced to four outliers.
Many of the species-poor grids in the arid central parts of the study area have
been deleted for the TWINSPAN 3+ and 5+ classifications and only two are left:
grid 2822 C in the southern Langberge of the Northern Cape Province and grid
2824 D where the town of Kimberley is situated (Fig. 36).

. Second level of division

At the second level of division regions1/1 and 1/2 are subdivided into two groups
each (Figs. 31 & 35). Region 1/1 is split into a large, more or less geographically
coherent group (region 2/2) of 160 grids distributed along the southern and eastern
parts of the study area, from Table Mountain in the south to the Soutpansberg in
the north and a smaller group (region 2/1) of 64 grids scattered throughout the
northern parts (Fig. 33). After the TWINSPAN 5+ classification region 2/1 extend
as far south as KwaZulu-Natal (grid 3030 B) and the eastern Cape Province (grid
3224 D) with more outliers in The Okavango Swamps of Botswana, The
Langeberg Mountains in the Northern Province and two grids in Namibia (Fig.
37).

The other dichotomy splits TWINSPAN region 1/2 into an eastern (region 2/4)
and a western (region 2/3) group (Fig. 31). Most of the eastern region 2/4 grids
are spatially continuous in and around the Highlands of Lesotho and the southern
Free State, extending as far south as the mountains between Graaff-Reinet,
Middelburg and Cradock in the Eastern Cape Province (Fig. 33). The remainder
of the region 2/4 grids are scattered to the west of the main distribution with four
outliers (grids 2822 C, 3221 B, 3119 B and 2416 A) remaining after the
TWINSPAN 5+ classification (Fig. 37). Region 2/3 consists of 59 grids in the arid
winter rainfall region, more or less contiguous along the south-western Cape coast
as far north as Liideritz in Namibia, with outliers to the east and north of the main
area (Fig. 33).
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3. Third level of division
Eight groups are distinguished at this level (Figs. 31 & 35). The first dichotomy
splits eight grids in the extreme north of the study area (region 3/1) from the
remainder of the northern group (region 3/2) (Fig. 34). The other dichotomy
divides the large eastern group (region 2/2) into a small southern group of 18 grids
(region3/4) and a large northern group of 127 grids (region 3/3). Region 3/4 grids
are centered in the south-western corner of the study area with outliers scattered to
the east as far as the Eastern Cape Province (grid 3224 A) and north-eastern
KwaZulu-Natal (2732 D). With the TWINSPAN 5+ classification the grids in this
group have actually increased to 21, all of them more or less continuous along the
southern Cape Fold Mountains (Fig. 38). The KwaZulu-Natal outlier has been
deleted and the Eastern Cape grid re-classified.

The large northern group of the TWINSPAN 3+ classification (region 3/3)
stretches from the Outeniqua Mountains in the south-western Cape to the
Soutpansberg in the north (Fig. 34). The TWINSPAN 5+ equivalent is even more
geographically homogeneous and starts at the Alexandria grid to the east of Port
Elizabeth (Fig. 38).

On the other side of the main division line the first dichotomy splits off a few
northern grids (region 3/6) from the rest (region 3/5). The other dichotomy divides
region 2/4 into an eastern (region 3/7) and a western (region 3/8) group (Figs. 34
& 38). The eastern group (region 3/7) is centered in the Highlands of Lesotho,
with outliers to the south-west, while the adjacent western group (region 3/8) is
most contiguous in the southern Free State with several outliers to the south and

west.

TWINSPAN goes on to classify the TWINSPAN 3+ and TWINSPAN 5+ grid
squares into 45 and 39 end groups respectively after the 6th level of division
(Figs. 31 & 35). However, it is at the 2nd and 3rd levels of division that the

groups are comparable with phytochoria at the subcontinental or regional scale.
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Further discussion of the TWINSPAN classification will therefore centre around

the first three levels of division.

Discussion

Most of the bryogeographical regions identified by the TWINSPAN 3+ and 5+
classifications are fairly geographically homogeneous with adjacent grids being
grouped together. This suggests that there are clear geographically coherent patterns
in the data. The increased homogeneity of the regions, from the TWINSPAN
Complete to the TWINSPAN 5+ classification, suggests that the TWINSPAN 5+ data

set has resulted in the best classification of moss distribution patterns.

Unfortunately the removal of outliers from the TWINSPAN Complete data set has
resulted in the deletion of most grid squares in the arid north-western sector of the
study area or the countries of Namibia and Botswana. This has made it impossible to
present a clear picture of bryogeographic regions in this area. However, the DCA
ordination made it possible to interpret the most obvious compositional gradients

present in the data.

The first and major TWINSPAN division line is not clearly distinguishable, especially
in the central and northern parts of the study area, mainly due to the many empty grid
squares but also as a result of the size of the grids or the grain chosen for this study
(Figs. 32 & 36). This is to be expected in an exploratory, broad-scale analysis where
the general pattern of division is more important than the precise boundaries between
groups. However, the main discontinuity in the data appears to coincide with sections
of major geological, geomorphological, climatic, and vascular plant vegetation and

phytogeographic division lines in southern Africa.

Starting in the south, the main division begins at Table Mountain in the Cape
Peninsula, turning slightly northwards up to 33° 30’ latitude where it turns east to
follow the northern boundary of the Cape Super Group (Truswell 1979, Kent 1980,
Visser ef al. 1984), the east-west axis of the southern.Cape Fold Mountains (King
1963, Dingle et al. 1983, Partridge 1997), the boundary the Fynbos Biome
(Rutherford & Westfall 1986, Low & Rebelo 1996, Rutherford 1997, Cowling &
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Holmes 1992, Cowling et al. 1997) and the Cape (Floristic) region (Werger 1978,
Cowling & Holmes 1992, Goldblatt 1978, Cowling & Hilton-Taylor 1997). From Port
Elizabeth on the eastern Cape coast, where the first division line is interrupted by the
dry Sunday’s River Valley, it turns north to link up with and to follow the Great
Bscarpment (Wellington 1955, King 1963, Partridge & Maud 1987) and the
continental watershed between drainage to the Indian Ocean and drainage to the
Atlantic Ocean (Walton 1994). This line continues along the Great Escarpment of the
Drakensberg Mountains, more or less coinciding with the border between the Afro-
alpine and Afromontane regions (Werger 1978) all the way to the Maloti Mountains

in northern Lesotho.

From the north-eastern Free State the division turns west to coincide with the border
between the Nama-Karoo and Savanna Biomes (Rutherford & Westfall 1986, Low &
Rebelo 1996, Rutherford 1997, Palmer & Hoffman 1997, Van Wyk & Van Wyk1997)
or Ecozone (McCullum 1994) and the boundary between the Karoo-Namib and
Kalahari-Highveld regions (White 1983, Goldblatt 1978, Cowling & Hilton-Taylor
1997) or the boundary between the Karoo-Namib and Sudano-Zambezian regions

(White 1965, 1971; Takhtajan 1986) right up to the northern border of Namibia.

The north-eastern part of the main division more or less coincides with the eastern
limit of the karoo vegetation (see maps in Acocks 1953 and Nordenstam 1969). It also
seems to follow, from the central part of the Northern Province all the way to the
Angolan border, the general direction of the mean summer rainfall and mean annual
rainfall isohyetes (see rainfall maps in: Anon 1957; Le Roux 1967; Schulze & McGee
1978; Schulze 1997, 1997a; Barnard 1998), and the continental watershed between
the inland drainage region or Kalahari Basin and the Atlantic Ocean drainage region
(Walton 1994). It is most likely that in Namibia the 1st division line also coincides
with the Great Escarpment (compare with physiographic maps in Barnard 1998) but
this will only become clear once more sample points or grids are incorporated in the

classification.

This main line therefore divides southern Africa into a temperate or austral moss flora

(the Southern Flora of Acocks, 1971) represented by the the Karoo-Namib and
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Highlands Regions on the one side, and a subtropical or palaeotropical moss flora (the
Tropical Flora of Acocks, 1971) represented by the Zambezian and Afromontane
(including the Cape) Regions on the other (Figs. 33 & 37). Whether this line
represents the border between two Kingdoms, or the border between phytochoria of a
lower rank, is not clear at this stage and should be determined by a much broader

study including the whole of Africa and other southern temperate areas.

The main southern African division line of contemporary phytogeographic schemes
(e.g. Good 1974, Miller 1982 Takhtajan 1986, Werger 1978, Jirgens 1991) is drawn
much further south than the main TWINSPAN division and generally follows the
boundary of the Cape Region (Goldblatt 1978, Cowling & Hilton-Taylor 1997) and
the Fynbos Biome (Rutherford 1997). This line generally divides southern Africa into
a Cape phytochorion (Kingdom) in the south and a Palaeotropical phytochorion
(Kingdom) covering the rest of sub-Saharan Africa to the north. Herzog (1926) and
Schofield (1992) on the other hand draw their main bryofloristic division line to
include almost the entire study area in their southern division, the South African

Kingdom.

The proposed subdivision of southern Africa into a Greater Cape Flora (Floristic
Kingdom) in the south-west, including the western part of the Karoo-Namib region,
the Cape region, and “ afromontane regions further east...”, as opposed to a
Palaeotropis or Palacotropical Kingdom in the rest of the area (Jiirgens 1991), is not
supported by this study. The whole of the Karoo-Namib Region is here included in
the temperate or austral ‘kingdom’ while the fynbos and forest part of the Cape
phytochorion belongs to a (sub)tropical or palacotropical kingdom. I also don’t agree
with Linder (1990) who argued that the temperate African phytochorion consists of
the Afroalpine, Afromontane and Cape phytochoria (see discussions under the
Afromontane Region). The temperate Afro-alpine region (Drakensberg Alpine
Domain of this study) is clearly not closely related to the Afromontane region

(including the Cape region) which belongs to the (sub)tropical phytochoria of Africa.
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C. Classification of the Bryogeographic Regions of Southern Africa

I. Introduction
The brygeographic classification presented here is based exclusively on the results of
the TWINSPAN 3+ and TWINSPAN 5+ analyses. The classification is of course

hierarchical and can be presented as a dendrogram (Fig. 39).

Most phytogeographic classifications have been hierarchical, as McLaughlin (1992)
states: *...for reasons of convenience, not because analyses of plant distributions have
revealed geographic patterns that are inherently hierarchical and hence best described
by a hierarchical system.” McLaughlin (1992), however, through analysis of 101 local
floras of the western United States of America, has shown that a hierarchical
classification system is not only an useful, but also a natural way of depicting floristic

relationships.

The names assigned to the Regions and Domains are provisional because of the
regional nature of this study but most of the names, especially those of the Regions,
are well established and are not expected to change much. The floristic diversity and

endemism in each of the phytochoria are summarised in Tables 14 & 15.

Hierarchical classification of the bryogeographic regions of southern Africa

1. Zambezian Region
1.1 Caprivi Domain

1.2 Bushveld Domain

2. Afromontane Region
2.1 Drakensberg Domain

2.2 Cape Domain

3. Karoo-Namib Region
3.1 Western Cape Domain

3.2 Namaqua Domain
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Axes 3 & 4 of the DCA ordination seem to represent the same floristic gradient,
running both altitudinally and latitudinally, which is related to several temperature
parameters and indices. Together with precipitation, temperature was singled out by

Adamson (1938) as an important climatic factor influencing the distribution of

southern African plants.

The species composition of the southern African moss flora can therefore be
explained by two main climatic factors, precipitation (moisture) and temperature,
acting independantly and in combination. This hypothesis should now be tested by 1)
employing a direct gradient analysis as performed by Canonical Correspondence
Analysis (CCA), a multivariate gradient analysis that relates species composition

directly to measured environmental variables, and 2) by experimentation.
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