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The phytochorological patterns of the arid flora of Africa are discussed on various levels. The arid 
regions of the African continent are linked by a large number of taxa with disjunct distribu tion. 
Analysis of these disjunct patterns supports the hypothesis of fragmentation of a once continuous 
arid belt running from the Namib desert region to the Western Sahara via East Africa. The flora of 
the arid regions of Southern Africa shows regular patterns. e.g. identical fragmentation of distri-
bution areas of several taxa on an infrafamilial or infrageneric level. allowing formula tion of a 
hypothesis concerning the sequence of differentiation steps during formation of the floras. Very 
interesting patterns can be attributed to effects of the last glaciation. For example, disjunct distri-
bution patterns in the Namib region can be interpreted as a result of survival of palaeotropical taxa 
in warm refuge areas during the last glaciation. 

Keywords: Africa; arid regions; disjunctions; history; phytogeography. 

Introduction 

African arid regions are of considerable age. This hypothesis is supported by the very high 
biodiversity of arid-adapted taxa. On the other hand, palaeobiology, geosciences and 
archaeology have shown that, during the past, the extent and the geographical location of 
African arid regions varied considerably at various time scales (Axelrod, 1975; 
van Zinderen Bakker, 1975, 1978; Axelrod and Raven, 1978). Details of the history of 
aridity are still under discussion and there are some controversies with respect to the 
interpretations proposed by different scientific disciplines. Therefore, a contribution from 
a phytogeographical point of view might supply additional evidence, allowing the for-
mulation of several additional questions and hypotheses. Observations shall be presented 
in a sequence from probably old to probably recent processes. 

Methods 

Distributional data were derived from the sources indicated in the text and from my own 
extensive field work in the Southern African arid regions. These data are interpreted 
phytochorologically and linked to general ecological gradients, specific qualities of the 
taxa involved, and published knowledge about their phylogeny. 

Results 
CONTINENTAL PAITERNS 

It has been long known that arid regions of the African continent are phytogeographically 
linked by a large number of taxa with disjunct distribution. These disjunct patterns have 
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496 Jiirgens 

been described from a Northern hemisphere point of view by Axelrod (1975), Bramwell .JO 
(1976, 1985), Dei! and Miiller-Hohenstein (1984), Thiede (1994) and Thulin (1994 , er-
including the most recent review of older literature), while de Winter ( 1971) has been \1' 
emphasizing the ftoristic relationships of arid Africa from a Southern hemisphere view-
point. A general view has been provided by White ( 1990). In these publications the 

of continent-wide_ ari? disjunctions is presented. . t.J. 
A diSJunct area of dJstnbutJon JS of rather special appearance and not easy to mterpret,/ 

as could be exemplified by Rogeria adenophylla (Fig. I). However, the situation becomes 
more understandable when numerous taxa with similar continental disjunct patterns are 
grouped together and shown additively in one map. Figures 2 to 4 show those regions in 

: ........ 

Rogeria 
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Figure 1. Area of distribution of Rogeria adenophylla (Pedaliaceae) (from Ihlenfeldt, !994a). 
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Figure 2. Disjunct type of distribution with one partial area in arid Northeastern Africa (N) and one 
partial area in arid Southwestern Africa (S) (11 taxa, black = > 5 species present, horizontal 
lines = >4 species present, etc. , outside line = I sp., further explanation in the text). Taxa included: 
Cibirhiza dhofarensis (N) and C. albersiana (S) (Asclepiadaceae) (Kunze, Meve and Liede, 1994), 
Commicarpus mistus (N) and C. squarrosus (S) (Nyctaginaceae) (Thulin, 1990), Duvalia sect. Arabica 
(N) and D. sect Duvalia (S) (Asclepiadaceae) (Meve and Albers, 1990), Endostemon tenuiflorus 
(Larniaceae) (Paton et al., 1994), Kissenia arabica (N) and K. capensis (S) (Loasaceae) (Thulin, 1994), 
Moringa (Moringaceae) (Verdcourt, 1984), Pterodiscus (Pedaliaceae) (lhlenfeldt, 1994a), 
Sesamothamnus (Pedaliaceae) (lhlenfeldt, 1994a), Thamnosma (Rutaceae) (Thulin, 1994), Tribulo-
carpus dimorphanthus (Aizoaceae) (Verdcourt, 1957), Wellstedia (Boraginaceae) (Thulin, 1994). 
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Figure 3. Disjunct type of distribution in the Southern Sahara, with one partial area in the Western 
part of the Southern Sahara, the other partial area in the Eastern part of the Southern Sahara (7 
taxa, black= >4, upright lines = >2, etc., outside line = I, further explanation in the text). Taxa 
included: (Scrophulariaceae) (Miller, 1980), Caralluma acutangula (Asclepiadaceae) 
(Thiede, r994), Caralluma adscendens (Asclepiadaceae) (Thiede, 1994), Caralluma edulis (Asc1epiadaceae) 
(Bruyns, 1989), Euphorbia balsamifera (Euphorbiaceae) (Bally, 1965), Pachycymbium decaisneanum 
(Asclepiadaceae) (Thiede, 1994), Trichoneura mol/is (Poaceae) (Lebrun 1981). 

Africa which are frequently inhabited by continental-disjunct arid taxa. Figure 2 includes 
a number of taxa with a disjunct distribution possessing one partial area in arid South-
western Africa and one partial area in arid Northeastern Africa/Southwestern Arabia. 
Figure 3 shows taxa with a disjunct distribution in the Southern Sahara, one partial area 
in the Western part of the Southern Sahara, the other partial area in the Eastern part of 

1 1 
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Figure 4. Disjunct type of distribution with one partial area in the arid regions of Southern Africa, 
the other partial area in the arid regions of Northern Africa (12 taxa, black = >7, dots = >6, upright 
lines = > 3, outside line = I, further explanation in the text). Taxa included: Adenium (Apocynaceae) 
(Plaizier, 1980), Anticharis senegalensis (Scrophulariaceae) (Lebrun, 1979), Blumea gariepina 
(Asteraceae) (Lebrun, 1981), Cienfuegosia digitata (Malvaceae) (Fryxell, 1967, after Lebrun, 1981), 
Dicoma capensis (Asteraceae) (Lebrun, 1981), Endostemon sect. Oblongi (Lamiaceae) (Paton et al., 
1994), Gossypiwn anoma/um (Malvaceae) (Fryxell, 1967, after Lebrun, 1981), Indigo/era disjuncta 
(Fabaceae) (Lebrun, 1981), Mansonia angustifolia (Geraniaceae) (Venter, 1979), Mansonia 
senegalensis (Geraniaceae) (Venter, 1979), Rogeria adenophylla (Pedaliaceae) (Ihlenfeldt, 1994a), 
Sesamum sect. Sesamoides (Pedaliaceae) (Ihlenfeldt, 1994a). 
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the Southern Sahara (some of these taxa also occur in India and Pakistan). Figure 4 
includes a number of disjunct taxa with a more general North-South disjunct distribution . 
with one partial area in the arid regions of Southern Africa. the other partial area in the 
arid regions of Northern Africa. Species with such disjunctions were. as opposed to the 
disjunct genera. regarded by Thulin (I 994) as either Pleistocene relicts or results of fairly 
recent long-distance dispersal. As shown on Figs 2 and 4, some taxa link the continental 
African with the Madagascan arid regions. e.g. Moringa (extending up to India: Yerd-
court. 1984). the well-known Adansonia (also in Australia: Baum. 1995) or Pachypodium 
(restricted to Africa and Madagascar: Rowley, I 983). These three examp les include only 
cases which have partial areas being separated by a large interval. The resulting additive 
patterns highlight those parts of Africa which form the (partial) centres of the continental 
disjunctions. While these centres in Figs 2 and 3 are also separated by large intervals 
between them, the patterns of Fig. 4 show the presence of partial areas in a nearl y con-
tinuous distribution all around the bow of African savanna habitats. This observation 
leads to the general proposal that, in the past, there has been a con tinuous belt of arid 
habitats, forming a bow around the once smaller humid habitats, i.e. forest and more 
humid savanna biomes. For the interval between Southern and Eastern Africa, e.g. Engler 
(1921 , p. 853) and Yerdcourt (1969) similarly pointed out that even today a corridor of 
relatively arid climates is still linking the arid regions of Southern and Eastern Africa. In 
addition to this hypothesis, the patterns of Figs 2 to 4 support the hypothesis of a huge but 
fragmented arid belt reaching from the Namib Desert to the Western Sahara (including 
arid parts of the Cape Verde and Canary Islands) via Eastern Africa. ln this context it is of 
interest that today a more or less uninterrupted vegetation belt still exists with respect to 
savanna type habitats, linked to the phytochorological Sudano-Zambezian Region of the 
Palaeotropics . While .areas of many taxa of this unit still form an uninterrupted bow 
around the present lowland rainforest region, many arid elements are fragmented into 
parts of this bow. The degree of fragmentation increases with the level of aridity the taxa 
are adapted to. 

The fragmentation of the once-uninterrupted arid belt took place by development of 
certain intervals. These can be listed as: 

o Tchad-Sudan gap (Fig. 3) 
o Kalahari gap (Figs 2 and 4) 
o Malawi gap (Fig. 4) 
o Kenya-Malawi gap (Fig. 2) 

These interruptions are situated in regions with continental climate (Tchad-Sudan gap in 
Fig. 3, Kahihari gap in Figs 2 and 4), in regions with higher humidity (Malawi gap in 
Fig. 4, K:enya-Malawi gap in Fig. 2), or in regions with peculiar soil conditions (the 
Kalahari gap in Figs 2 and 4 could be due to the deep sandy soils in the Kalahari region) . 
This belt has not necessarily always been in its recent position, but might have been 
positiqned somewhat closer to the actual lowland rainforest region during the past. For 
example, the important Southern African disjunction formed by the Kalahari gap could be 
due to a southward migration of an arid phytochorological unit which was split up by the 
Kalahari sand habitat into a Western and an Eastern branch. 

The whole pattern as presented in Figs 2 to 4 clearly indicates that the African conti-
nent has experienced many more arid times during history. Thulin (1994) proposed that 
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the more widespread disjunctions between Northern and Southern Africa may be due to 
recent events. while the more specific disjunctions of sma ller areas between Southern 
Africa and the Horn of Africa are very old. This is in line with the general assumption that 
taxa such as Moringa, Kissenia. Trihulocarpus etc. are very old elements (few species per 
genus, widely spaced disjunct areas. occurrence in other continents). However, there is as 
yet no evidence confirming repetitive formation of these arid North-South disjunctions. 
Future research will require a more thorough look at all existing disJunct patterns of the 
various ecological groups, levels of taxonomic distance of the taxa involved. and present 
knowledge about their phylogeny, to establish a solid basis for the interpretation of the 
past on the basis of phytochorology. For Southern Africa. more detailed analysis is al-
ready available. 

SOUTHERN AFRICAN PATTER NS 

Ph) ·togeographical subdivision 
The analysis of the arid regions of Southern Africa is of particular interest because the arid 
flora is taxonomically extremely rich (Court, I 98 I; van Jaarsveld, 1987: Cowling et al. 
I 989: Smith et al.. I 993) and shows high geographical regularity. Some of these regularities 
ha ve been analysed only during the last I 0 years. While the arid regions of Namib and 
Karoo have been understood as a separate phytochorological region (Karoo-Namib 
Region) of the Palaeotropical Floral Kingdom by all authors including Werger (I 978), this 
relationship has been questioned more and more in recent publications. Bayer (1984) was 
first to point out that some relationships exist between the Karoo and Cape Flora. Moll 
et al. (I 984a, b) also recognize that there is a discrepancy between the phytochorological 
position of the Karoo as part of the Palaeotropics and the winter rainfall ecology of some 
of the taxa of the Karoo, linking the Karoo to the winter rainfall Cape region. Gibbs 
Russell (1987) compared parts of the most important biomes of Southern Africa with 
numerical methods and found that the Succulent Karoo is more related to the Cape Flora 
and that the Nama Karoo is more similar to the Sudano-Zambezian Region of the Pal-
aeotropics. Jurgens (1991) analysed the similarities and dissimilarities of ea 3000 areas of 
distribution of taxa of Namib and Karoo and came to the result that the concept of a 
palaeotropical Karoo-Namib Region (Werger, 1978) is untenable. In contrast: the most 
important ftoristic discontinuity of Southern Africa, dividing the temperate Cape Flora 
from the Palaeotropical Flora, runs right through the middle of Karoo and Namib. 
Therefore it is proposed to recognize the Floristic Kingdom of the Greater Cape Flora, 
including at least two partial areas, the Cape Floristic Region and the Succulent Karoo 
Region. In the summer rainfall part of Namib and Karoo, the Nama-Karoo Region and 
the Sudano-Zambezian Region both form subunits of the Palaeotropical Plant Kingdom 
(Fig. 5). 

Phytogeographical fragmentation of higher taxa 
A first look at the centres of diversity of important higher taxa of the Southern African 
region seems not to be in line with the above mentioned phytogeographical subdivision, 
shown in Fig. 5. For example, the family Mesembryanthemaceae (Fig. 6) is not limited to 
either the Nama-Karoo (Palaeotropics) or the Succulent Karoo (Greater Cape Flora). 
However, on infrafamiliallevel, groups of genera clearly form part of either Nama Karoo 
or Succulent Karoo (e.g. Mitrophyllum group in the winter rainfall Succulent Karoo 
Region, Fig. 7; Titanopsis group in the su=er rainfall Nama Karoo region, Fig. 8). This 
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Figure 5, Phytogeographical subdivision of the arid regions of Southern Africa (from Jiirgens, I 991, 
modified). C and S = Greater Cape Flora, N and SZ = Palaeotropical Flora; C = Cape Floristic 
Region, S = Succulent Karoo region, N = Nama Karoo Region, SZ = Sudano-Zambezian Region. 
0 = Upper Karoo, G = East Gariep Centre, E = Namib Dunefield, Z = Central and Northern 
Namib Desert, D = Kaokoland-Damaraland Centre. 

is not an isolated observation but a pattern found repeatedly in a number of taxa, all being 
of high importance in the Succulent Karoo. Other examples are Crassula (Fig. 9, Jurgens, 
1995), fragmented on section level into e.g. section Squamulosae (Fig. 10) in the winter 
rainfall region and e.g. section Deltoideae in the summer rainfall region (Fig. 11), or the 
genus Zygophyllum distributed in both Narna-Karoo and Succulent-Karoo (Fig. 12), but 
clearly separable into two species groups in either region with mutually largely exclusive 
distribution patterns. 

Consideying the high importance of vicariant speciation processes, this regular pattern 
would have to be interpreted as a sequence: the distribution patterns of the higher taxo-
nomic level (family in the example Mesembryanthemaceae) are considered to be older than 
the ecological reason (or event) responsible for the fragmentation into Nama-Karoo 
Region and Succulent Karoo Region. This observation is in line with proposed hypotheses 
on the phylogeny of arid taxa. For example, Gerbaulet (1992a, b), in an analysis of 
Anacampseros (Portulacaceae) linked the phylogenetical pattern to the recent areas of 
distribution of the taxa by cladistic biogeography (sensu Humphries et al., 1988). Her 
results support a sequence ofphytogeographical fragmentation as follows: The first step of 
differentiation was dividing an ancestor group into (1.) a tropical and (2.) a temperate 

I ' 
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Figure 6. Centr"e of di versity (number of genera or subgenera per degree square) of 
Mesembryan themaceae. 

subgroup. The second step led to a separation of ( l.L ; 2.1.) arid and (1.2.; 2.2.) humid 
subgroups in both groups. The last step is the differentiation into summer and winter 
rainfall seasonality (Fig. 13). This example should not be overinterpreted, because clad-
istic biogeography excludes the effects of long distance dispersal and many existing 
speciation processes. However, such results should be used as a working hypothesis which 
in the future can be tested and developed further. In any case, the sequence of ecological 
differentiation of Anacampseros and other arid adapted taxa during phylogenetical and 
ecological history of the subcontinent is in line with the results of other palaeosciences, 
also interpreting the formation of the winter rainfall climate as being a relatively young 
ecological event, not older than 4 to 5 million years. Obviously, this recent ecological 
innovation resulted in enormous speciation. 

Refuge areas and other patterns which can be interpreted as effects of the last glaciation 
Besides the very regular patterns of Succulent Karoo and Nama Karoo, discussed above, 
Southern Africa shows some irregular patterns as welL For example, there are a very large 
number of taxa, concentrated to the Cape Floristic Region of the Greater Cape Flora, 
which, in addition, occur in a more or less wide portion of Succulent Karoo, Nama Karoo , 
or even Sudano-Zambezian Region. The northern extension of these widespread taxa of 
Cape or Succulent Karoo affinity is not random, but concentrated to two lines along the 
escarpment of the West and South Coast (Fig. 14). In these two regions mountainous 
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Figure 7. Centre of diversity (number of genera or subgenera per degree square) of the Mitrophyllum 
group (Mesembryanthemaceae) as defined by Hartmann (1991) . 
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Figure 8. Centre of diversity (number of genera or subgenera per degree square) of the Titanopsis 
group (Mesembryanthemaceae) as defined by Hartmann (1991). 
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Figure 9. Centre of diversity (n umber of species per degree square) of the genus Crassulo 
(Crassulaceae). 
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Figure 10. Centre of diversity (number of species per degree square) of Crassu/a sect. Squamu/osae 
(Crassulaceae). 

"' 



506 Jiirgens 

·I \ 13! ! 1 1 r t E1 \ I \ rtahfD , 
10 12 14 16 18 20 22 24 26 28 30 32 3-4 36 

Figure 11. Centre of diversity (number of species per degree square) of Crassula sect. Delroideac 
(Crassulaceae). 

topography provides numerous habitat types suitable for survival of temperate taxa. It is 
not possible to provide absolute evidence that these patterns are, partly, relicts of the past 
as proposed by Werger (1983) rather than new populations created by long distance 
dispersal (the latter interpretation more probable in some taxa as e.g. species of Crassula 
possessing very small anemochorous seeds). However, the large distance between isolated 
populations (especially along the West coast, e.g. Tylecodon occuring near Windhoek) and 
the Cape suggests a relictual nature. Furthermore, isolated inselbergs in the Great 
Dunefield of the Namib desert do not house a flora similar to the mainland at the same 
latitude, but an ancient flora with survival of numerous taxa of isolated geographical 
position compared to their main area of distribution (Burke et al., in press). 

Even !Dj;)re interesting is a disjunct pattern found in the Nama Karoo Region. This unit 
has a very important centre of distribution in the region along the Lower Orange River 
Valley, but east of the winter rainfall region, the East Gariep Centre (Fig. 5; Jurgens, 
1991). Numerous taxa of this unit have a disjunct distribution with a second partial area 

in Central and Northern Namib (Fig. 15), or, in the Southern Cape (Fig. 16). While 
the gap between East Gariep Centre and Central Namib could be interpreted by close 
proximity of the two dunefields (Fig. 17) of Namib and Kalahari, there is no such 
dunefield in between the East Gariep Centre and the Southern Cape. However, the pattern 
of coo lest temperature in the winter months clearly separates the three partial areas of this 
interesting pattern of disjunction (Fig. 18). These warmer lowland pockets could have 
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Figure 12. Centre of diversity (number of species per degree square) of Z 1•gophvl/wn 
(Zygophyllaceae). At the species level. the genus is fragmented into a winter rainfall group well 
separated from species of the summer rainfall group. 

been the only existing areas where the tropical arid taxa of the Nama Karoo could survive 
during the last glaciation, ea 18 000 years ago. Survival in relatively small refuge areas 
would also explain some patterns of the Succulent Karoo, e.g. the concentration of nu-
merous peculiar taxa in some centres of endemism like the Knersvlakte and parts of the 
Little Karoo. Isolation in refuge areas might have been expressed stronger in the past: 
centres of evolution of convergent life and growth form series represented by different 
genera of Mesembryanthemaceae in ecologically similar soil catenas of Knersvlakte and 

A 1 / s\Q/c\1 

Figure 13. Schematic illustration of one possible hypothesis of the fragmentation of parts of arid 
flora of Southern Africa. Thick line = limitation between tropical and temperate region; 
arrow = formation of Benguela current; thin line = limitation of arid region; dotted line = limitation 
between winter rainfall and summer rainfall region (further explanation in the text) . 
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Figure 14. Rough illustration of the joint area of a number of taxa linking the Cape Floristic Region 
to a wider area along the highlands in N orthwestern and Northeastern direction, including 18 
species: Adiam um capillus-veneris, Bulbine f rutescens, Chei/anthes capensis, Chrysocoma ciliata, 
Cotyledon, Crassula, Delosperma, Ehrhardta calycina, Felicia filifolia, Frankenia pulverulem a, 
Ga::ania krebsiana, Hermannia cuneifolia, Helichrysum asperum, Hypertelis sa/so/aides, lfioga 
verticillata, Oncosiphon piluliferum, Othonna, Suther/andia f rutescens. Black = I 00%, squares = >ea 
80%, dense stripes = >ea 50%, wide stripes = >ea I 0%. 

Little Karoo (Jiirgens, 1986) are today more or less linked by continuous presence of 
Succulent Karoo. 

Recent migrations 
It is an open question whether in the Namib region migration of arid taxa and/or 
desertification processes take place today. Acocks (1953) reported strong desertification in 
the easteil) Karoo. However, Hoffman and Cowling (1990) and Hoffman (1991) present 
evidence that there is no strong process of desertification. While desert growth is generally 
accepted for the Sahara, palaeosciences do not report an expansion of the Namib desert 
during the last decennia or millenia. 

However, at least two plant species with very long lifespans provide hints that the Namib 
Dese'rt might also be growing. Aloe dichotoma possesses populations with normal demo-
graphic structure (some dead and old individuals, large number of younger adults and 
young plants) along the eastern margin of its area (e.g. near Pofadder), while populations 
in the more arid western margin (e.g. Northeastern Richtersveld) show very few young 
individuals or even no establishment of young plants at all. In these cases, young plants 
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Figure 15. Disjunct distribution between East Gariep District and Central Namib Desert, including: 
Asclepias huchenaviana. Arisrida pm·vula, Commiphora namaensis, Euphorhia gariepina. Helion·opium 
tuhulosum. !ndigofera argyroides, fndigofera disjuncra var. disj uncta. Rogeria longiflora, Stipagrostis 
hochsteueriana var. seca/ina. Surera maxii, Tetragonia reduplicata, similar vieariant species: Eu-
phorhia gregaria versus E. damarana, Helichrysum gariepinum versus H roseo-niveum. Similar: 
Anthephora ramosa, Cheilanthes dinteri, Euphorhia avasmontana, Monechma genist1[o/ium. 

are only found in nearby sites with additional water supply as e.g. by runoff from rocky 
surfaces, a clear indication of an aridifi.cation of the climate. Still further westwards, i.e. in 
even more arid climate, large populations of dead plants of Aloe dichotoma can be found 
(e.g. east of the Tsaukheib mountains), while living plants are missing completely. 

In a similar way, different populations of the monotypic gymnosperm Welwitschia 
mirabilis show a remarkable difference in the demographic structure of different popula-
tions: In the proper Namib desert establishment of young plants is extremely rare or 
completely absent, only populations in sparse savanna much further inland in a more 
humid region show a normal demographic structure with numerous young plants. This is 
best expressed in the South Angolan inland, where Welwitschia occurs at a rainfall of 250-
350 mm in millions of healthy individuals evenly distributed over the grassy plains (in-
dicating independence from underground water) or even occuring in continuous dappled 
shade in thick scrub (Whellan, 1965). Therefore, the hypothesis has been proposed 
(Jiirgens, 1992) that the old desert Welwitschia are relict populations established long ago. 
This hypothesis is supported by the observation that young Welwitschia rapidly form a cork 
layer around the stem, giving protection against the frequent fires of a savanna habitat 
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Figure 16. Disjunct distribution between East Gariep District and Southern Karoo, including: 
Acanthopsis disperma. Anacampseros papyracea, Carissa haematocarpa, Menodora juncea, Nymonia 
capensis, Pelargonium sect. Glaucophyllum, Scholia afra. Similar: Berkheya spinosissima, 
Chasmatopln-1/um. Crassula corallina ssp. corallina, Crassula exilis, Felicia hirsuta, Mestoklema. 
Microloma annatum. Trichodiadema. 

(van Jaarsveld, 1990). Another supporting finding is the transpiration rate at the southern 
(arid) margin of the distribution area deeply fragmented into a number of genetically 
isolatecf populations in river valley systems (Kuiseb, Swakop): here, the phreatophyte 
Welwilschia mirabilis with its deep tap root transpires I litre of water per m2 leaf surface 
area (von Willert er al. , 1991; von Willert and Wagner-Douglas, 1994), unusually high for 
desert plants. It is expected that future research will bring to light further evidence for a 
relatively recent expansion of the Namib Desert. 

Discus.siMJ: Stability and biod.iversity in African arid regions 

Compared to the species-poor Sahara Desert, the arid regions of the Mandeb-Circle 
(Somalia, Ethiopia, Yemen), the Southern African Nama Karoo and especially the 
Succulent Karoo (Hilton-Taylor, 1994) show high to extremely high biodiversity. With 
respect to the Succulent Karoo this is interpreted as a result of the formation of a tem-
perate winter rainfall regime not more than 5 Mio years ago, an event, which, interacting 
with the varied topography, led to intensive speciation, e.g. in Mesembryanthemaceae 

• 
Figure 18. Mean minima of temperature in July (South Africa) or in the coolest winter month 
(Namibia), respectively. 
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Figure 17. Position of major dunefields of Namib Desert and Kalahari. 
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(Ihlenfeldt. 1994b). With respect to the Mandeb Circle and to the Nama Karoo it is not yet 
possible to establish the relative quantity of contribution of younger speciation versus 
survival of old taxa. However. the high frequency of genera with very few species of 
isolated and limited distribution such as e.g. Welwilschia . Moringa. Trihulocarpus. 
Wcllstedia and Sesamothamnus makes it obvious that survival of old elements plays an 
important role in contributing to the biodiversity of arid summer rainfall regions. This 
sta tement is true especially with respect to tropical rocky habitats. e.g. in mountaineous 
regions. In contrast, regions with zonal habitats (in the sense of Waiter and Breckle. 1991: 
130 ff.). e.g. deep sandy substrates in the Kalahari . are relatively poor in species diversity 
and in , probably, old disjunct taxa. This may be due to a greater role of competition in 
relatively uniform zonal habitats. Compared to these, rocky habitats do not only provide a 
higher eco logica l diversity , but. at the same time, they perpetuate the presence of arid 
conditions even during more humid periods. because they form edaphically arid sites. This 
also contributes to the explanation of the fact that the centres of disj unct patterns in Figs 2 
to 4 are not situated in the extremely arid regions. but in the arid savanna biome. 

Acknowledgements 

For valuable comments and information, the author is indebted to Drs J . Lovett (York) , 
J . Thiede (Koln) and M. Thulin (Uppsala). 

References 

Acocks, J.P.H. (1953: and 1975) Veld Types of South Africa. Mem. Bot. Sul'l'. S. Aji'. 40, 1-128 
Axelrod, D.!. (1975) Evolution and biogeography of Madrean-Tethyan sclerophyll vegeta tion. Ann. 

Missouri Bot. Gard. 62, 280-334. 
Axelrod. D.I. and Raven. P.H. (1978) Late cretaceous and tertiary vegetation history of Africa. In 

Biogeography and Ecology of Southern Africa (M.J.A. Werger, ed.) pp. 77- 130. The Hague: 
W Junk. 

Bally, P.R.O. (1965) Miscellaneous notes on the flora of Tropical East Africa, including descriptions 
of new taxa. Candollea 20, 13--41. 

Baum, D.A. (1995) A systematic revision of Adansonia (Bombacaceae). Ann. Missouri Bot. Gard. 82, 

Bayer, M.B. (1984) The Cape and the Karoo - a winter rainfall biome versus a fynbos biome. J. Bot. 
Soc. South Africa (Veld & Flora) 70, 17-9. 

Bramwell, D. (1976) The endemic flora of the Canary Islands; distribution, relationships and 
phytogeography. In Biogeography and Ecology of the Canary Islands (G. Kunkel, ed.) pp. 207-
40. The Hague: W. Junk. 

Bramwell, D. (1985) Contribuci6n a la biogeografia de !as Islas Canarias. Bot. Macar. 14, 3-34. 
Bruyns, p.V. (1989) Miscellaneous notes on Stapelieae (Asclepiadaceae). Bradleya 7, 63-8. 
Burke, A. , Jilrgens, N. and Seely, M.K.A. (in press) Floristic analysis of an inselberg archipelago in 

the Namib desert. J. Arid Environ. 
Court, D. (1981) Succulent Flora of Southern Africa. Cape Town: A.A. Balkema. 
Cowljng, R.M. , Gibbs Russell, G.E. , Hoffman, M.T. and Hilton-Taylor, C. (1989) Patterns of plant 

species diversity in southern Africa. In Biotic Diversity in Southern Africa: Concepts and 
Conservation (B .J. Huntley, ed.) pp. 19-50. Cape Town: Oxford University Press. 

de Winter, B. (1971) Floristic relationships between the northern and southern arid areas of Africa. 
Mitt. Bot. Staatssammlg. Miinchen 10, 424-37. 

Diversity of African arid regions 513 

Dei I. U. and Miiller-Hohenstein. K. ( 1984) Fragmenta Phytosociologica Arabiae-Felicis I - Eine 
Euphorhia halsami(cra-Gesellschaft a us dem jemenitischen Hochland und ihre Beziehungcn zu 
makaronesischen Pflanzcngesellschaften. Flora 175. 407-26. 

Engler. A. ( 1921) Die I ·cgcration dcr Erdc I X. Die Pf/an::.enll'clt Afrikas I I I. Band. 11 . 
Fryxell. P.A. (1967) The interpretation of disjunct distributions. Taxon 16. 316- 24. 
Gerba ulet, M. ( 1992a) Die Gattung Anacampseros L. (Portulacaceae). I. Untcrsuchungcn zur 

Systcmatik. Bot. Jahrh. S1·st. 113. 477-564. 
Gerbaulet. M.· ( 1992b) Die Gattung Anacampseros L. (Portulacaceae). 11. Untersuchungen zur 

Biogeographie. Bot. Jahrh. Srst. 113. 565-76. 
Gibbs R ussell , G.E. ( 1987) Preliminary floristic analysis of the major biomes in Southern Africa. 

Bothalia 17. 213-27. 
Hartmann . H.E.K. (1991) Mesembryanthema. Cimtr. Bolus Hcrhariwn 13. 75- 157. 
Hilton-Ta ylor. C. ( 1994) Karoo-Namib region: Western Cape Domain (Succulent Karoo) In 

Centres of Plant DivcrsitL a Guide and a S tratcg_l ' for Their Conservation (S.D. Davis and 
V.H. Heywood. eds) pp. 204-17. Oxford: Oxford University Press. 

Hoffman. M.T. (199 1) Is the Karoo spreading? J. Bor. Soc. South Aji'ica ( Veld & Flora) 77. 4-7. 
Hoffman. M.T. and Cowling. R.M. ( 1990) Vegetation change in the sem i-arid eastern Karoo over 

the last 200 years: an expanding Karoo - fact or fiction? S Aji· . .!. Se. 86, 286-94. 
Humphries, C.J. , Ladiges. P.Y .. Roos. M. and Zandee. M. (1988) Cladistic biogeography. ln An-

alytical Biogeography (A.A. Myers and P.S. Giller, eds) pp. 371--404. London. New York: 
Chapman and Hall. 

Ihlenfeldt, H.-D. ( !994a) Phytogeography of Pedaliaceae. In Proceedings of the 13th. Plenary 
Meeting AETFAT, Zomba. Malawi (J.H. Seyani and A.C. Chikuni, eds) vol. 2. pp. 1063-
75. 

Ihlenfeldt. H.-D. (1994b) Diversification in an arid world: The Mesembryanthemaceae. Annu. Rev. 
Ecol. S.rst. 25. 521--46. 

Jiirgens, N. (1986) Untersuchungen zur Okologie sukkulenter Pflanzen des siidlichen Afrika. Mitt. 
Inst. Allg. Bot. Hamhurg 23. 139-365. 

Jiirgens, N. (1991) A new approach to the Namib Region. Part 1: Phytogeographic subdivision. 
Vegetatio 97, 21-38. 

Jiirgens, N. (1992) Namib- die afrikanische Wiiste der Iebenden Wasserspeicher. Uni HH Forschung 
27, 68-76. 

Jilrgens, N. (1995) Contributions to the phytogeography of Crassula. In Evolution and S)'stematics of 
the Crassulaceae (H. 't Hart and U. Eggli, eds) pp. 136-50. Leiden: Backhuys Publishers. 

Kunze, H. , Meve, U. and Liede, S. (1994) Cibirhi::.a albersiana, a new species of Asclepiadaceae, and 
establishment of the tribe Fockeae. Taxon 43, 367-76. 

Lebrun, J.-P. (1979) Elements pour un atlas des plantes vasculaires de l'Afrique seche. Etude bot. 6, 
1-255. 

Lebrun, J.-P. (1981) Les bases floristiques des grandes divisions chorologiques de l'Afrique seche. 
Etude bot. 7, 1--483. 

Meve, U. and Albers F. (1990) The species concept in Duvalia (Asclepiadaceae) - a preliminary 
revision of the genus. Mill. Inst. Allg. Bot. Hamburg 23b, 595-604. 

Miller, A.G. (1980) A revision of Campylanthus. Notes Roy. Bot. Gard. Edin. 38, 373-85. 
Moll, E., Hilton-Taylor, C. and Jarman, M.L. (l984a) Where are the Cape's Mediterranean 

shrublands? In Proceedings of the Fourth International Conference on Mediterranean Ecosystems 
(B. Dell, ed.) pp. 115-6. Nedlands: University of Western Australia. 

Moll , E., Hilton-Taylor, C. and Jarman, M.L. (l984b) Exactly what is the Cape Floristic Kingdom? 
In Proceedings of the Fourth International Conference on Mediterranean Ecosystems (B. Dell, 
ed.) pp. 113--4. Nedlands: University of Western Australia. 

Paton, A., Harley, M.M., Harley R.M. and Weeks, S. (1994) A revision of Endostemon (Lamiaceae). 
Kew Bull. 49, 673-716. 

" 



., .I 
' 

-· 

514 Jurgens 

Plaizier. A.C. ( 1980) A revision of Adenium Roem. et Schult. and of Diplorhmchus Wclw. ex Fie. et 
Hiern. (Apocynaceae). M edel. Landhoutr Wageningcnl!O. 1-40. 

Rowlcv. G.D. ( 1983) The Adcnium and Pacinpodium handboo k. Botlcy: British Cactus and 
Succulen t Society. 95 pp. , 

Sm ith . G . F .. Ho bson . S.R .. Mcyer. N .L. . C hesselct. P .. Archer. R. H .. Burgovnc. P.M .. G len. H.F .. 
Herman. P.P.J .. Rctief. E .. Smi thies. S.J .. .laarsveld. E.J. va n ctnd Wclman . W .G . ( 1993) 
Southern African succulen t plants- an upda ted synopsis . Aloe 30. 31- 76. 

T hiede . .l : ( 1994 ) New aspects of the phytogcographic relations o f Macaroncsian c;:rassu laceae. In 
Proceedings of" !he l3ih. Plenmy Meeling A ETFA T. Zo mba. Malawi -+ol .H. Seyani and 
A.C. C hi kuni. eds) vol. 2. pp. 

Thu lin. M. ( 1990) Four new species of Connnicarpus (Nyctaginaccac) l'rom NE trop ical Africa. Nord. 
J Bol. 10. 403- 9. 

T hulin. M. ( 1994) Aspects of disj unct distribut io ns and endem ism in the arid pa rts o f the H orn of 
Africa. pa rt icu larly Somalia . In Proceedings o(1he 13rh. PlenmT Mecling AETFA T. Zomha , 
Malawi (.l .H Seyan i and A.C. Chik uni . eds) Vol. 2. pp. I 105- 19. 

van .laarsveld . E.J . ( I n 7) T he succulen t riches or Sou th Al.rica and Namibia an-d thei r adaptive 
strategies. Aloe 24. 47-92. 

van Jaarsveld. E.J. ( 1990) T he cultivation and care of H'cht·irschia mirahilis. the extraordinary 
caudiciform from the Nami b desert. Aloe 17. 

van Z inderen Bakker. E.M. ( 1975) The origin and palaeoenvironment of the Nami b Desert biome. J 
Biogeogr. 2. 65-73. 

van Zinderen Bakker. E. M. ( 1978 ) Q uaterna ry vegetatio n changes in So uthern Africa. In 
Biogeogwph1• and Ecologr o( Southern A ji'ica (M.J .A. Werger. ed .) pp. I 31-43. The Hague: W . 
Junk. 

Ven ter. H.J .T. ( I 979) A m onograph o f Monsonia L. (G eraniaceae). Medel. Landbouw Wageningen 
79. 1-129. 

Verdcourt. B. ( 1957) Notes from the East African Herbarium V. Ke 11· Bull. 2. 333-55. 
Verdcoun . B. ( 1969) The arid co rridor between the no rtheast and southwest a reas of Africa. 

Palaeoecol. Aji·ica 4. 140-4. 
Yerdco un. B. (1984) A synopsis o f the M oringaceae. Ke11· Bull. 40. 1- 23. 
von "-' illert. D .J. and Wag:ner-Douglas, U. (1994) Wa ter rela tions, C02 exchange, water-use 

efficiency. and growth of Tflehl'itschia mirabilis H ook. fil. in three contrasting habitats of the 
N amib D esert. Botanica Acta 107. 29 1- 9. 

Waiter. H. and Breckle. S.-W. (1991 ) Okologie der Erde. vol. I. Grundlagen. 2. edn. Stuttgart: Gustav 
Fischer, 238 pp. 

Werger. M.J.A. (1979) Biogeographica l division of Southern Africa. In Biogeography and Ecology of' 
Sowhern Africa (M.J.A. Werger, ed. ), pp. 147-70. The Hague: W. Junk. 

Werger. M.J .A. (1 983) Vegetation geographical patterns as a key to the past, with emphasis on dry 
vegeta tion types of South Africa. Bothalia 14, 405-10. 

Whellan . J.A. (1965) The ha bitat of Welwitschia bainesii (H ook. f.) Carr. Kirk ia 5, 33-5. 
White, F . (1 990) Ptaeroxylon obliquum (Ptaeroxylaceae), some other disjuncts, and the Q uaternary 

history of African vegetation. A dansonia 4, 139-85. 
von Willert, D .J., Eller, B.M., Werger, M.J.A ., Brinckmann, E. and Ihlenfeldt, H .-D. (1991) Life 

Strategies of Succulenrs in deserts. Cambridge, New Y ork: Cambridge University Press, 340 pp. 


