cent. A few very low species also occur. Total cover values reach about
80 per cent. At the AFNP this community is characterized by a large
number of species (Table 1): the shrubs or low trees Acacia mellifera
subsp. detinens and Pappea capensis, which both reach high cover-abund-
ance values here, the grasses Eragrostis trichophora, Cenchrus ciliaris, Anthe-
phora pubescens, Panicum maximum, Chloris virgata, Tragus berteronianus, Seta-
ria verticillata and Rhynchelytrum repens, and further by Ocymum canum,
Androcymbium sp., Berkheya spinosissima var. namaensts, Oxalis obliguaefolia
and Lycdum austrinum. Some of these species, particularly the annuals, are
widespread in the drier parts of southern Alfrica, and occur in a variety
of habitats (cf. Leistner and Werger 1973; Werger 1973). Several species
occurring in the Eragrostis trichophora-Acacia mellifera subsp. detinens Com-
munity are also important in other communities at the AFNP for ex-
ample Boscia foetida subsp. foetida, Hermannia spinosa, Asparagus denudatus,
Rhus populifolia, Stipagrostis uniplumis, Forsskaolea candida, Aristida curvata
and Enneapogon cenchroides or Schmidlia kalahariensis. Indigofera heterotricha
and Sarcostemma viminale may also be important in this community. This
may indicate the importance of run-off water in this habitat, as both spe-
cies are also important in the Monechma spartioides Subcommunity of the
drainage lines on gneiss. Dense stands of Stipagrostis uniplumis and Orope-
tium capense sometimes grow at the fringe of this community and the
gneiss domes.

In the southern Kalahari Eragrostis trichophora is associated with species
that do not occur at the AFNP, and is typical of the crests of the red sand
dunes (Leistner and Werger 1973).

9) Antherothamnus pearsonit Community

Gorges, between 1 m and 4 m deep and wide and sometimes more
than 10 m long, occur occasionally in the gneiss outcrops. These gorges
contain well-drained, grey-coloured, slightly humic, loamy sand with
some gneiss gravel and represent relatively sheltered habitats as regards
soiland air moisture, temperatures and wind. In these gorgesan open
shrub community, the Antherothamnus pearsonii Community is found. The
shrubs are from 1 m to 4 m tall and cover about 10% to 15 per cent. The
undergrowth of mainly dwarf shrubs but also grasses and herbs is most-
ly dense, covering between 15% and 50 per cent. Total cover values for
this community vary from 40% to 80 per cent. The community occurs in
its typical form in only few localities at Augrabies. Stands ol a frag-
mentary nature can regularly be found at sheltered places with a deep
sandy loam soil outside gorges of the type described above.

The community is characterized by the shrubs and dwarf shrubs
Antherothamnus pearsonii, Stachys burchelliana, Barleria lancifolia and Ozoroa
namaensis, which are virtually restricted to this habitat at the AFNP and
can reach high cover values. Further species commonly encountered in
the Antherothamnus pearsonii Community include Hermannia minutiflora,
Rhus  populifolia, ~Stipagrostis uniplumis, Enneapogon scaber, Monechma
spartioides, Forsskaolea candida and Aptosimum leucorrhizum subsp. junceum
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(Table 1). Indigofera heterotricha and Triraphis ramossissima may also be very
abundant in this community. These species are important also in the
Monechma spartioides Subcommunity of the drainage lines on gneiss, and
the Triraphis ramossissima Subcommunity of the gneiss outcrops, re-
spectively. This suggests that abundance of these species is indicative of
strong changes in available moisture.

Fig. 18.  Commiphora gracilifrondosa Community on black granulite hills at
Augrabies. Shrub: Adenolobis gariepina.

10) Commiphora gracilifrondosa Community

The black granulite hills at the AFNP represent a habitat that strong-
ly differs from the gneiss area. The mineralogical composition of the
rock is dilferent (Hugo 1969) and also the weathering, which again
causes differences in landform. The slopes of the black granulite hills
are generally steep and vary from 19° to more than 40 degrees. They
are strewn with large boulders of 0,5 m and more in diameter as well as
with smaller rock fragments (Fig. 18). The black weathered and ‘“‘varn-
ished”” surfaces of the rocks are extremely hot when sun-baked.

Soil is mainly restricted to cracks and fissures between the rocks and
boulders and to shallow drainage lines. The soil is sandy and gravelly
and locally sudded with dung from rockdassies Procavia capensis which
arce very numerous in these black hills. The black granulite hills carry a
distinct plant community, the Commiphora gracilifrondosa Community
(Fig. 18). Ttis an open to extremely open community, but it can be some-
what denser along the larger drainage lines. In its typical constitution
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total cover values vary from 5% to 15 per cent. Shrubs are 1 m to 3 m
wall, never cover more than 5% and usually cover much less. Under-
growth of grasses and dwarf shrubs usually covers 5% to 10 per cent. At
some places, most often near the top of a hill, the soil has been washed
away between the boulders, leaving a loosely packed heap of large, black
pieces of rock. Here the undergrowth is extremely sparse and the vegeta-
tion covers as little as 1 per cent. These represent only fragmentary
stands of the community (Fig. 19).

B s S R v
Fig. 19. Fragmentarystand of Commiphora gracilifrondosa Community on top of
ridge. Note loosely packed, bouldery substrate.

Both Cleome angustifolia subsp. diandra and Euphorbia glanduligera occur
further north in the southern Kalahari, where they are restricted to cal-
crete riverbanks (Leistner and Werger 1973).

The Commiphora gracilifrondosa Community is characterized by the
shrubs Commiphora graclifrondosa and the forbs Trichodesma africana,
Abutilon pycnodon, Cleome angustifolia subsp. diandra, Euphorbia glanduligera
and perhaps Sutera ramossissima (Table 1). Species, occurring commonl}' in
other communities, are also frequently found in this community: Stipa-
grostis uniplumas, Enneapogon scaber, Monechma spartioides, Forsskaolea candi-
da, Aristida curvata, Codon royeni, and also Triraphis ramossissima. Some
species, such as Monechma spartioides and Enneapogon scaber may be abund-
ant where much soil has accumulated between large boulders. The mois-
ture regime of these soil accumulations is favourable, because of in-
creased run-off from such large boulders. Succulent plants are markedly
absent [rom the Commiphora gracilifrondosa Community.

Two subcommunities ol the Commiphora gracilifrondsa Community may
be distmguished. These are correlated with the aspect of theslopes: (a) On
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Fig. 20. Structure diagram of the Adenolobis gariepina Subcommunity (Commi-
phora gracilifrondosa Community), showing Adenolobis gariepina (upper
shrub) and Commiphora gracilifrondosa (botton shrub).

slopes with an aspect in the south-eastern sector the Rhus populifolia Sub-
community is found. These slopes are usually somewhat cooler than
those on the north-western sector on which (b) the Adenolobis gariepina
Subcommunity occurs (Fig. 18 and 20). The differences in microclimate
between these aspects are apparently not such that there is a conspi-
cuous difference in total cover values and structure of the sub-communi-
tics. There is, however, a marked dillerence in floristic composition
(Table 1). The Rhus populifolia Subcommunity is differentiated from the
Adenolobis gariepina Subcommunity by the occurrences of Rhus populifolia
and Hermannia minutiflora. Berkheya chamaepeuce also characterizes the
Rhus populifolia Subcommunity because of its constancy and the abun-
dance in this subcommunity and Commiphora gracilifrondosa reaches some-
what higher cover-abundance values here. Stipagrostis uniplumas is not
olten found in this subcommunity. The Adenolobis gariepina Subcommu-
nity is characterized by the shrubs. A. gariepina, which is usually con-
spicuous here, and Sisyndite spartea, as well as the forbs Cleome oxyphylla
var. oxyphylla and Hibiscus engleri. Enneapogon scaber reaches high cover-
abundance values.

The Commiphora gracilifrondosa Community also occurs further west-
ward on dark, granulite outcrops, at least until the vicinity of Onseep-
kans and Poladder. No relevés have been made there, however,
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11) Schotia afra Community

The main drainage lines at the AFNP outside the Orange River Gorge
are one to several metres deep. Wide canyons and their sides consist of
bedrock or enormous boulders. The rock is mostly pink gneiss, but
granulite also occurs locally. The cracks and fissures in the bedrock and
between the boulders often contain some grey sand in which plants
root. The bottoms of these drainage lines are made up of bedrock
covered by white or pale yellow, loose sand, the depth of which varies
from less than one centimetre to over one metre within very short dist-
ances. On the sides of such drainage lines a well-developed open shrub
community, the Schotia afra Community grows. Large shrubs and some-
times low trees of Schotia afra var. angustifolia are up to 6 m tall and cover
up to 60 per cent. Dwarl shrubs and grasses of varying height, usually
covering up to 10% grow in between (Fig. 21 and 22). The community 1s

Fig. 21. Schotia afra Community on rocky banks of large drainage lines.

characterized by Schotia afra var. angustifolia, the most important specic's
in this community, and by the grass Triraphis ramossissima. Few other spe-
cies are frequent, for example Stipagrostis uniplumis and Enneapogon scaber
but several other species may occur, mainly species typical for other con-
tact communities, surrounding the narrow belts of the Schotia afra Com-
munity fringing the drainage lines.

In the deep gorge of the Orange River Scholia afra var. angustifolia
locally also grows in open stands on cracked rock at about the high
water mark (Fig. 28). No relevés have been made here.
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Fig. 22.  Structure diagram showing sandy dry riverbed, with the Schotia afra
Community on the steep rocky bank and the !nd:gryrm heterotricha —
Zygophyllm suffruticosum ((illllnullll} (Triraphis ramossissima Subcom-

munity) in cracks on the opposite broken rocky bank.

Fig. 23. Deep gorge ol the Orange River below Augrabies Falls, with a loose
stand ol Schotia afra var. angustifolia along the mean high water line.

12) Sisyndite spartea Community

At a lew places, where the bottom of a drainage line consists of
strongly weathered gneiss rock, mostly as a zone of a few metres wide be-
tween the steep rocky sides and the loose, sandy bed, another open
shrub  community, the  Sisyndite  spartea  Community  occurs. The
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weathered rocky substrate on which this community occurs is flooded
for brief periods after every rainstorm that is large enough to cause run-
off. The community is dominated and characterized by the zygo-
phyllaceous shrub Sisyndite spartea, which is up to 2 m tall and covers up
to 60% and sometimes even more. The undergrowth in this periodically
flooded community is very sparse. Relevé 41 presents an example:

Relevé 41
size (m) 2x 10
total cover (%) 60
Sisyndite spartea 4.2
Pappea capensis +.2
Zygophyllum dregeanum +.2
Blepharis mitrata +.2
Stipagrostis uniplumis +.2
Eragrostis porosa +.2
Eragrostis annulata +.2
Enneapogon brachystachyus +.2
Schmidtia kalahariensis +.2
Forsskaolea candida +.2

13) Stipagrostis namaquensis-Leucophrys mesocoma Community

In some of the larger drainage lines coarse sand deposits of 1 m or
more in thickness can accumulate. On these sandy ‘“‘islands” in the dry
streambeds, an open tall grass community, the Stipagrostis namagquensis-
Leucophrys mesocoma Community, develops. Stipagrostis namagquensis is a tall
shrubby grass and its dominance gives the community a physiognomy
similar to the Stipagrostietum amabilis on the dune ridges in the
southern Kalahari (Leistner and Werger 1973). Ecologically the two com-
munities also have in common their occurrence on accumulations of
coarse, loose sand. But whereas the Stipagrostietum amabilis occurs on
aeolian sand, the present community occurs on alluvial deposits. The
Stipagrostis namagquensis-Leucophrys mesocoma Community scores total cover
values of about 20%, and the tallest grasses are up to 2 m high. Relevé 19
offers an example:

Relevé 19
size (m) 5x9
total cover (%) 20
Stipagrostis namaquensis 9.9
Leucophrys mesocoma 1.3
Stipagrostis ciliata 9.9
Stipagrostis uniplumis +.9
Schmidtia kalahariensis +.2
Dicoma capensis +.9
Kohautia cynanchica +.1
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Indigofera argyrea +.2
Pentzia annua ) +.2
Berkheya spinossissima var. namaensis +.2

Stipagrostis namaquensis is typical of coarse, sandy accumulations along
drainage lines in the entire lower Orange River area. Stipagrostis ciliata al-
so occurs abundantly in the southern Kalahari and on Kalahari sand in
the Middle Orange River area. It is usually correlated with lime-rich
sand (cf. Leistner and Werger 1973 ; Werger 1973).

14) Cyperus marginatus — Cenchrus ciliaris Community

The lowest-lying parts of the large drainage lines still contain water
for a considerable period after a rain storm. The deep, coarse, loose
sand that is deposited in the bed, and on which the Stipagrostis nama-
quensis-Leucophrys mesocoma Community is locally found, alternates in
these low-lying parts with thin layers of fine, loamy sand deposited there
shortly before water stops running in the drainage lines. Frequently an
open community of herbs and graminoid plants, the Cyperus marginatus-
Cenchrus ciliaris Community is encountered here. The community is
mainly made up of annuals and seedlings of other rapidly germinating
species, but the perennials Cyperus marginatus and Cenchrus ciliaris, which
torm tall, robust tussocks, are also characteristic. A few trees even some-
times occur in this community, e.g. Euclea pseudebenus; and some shrubs,
such as Ziziphus mucronata, Lycium austrinum, Rhus viminale and Maytenus
linearis, all of which are typical for the galery forest along the branches
of the Orange River, where they can reach groundwater throughout
the year. Occasionally a few larger specimens of Acacia mellifera subsp
detinens can also be found in this community.

Relevés 15 and 18 ofter examples:

Releveé 15 18
size (m) 3x5 8x5
total cover (%) 20 15
Cyperus marginatus 2.3 2.3
Cenchrus ciliaris 2.3 +.2
Kohautia cynanchica +.1 +.1
Manulea schaeferi +.1 +.1
Senecio arenarius +.1 +.1
Geigeria ornativa +.1 +.2
Vahlia capensis 1.2
Indigofera argyrea +.2
Galenia secunda +.2
+.2

Blumea gariepina
Dimorphotheca pluvialis
Heliophila minima
Diascia engleri

Sutera tomentosa

tri
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Arctotis leiocarpa +.2

Senecio sisymbrifolius +.1
Comptonanthus molluginoides +.1
Aptosimum leucorrhizum +.1

Berkheya spinossissima var. +.1 +.2
namaensis

Schmidtia kalahariensis +.1 +.2
Eragrostis porosa +.2 +.2
Eragrostis annulata +.2
Giesekia africana +.2
Stipagrostis uniplumis +.2
Aristida congesta +.2
Aristida curvata +.2
Thesium laniculatum +.2
Dicoma capensis +.2
Mesembryanthemum magniflorum +.1
Psilocaulon absimile +.2
Hyperthelis salsoloides +.2
Tragus berteronianus +.2
Tribulus zeyheri +.1
Euphorbia inaequilatera +.1
Euclea pseudebenus +.1
Ziziphus mucronata +.2
Lycium austrinum 1.2
Rhus viminale +.2
Maytenus linearis +.2
Acacia mellifera subsp. detinens 1.2

Along gravel roads through AFNP another pioneer community of
rapidly germinating annuals occurs. This vegetation exists only tem-
porarily, because it is removed each time the roadscrapers are used. The
vegetation consists mainly of grasses and of the slightly succulent annual
Zygophyllum simplex. This latter species can form extensive mats resulting
in high total cover values for this vegetation type. An example of this
type of pioneer vegetation is shown in relevé 16:

Releve 16
size (m) 1x4
total cover (%) 40
Zygophyllum simplex 3.4
Schmidtia kalahariensis 2.2
Stipagrostis uniplumis +.2
Eragrostis porosa +.2
Arctotis leiocarpa +.1
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15) Ziziphus mucronata-Euclea pseudebenus Community

Above the Augrabies Falls the Orange River is a braiding stream
forming numerous small and large islands. Much alluvial fine sand and
silt is deposited here. Between Upington and the AFNP this alluvium is
irrigated with water from the Orange River and produces vegetables,
fruits (grapes, peaches) and lucerne. Originally the alluvial substrate was
covered with a riverine shrubland and forest, but this has largely been
cleared.

At the AFNP in the section above the Falls, the riverine forest and
shrubland is still well represented. The gallery forest along the river
arms, the Ziziphus mucronata-Euclea pseudebenus Community, consists of
three layers. The tree layer is 5m to 9 m in height and usually covers
60% to 70 per cent. Sometimes the community is very open and the tree
layer can cover as little as 20 per cent. The shrub layer 1s normally be-
tween I m-3 m high and covers 25% to 40 per cent. At places it can be
much sparser, however. Cover of the undergrowth varies somewhat, but
is often between 15% and 20 per cent. Total cover values for the com-
munity are usually between 80% and 90 per cent. There is often a mass of
drift wood present in this community.

The Ziziphus mucronata-Euclea pseudebenus Community is characterized
by many species (Table 2). In the tree layer these are Ziziphus mucronata,
Euclea pseudebenus, Maytenus linearis, Rhus viminalis, Acacia karroo and
Tamarix usneoides. In the shrub layer Lycium austrinum, Diospyros lycioides
subsp. bycioides, Maerua gilgii and Ehretia rigida are typical, and in the
undergrowth Setaria verticillata, Asparagus laricinus, Zygophyllum micro-
carpum, and a few other species may be important.

The community is best developed along the main tributaries of the
Orange River, where flooding and subsequent deposition of alluvial
material occurred most frequently before closing of the Hendrik Ver-
woerd Dam further upstream. These tributaries mostly hold water
throughout the year and do not dry up in very dry years as sometimes
occurs with the less important tributaries. Table 2 shows that there is a
slight difference in vegetation composition and vegetation development
of the gallery forests along the minor (relevés 79, 80, 78) and the major
tributaries (relevés 39, 34, 40, 30) of the Orange River: Euclea pseude-
benus and Tamarix usneoides seem to occur more along the major tribu-
taries and Zygophyllum microcarpum and Chenopodium olukondae seem to be
restricted to the gallery forests at these tributaries. On the other hand,
Asparagus laricinus seems to be more abundant along the minor tribu-
taries and several species seem to be restricted to them. To what extent
these differences have syntzxonomical relevance must be cleared by fur-
ther sampling.

There is sometimes a dense, narrow zone of grasses between the
gallery forest and the streambed. Dicanthium papillosum and Cenchrus
ciliaris, are particularly abundant in this zone, and to a far lesser extent
Schmidtia kalahariensis and Eragrostis echinochloidea. Agrostis lachnantha or
Cyperus marginatus may also occur at such sites.
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Table 2

Ziziphus mucronata-Euclea pseudebenus Community

relevé 79 80 78 39 34 40 30
size (m) 10x10 10x20 10x10 8xI10 5x10 10x10 10x10
total cover (%) 85 40 90 80 80 90 70
height tree layer (m) 58 56 69 51 51 69 51
cover tree layer (%) 65 20 50 60 70 80 70
cover shrub layer (%) 25 20 35 40 40 40 1
cover undergrowth (%) 3 4 15 15 20 15 35
Ziziphus mucronata 2 2 1 2 1 4 2
Euclea pseudebenus + - 3 2 3 2
Maytenus linearis + 1 2 2 3 3

Acacia karroo 1 + + + + 1

Rhus viminalis 3 3 + 1 2
Tamarix usneoides (+) (+) 2 1 3
Lycium austrinum 2 2 2 2 3 3 1
Diospyros lycioides subsp.

lycioides 1 - + + 1

Maerua gilgii + + +

Setaria verticillata 1 + 2 2 2 2 3
Asparagus laricinus 2 2 + + + +
Zygophyllum microcarpum 2 + 2 +
Chenopodium olukondae + + +
Cenchrus ciliaris + + 1

Ehretia rigida - + +

Eragrostis echinochloidea + + +

Amaranthus thunbergii + + +
Galenia secunda 1 + +
Loranthus olaeoides + + +

Pappea capensis + + r
Dicanthium papillosum + +

Panicum maximum + . +

Euclea undulata var. myrtina - +

Senecio glutinosus + +
Atriplex semibaccata + +
Zygophyllum simplex . + +
Schmidtia kalahariensis + +

Tribulus zeyheri 1

Rhus lancea +

Combretum erythroph)fllum +

Stipagrostis uniplumis +

Acacia mellifera subsp. detinens +

Pollichia campestris +

Mesembryanthemum magni-

florus +

Salsola kali +

Monechma spartioides +
Lycium aren icolum +
Datura sp. +
Lepidium desertorum +
Chenopodium schraderanum +
Trianthema triquetra +

Tragus berteronianus +
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The Ziziphus mucronata-Euclea pseudebenus Community is floristically re-
lated to the Diospyrion lycioidis riverine communities described by
Werger (1973) from the Upper Orange River. The community does not
belong to the Diospyrion lycioidis, however, but probably to another,
related alliance. Sampling the riverine forest in the section between
Douglas and Augrabies as well as further downstream from Augrabies
will clarity this problem.

The occurrences of Combretum erythrophyllum and Rhus lancea in relevé
79 are phytogeographically interesting since both species occur here at
the AFNP in exclaves far away from their normal distribution area.
Along the Upper Orange River these species are respectively absent and
very rare (Werger 1973), but along the Vaal River they occur commonly
in riverine forest. Their occurrences at the AFNP must therefore be
ascribed to dispersal by water from diaspores, origiating trom the Vaal
River area, that have managed to germinate at Augrabies. Merxmiiller
(1966-1972) mentions that only one record of Combretum erythrophyllum
in South West Alfrica is available from Dinter who found a tree on the
right hand bank of the Orange River at Gaidib in 1928. Obviously, this
record must be interpreted in the same way as the occurrence at Augra-
bies Falls National Park.

Just north of the Orange River in the AFNP some large drainage lines
locally form a wide system of temporary streambeds and sandy islands.
These drainage lines drain mainly the area with the Monechma australe-
Acada giraffae Community on deep, coarse sand. On the islands, consist-
ing of coarse, yellowish sand and gravel, a savanna vegetation domi-
nated by Zygophyllum microcarpum and Stipagrostis namaquensis occurs.
Stands of this vegetation are to a certain extent transitional between the
Monechma australe- Acacia erioloba Community, the Stipagrostis namaguensis-
Leucophrys mesocoma Community and the Ziziphus mucronata-Euclea pseude-
benus Community. Vegetation dominated by Zygophyllum microcarpum and
Stipagrostis namaquensis scores high total cover values, mainly because of
the abundance of the shrubby grass Stipagrostis namaquensis, which is up
to 2 m tall. Trees are up to 6 m high and cover less than 5 per cent.
Undergrowth of small grasses and forbs is very sparse. An example of
such a stand is shown in relevé 35:

Releveé 35
size (m) 10x 10
total cover (%) 85
Acacia karroo 1.2
Acacia erioloba +.1
Acacia mellifera subsp. +.2
detinens

Euclea pseudebenus +.1
Lycium austrinum 1.2
Stipagrostis namaquensis 3.3
Zygophyllum microcarpum 3.3
Stipagrostis hochstetteriana var. secalina +.2
Stipagrostis uniplumis +.2
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Setaria verticillata .8

Eragrostis porosa +.2
Eragrostis annulata +.2
Schmidtia kalahariensis +.2
Geigeria ornativa +.1
Hermannia stricta r

16) Lycium prunus-spinosa-Lycium austrinum Community

In places the fine sand and silt deposits of the Orange River cover fair-
ly wide areas. The gallery forest is never wider than about 100 m, how-
ever, and usually narrower. It is possible that away from the river tribu-
taries the moisture regime in these deep, line-grained soils changes to
such an extent that tree growth is no longer possible. On these wide
stretches of alluvial material an ogen shrub community dominated by
Lycium prunus-spinosa occurs. Shrubs are 1 m to 1,5 m high with some
emergents of Lycdum austrinum up to 3 metres. The shrub layer covers
about 20% to 25 per cent. The undergrowth is sparse and covers less
than 10 per cent. Relevé 31 represents an example of the Lycium prunus-
spinosa-Lycium austrinum Community:

Relevé 31
size (m) 5x10
Total cover (%) 25
Lycium prunus-spinosa 2.3
Lycium austrinum 132
Maerua gilgii +.2
Zygophyllum microcarpum +.2
Cyperus marginatus +.3
Cenchrus ciliaris 1.2
Setaria verticillata +.3
Eragrostis echinochloidea +.2
Eragrostis porosa +.2
Eragrostis annulata +.2
Tragus berteronianus +.2
Enneapogon brachystachyus +.2
Aristida curvata +.2
Schmidtia kalahariensis 4.2
Zygophyllum simplex +.2
Geigeria ornativa +.2
Trianthema triquetra subsp parviflora +.2
Tribulus terrestris +.2

The present Lycum prunus-spinosa-Lycium austrinum Community is
florsitically not very closely related to the Lycum prunus-spinosa Com-
munity described by Werger (1973) from wide shallow drainage lines on
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Ecca sandstones and shales in the Upper Orange River area between
Hopetown and Petrusville. The relationship is virtually restricted to the
dominance of Lycium prunus-spinosa in both communities.

17) Ficus cordata Community

Downstream of the Falls, the Orange River has a relatively narrow
streambed in a deep, steepsided gorge. The water moves rapidly here,
and sandy levees do not occur. The river is {ringed by very large gnelss
boulders with very little soil material in between. A spase vegetation
dominated and characterized by the tree Ficus cordata is encountered
here. The trees may be up to 4 m or 5 m tall and grow individually or
in clumps of a few individuals between the boulders. Under the trees a
few other plants occur. Releve 83 provides an example:

Relevé 83
size (m) 5x 10
total cover (%) 3
Ficus cordata 1.2
Solanum coccineum +.2
Trichodesma africana +.2
Enneapogon scaber +.2
Aristida curvata +.2
Stipagrostis uniplumis +.2
Schmidtia kalahariensis +.2

Marloth (1908) already mentioned stands of Ficus cordata in similar
habitats in the Moordenaars Karoo and Namaqualand. He provides fi-
gures on some giant individual trees.

Along rocky banks of tributaries of the Orange River with permanent
water, or on small rocky outcrops in the middle of such river courses,
one loc ally finds a lew individuals of the loganiaceous shrub (_;amphoshg—
ma virgata. The plants always grow in moist habitats. G. virgata is wide-
spread in such habitats in southern Africa and in the less arid areas it
may also be found occasionally on loamy banks of permanent streams.
Small fringes ol Phragmites australis also occur in places long the river
tributaries

On s[edd!]y slow flowing or stagnant water in some of the tributaries
of the Orange River patches of the floating waterfern Azolla filiculoides
are found. These patches almost certainlyoriginate from small side-
streams Hlowing into the Upper Orange River in the vicinity ol Bethulie,
where Azolla filiculoides is common (Werger 1973).

Phytogeography, flora, life and growth forms

The Augrabies Falls National Park falls in the Karoo-Namib Region
(Monod 1957; Volk 1966; White 1971; Werger 1978a). Judging from

45



its flora it clearly belongs to the Namaqualand Domain, although
according to Monod’s map its longitudinal and latitudinal position are
such that it falls in the transition between this Domain and the Karoo
and Namib Domains of the same Region.

The flora at the AFNP contains many species which are widespread®
over most of the Karoo-Namib Region, such as Enneapogon scaber,
Eragrostis annulata, E. echinochloidea, E. porosa, Schmidtia kalahariensis, Stipa-
grostis obtusa, S. ciliata, S. uniplumis, Blumea gariepina, Dicoma capensis,
Aptosimum leucorrhizum, Euphorbia glanduligera, Zygophyllum simplex, Phyl-
lanthus maderaspatensis, Parkinsonia africana, Cleome angustifolia subsp. dian-
dra, Leucosphaera bainsit, Salsola aphylla, Trianthema triquetra subsp. parvi-
flora, Limeum aethiopicum, Phaeoptilum spinosum and Boerhavia repens.

Several other species also occur widespread over the dry areas of the
Karoo-Namib Region and are usually frequent there, but also occur out-
side this region in the Sudano-Zambezian Region. Examples are Anthe-
phora pubescens, Cenchrus ciliaris, Dicanthium papillosum, Eragrostis nindensits,
Enneapogon  brachystachyus, Oropetium  capense, Tragus berteronianus,
Asparagus denudatus, Barleria lancifolia, Acacia erioloba, Boscia albitrunca,
Boscia foetida, Cadaba aphylla, Ficus cordata, Triraphis ramossissima and Acacia
mellifera subsp detinens.

Several species which are more restricted to the Namaqualand and
Karoo Domains and are absent from the Namib Domain occur at
the AFNP: Barleria rigida, Blepharis mitrata, Monechma desertorum, Rhigozum
trichotomum, Lyaum prunus-spinosa, Euclea undulata var. myrtina, Hermannia
spinosa, Nymania capensis, Indigofera alternans, Tetragonia arbuscula, Aizoon
schellenbergii, Galenia secunda, Plinthus karooicus, Thesium laniculatum and
Sericocoma avolans.

Many species belong to the group restricted to the Namaqualand Do-
main and the Namib Domain, most often only the southern Namib. At
the AFNP this group includes Stipagrostis hochstetteriana var. secalina,
Berkheya spinossissima, Osteospermum microcarpum, Rogeria longiflora, Sutera
tomentosa, Codon royenii, Trichodesma africana, Chascanum  gariepina,
Orthanthera albida, Dyerophytum africanum, Euclea pseudebenus, Tamarix
usneoides, Kissenia capensis, Abutilon pycnodon, Hibiscus elliottiae, Radyera
urens, Hermannia minutiflora, H. stricta, Indigofera auricoma, I. heterotricha,
Adenolobis gariepina, Parkinsonia africana, Cleome oxyphylla, Leucosphaera
bainesii and Forsskaolea candida. Several species mentioned so far belong
to a transcontinental disjunct arid element. Literature on this

henomenon is extensive and it suffices here to refer to some recent re-
views by De Winter (1974), Monod (1971) and Werger (1973b).

More or less restricted to the Namaqualand Domain are Panicum
arbusculum, Stipagrostis anomala, Berkheya chamaepeuce, Barleria lichten-
steiniana, Curoria decidua, Stachys burchelliana, Euphorbia gariepina, E.
gregaria, Aloe dichotoma, Zygophyllum dregeanum, Z. microcarpum, Z.

= Distributional data have been obtained from unpublished data of Mr. J.P.H. Acocks
(¢cf. Werger 1973) and from Merxmiiller (1966—72), De Winter (1965) and Volk
(1966).
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suffruticosum, Indigofera argyrea, I. argyroides, Lotonis platycarpa and perhaps
Maytenus linearis, Euphorbia avasmontana and Heliophila minima.

In the relevés made at the AFNP 175 species in 52 families have been
recorded. This certainly does not represent the entire flora of the AFNP,
as some rare species as well as some geophytes or annuals may not have
been encountered in the relevés. It is therefore, not appropriate to use
these figures to compare the floristic composition of the flora of the
AFNP with the floristic composition of other areas on a percentage basis
as described by Tolmachev (1971) and demonstrated for the southern
Kalahari by Werger (1978a). It is nevertheless, interesting to see which
families are the most important at Augrabies. By far the best represented
is the Poaceae. This richness of grasses is probably favoured by the deep
sandy habitats which are fairly well represented at Augrabies. After the
Poaceae follow the Asteraceae and the Leguminosae which are of about
equal importance. Next come the Aizoaceae (s.l.) with somewhat fewer
species. Then four families of equal importance follow, namely the
Scrophulariaceae, Zygophyllaceae, the Capparidaceae and the
Acanthaceae and with just slightly lower scores, the Liliaceae and the
Euphorbiaceae.

No detailed analysis of life and growth forms will be made here, but
some remarkable features will be pointed out. In studying life forms the
riverine forest should be left out of consideration, because it is azonal.
In the other vegetation types chamaephytes, hemicryptophytes and
therophytes are all of equal importance, scoring 22% each. Therophytes
are very frequent in the group ostecies that is common to most com-
munities. In arid areas it was often found that in general therophytes are
usually less indicative of specific habitat factors than perennials
(Batanouny and Abu El-Souod 1972; cf. Werger 1974). The importance
of hemicryptophytes is to a large extent due to the relatively large num-
ber of grasses at Augrabies. Hemicryptophytic grasses make up nearly
14% of the flora. Chamaephytes are generally well represented in the
Karoo-Namib Region. However, at the AFNP a small portion, namely
2,5% of the flora, is taken up by succulent chamaephytes whereas in the
Western Cape Domain they make up a large percentage of the flora. At
the AFNP species such as Sarcocaulon patersonii and Senecio longiflorus
belong to this group. Other chamaephytes at the AFNP are microphyl-
lous, sclerophyllous, mallacophyllous, or during most of the year aphyl-
lous. Sometimes they have leaves with a combination of these features.

Of almost equal importance as the previous three life forms are the
nanophanerophytes at Augrabies. They comprise 20% of the flora, but
they certainly are more conspicuous in the landscape, and because of
their abundance locally more important than other life forms. This 20%
is made up of about 3,5% succulent nanophanerophytes, such as Euphor-
bia gregaria, Sarcostemma viminale and Ceraria namaquensis, and of 16,5%
other nanophanerophytes. Some of these, like Zygophyllum species, pos-
sess slightly succulent leaves. Most nanophanerophytes are micro- or
sclerophyllous, however, or possess leaves for only a short period each
year.
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Phanerophytes constitute 10% of the tlora, of which only one, Aloe
dichotoma, is succulent. The total percentage of succulent species comes
to 6,5% at Augrabies. The remaining 4% of the flora are taken by geo-
phytes with just over 8%, perennial lianas with less than 1%, and hemi-
parasites with less than | per cent.

Remarkable is the convergence in growth forms at the AFNP, mainly
among the nanophanerophytes. There occur a number of species of
entirely different families but sharing a very similar growth form.
A striking example, the similarity between Euphorbia gregaria, Sarco-
stemma viminale and Senecio longiflorus, all forming glaucous, succulent,
multibranched, erect nanophanerophytes. Also Cadaba aphylla looks
rather similar, but has somewhat thinner branches. Very similar in
appearance to C. aphylla are vigorous individuals of Hermbstaedtia glauca
and some individuals of Polygala leptophylla. Less vigorous individuals of
Hermbstaedtia glauca are more yellowish green to brown and look sur-
prisingly similar to Aptosimum leucorrhizum subsp. junceum and Monechma
spartioides. Another frequent growth form is a nanophanerophyte with
tenuous, green, mostly leafless branches, expressed similarly by Sisyndite
spartea, Thesium laniculatum and Asparagus denudatus.

Similar teatures of convergent evolution in plants in New Zealand and
other areas have been pointed out by Went (1971), who suggests an ex-
planation that is not readily acceptable. Mooney states that evidence is
accumulating that for any given climate there is an optimal solar energy
capture SI'stem, or an optimal form-behavioural strategy for carbon
gain which are manifested by plant forms and physiological processes in
those plants (Di Castri and Mooney 1973; Mooney 1974). Much experi-
mental work is still necessary, however, to say anything substantial about
this convergence in growth form among several unrelated plant species
in a specific habitat.
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