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SUMMARY ,

The geology, topography, soils and cl;mate of the Namib
Desert Park south of 23° S, Lat. are described briefly.

The vegetation was investigated using the techniques of
the Ziirich - Montpellier school of phytosociology. Floristic and other
site data were collected from 472 sites in the standard Braun — Blanquet
manner and the techniques are described in some detail. These data
‘are presented by means of phytosociological tables and detailed
descriptions of each community. A total of 34 noda, communities and
sub—-communities, were delimited in the study area and the floristic
and ecological relationships of these are discussed. Only a few of
the communities can be assigned to syntaxa from other parts of the
world or southern Africa because most of the Namib Desert communities
seemed too different to be compared to associations from North Africa,
the Middle East, South America or Australia on more than a superficial,
structural basis. Very few data from other arid or semi-arid areas in
southern Africa have received formal phytosociological treatment and

there is therefore insufficient material to draw meaningful comparisons.

The "foam structure" described by Volk & Geyger (1970) was
found to be widely distributed in soils of the plains of the Namib
Desert, and it was shown to have a profound influence on water

penetrgtion. The effects on vegetation development are discussed,

The study generated a number of questfons about the
vegetation and ecosystems of the Namib Desert and some recommendations

are made concerning future synecological and autecological studies.

A list of species and synonyms of the names of all higher

plants recorded in the study area are given in Appendix I.

It is concluded that the Braun - Blanquet method is
efficient in terms of time required to collect data which can be used
for a number of purposes, but that a classification of vegetation

should be followed up by autecologibal and detailed synecological
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studies of species (particularly those which characterize communities)
and individual communities to determine the controlling factors more

precisely and to enable more accurate predictions concerning the

effects of management programmes to be made.



Chapter 1. INTRODUCTION

The vegetation of the central Namib Desert of South West

Africa, desbite the interest evinced by plants such as Welwitschia
mirabilis and the remarkable interplay of factors resulting in the
fog zone, has received relatively little study in the past. It is
possible that the inhospitable aspect and inaccessability were the
major factors that discouraged plant ecologists from carrying out
general surveys, On the other hand, the sparseness of plants over
much of the area, the absence of striking annuals as are found in
Namaqualand or a rich succulent flora as found in the winter rainfall
area of the southern Namib Desert (see 3.1 below) may also have been
contributory factors. Early travellers were impressed by endemic

plants such as Welwitschia mirabilis and Acanthosicyos horrida (for

example, Pearson wrote, in 1907, of "....several highly peculiar
endemic forms (of plants),") but passed much of the vegetation over
with a few words, remarking on the barrenness of large areas (Pearson,
1907; 1911). Even I.B. Pole Evans remarked that, "Below this (the
Escarpment) the vast gravel plains are for miles almost destitute of
vegetation or support a more or less scanty growth of Vogelstruisgras

(Ezggrostis spinosa). In some places the only plant on these plains is

an annual Mesembryanthemum, on others nothing but a lichen growth

covers the small pebbles " (Evans, 1920, p 32). Small wonder, then
that synecologists took little interest in the Namib Desert with its
problems of accessability and water supply but instead concentrated

on the richer vegetation of the remainder of southern Africa.

In 1936 Walter published an account of the ecology of an
area of the Namib Desert in the vicinity of Swakopmund in which he
concentrated mainly upﬁn the fog zone and the anatomy and autecology
of some species growing there. Subsequent to this work, interest
seemed to have lapsed except for somewhat restricted studies on
botanically interesting plants, such as Vogel's (1955) study of the
"window plants" of the fog zone and Rodin's (1958) study of the leaf
anatomy of the unique W.mirabilis.. A rather general description of
the vegetation as a whole was given by Logan (1960) in his work on

the geography of the central Namib Desert.



As Koch's * studies on desert insects continued it became
apparent that the tenebrionid beetles of the Namib region have
undergone a tremendous degree of speciation. This observation generated
considerable interest in the Namib Desert ecosystem as a whole (see
Koch, 1961 for a discussion of the fauna and flora in the Namib Desert)
and 1ed to the establishment of the Namib Desert Research Station
in 1963 (Levinson, 1972). However, even with the realization that
the vegetation, sparse though it might be, was of great importance
to all parts of the system, including the dune-dwelling insects
(Koch, 1961), botanical studies remained either superficial
(for example, Giess, 1964 and 1971) or directed to the unigue
components of the flora (For example, Kers, 1967 and Bornman et al,
1973). There remained therefore an urgent need for a plant ecological
survey of the Namib Desert, and this need stimulated the present

study.

Without general plant ecological information the
investigation of the ecology of individual species or of groups of
species remain isolated studies and cannot be integrated to assist
in understanding the ecosystem as a whole. For such a survey to be
useful, it, in turn, should not be a study in isolation . It must
yield information in a form that can be compared directly with other
botanical studies while still being descriptive enough to provide for
the needs of other interested workers such as zoologists, ethnologists
or nature conservationists. To achieve these aims standard methods

should be used wherever possible.

*
Dr. Charles Koch was an Austrian entomologist

specializing in the study of desert tenebrionidae
(beetles). In 1948 he visited the Namib Desert

with the California University expedition to

South West Africa. He was so interested in the

fauna and flora of the Namib Desert that he

stayed on to study it further, first on a grant

from the Council for Scientific and Industrial
Research and then as an employee of the Transvaal
Museum. He died in 1970 in South West Africa (Levinson,
1972) . "



In southern Africa a number of techniques (for example,
Story, 1952; Acocks, 1953; Killick, 1963; Grunow, 1965; Edwards, 1967;
Leistner, 1967 and Leser, 1971) have been used to study the vegetation
of large tracts of country. Because these studies were carried out
using different methods it is difficult to draw comparisons between
the results. More recently, stimulated by Werger, who showed the
applicability of the methods of the Zirich-Montpellier School of -
phytosociology ta African conditions, emphasis has been placed on
phytosociological studies using these methods (for exémple, Volk
& Leippert, 1971; Werger, Kruger & Taylor, 1972; Werger, 1973a and
1973b; Leistner & Werger, 1973 and Bredenkamp, 1975 ) which has
introduced some degree of standardization to botanical surveys.
Outside southern Africa the Zlrich-Montpellier syntaxonomic system is
probably the ‘most widely used phytosociological classification
procedure (see Whittaker, 1962; Braun-Blanguet, 1968; and Tixen,
1969 and 1970 for documentation of the acceptance of the method in
Europe and the rest of the world).

For these and other reasons dealt with below, it was
decided that a classification of the vegetation would best meet the
aims of the project, and that the Braun-Blanquet technigue would

be the most effecient and appropriate for the purpose.

Accordingly, a phytosociclogical and synecological study
of the plant communities of the Namib Desert Park was commenced in
1972 and carried out during the period 1972 - 1975, while the author

was resident at the Namib Desert Research Station, Gobabeb.

Doubtless the fact that many of the surviving specimens
collected in the erstwhile German colony were housed in the Munich
Herbarium and because there was a real need for a flora dealing with
South West Africa, Dr. H., Merxmueller instigated and edited the |
"Prodromus einer Flora von Sldwestafrika™, the last instalment of which
appeared in 1972. As this is the only complete and up-to-date taxonomic
treatment of the flora of the region it was decided that it would be

preferable to follow the nomenclature therein desgpite the differences



between this and the systems more generally used by South African
herbaria. However, to enable rapid comparisons to be made between
this and other studies and to avoid confusion regarding specific

names, a list of species recorded and their synonyms was required.
Species that could not be positively identified are housed in the

Windhoek Herbarium of the Botanical Research Institute.



Chapter 2. METHODS
2.1 Introduction : Why apply é classification procedure ?

The aim of the present study was to produce a multi-purpose
grouping of stands of vegetation into units (taxa) on the basis of
similarities between the stands, judged upon as wide a variety of
characteristics of the vegetation and habitat as possible : the
study was not intended as a test as to whether the Namib Desert
.vegetation consisted of a vegetational continuum (in the sense of
Curtis and McIntosh, 1951] or of a series of "well-defined, discrete,
integrated units which can be combined to form abstract classes of

types reflective of the 'real world' " (McIntosh, 1967).

A grouping of stands (classification) which was based on
a large number of characters of the stands would enable comparisons
to be made between the groups and would have considerable predictive

value if the groups were ecologically distinct (see below).

The opposing concepts of the continuum and the
community—-unit are excellently summarized and discussed in papers by
Whittaker (1962), and McIntosh (1967), while Anderson (1965) and
Shimwell (1971) point out that there is no real need for there to be
a controversy over the concepts., A review of the literature concerning
the pro's and con's of the association (community—unit) and continuum

wili, therefore, not be given here.

Whether vegetation consists of a continuum of intergrading
species populations or not, it seems generally accepted that
classification for specific purposes is useful and, in many instances,
possibly essential (see Lambert and Dale, 1964; Williams et al., 1966;
McIntosh, 1567; Daubenmire, 1968; and Shimwell, 1971, for example).

In addition, classification does not necessarily preclude the use of
ordination procedures to elucidate inter- and intra—-community relationships
as has bean shown by van der Maarel (1969) and Werger (1973a) and |

others. For these reasons it was decided that a classification of

the vegetation into discrete, ecologically meaningful and reasonabiy

easily identified units would best satisfy the aims (see Introduction

above) while retaining the ability to be used for many purposes.



2.2 CGClassification of the vegetation.

2.2.1 Choice of the Braun-Blanquet method.

The ziirich-Montpellier School of vegetation classification,
which.is based largely upon principles expressed by Braun-Blanquet
(1928, 1932) and which has been theoretically developed by many
followers, has been widely applied in Europe and elsewhere (werger,
1973a) for vegetation study at all scales, It was chosen for the

present study for the following reasons:

(i) It aims specifically to be versatile, ‘and according to Westhoff
(1967, p. 495), the Bfaun—Blanquet system "is the most widely used
and uniform system of vegetation classification, enabling us to 4
compare plant communities over an area as large as (e.g.) Europe,
and thergfore also presenting a basis for such items as geographical
comparison of habitats, vegetation mapping of large areas, or the
analysis of geographical differences in the autecological behaviour
of taxa." In addition, the Schooll"wants to construct an.abstract
taxonomy of vegetation units of general applicability, from which
ecological inferences may be drawn" (Ivimey-Cook & Proctor, 1966).

- This means that data collected in a study area can be compared

directly with data from other studies, both in Africa and elsewhere,

For a comprehensive review of fhe history of the
ZﬂrichéMontpeliier School and the similarities and differences
.befween this and other epproaches to vegetation classification, the
reader is referred to Poore (1955), Becking (1957), Shimwell (1971)
and Wefgerv(1973a). The two latter authors give particularly lucid

and accurate descriptions of the system.

(ii) The Braun—Blanquet'apbroach has been evaluated as the best
method for surveys which are to produce the most widely applicable
(that is, multi-purpose) classification and which will yield a
maximum of understanding of the relationships betweeﬁ vegetation and
environmental factors for a minimum of time input (Moore et al., 1970;
Werger, 1973a).

(iii) As pointed out by Coetzee and Werger (1975a), ecologically
interpretable vegetation types are usually differentiated by several

species rather than by a single species. Because few stands of



vegetation are ever identical, they should be identified on the basis’
of "family resemblance." For this reason a polythetic approach is
preferable to a monothetic oné, such as association analysis, when
classifying vegetation. The Braun-Blanquet method, using as it does,
total species composition is such a polythetic approach (Coetzee and
Wefger, 1975a). The use of floristic data rather than physiognomic
data (as was used by Fosberg, 1967; Kuchler, 1969 and Phillips, 1970)
was preferred because the assemblage of species comprising a
phytocoenosis reflects the environmental conditions better than do
growth form or habit. 1In addition, as further data become available
about the major species the predictive value of the classification
will increase. It must be stressed, however, that species lists alone
(without environmental data for the individual stands) have little

predictive value (Grieg-Smith, 1964).

(iv) The hierarchical nature of the classification, depending as it
does upon character and differential species (Braun—Blanquét, 1932;
 Poore, 1955; Werger, 1973a) allows new relevés to be incorporated
without re—classification of the entire data set (cf. Grieg-Smith,
1964), and should not upset the classification. Sinee this is not
the case with classifications produced by association analysis
(Brunow, 1565), it was an important consideration in the choice of
method in the present study, where only a part of the Namib Desert

" could be sampled (see 3.1 below). New data can be incorporated as it
is collected, and the vegetation can be classified and re-classified
until, by a process of "successive approximation" (Poore, 1962), an
overall classification can be produced from which ecological

inferénces may be drawn with successively increasing precision.
2.2.2 Application of the method.
2.2.2,1 Collection of the field data.

With a modification to the cover—-abundance scale (see below),
the Braun-Blanquet system as described by Braun-Blanguet (1932),
Poore (1955), Becking (1957) and later Werger (1973a) was adopted.
The method can be divided into two sections, namely, sampling and

synthesis.,

Representative homogenous phytocoenoses (stands) of the
vegetation were sampled subjectively. Subjective sampling was chosen



bscause of the sparse and scattered nature of the vegetation and in
order to avoid obvious heterogensity in habitat and vegetation
structure in plots (Ellenberg, 1956; Becking, 1957; Daubenmire, 1968).
As pointed out by Ivimey-Cook and Proctor (1966), Daubenmire (1968)
and Werger (1973a), the argument against subjective sampling seems to
have been over-emphasized, and in the Namib Desert it proved to be
more efficient in obtaining data than stratified random objective

sampling.
Representativeness

Stands which were repressntative of the floristic and
structural composition of the vegetation were sampled and sach plot
was chosen to represent a single entity of vegetation (Ellenberg,
1956; Braun-Blanquet, 1964). Hence in open tree or shrub vegetation,
for example, plots were located so that the relative importance of ™
the tree or shrub component was comparable to the surrounding |
vegetation.

Clearly, representativeness of a plot is clossly related to
homogeneity. In the Zlrich-Montpellier School -floristic, structural
-and environmental homogeneity are assessed., visually. It is of great;.
importance that plots are homogensous as ihf‘omation from only one
unit of wvegetation and not a mixture of units is required (Eilanbbrg,
1956; Braun-Blanquet, 1964; Daubenmire, 1968; Shimwell, 1971). The
questions of homogahaity and whether any stand of vegetation is ever
truly homogeneous, have received considerable attention (for example,
‘Dahl and Hadac, 1949; Goodall, 1954; Daubenmire, 1968). For the
purposes of this study the pragmatic approach s-%ested by Daubsnmire
was followed and a homogensous stand was defined as "one in which
variations are attributable to chance rather than to intrinsic
habitat factors" (Daubenmire, 1968, p. 26).

Ancther important point regarding sampling is the size of
plot to be used. The minimal area has been defined as the area at
which the species—area curve becomes more or less horizontal (Braun-
Blanquet, 1932 and 1964), and this is the smallest area in which
a phytosoenosis can fully represent itself (Grieg-Smith, 1964;
Werger, 1973a). For this survey the minimum area was arbitrarily
 determined as that size of sample plot in which at least two-thirds



TABLE 2.1. COVER-ABUNDANCE RATINGS ACCORDING TO THE DOMIN AND
BRAUN-BLANQUET SCALES (AFTER KERSHAW, 1964 AND
MUELLER-DOMBOIS AND ELLENBERG, 1974).

DOMIN BRAUN-BLANQUET

Any number, cover about 100%- 10 5
Any number, cover 79 but not complete 9

Any number, cover 50 - 75% 8 4
Any number, cover 33 - 5% Vi 3
Any number, cover 25 - 33%

Any number, cover 10 -25% 5 5
Any number, cover 5 - 10% 4

Scattered, cover under 5% 3 1
Very scattered, cover small 2

Seldom, cover insignificant 1 +

Solitary, cover insignificant + r



of the species comprising the stand occurred as it was felt that this
would account for most of the characteristic species of the stand.
Data, collected from homogeneous stands of different vegetation types
(tree, shrub, dwarf shrub, and grassland) using plot sizes ranging
between 1m2 and 100 m2, indicated that plots of 50 mP adequately
represented the phytocoenoses in all but the riverine forest, where
the espacement of vegetation was such that plots of 200 m® were
occasionally required before most of the species were‘recorded;
Accordingly, relevés of 5§ x 10 m were used for most phytocoenoses,

- but in the open woodlands of washes and along the Kuiseb River, the
plots were either 5 x 20 m or 10 x 20 m in extent. As the survey

prodeeded and more experience was gained, it became a simple matter

to visually assess the plot size required in any stand.

All species of vascular plants present at the time of the
survey were listed and the presence of lichens, fungi, hepatics and
algae was noted within each sample plot. Features such as stratification
of the vegetation and life forms of the species were noted, but other
analytic characters such as phenology, local freguency, sociabiiity,

vitality, or yield of vegetation within the guadrat (Werger,'1973a)

were not recorded because of the variability of rainfall, the
scarcity of records in the area and the widespread distribution of

most communities which resulted in very great variability.
Cover—-abundance Scale

Each species was assigned a cover-abundance rating according
to the Domin scale (g.v.). Cover-abundance is a measure of the
relative importance of a species to the stand, and is based partly on
aerial cover and partly on numerical abundance (Braun-Blanguet, 1932;
Ellenberyg, 1956; Poore, 1955; Becking, 1957; Werger, 1973a). It is
estimated, not measured. The Domin scale was chosen because it was
felt that this allowed finer distinction at the lower levels, as it
is a 10~peoint scale (cf. the Braun-Blanguet scale, Table 2.1). Since
many desert plants are short-lived it was thought worthwhile to
record dead plants as well as living plants. In cases where
individuals of a species were dead, but remained rooted in the sample
plot, the cover-abundance value was listed in parentheses in the

phytosociological table,
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Life Form

The 1life form of each species was noted following the
Raunkiaer (1934) system as madified by Ellenberg (1956), and these
are given in the descriptions of the communities. Definitions of the

life~form classes used are given in Appendix II.

Habitat Data

Apart from the plant data, habitat characteristics were
noted for each site in the following manner:
(a) The geological nature of the substrate was identified wherever
possible.
(b] Notes were made concerning the geomorphology of the quadrat area
as well as its location with respect to the landscape.
(c) Slope angle and direction (slope aspect) were determined, using
a level and cbmpass respectively.
(d) Exposure to direct solar radiation, prevailing winds etc. were
noted,
(e) On salt marshes the degree to which the plot was subjected to
tidal flooding was ascertained as accurately as possible by direct
observation and inference (Plate 8).
(f) Biotic influences such as trampling, grazing and activity of
burrowing animals were recorded,
(g) Soil texture and dry consistence of the upper 0,1 m were
determined and rockiness or the presence of cemented crusts were noted.
(h] Soil depth to 0,5 m was measursd, and when deeper soil was
encountered the depth was estimated by driving a sharpened metal rod
1 m long into the ground.
(i) Soil profiles were recorded from pits placed within the sample
area. The United States Department of Agriculture (1962) system of
description was applied.
These habitat characteristics were entered at the head of the
phytosociological tables and their significance in Jagetation
development discussed in the habitat descriptions of sach community.
These habitat data were given in abbreviated form in the
phytosociological tables and a key to the abbreviations follows:
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Key to habitat description abbreviations as used in the phytosociological

tables..

Slope of sites:

0 oo 6 2°01' - o0’
1 0°01' - oP15¢ 7 5°01' ~ 10°00°
2 0°16' - ©°30! 8 10%1' - 15°00°
3 0931' - QP45! 9 15°01' - 20°00'
4 Qo46' - 1°00° 10 > aoe,
5 1°04' - 2000°
Geological substrate:
Pegmatite Q Quartzite
Granite C Calcrete
Sc Schist Co Conglomerate
Dr Dolerite Sst  Sandstone
Ig Unidentified igneous rock C/G Calcrete overlying granite
Do Dolomite ' B/Sc Granite intruded through schist
M Marble P/Sc Pegmatite intruded through

schist,

Soil:

So0il consistence and texture were classified following the United

States Department of Agriculture (1962) system.

A. Soil consistence (when soil is dry):

0 LLoose 3 Hard
Soft a4 Very hard
2 Slightly hard 5 Extremely hard

B. Soil texture:

1 Coarse textured soils Coarse sand
Medium sand
Fine sand
Very fine sand

Coarse loamy sand

MmO O O >

Loamy sand



G Fine loamy sand

T

Very fine loamy sand

2 Moderately coarse textured Coarse sandy loam

ils
50328 Sandy loam

Fine sandy loam

o o m >

Very fine sandy loam

3 Medium textured soils L.oam

T >

Silty loam
§ilt

4 Moderately fine textured Sandy clay loam

oil
S S Glay loam

Silty clay loam

5 Fine textured soils A Sandy clay
Silty clay
Clay

C. Coarse fragments in the soil:

Rounded to sub-rounded fragments less than 7,5 cm in diameter were
classified as gravel, abbreviated to G, and used as a prefix to the
textural class symbol, (For example, G2C is a fine sandy loam soil

with some gravel).

D. Cementing substances:

C ‘Calcrete
G Gypcrete
S Salt

E. Soil depth:

0 Very little soil 5 21 -~ 30 cm

(only in cracks) 6 31 - 40 cm
1 1 -5cm 7 41 - 50 cm
2 6 - 10 cm 8 51 - 70 cm
3 11 - 15 ecm 9 D> 70 cm
a4 16 - 20 cm
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F. Degree of flooding (applies only in Table I):

0 Site never flooded

| Site may be flooded by éxtremely high seas (during storms or
spring high tides)

2 Site flooded by every high tide.

The completed site record of species, their relative abundance, other
analytic characters of flora and vegetation, as well as habitat data

is called a relevd® (Werger, 1973a). In the present study a total of
' 472 relevés were taken in an area of about 7 500 km2, yielding a
sampling intensity of approximately 1 relevé per 16 km2.

2.2.2.2., Synthesis of the data.

When the field data had been collected, they were
synthesised and interpreted ecologically. Detailed procedures for
tabulation and synthesis are gi\)en by Ellenberg (1956), Kuchler (1967),
Shimwell (1971), Miller et al. (1972) and Werger (1973a) and no
description will, therefore, be given here. Within each group of
species, or nodum (Poore, 1955), individual relevés were arranged in
a specific sequence. Except where a relevé was transitional between
two noda, the most westerly relevé was plotted in the left hand side
of the nodum in the phytosociological table (Tables II, III, IV and
VI). This seguence was followed because of the marked influence of
the east-west environmental gradient (see chapters 3, 4 and 5.6.2
below}. The salt marsh (Téble I) and pan (Table V) communities did
not vary with the east-west gradient; in these cases the controlling
environmentél gradients were the degree of tidal flooding and height
above the pan floor respectively, and the relevés were not ordered as
in the other tables. In these instances, most Frequehtly flooded or
lowest relevés were plotted on the left and least frequently flooded
or highest relevés were plotted in the right of the noda. |

The ecological significance of the noda in the phytosocioclogical:
tables was determined from the habitat notes for each relevé and were
confirmed in the field. Coincidence between the pattern in the
phytosociological table and specific habitat conditions was taken '
to indicate the delineation of a basic vegetation unit (a community).

This is in agreement of the view of Werger (1973a) that species which .

are indicators of particular environmental conditions and which
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characterize a community will, therefore indicate the typical

habitat of that community.

Although no classification into higher syntaxa was
attempted (see 5.1 below), a Roman (or constancy) table (Werger,
1973a) was constructed (Table VII) to simplify assessment of the
community relationships. This table was drawn up in the following
way (Werger, 1973a p. 101): The percentage of relevés of each
community in which a species was recorded as being present was
calculated, rated on a five-point scale and the value entered in the

appropriate column of Table VII. The following are the class

intervals:
I Species present in 1 — 20% of the relevés of a community;
11 Species present in 21 ~ 40% of the relevés of a community;

III Species present in 41 6% of the relevés of a community;

v Species present in 61 8% of the relevés of a community;

\Y Species present in 8l - 100% of the relevés of a community.

Each community was therefore reduced to a single column in the Roman

table .

Community structure

Initial application of the physicgnomic classifications of
Phillips (1970) and later Fosberg (1967) showed that both these
systems lead to a classification of two relevés of the same community
(defined on floristic criteria) as belonging to two different
formations because the systems were too rigid. Such a conclusion
has also been arrived at elsewhere (Leistner and Werger, 1973).
It was therefore decided that no physiognomic classification would
be applied to the data, although the physiognomy of each community

is described.

2.3 Measurement of the time taken for water to infiltrate into soil

on the plains east of Mirabib.

Preliminary observations suggested that water soaked into
so0il in which dense patches of vegetation occurred far more rapidly
than into the surrounding, sparsely covered areas (see also 3.4.3 and

5.5.2.3). This was tested in the following way:
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A

Fig. 2.1 Apparatus used to measure rates of water infiltration into

soils of the plains (After Astapov & Dolgov, 1959).

The apparatus used consisted of galvanised iron pipes of
different diameters, the smaller one (7,5 cm diameter) being fixed
inside the larger one (which was of 22,5 cm diameter) as shown (Fig.
2.1). A length of glass tubing (A) was connected to the inner pipe via
a thin brass tube, thus permitting the fall of the water level in the

inner pipe to be measured.

The theoretical basis for this measurement is that by placing
water around the central [gauging) tube lateral water movement is
reduced because the "experimental" area is surrounded by saturated
soil, In this way the rate of downward movement into the soil is
measured (Astapov & Dolgov, 1959) . Results from bare areas and

patches of dense plant cover were compared (see below).

In practice this method worked satisfactcrily in most cases.
In very coarse grained spil, however, infiltration rate was too rapid
for the tubes to be filled, while in situations where a desert
pavement of stones and pebbles covered the soil surface it was very
difficult to prevent water leaking under the sides and thus making

measurement of infiltration impossible.



Sites of visibly patchy grassland wvegetation were located
along the Gobabeb - Mirabib road and the Gobabeb - Zebra Pan road
(Map 2). A square 1 metre quadrat was randomly located within the
dense patch. Total plant density was recorded and the time taken
for a fixed guantity of water to socak into the uppermost layers of
the soil was determined. This was achieved in the following way:
The apparatus was carefully placed on the soil surface, avoiding’
distrubance as far as possible. Water was carefully poured into the
outer and inner tubes until the level reached 'a' in the glass tube.
The time taken for the level to drop 1 cm (i.e. from a to aq; Fig.
2.1) was then recorded. Three replicates were carried out within
the dense patch, except where desert pavement or stones caused

difficulty in obtaining measurements in a restricted area.

The quadrat was then placed in a bare area as close as
possible to the dense patch (quadrats were never more than five
metres apart) and the procedure repeated. The results are given

below (3.4.3).

16
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Chapter 3. THE STUDY AREA.
3.1 Introduction

The Namib Desert (the word "Namib" is the Hottentot name
for the coastal desert of South West Africa - H. Martin in Mertens,
1971), extends some 1 500 km along the west coast of Africa from the
Dlifants River in the Cape Province to about 80 km north of Mossamedes
in Angola, and is about 90 - 120 km broad (Martin, 1965). Along this
stretch of coast the sea is cold because of the presence of the
Benguela Current and associated upwellings of cold water, and at
Walvis Bay mean annual sea temperature is 15,19C (Wellington, 1955).
The Benguela Current, an offshoot of the West (or Westerly) Wind
Drift Current, flows northwards from about 33° s. Lat. to the equator
where it merges into the South Equatorial Current. Along the western
margin of the Benguela Current surface water "fans out" into the
Atlantic Ocean and is replaced by upwellings of cold bottom water
derived from the Antarctic Intermediate Current [WBilingtDn, 1955).
The presence of cold water offshore has a very marked influence on
the climate of the entire west coast of Africa, and the study area

in particular (Jackson, 1951 and see 4.1.2 below).

Between the coast and the western boundary of the African
Plateau two or three zones, running parallel to the coast, may be
distinguished. Walter (1936, 1962) and Logan {1960) recognised two
zones, the Nebelwliste (fog desert) of the OQuter Namib, which is the
zone closest to the sea, and the Inner Namib, which extends from
about 40 km inland to the foot of the escarpment. Kaiser (1926) and
Wellington (1955), on the other hand, divide the Namib Desert into
three zones - the coastal strip where fog is frequent, a strip of
about 35 - 40 km wide at Walvis Bay, the extremely arid zone, about
50 km wide, and the variable inner zone, where the desert merges into
the arid steppe or bushveld. This latter zone has also been referred
to as the 'normal arid' or 'semi-arid' (Kaiser, 1926) or the pro-Namib
(Vornamib - Giess, 1971) zone. On the basis of the plant communities
described here (Chapter 5 below), it seems that the sub—divisions
proposed by Kaiser and Wellington (that is, to divide the area into

three zones) are the most satisfactory.
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"The Namib Desert may be further divided into Southern,
Central, and Northern sub-regions, The Southern Nemib extends
northwards as far as Llderitz Bay and is predominantly a winter-
rainfall area, while the Northern Namib is a summer-rainfall area.
There is some disagreement as to the southern boundary of the latter
sub-region, since Wellington (1955) considers it to be that portion
from the Swakop River northwards, whereas Giess (1971) gives the
southern boundary as the Huab River (Map 1). The study area is
located in the Central Namib Desert, which is the area between the
Ndrthern and Southern sub-regions. The Central Namib sub-region
thus stretches from a geological formation known as the Llderitz-Aus
horst, which is a spur of  the plateau gneiss extending west through
Aus to LlOderitz, to the Swakop River (Wellington, 1955 and see Map 1).
The Central and Northern Namib sub-regions fall within the summer-
rainfall area and therefore do not possess as rich a succulent flora
as does the Southern sub-region (Geiss, 1971). The Namib Desert Park
extends from south of Sandwich Harbour (23°930' S.Lat.) to the Swakop
River (22040' S.Lat:) and inland to a maximum distance of 130 km,
but excluding the coastal strip (10 - 25 km wide) from Walvis Bay
northwards (South West Africa 1:1 000 000; Map 2). This game reserve
of about 14 174 km? (1 312 500 hectares) in extent includes all
the biotypes of the Central Namib Desert (pers. obs.).

However desirable it may be to study the vegetation of the
entire Namib Desert Park, financial and time restrictions made it
‘essential to limit the study area. Accordingly, it was decided to
restrict the study to an area of about 7 500 km@ stretching from the
southern boundary of the Namib Desert Park to the 23° S.Lat. lire
(Map 2). This area was selected because it included a wide range of
biotypes: the Sandwich Harbour salt marshes; an area of shifting
sand dunes; the coastal fog zone; the extremely arid and semi-arid
plains; the washes dissecting these plains; the Kuiseb River and
outcrops of granite and schist. In addition, the road from Walvis
Bay to Windhoek roughly coincides with the northern boundary (Mep 2),
facilitating location in the field. '

3.2 Geology.
The study area is underlain by rocks of the Damara System
and the Nosib Formation. Thess owverlie the Precambrian Abbabistrmatidn



(Martin, 1965 and Smith, 1965). In certain areas, notably the
shifting sand dune region scuth of the Kuiseb River, aeolian sand
or calcrete of Tertiary to Recent origin are deposited over these

formations. .

Stratigraphically oldest are the gneisses, schists,
amphibolites and other rocks of the Abbabis Formation, but in the
study area these rocks comprise only a small part of the total area
of rock outcrops (Smith, 1965).. All the rock types of the Abbabis
Formation have been invaded by granite and pegmatite of the Damara

System and these form dykes and sills,

Above this formation lies the Nosib Formation (formerly
called the Quartzite Series of the Damara System by Gevers -(1929),
Martin (1965) and Smith (1965)). This consists of conglomerate,

guartzite, amphibolite and calc-granulite facies (Smith, 1965).

The Damara System overlies the Naosib Formation, and it is
divided into two series.. The lowermost (the.Hakos Series) consists
ol marble, tillite and dolomitic marbles with chert bands and schist
intercalations (Martin, 1965). The marbles of the Lower Stage of the
Hakos Series form Zwartbank and the marble ridges north of this.

The uppermost, and most prominent, series is the Khomas Series,
consisting of great thicknesses of alternating bands of biotite
schist and biotite—-quartz-schist striking in a nertheast - southwest
direction (Martin, 1965). The alternation of harder, more arenaceous
bands with softer, more easily weathered ones produce thé schistose
ridges so characteristic of the eastern parts of the Namib Desert

Park,

Granite gneisses, pegmatites and granites are found
throughout the rocks. Some of these, such as the Salem granite (a
grey or reddish, porphyritic alkali granite (Wellington, 1955)),
and the medium grained red or grey granite formed below the marbles
of the Hakos Series were derived from the schistose rocks of the
Khomas Series and rocks of the Nosib Formation respectively. Other
of the rocks, for example, some of the pegmatites, are believed to
have been intruded from below (Martin, 1965). These rock types
form such inselbergs, "island mountains" (King, 1963) as Mirabib

(Plate 3) and Tumasberg (Map 2) and form striking dykes .(Plate 24).

19
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Geology has direct effects on the vegetation so that some
communities appear to be restricted to particular substrates

(Petalidium variabile and Commiphora glaucescens communities -

Chapter 5 below), but the indirect influence is more significant.
This is because various rock types weather in characteristic ways

and thus produce different landscapes and habitats (see 3.3.6 below).

3.3 Topography

Six léndscape units may be distinguished within the study
area. A landscape unit is defined hsre as a topographic slement
(hill, river-bed or drainage line, marsh, etc.) which may be
distinguished by having a particular geoclogical or geomorpholdgical
origin, and which provides an unique habitat. Because these units
provide different habitats (for example, the Kuiseb River has a bed
with deep, loose soil and abundant gfoundwater, while the shallow
drainage lines of the plains often have shallaow soil and less
groundwater), they are of great importancebin determining the

occurrence of different plant communities.

3.3.1 Lagoons and salt marshes

The northward flowing Benguella Current carries sand and
deposits it on the leeward sides of headlands, producing sand spits
(Plate 1). As these lengthen they form sand bars enclosing expanses
of water (bays). When the opening of these bays is small or
completely cloéed, the enclosed area, here referred to as a lagoohn
despite the lack of rivers entering it, is sheltered enough to
receive mud and/or sand deposited by the sea and wind. In this way
salt marshes are formed. Even when the sand spit enclosing the
lagoon is completely closed (that is, there is no direct inlet for
sea water), water seeps through the sand bar (King, 1963, p. 112).
These processes have produced Spencer, Meob and Conception Bays
along the Namib Desert coast, Sandwich Harbour (Plate 1) in the

study area and Walvis Bay (Map 2).

Sandwich Harbour, an important harbour until 1889 when
the sand bar closed completely for the first time (Mertens, 1971),
is now a lagoon about 8 km long and 1 km wide with a narrow opening

to the sea. It has no supply of surface water from inland and is



PiLate 1

Portion of the Central Namib Desert photographed from Gemini 5,
(From a transparency released by the Carl Zeiss Optical WOrks].

Bays such as Walvis Bay (A), Sandwich Harbour (B) and Conception
Bay (C) are formed by sand bars. Linear (seif) dunes are a
conspicuous feature of the dune area (D). The Kuiseb River (E)
separates the dunes from the gravel plains (F), except along the
coast, where a narrow belt of dunes (G) extends northwards to the
Swakop River (H).

Plate 2

Sand dunes of the Central Namib Desert as seen from the Namib
Desert Research Station at Gobabeb (photographed during November
1974]. On the upper slopes the sand is moved by even gentle winds
(A), and the direction of the crest-lines changes with seascnal
changes in preadominant wind directicn. For the previous few days
the area had experienced east wind conditions, and the west-facing
slopes are therefore the steepest (B). Forest grows in the valley
of the Kuiseb River (C).



Plate 1

Flata 2
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therefore not an estuary in the generally accepted terminology.
However, it still receives material of land origin by wind action,
which carries sand from the high dunes on the landward side.. A
subsurface flow of fresh water enters the lagoons at the northern
end of the system and this is wvery significant to the vegetation

of the marshes. This water apparently flows beneath the dunes from
the Kuiseb River (Hellwig¥ pers. comm,) and reduces the salinity of

the water in some of the creeks (Berry¥.pers. comm.)..

The material deposited by wind and the sea has resulted in
areas of salt marsh being intersected by broad, tidal creeks and
pools (Plate 5). The oldest part of the system appears to be at the
southern end, in accordance with Chapman's (1960, p.22) statement
that "...the oldest and highest marshes (are) nearest the proximal
end (of the system) and the youngest near the distal end." Because
much of the substrate is fine grained, the creeks tend to branch
and form long parallel arms, with occasional pans becoming isolated
as the overall level rises (Chapman, 1960), presumably because of

the way in which such material is eroded by water.

At the southern end of Sandwich Harbour a series of
brackish pools are found in the inter—dune valleys at between 10 m
and 30 m above sea level. Around these occur plant communities

similar to those on the dryer part of the marshes,

3.3.2 The sand dunes

Aptly named the "durme sea" of the Namib Desert (Barnard,
1965), the sand dune area of the Central Namib Desert extends from
near Llderitz Bay to the Kuiseb River, with a maximum width of
nearly 120 km (Map 1 and Plate 1), The northward extension is
prevented by the Kuiseb River which runs from east to west (that is,
across the line of advance of the dunes), and acts as a sand trap.
Irregular floods scour most of the length of the riverbed clear of
sand, but 15 km from the coast the gradient is small (1:400 -
Stengel, 1964) and the riverbed is wide so that floods are less
violent than further upstream., The volume of water carried by the
river is insufficient at this point to produce a strong surface flow,
These factors have reduced the scouring action to the point where

sand is not removed as fast as it is deposited, and a narrow belt

* Dr. D, Hellwig, Water Res. Instit., Windhoek, S.W.A.
* Mr. H, Berry, Etosha Res. Instit., P,0., Okaukusjo, S.W.A.
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of dunes now extends as far north as the Swakop River (Plate 1).

It seems reasonable to suppose that should the river fail
to flow for a number of consecutive years then dune sand would
bury the river bed and prevent any further flow. This would allow
the dune area to extend northwards over what at present are the
gravel plains.  This process appears to have taken place south of
the study area, where the Tsondab River has become cut off from the
sea and dammed to form the large Tsondab Vlei (Seely & Sandelowsky,
1974).

Barnard (1965) recognises three regions within the dune
area — a coastal dune belt a few kilometres wide, the longitudinal
(linear or seif) dunes of the central region which are all orientated
in the same direction and a region of complex, multi-faceted dunes
forming a narrow belt near the escarpment. From the vegetation
point of view, the first two provide very similar conditions - linear
dunes which are aligned roughly north - south with moderately
stable lower slopes and crests which shift with the prevailing wind
direction (Plate 2). These are separated by sandy or gravelly
"streets" ('Straats"; King, 1963, p. 76) of varying width. The
dunes may be up to 100 m from crest to trough and consist of reddish
coloured, medium to coarse sand which is very loose (see Chapter 5
below). The streets on the other hand may be pebbly or even have

a layer of surface limestoneA[calcrete).-

The dunes at the eastern edge of the study area differ
from the others in being much smaller (only about 10 — 30 m from
crest to trough), and less regular in orientation. The lack of
strong directional orientation may be due to irregularities in
wind direction which is expected close to the mountainous escarpment
region, while the small size may be due to lower wind velocities and
because the asrea is somewhat isolated from the main dune area (Maps
1 and 2 and Plate 1), 1In addition, the Sénd is finer grained than
at Gobabeb or the coast. Barnard (pers. comm.) believes that this
sand may be of inland origin, while that of the dune sea is derived

from the mouth of the Orange River.



23

3.3.3 The plains north of the Kuiseb River

Topographically all the plains of the study area are very
similar; broad peneplains with very low relief, interrupted by
shallow drainage lines, shallow washes, ridges of resistant rock or
isolated inselbergs. As Logan (1960) indicates, there are
differences in geomorphology and substrate between the coastal and
inland plains, but these are of less significance to vegetation than

the climatic differences (Chapter 4 below).

Despite the general flatness, the small changes of relief
(as little as 10 cm) that do occur are extremely important in
controlling run-off water and thus play a very significant part in
plant growth (Chapter 5 below). Surface run—off is high throughout
the study area, and is aggravated by the occurrence of'impermeable
"foam soil" or>"Schaumboden“ (volk and Beyger, 1970) at or just
beneath the surface (3.4 below).

3.3.4 Drainage and associated landscape units

Drainage in most of the Namib Desert is endoreic (drainage
of the rivers does not reach the sea). The rivers rising in the
escarpment area or on larger inselbergs disappeaf into the plains
because rainfall is insufficient to maintain surface flow in the
sandy riverbeds and the evaporation is high (4.9 beloW). The Kuiseb .
River is the only large river in the stﬁdy area and even this flows only
for short spells (see below). Nevertheless, the watercourses are
extremely important in the development of many of the perennial

communities in the Namib Desert.

The Kuiseb River rises in the Khomas Highlands near
Windhoek and flows south-west for about 230 km to the bottom of the
escarpment, where the Canyon begins (Map 2), and for the next 130
“km it flows between steep, high schist walls. From about 20 km
upstream of Gobabeb the river widens and the southern bank is
formed by the sand dunes (Plate 1). Downstream from Gobabeb the
bed widens still further and the river meanders between the dunes
on the southern side and the low rocky banks on the north so that
at Rooibank (Map 2) the bed is some 200 m wide. A rock outcrop

27 km from the ceoast causes the river to divide into two branches



forming a delta with mouths nearly 25 km apart. The northern

course used to enter the sea near Walvis Bay, but it has been closed

by a 7,3 km long dam to prevent flooding of the town (Stengel, 1964).

The southern course presumably used to traverse the area now covered

by the dunes, to reach the sea north of Sandwich Harbour (Map 2).

Flow is infrequent and floods are insufficiently violent
to maintain an open outlet to the sea. It is only during
exceptionally heavy floods that the river overflows intoc the sea.
Even during years of heavy rain, for example 1963 and 1974, the
water remained dammed up; Stengel (1964) calculates that some
100 000 000 m of water collected behind the coastal sand barrier
during the 1963 flood. Since 1837 the river has reached the séa
only 15 times (Stengel 1964; Seely, pers. Comm.], even though
flow is recorded at Gobabeb for pericds of a few days to several
months (three in 1974) in most years, These surface floods scour
sand from the river bed, preventing the dunes from advancing
northwards, and also restricting colonization of the river bed by

perennials.,

Much of the water in the Kuiseb River is beneath the
surface [Stengel, 1968, in Scholz, 1972), and this supply

maintains the fringing forest of Acacia albida and other species,

supplies Walvis Bay and Swakapmund with drihking water and

replenishes the freshwater supplies of the Sandwich Harbour lagoons.

Water courses on the plains vary from narrow drainage
lines, noticeable only because of the plant communities occupying
them, to 50 m wide washes filled with deep, loose sand., Where
gradients are steep (For example the washes leading to the Kuiseb
Canyon) the beds may be deeply incised, forming miniature canyons.
but on the plains they are rarely more than 1 m below the general
surface level, Surface flow occurs only after rain and lasts for
no more than a few hours, although the suddenness of the showers
and the high run-off turn gullies into raging torrents in a few

minutes.
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Plate 3

The Mirabib inselberg, composed of Salem granite. Notice the
general flatness of the plains and the concentration of shrubs
(primarily Acacia reficiens) in the drainage lines.

Plate 4

A saline wash on the plains north of Gobabeb. A salt crust (A)
lines the watercourse, and drying of the salt and clay complex
in the soil produces doming of the surface crust (B).



3.3.5 Pans

Several areas of restricted drainage occur in the Namib
Desert Park. Generally they are very shallow depressions on the
plains and may cover a small area or a few hectares. Most pans
develop on clayey soil, but a few in the study area were underlain
by calcrete. The pans clearly have a profound influence on the
plant communities, and in a number of cases supported communities

which were similar to those of riverine and rocky habitats.

3.3.6 Inselbergs and other rock outecrops

One of the most striking features of the study area are
granite plutons which form spectacular "“island mountains"
(inselbergs) rising fraom the flat plains like mountains from the
sea (Plate 3). They are frequently steeply rounded and rise 100 m
or more above the plain. Many dykes, composed of rock of
different hardness, traverse the granites of the Post - Damara
granitic intrusive rocks (Du Toit, 1956), and thus the inselbergs
are dissected by numerous small gullies and plateaux, providing

sites in which plants establish themsleves.

The Damara System also forms hills and mountains, but
these are more fregquently in the form of ridges. A major feature
of the schist inselbergs and ridges is the way in which the
stratified rocks are inclined due to faulting. As noted previously
(3.1); the predominant strike direction is northeast - southwest,
which means that the north-facing slopes are relatively smocth
with unbroken sheets of rock being exposed, while south-facing
slopes are extremely broken and freguently more steeply sloping.
Dolomites, quartzites and marble, on the other hand, are more
resistant to weathering and are of more uniform composition than
schists or granite, and therefore outcrops of these rocks present
a less dissected appearance. However, here too are found
intrusions of igneousbrock [Plate 24) which weather leaving rigdes

and gullies,

The numercus cracks and crevices on the rock outcrops,
-together with the collection of run—off water provide relatively

mesic micro-habitats (see Channing, 1975, for example) where a
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characteristic species composition was often noted, while some of
the most species-rich communities were found on inselbergs in the

eastern part of the study area.

Frequently the accumulation of water at the foot of
inselbergs supports communities of trees and shrubs which bear

close resemblance to more widespread wash communities.

3.4 - Soils

The soils of the study area have been little investigated
and the only papers dealing specifically with the Namib Desért Park
are those of Logan (1960) and Scholz (1972). In the present study
even immature or unconsolidated material (gravel, sand or rocky

substrate) is treated as soil (cf. Zohary, 1973, p. 39).

In the area of the Namib Desert covered by this study the
physical properties of the soil (for example, particle size and
consistence - the hardness or softness — and whether cementing
substances such as calcrete or gypsum were present) were of great
importance to the vegetation. This is particularly well demonstrated
by the communities of Zebra Pan (see Chapter 5 below), where soil
consistence differs gquite noticeably between communities. Because
of the scarcity of water the main influence of soil on vegetation
is its effect on Water supply, which is controlled to a greater
degree by the physical rather than the chemical factors of the soil,
Similar findings are reported for the Sonoran Desert in North
America (Shreve, 1951), arid areas in the Near East (Zohary, 1961)
and the Sudan (Obeid and Mahmoud, 1971).

Following Scholz (1972), the soils can be divided into
the following types: Soils of the dune areas; Syrosems; Limestone
soils; Bypsum crust soils; Silt or Flood-plain loam; Gravels of

water-courses; and Saline soils.,

3.4.1 Soils of the dune areas

In the dunes continual movement of the particles prevents
differentiation into horizons. Chemical weathering does, however,

occur, especially near the coast where conditions are moister.



The situation is aggravated by the arid climate which acts both to
reduce the amount of orgapic matter available for decomposition
and subsequent incorporation into the soil, as well as to reduce

almost completely the rate of litter decomposition.

The size and specific gravity of the sand particles
varies; the smaller and lighter greins are more easily transported
by wind so that heavier and.larger particles accumulate on the
windward slopes. These are frequently dark coloured (dark grey—
black in the case of magnetite and reddish if the mineral is

-garnet) resulting in the dark and light patches on the dunes.

In the interdune valleys the sand grains are frequently
cemented by limestone or gypsum, and limestone concretions are
common. The cemented layer, which is of considerable importance
for water percolation, is found at varying depths beneath the
. surface, while the concretions may take a number of forms and have
various origins. Scholz (1972) discusses this aspect in some
detail, but it is of negligable importance to plants, and is not

treated here.

3.4.2 Syrosems

These are accumulations of rock fragments produced by
mechanical -weathering (Scholz, 1972). They occur widely in the
study area, both on rock outcrops (usually as pediments), and on
the plains. Progressing further from the point of origin of the
syrosems, the degree of chemical weathering increases until the

particles are small and, in humid regions, true soils are formed.

Syrosems are equivalent to the "Regs" of the North

African deserts (Scholz, 1972).

3.4.3 Limestone soils

Following Scholz's (1972) terminology, these are soils

that have developed on calcrete. Calcrete, also called "“caliche"

or "surface limestone" (Logan, 1960), occurs very widely throughout
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the Namib Desert and other arid areas of southern Africa (King, 1963).

It is formed when water containing large quantities of calcium



TABLE 3.1. TIMES TAKEN BY A FIXED VOLUME OF WATER TO INFILTRATE INTO

SOIL IN DENSELY VEGETATED PATCHES AND ADJACENT BARE AREAS
ON THE GRAVEL PLAINS EAST OF GOBASEB. THREE REPLICATE
DETERMINATIONS WERE OBTAINED AT EACH SITE.

PLANT DENSITY IN 1m2 INFILTRATION TIME (Secs)
SITE  oARE AREA  VEGETATED AREA  BARE AREA VEBETATED AREA
mean mean

1 0 51 133 | 45
332 260,0 48 48,7

315 53

2 0 55 567 24
670 606,2 30 27,7

600 32

3 7 75 557 35
| 140 207,3 2 46,7

226 49

a ) 716 1040 80
| 1260 960,0 a7 63,7

580 64

5 g 65 55 35
147 139,3 a1 35,0

186 29

3 g 55 360 a0
453  472,0 39 42,0

603 47

7 a 110 503 a5
. 987  536,7 68 48,3

120 42

R 75 730 430 . %
: 62 45,3

38

3 S 33 201 123
445  302,7 a0 66,7

262 a7
0 ¥ 5 74 133 59 32,0

726 97,3 37

83

T 6 42 570 3

307  252,3 53 38,3
161 49

o w > 657 734 30
38 28,3

17

3w (3 63 1060 35
38 34,7
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¥ In these samples the surface was covered by a pebbls layer which

made it impossible to obtain 3 measurements within a small area.

Both the plant density and water infiltration rates were significantly

gregter in the densely vegetated patches than in the bare areas. These

differences were significant at the 1% level of F.
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carbonate or bicarbonate evaporates. In the Namib Desert Park the
limestone crusts are believed to have formed in two ways; the
uppermost layers, "must have formed at the surface on the evaporation
of rain water saturated with calcium hydro-carbonate," while the
lower layers were formed when "“ground water dissolves the calcium
carbonate from the bedrock and sub-soil, rises to the surface
through capillary action and deposits the dissolved (CaCO3 an
evaporation" (Scholz, 1972 p..35). Logan (1960) believes that the
calocretes were formed during periods of higher rainfall than is
experienced at present, and Martin {in Scholz, 1972, p. 35) agrees
that they are fossil deposits which have been exposed by erosion.

di
Soils developing on clécrete are usually dark coloured

(ochre—brown to grey], show a calcium-rich horizon and are often
covered with a layer of pebbles resulting from wind deflation.
Limestone soils occur over large areas of the plains, and are
therefore of considerable importance to the vegetation of the

Namib Desert Park.,

The "foam structure" described by Volk and Geyger (1970)
is found in thése so0ils in the study area. Observations suggested
that patchiness of vegetation on the plains (5.5.2.2 (d) and Plate
35 below) might be due to differences in the rates of water
infiltration (Table 3.1). Both these factors are related to the
presence of a "foam structure" in the soil. This is a layer
consisting of an accumulation of spherical vesicles (bubbles)
within a fine-grained matrix and the formation is explained as
follews by Volk and Geyger (1970): Where fine fractions, clay or
silt, occur in sandy soils in regions where rainfall is low, water
penetrates only a small deptn before the soll dries out again.
Bubbles of air are trapped in the mud formed when the fine fraction
is wetted, and when the scil dries out before the bubbles can work
their way to the surface, a cemented, vesicular structure results.
The cementation and trapped air reduce water penetration, thus
increasing run—off, and consequently have a profound influence on
the vegetation. This hypothesis was tested by measuring the times
taken for a fixed volume of water to soak into the soil at 13 sites
on the plains east of Gobhabeb (Table 3.1).
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At each site infiltration was measured in bare areas where the foam .
structure was evident and in densely vegetated patches where foam

épil was not found. The large variability in infiltration times
recorded (Table 3.1) can be explained by the variability of sites with
régard to amount of superficial coarse material, depth of the foam
layer beneath the surface and its thickmess and hardness. An analysis
of variance was performed on the data, and it indicated that the
vegetated sites were significantly more densely covered than bare
areas, the difference being estlmated as 86,23 + 14,76 plants per m?
slgnlflcant at the 1% level of F. This was related to more rapid
infiltration of water into soil in the vegetated areas, the difference
in favour of the vegetated areas over bare patches being estimated as
426,18 + 107,82 seconds which is also significant at the 1% level of F.
This difference in rate at which water enters the soil is important as
it influences the amount of water which will soak in during brief showers
and may also affect water retention time, both of which have a profound

effect on the establishment and survival of plants.

3.4.4 Soils of gypsum crusts.

Bypsum crusts are found in soil to a distance of about 80 km inland,
with the quantity of gypsum steadily increasing towards the coast.
Martin (1964) beléives the gypsum to be produced from the reaction

of hydrogen sulfide (derived from gaseous eruption offshore, which

is then carried inland by the sea—-breeze and condensed out with the

fog), with carbonate in the soil. Scholz (1972) supports this hypothesis,
and points out that the gypsum soils first occur at approximately the
inland border of the fog zone and thaﬁ the greatest deposits are where

maximum condensation of fog takes place.

These soils are found throughout the fog zone of the
study area. Their direct effects on the vegetation are unknown.
Since tHeir development is related to fog and fog precipitation any
correlation between soil and vegetation may be purely coincidental,
for example, representing a response to some undetermined factor such

as moisture.
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3.4.5 Silts and Flood—loam soils.

Most of the.suspended solid material carried by the Kuiseb River is
fine gfained micaceous material and sand. Silts and flood loams are
deposited wherever the eurrent slows down and form marginal terraces.
These solils comprise most of the substrate of the Kuiseb River banks,
but it seems as though the availability of water is the controlling
factor in the Kuiseb Riwver valley and not the soils, except in so
much as they influence this factor. Availability of water throughout
the year is largely determined by'the'occurrence of rock barriers
which form undergreund dams'thereby keesing the groundwater 1eve1 ‘

close to the surface (pers. obs. and see Stengel, 1968 in Scholz, 1972).

‘ At a number of points along the river fossil flood-loams

" form terraces at up to 15 m above the present riverbed (Scholz, 1972

p 40) which may be taken as evidence that the Keiseb Rivef wss dammed
up in the past (Goudie, 1973). These fossil soils are sometimes of
considerable depth; at Homeb (Map 2) they are over 5 m in depth.

The main difference between the fossil Flood—loams and the recently -
deposited silts is that the former are sometimes very hard (preSumably
as a result of greater compaction), and this, together with their
height'abDVe the river and conSequent greater distance above fhe

groundwater source makes them a less favourable habitat for plants.

At Zebra Pan (Map 2) and some other localities clay soils
were encountered. These had obviously developed during periods of |
'Floodlng following rains by a process of elluviation when fine
material was washed from the surrounding plains and settled in the pans.
Clay serves to both improve water retention and base exchange capacity,
and it is not surprising therefore that thess soils supported distinct

assemblages of plants (see 5.4 below).
3.4.6 GraVels of the watercourses.

Many of the 1arger washes are filled with coarser substrate than
. found on the surroundlng plalns. This varies from coarse feldspar
and quartz gravel to medium sand and, where the wash flowed through :

schist, fine, micaceous material. In all cases in was uncompacted. The
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soil may show some degree of layering, with coarse gravels being
separated by layers of finer material, probably due to deposition

under different conditions (more and less violent floods respectively).

Water infiltrates rapidly into the gravels of the water-
courses, which means that most water entering a wash will soak into
the substrate, provided the gravel is not too shallow or the rain toao
heavy. Once water has soaked into gravel or sand it does not evaporate
very rapidly (Leistner & Werger, 1973), and therefore the washes retain
water for a considerable time. This is reflected in the vegetation
occupying these habitats - it is composed of more perennial species
than the vegetation of the plains, and trees and shrubs often grow

in larger washes.
. 3.4,7 Saline soils

Saline soils are occasionally encountered between the coast and the
inland boundary of the study area. As might be expected, some of these
are extremely hard, with the surface being broken into irregular
polygons. This is because the surface crust is pushed up by swelling of
the salt - clay complex on wetting (Scholz, 1972). On drying a hard,
irregular surface is produced having cavities beneath>it; The under-
surface of the upthrust crust are frequently coated with blue—green
algae, but apart from these, few plants colonize the substrate and

their cover is low (see 5.3.2.5 below).
3.5 Conclusion

Frome the brief review of the literature relating tolsoils of the

study area, it is clear that in certain instances the soil has direct
effect on vegetation (for example, clayey and saline soils) but that,
in most cases, the development of communities is an indirect response,

reacting to water availability in the soil.



Chapter 4. CLIMATE
4,1 Introduction,
4,1.,1 Description of the climate of the Namib Desert.

The concepts of “desert" and "arid" are frequently some-
what confused and definitions are numerous and varied (for discussion
of the definitions that have been applied, see Walton, 1969 p 8 et
seq.; Yaron, Danfors and Vaadia, 1973, Ch 1; and, Zohary, 1973
p 407 et sed.). The entire Namib Desert region has low and highly
variable rainfall (4.6 below), evaporation exceeds precipitation
(4.9 below) and vegetation is sparse and plants are drought-avoiding,
drought-tolerant, drought-resistant or succulent. It therefore seems
to qualify for the term "desert" no matterkwhich definition is

preferred,

_ Climate in the Namib Desert region is strongly influenced
by the Benguela Current (3.1 above) and its associated upwellings of
cold water (Jackson, 1951). This cold water offshore is one of the
major factors leading to the aridity of the west coast of southern

Africa (4.1.2 below).

Temperatures on the coast are moderately cool, but increase
with distance from the sea (4.4.1 below). Coastal temperatures are

low because of the cold sea and. the freguent occurrence of fog and

low cloud (below and 4.7.2), but occassionally very high temperatures

are experienced (Table 4.6). Diurnal variation on the coast is lower
thankinland, although even here it is only during the cool season
that low night temperatures are common, Frost has not been recorded
for the Central Namib Desert of South West Africa (Weather Bureau,
1954; 4.4.1 below).

As a result of the low plant cover and high inseolation,
soll temperatures may be high and surface temperatures of over 600 C
are common (4.4.2 below), This has both direct effects on plant
growth (soil and air temperatures immediately above the soil are very
high), and indirect effects (such as increasing evaporation and

transpiration).
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Fog and low cloud, called 'Cacimbo' in the Angolan area,
is common and extends about 50 km inland (Meteorological Services of
the Royal Navy and South African Air Force, undated; Jackson, 1951;
pers. obs.). It is produced by interaction between warm air derived
from the high-pressure anticyclone over the Atlantic Ocean (q.q.)
and air cooled by the sea. At the point where cold and warm air meet
condensation of moilsture occurs. At the coast this takes place close
to sea level, producing fog. Further inland condensation occurs at
higher altitudes, as the plane of inversion of temperature rises, to
form stratus cloud (Walton, 1969). Relative humidity is high along
the coast (except during Berg wind conditions, q.v.) and both
diurnal and annual variation is small (4.8 below). Inland, relative
humidity decreases rapidly with increasing distance from the sea, so
the air over the greater part of the Namib Desert is very dry during
the day. At night moist air tends to move further inland (particularly
up the deep river valleys such as the Kuiseb, Swakop and Kunene

Rivers (pers. obs.)), raising the humidity,

Winds are of two main types; land- and sea-breezes (the
latter may be strong and penetrate at least 60 km inland in the
Central Namib Desert (Schulze, 1969; also 4.5 below)), and the Berg
winds from the plateau. The high insclation results in local low-
pressure cells over the land during the day, producing the sea-
breezes. At night the situation is reversed, the sparse plant cover
and cloudless skies allow the land to cool rapidly and land-breezes
predominate (Jackson, 1951; Wellington, 1955; Schulze, 1965 and
1969; Walton, 1969). The sea-breeze does not blow directly onshore
because of the combined effects of the high-pressure anticyclone
over the Atlantic Ocean and the Coriolis force, which is the force
produced by the revolution of the earth, (Walton, 1969.) . Berg
winds move from the warm anticyclone situated on the plateau towards
the coast. Adiabatic heating occurs as the air mass descends to
lower altitudes (as a result of increased atmosperic pressure) and
these winds are extremely hot and dry(Wellington,1955; 4.5 below).
Wind has direct and indirect effects on plant growth and vegetation

developement and these are discussed in 4.5 below,



4.1.2 Factors responsible for the existence of the Namib Desert.

The major factors responsible for the existence of a
desert along the west coast of southern Africa are the presence of
8 oold ocean current and the coincidence of the eastern edge of the
oceanic high-pressure cell (the Atlantic Ocean anticyclone) with
the coast of Africa (Wellington, 1955, maps p 317; Schulze, 1965;
Walton, 1969 p 21). Interaction between these results in low

precipitation in the following ways:

Upper alr temperatures are higher than those at the earth's
surface as a result of subsidence of air in the anticyclone (the
sinking air is heated because of the compression due to increasing
atmospheric pressure, which in turn heats the surrounding air). The
surface air is cooled by the cold Benguela Current and associated
upwellings (Jackson, 1951). This produces a strong temperature
inversion; cold air close to the ground and warm air at higher
altitude, and marked atmospheric stability (Walton, 1969).
Circulation of the air around the anticyclone leads to a flow of air
parallel to the coast (Schulze, 1965, maps; Walton, 1969). When such
cool winds off a cold sea approach the warm land the water helding
capacity of the air increases, because warm air can carry a greater
amount of water vapour per unit volume than cold air, and therefore
precipitation cannot ocour. As the air mass moves inland the
higher temperatures lead to evaporation of any water droplets which
may have formed, so rain does not even fall on the escarpment
(Walton, 1969).

Where the temperature inversion is weakened by raised sea
temperatures, precipitation will occur. This happens north of
Mossamedes where the Benguela Current is deflected away from the coast
by the shape of the coastline. Between the deflected cold current
and the share is warmer "stagnant" water, and here rainfall is

higher (Jacksaon, 1951; Walton, 1969).

In summary: The Namib Desert is therefore caused by the
presence of a temperature inversion in the atmosphere near the

coast which increases the water carrying capacity of air moving
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towards the land. The terperature inversion results from interaction
between the anticyclonic high-pressure area (and its associated air’
movements) over the Atlantic Ocean and the low temperature air

above the cold Benguela Current.
4,1.3 The climate of the study area.

Climatic data are available from Gobabeb (407 m a.s.l.
and 60 km inland — Map 2) for the period 1962 — 1972 and most data
discussed below are derived or quoted from Schulze (1969) and Seely
and Stuart (1976). Unfortunately the data from the automatic
recording weather stations which have been set up along a transect
from sea level to 1 000 m a.s.l. are still unreduced, and thus
data for the eastern and western parts are scanty. There is no
permanent weather station at either Walvis Bay or Swakopmund (Mep 1)
although data have been collected at various times and are given
in "Weather on the coasts of southern Africa : From River Congo to
Cape Delgardo. Vol. 2 Part 1" (Meteorologioal Services of the Royal
Navy and South African Air Force, undated) and, "Climate of South
Africa. Part 1; Climate Statistics" (Weather Bureau Publ. 19, 1954).
The majority of data for the coastal arsa are derived from these
publications. Data from the weather station at Windhoek are not used
as they are unlikelybto be applicable to the study area. Windhoek
is at an higher altitude (1728 m a.s.l.), is situated in a deep
~valley on the interior plateau (King, 1963 p 240) and is a considerable

distance from the sea (Map 1).

An overall picture of the climate of Gobabeb is given by
a climate diagram in the form proposed by Walter (1955) in Fig 4.1).
Although this method of representation is confusing to those
unfamiliar with it, the climate diagram allows rapid comparison of
climates of different areas. It is included here primarily for

comparative purposes between this and other phytosociological works.

The major climatic factors are considered briefly in the
following sections in order to present a more detailed picture of

the climate of the study area.
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KEY TO Fig. 4.1 (a) EXPLANATORY EXAMPLE OF A GENERALIZED CLIMATE
DIAGRAM.

a. Name of the station;

b. Altitude;

c. Number of years of ocbservation

d. Mean annual temperature (°C);

e. Mean annual precipitation (mm);

f. Mean daily minimum temperature of the coldest month (°c);

' g« Absolute minimum temperature (DC); »

h., Mean daily maximum daily temperature of the hottest month (°C );
i. Absolute maximum temperature (°C);

j« Mean range of temperature (DC);

k. Curve of mean monthly temperature (1 unit = 1008);

1. Curve of mean monthly precipitation (1 unit = 20mm);

m. Dry season;

n. Wet season;

0. Mean monthly precipitation in excess of 100mm (reduced to 1/10);
g. Months with mean daily temperature under ODC; .

r. Months with absolute daily minimum temperature under UOC;

s. Mean duration of frost free period (days).

(After Walter, 1955).



4.2 Cloudiness.

Cloud cover is rated on an eight-point scale for the
purposes of daily weather reports to the Weather Bureau and is
recorded thrice daily (08h00, 14h00 and 20h00) at Gobabeb (Table
4.1).

TABLE 4.1. AVERAGE CLOUD COVER (OCTAS) AT GOBABEB AVERAGED OVER A
10 YEAR PERIOD (1962 — 1972).

MONTH J F M A M J J A 5 0O N D YEAR
oBhOO 5,4 5,0 3,7 2,0 1,6 1,7 1,7 2,4 3,2 4,2 4,0 4,8 3,3

14h00 1,9 1,8 2,0 1,3 1,1 0,7 0,8 0,7 0,8 1,5 1,6 1,3 1,3
2000 2,3 2,1 2,2 1,2 0,9 0,8 0,6 0,8 0,8 1,5 1,5 1,5 1,4

CLOWD

g
TN
=
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Q

From these data it is possible to draw the following
general conclusions: Throughout the year, cloud cover is greatsst
at 08h00 and decreases towards midday. At least a part of the
morning cloud is derived from fog which frequently forms low stratus
cloud as it disperses (4.1 above). Maximum cloudiness occurs from
about October through to February which coincides with the maximum
incidence of fog and the "rainy period". For the greater part of

the year, cloud covers less than half of the sky.

Along the coast low stratus cloud is more common than at
Gobabeb and it occurs on most mornings (Met. Services of the Royal
Navy and South African Air Force, undated). It is greatest in the
morning throughout the year, and only in May, June and July does it
cover less than half the sky at OBH3D (Table 4.2). However, by
afternoon there is little difference between the coastal and inland

areas.

The low cloud cover over the inland parts of the study
area probably has a minimal effect upon the plants. On thelcoast,
however, cloud cover is probably sufficiently high to influence
factors such as insolation (4.5 below), and evaporation (4.9 below),

and therefore plant growth,
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TABLE 4.2. CLOUD COVER AT WALVIS BAY (OCTAS). (From "Weather on
the coasts of southern Africa" - Met. Services of the
Royal Navy and South African Air Force, undated) Data

are means for a period of 25 years.

MONTH J F M A M J4J J4 A S 0 N D YEAR

08h30 6 6 6 5 .3 3
15h00 2 2 2 1 1 1 2 2 2 2 3 3 2

CLOUD
COVER

4,3 Insolation,

At the present time there are insufficient data on
insolation (the heating of the surface of the earth by direct sun—
shine) to be meaningful. However, insolation is related to sunshine
duration, although these are not the same, as measures of sunshine
duration only indicate that the sun's rays actually reach ground
level. Data for the sunshine duration are available for Gobabeb and

Walvis Bay (Table 4.3 and Table 4.4).

As a result of the -generally cloudless conditions, the
average annual duration of bright sunshine is high inland (10,3 hours
per day, or 86% of the possible duration), and it is only in

January that sunshine duration falls below 80% (Table 4.3).

Sunshine duraticn is inversely correlated with rainfall,
but even during the peribd when rain may be expected (January to May
and August and September, Table 4.13), the mean number of sunshine
hours is still in the region of 80% of the possible duration. This,
together with the high temperature, greatly reduces the effectiveness

of the scanty rainfall.

Insolation is markedly reduced along the coastal strip by
fog and cloud as is evident in the data for Walvis Bay (Table 4.4),
where the annual average of sunshine hours is reduced to 7,2 per day
(or 60 of the possible duration) and there are 7,4 days without

sunshine each year.



TABLE 4.3. SUNSHINE DURATION AT GOBABEB AVERAGED OVER A
PERIOD (1962 — 1972).

DAILY AVERAGE SUNSHINE

MONTH
S
>  DURATION (HOURS)

=
]
3

=
—_—
[}
w

10,3
10,2
9,3
9,9
10,0
10,2
10,4
11,1
11,1
AVERAGE 10,3
TOTAL

Z 0 0O >» L . = >

O

% OF POSSIBLE DURATION

B REBE S

o8R8 383

(s}
-

NUMBER OF DAYS

NO SUNSHINE

c O
- -
O -

O 0O 0 0 0o o o o o
c O O N O =~ N O N W

1,1

oF
POSSIBLE DURATICN

1-10%

o o
N O

O 0 0O 0O 0O oo o oo
O -~ b ONMN O G O W =

1,3

POSSIBLE DURATION

11-49% OF

10,4

=
T

POSSIBLE DURATION

50~89% OF

20,9
14,3

12,8
6,4
4,6
4,7
5,1
9,1

11,0

14,4

13,8

19,3

136, 4

90-100% OF
POSSIBLE DURATION

~.CD
-

-
N
[}

16,9
22,5
25,7
24,2
25,3
21,5
17,8
14,9
14,2
10,9

214,0

10 YEAR

= 363,2

Please Note: The average number of days per annum for which data

are available is less than 365 as a result of mishaps during the

period 1967 — 1972 (M.K. Seely, pers. comm.).



TABLE 4.4. SUNSHINE DURATION AT WALVIS BAY AVERAGED OVER A 5 YEAR
PERIOD (Data from Schulze, 1965).

MONTH

O 2 00 >» ¢c G =x>» T T

AVERAGE
TOTAL

DAILY AVERAGE SUNSHINE

(HouRrs)

DURATION

PINDINI PN O
O O W W 2 0N =~ 0 o 9 W,

~N
-
nN-

% OF POSSIBLE DURATION

60

NUMBER OF DAYS WITH : -

- NO SUNSHINE

| 72,4

.OF

— 0%
POSSIBLE DUBATION

|

S e N O O0ON s
(©2 B > PR AV R S S S\« . T &) B

2,0
1,2
1,6
1,6

18,2

11~ 499

oF

POSSTIBLE DURATION

WS e s NP
W o OO0 N O o ;m

10,2
8,0
8,8
12,1

81,7

80 - 8% OF

— - -
253
NN o

20,0
- 16,9
1,8
14,0

19,6

15,4

19,4

17,2
16,9

204,9

POSSIBLE DURATION

90 - 100% OF
POSSIBLE DURATION

1,7
1,7
1,4
5,4

-

9,7

12,8

1,2

3,7

‘1,6

2,4
1,6
0,4

52,9

= 365,1



38

Comparison of the data in Tables 4.4 and 4.17 shows the
influence of fog on sunshine duration and thus insolation. Minimum
sunshine duraticn coincides with maximum fog incidence, and thus
minimum insolation is experienced from August until January on the

coast (compare with Table 4.3 above).

Reduction in insolation and the extra moisture derived
from the fog (4.7.3 below) are important for the vegetation in the
'fog desert' zore because the effectiveness of the moisture that is

precipitated is increased,
4,4 Temperature,
4,4.,1 Air Temperature,

Over much of the study area the high insolation during
the day and clear skies at night result in hot days and moderately
cool nights (Table 4.5 and Fig. 4.2).

During the ten years for which records are available, the
absolute maximum temperature at Gobabeb has been 42,30 C and the
absolute minimum temperature 2,10 C. Mean daily maxima for the
summer months, January to April, are about 32° ¢ and for the winter
months, June, July and August, about 27° C. Mean daily minima for the
same periods are 14° C and 10° C respectively. The speriodic range
(maximum - minimum temperatures) of the temperature remains fairly
constant at between 15,'70 C and 19,00 C throughout the year.

March and April are the hottest months in terms of both
absolute tempesratures and number of days when air temperature exceeds
35° ¢ (Table 4.5). Even during the coldest months (June to September),
temperatures of less than 5° C are only rarely recorded, and minimum
temperatures of less than this may occur, on the average, on three days
in July and less frequently between May and September ; Table 4,5).
Notwithstanding the general pattern of cooling off in the evening
(Fig 4.2), minimum temperatures of greater than 20° ¢ may occur in all
months except January, June and July and are most frequent in February,
March, April and May.
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TABLE 4.5. AIR TEMPERATURE AT GOBABEB AVERAGED OVER A PERIOD

OF 10 YEARS (1962 - 1972).
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AIR TEMPERATURE AT WALVIS BAY AVERAGED OVER A 25 YEAR
PERIOD (1916 — 1941), (Data from Weather Bureau Publ.

TABLE 4.6.

19, 1954).
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Frost has not been recorded at Gobabeb. If, however, a
minimum ‘ten’pemtum of less than 3° C within the Stevenson screen
is teken as the criterion for the occurrence of light frost (Schulze,

1965), then Gobabeb experiences frost-temperatures in June and July.

No data are available for the weather station in the eastern
part of the study area, situated at Ganab (1 000 m a.s.l.; Map 2).
In view of the higher altitude and greater distance from the sea, it
is to be expescted that minimum temperatures in winter will be lower
than at Gobabeb. Conversely, the summer maxima may be expected to be
higher because the cooling influence of the Benguela Current probably

does not extend this far inland.

In the coastal region temperatures are somewhat lower than
at Gobabeb. The mean daily maximum and minimum temperatures are
21,9° ¢ and 11,7° C respectively, with absolute values of 40,0° C
(maximum daily temperature) and -3,9° C (minimum daily temperature)
at Walvis Bay. The range is also smaller than inland, being between
7,8° C and 14,1° ¢ (Table 4.6). Diurnal variation in air temperature
follows the same pattern as at Gobabeb (Fig. 4.3), but the annual
variation is slightly different, with the hottest month being April
(Table 4.6). Although July, September and October have minimum
temperatures of 0°c or less, and between May and September
minimum temperatures are less than a3° C, frost has not been recorded
at Walvis Bay during the period covered by the data (Weather Bureau,
1954),

The major influence of air temperature is probably its
effect on evaporation and transpiration. Even during the cool season
the low temperatures along the coast are unlikely to be as significant
to plant growth as water availability. It is possible, however, that
air temperature.may be significant in delimiting plant-gesogrephical
units in the Namib Desert, as is the case in the Middle East (Zohary,
1973), but this hypothesis requires closer investigation.



TABLE 4.7. MEAN MGNTHLY SOIL TEMPERATURES AT GOBABEB AVERAGED OVER A

10 YEAR PERICD (1962 - 1972). (NB Surface temperatures were

only recorded for the period 1967 - 1972).
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4.4,2 Soil Temperature.

At Gobabeb s0il temperatures have besen recordsd at depths
of 10, 20, 30, 60 and 120 cm beneath bare soil for tsn ysars, and for
five ysars (1967 - 1972) at the surface (Table 4.7). Average monthly
surface temperaturss are predictably high and temperatures of 60° C
or greater occur from November until February. The meam monthly
minimum surface temperatures vary from sbout 9°¢c in July end August te Juét
over 20° C in Novemba® and Dscember. Lowest surface temperatures are
recorded at 08h00 throughout the year. Below 30 cm the soil temperature
fluctuates little either diurnally or seasenally (Table 4,7).

Comparison betwsen the data in Tables 4.1, 4.3, 4.5 and

4.7 show the relationships between cloud cover, insolation (or sunshine
duration), air temperature and soil temperature. Soil temperatures are
most clossly related to mean air temperature and number of hours of
sunshine duration and, to a lesser extent, to cloud cover. It is
interesting to note that surface temperature of the soil is more clossly
related to sunshine duration than to air temperature, while soil
temperature at greater depths is more closely related to the air
temperature,

High incident radiation produces repid heating of the surface
soil, and summer temperatures are high; even when sunshine duration is |
lowest the surface heats up quite considerably during the daylight
hours (see temperatures at 14h00, Table 4.7). However, the dry air and
lack of plant cover allows repid re-radiation, and by 08h00 surface '
temperature is not very much higher than the minimum air temperature.

At greater depths the temperature fluctuates less because loss of heat
by conduction is a slow process by comparison to radiation. Not only
does soil at depths of greater than 30 cm lose heat more slowly during
the night than at the surface, but heat is also retained during the
cool season : as sunshine duration decreases temperature at depth does
not decrease greatly. In fact, except during the hottest part of

the day temperature at depth in the soil is higher than at the surfacs.

In view of the low aerial cover of many of the plant
communities for much of the year, the temperatures recorded at the



MONTHLY WIND DTRECTION FREQUENCY (%) AND MEAN VELOCITY (V

TABLE 4.8.

km/hr) FOR EACH OF EIGHT DIRECTIONS AT GOBABEB, AVERAGED

OVER A 5 YEAR PERIOD (1962 -~ 1967). (Data from Schulze, 1969)
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Research Station's weather station (Table 4.7) may be taken as
representative for much of the study area. Soil temperatures of

this magnitude must have some influence upon the vegetation, if only
because evaporation from the surface soil will be increased. Most

rain falls at the period when soil temperatures are highest (Tables
4.1 and 4.7}, and any rain, especially from light showers, which falls
during the warmer part of the day is likely to be lost by evaporation.
Further data are required before the effects of the high soil

temperatures on seeds, seedlings and mature plants can be determined.
4.5 Wwind.

Schulze (1969) gives data on direction frequency,
velocity and diurnal variation of wind speed at Gobabeb for the period
1962 ~ 1967 (Tables 4.8 and 4.9 and Figs. 4.4 ard 4.5 to 4.16). Less
comprehensive data are given for Valvis Bay by the Meteorological
Services of the Royal Navy and South African Air Force (Tables 4.10,
and 4.11 and Figs. 4.17 to 4.21).

It can be seén from these that the inland parts of the
study area receive winds mainly from the north, north-west, west and
south-west at mean velocities to 18 km per hour during the summer
months. In winter, however, the predominant direction is east or south-
east, and wind speeds are, on the average, higher‘(the mean maximum
velocity is 21 km per hour). As noted earlier (4,1.1 above), diurnal
variation of direction is marked, and at Gobahbeb greatest diurnal
variation occurs during the summer months. In summer the wind blows
from the north (that is, it is a land-breeze) until about 10h00. By
this time the land is heated sufficiently to reduce air pressure to
below that over the sea and the wind backs to west-south-west (the sea-
breeze) till 19h00, before veering back to north as the land cools off
at night. During winter, direction is south-east until about 10h00,
then it backs all around the compass to become south east again at
about midnight. This winter pattern of wind direction is probably
'because the sea-breeze is weaker (even at the coast) in winter, and

does not penetrate so far inland (Table 4.11).

At the coast the situation is essentially the same as

inland (Jackson, 1951 p 34; and Table 4.11), except that the alternation
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MEAN MONTHLY DIURNAL. VARIATION OF WIND VELOCITY (km/hr)

AT GOBABEB AVERAGED OVER A 5 YEAR PERIOD (1962 - 1967).

TABLE 4.9.

(Data from schulze, 1969).
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Figs. 4.5 - 4.16. Wind roses, showing the direction fregquency of winds

of different velocities at Gobabeb. Concentric circles
represent 5% frequency intervals, with the central

circle representing a frequency of . Numbers within
the circles indicate the number of hours of calm,



TABLE 4.10. MONTHLY WIND DIRECTION FREQUENCY (%) FOR EACH OF EIGHT
DIRECTIONS AT WALVIS BAY, RECORDED TWICE DAILY. FREQUENCY
"AT 08h30 AVERAGED OVER A 10 YEAR PERIOD AND AT 15h00
AVERAGED OVER A 5 YEAR PERIOD. (Data from "Weather on
the coasts of southern Africa" - Met. Services of the

Royal Navy and South African Air Force, undated).

TIME MONTH N NE E SE S SW W NW CAM
RECORDED
J 21 6 2 g a 2 1 5 58
F 16 5 1 1 3 3 2 a 65
M 14 5 0 D 3 1 1 2 73
A Vi 5 3 2 3 2 1 o 7
M 3 3 vi 3 2 2 1 0o 7
J 3 7 16 5 3 1 0 1 65
08h30 J 2 6 11 4 4 2 1 0 71
A 5 3 5 6 4 1 0 1 74
s 9 7 4 a 5 1 0 1 68
0 10 8 3 3 5 4 2 2 63
N 15 8 2 3 3 2 1 4 B2
D 21 6 0 0 a4 3 2 7 57
YEAR 1 6 4 3 4 2 1 2 68
J 2 0 0 0 6 S0 29 14 0
F 0 0 0 0 5 6 23 6
M 0 0 0 0 5 5 23 7 2
A 0 0 0 0o 11 61 10 3 14
M 1 1 0 0O 18 63 8 5 a4
J 3 o 1 0 18 a6 14 9 10
15h00 J 3 1 1 0o ' 17 53 8 9 8
A 2 1 o 1 23 54 8 6
S 0 0 1 0 18 54 10 AT
0 0 0 0 0 19 56 9 5 10
N 2 0 0 o 1B 63 10 5 5
D 1 0 0 0 9 59 16 7 8
YEAR 1 0 0 0 14 54 14 7 7
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TABLE 2,91, WIND OIRECTION FREQUENCY (%) IN EACH OF THREE VELOCITY

CLASSES AT WALVIS BAY, RECORDED TWICE DAILY, DATA AT

08h30 AVERAGED OWVER A 30 YEAR PERIOD AND AT 15h0C AVERAGED
OVER A 5 YEAR PERIOD, (Data from "Weather on the coasts of
southern Africa" -~ Met. Services of the Royal Navy and
South African Air Force, undated).

TIME MONTHS VELOCITY % FREQUENCY FROM :

RECORDED (km/hr) N NE E SE S Sw W W CAM
DEC 6 - 25 19 5 1 1 4 3 1 6 60
to 26 - 50 - - - - - - - - -
FEB 51 - 75 - - - - - - - - -
MAR 6 - 25 8 4 a3 2 3 2 1 1 76
to 26 - 50 - - - - - - - - -
MAY 51 - 75 - - - - - - - - -

08h30 , ‘
JUN 6 - 25 3 5 7 5 3 1 - 1 70
to 26 - .50 - - 2 - - - - - -
AUG 51 - 75 - - 2 - - - - - -
SEP 6 - 25 11 7 3 3 5 3 1 2 65
to 26 - 50 - - - - - - - - -
NOV 51 - 75 - - - - - - - - -
DEC 6 - 25 1 - - - i 38 21 8 4
to 26 -~ 50 - - - - s 22 1 1 -
FEB 51 - 75 - - - - 11 - - -
MAR 6 - 25 - - - - 4 36 13 5 7
to 26 - 50 - - - - 3 24 1 - -
MAY 51 - 75 - - - - - 1 - - -

15n00
J 6 - 25 3 i 1 - 7 33 8 9 8
to 26 - 50 - - - - 41 17 - - -
AUG 51 - 75 - - - - 1 1 - - -
SEP 6 - 25 1 - - - 3 27 9 6 9
to 26 - 50 - - - - 12 28 - - -
NOV 51 75 - - - - 3 2 - -
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of land- and sea-breezes is more pronounced.

Inland and at the coast south-east and east winds occour
during the winter months (Figs. 4.5 to 4.16 and Figs. 4.17 to 4.20).
These are the Berg winds (4.1.1 above), and some of the hottest and
driest conditions occcur during "east wind weather"; in 1972 an air
temperature of 46° ¢ and relative humidity of less than 1% at 1BHDG
was noted when a Berg wind wés blowing (pers. obs.). The effects of
these winds frequently extend to the coast (Meteorological Services

of the Royal Navy and Scuth African Air Force, undated].

In contrast to the dryness of the Berg winds, the westerly

winds often carry fog as far inland as Gobabeb, and even Mirabib (Map 2).

Wind is an important ecological factor in the study area
because of a number of diverse effects : It influences climatic
factors such as evaporation, fog incidence and temperature, which in
turn influence the vegetation. It alsoc affects the habitat directly in
that sand movement is caused by wind (Plate 2). Wind also acts as an
agent of seed dispersal, as was observed during strong east wind

conditions in May 1972. Clouds of Stipagrostis ciliata seeds were

noted being carried by the wind and accumulating against obstructions
in the vicinity of Zwartbank (Map 2). At the time the only known
populations of this species large enough to produce such quantities
of seed occupied the plains in the vicinity of Mirabib, some 70 km

distant (Map 2).
4,6 Sandstorms.,.

Caonsidering the sparse vegetation cover over much of the
area north of the Kuiseb River and the vast areas of shifting sand
dunes south of the River, sandstorms are only to be expected. At

Gobabeb these occur throughout the year, except in March (Table 4.12).

Since the incidence of such storms is low, it is difficult to discern
any trends, but they appear to be more common between May and November.
No correlation between sandstorms and the available wind data (Table 4.8)

is evident.



TABLE 4. 12. MEAN MONTHLY INCIDENCE OF SANDSTORMS AT GOBABEB AVERAGED
OVER A 10 YEAR PERIOD (1962 - 1972).

MONTH J F M A M J J A S 0 N D YEAR

No. OF

bavs 0:5 0,5 0,0 0,4 0,8 1,0 0,5 0,8 1,0 0,8 0,9 0,5 7,7

Sand movement may be important to the growth of plants in
the dune areas, as it may either bury the plants or expose the root

systems. It is this instability of substrate that restricts Stipagrostis

sabulicola to the lower slopes of the dunes or to sheltered sites where
wind action is not so severe (Plates 13a and 15). Where wind-blown

sand is trapped by plants such as Acanthosicyos horrida or Salsola

nollothensis large hummocks are formed (Plates 13a and 30). Wind-

blown sand has contributed to the development of the Sandwich Harbour
salt marshes (3.3.1 above) and to raising the level of the marshes by
continued deposition of sand. This process will cause further changes

in the future, and will thus alter the .vegetation in time.
4.7 Precipitation.
4.7.1 Kinds of precipitation.

In the study area precipitation occurs in three ways : As
rain, usually falling as light showers, although heavy falls do occur,
they are frequently very localised and may be of short duration (pers.
obs.); In the form of condensation of moisture from fog; As hail,

although this was_not observed at all during the present study.
4,.7.2 Rain.

Over the ten years for which data are available, rainfall
at Gobabeb has averaged 18,7 mm per annum, with a maximum for a 24 -
hour period of 16,5 mm (Table 4.13). Although trends cannot be
accurately assessed over such a short period, it is evident that most
rain falls during summer (January to March) and there is a minor

"rainy period" in spring (August and September). The summer maximum



TABLE 4.14. MEAN MONTHLY AND ANNUAL PRECIPITATION AT WALVIS BAY,
(Data from "Weather on the coasts of southern Africa" -
Met. Services of the Royal Navy apd South African Air
Force, undated).

MONTH AVERAGE MAX TMUM NUMBER OF
PPT. PPT. IN DAYS WITH
A 24 hr PRECIPITATION
PERIOD
(mm) (mm)
J 0,0 2,8 0
F 0,0 7,6 1
M 2,5 26,1 1
A 2,5 7,6 1
M 0,0 0,0 0
J a,0 0,0 0
J 0,0 - 0,0 0
A 0,0 0,0 0
s 0,0 0,0 0
1] 0,0 0,2 0
N 0,0 6,0 0
D 0,0 c,0 0
YEAR 7,6 26, 4 3

No. OF YEARS o5
OF OBSERVATION



is related to the predominant wind direction, as most of the rain in
the Central Namib Desert seems to be derived from moist air moving

from the north over South West Africa.

TABLE 4.13. MEAN MONTHLY AND ANNUAL PRECIPITATION AT GOBABEB AVERAGED
OVER A 10 YEAR PERIOD (1962 - 1972).

MONTH  AVERAGE MAXIMUM NUMBER OF DAYS WITH PRECIPITATION
PPT. PPT. IN IN VARIOUS CLASSES
A 24hr
PERIOD
(mm) (om) 2 0,1 mm > 1,0mm > 10,0 mm 2 25,0 mm
J 2,2 5,4 1,5 0,5 0,0 0,0
F 1,8 2,8 0,9 0,3 0,0 0,0
M 5,6 16,5 1,6 1,2 0,2 0,0
A 1,2 5,0 0,8 0,2 0,0 0,0
M 1,6 5,5 0,6 0,3 0,0 0,0
J 0,4 2,4 0,4 0,1 0,0 0,0
J 0,3 1,9 0,3 0,1 0,0 0,0
A 1,6 12,0 0,5 0,3 0,1 0,0
5 1,6 1,7 0,6 0,4 0,1 0,0
0 0,7 3,6 0,3 0,2 0,0 0,4
N 0,9 2,0 0,7 0,4 0,0 0,0
D 1,0 3,3 0,5 0,2 0,0 0,0
YEAR 189 16,5 8,7 4,2 0,4 0,4

Rainfall is lowest at the coast and increases inland. At
Walvis Bay average rainfall is approximately 7,6 mm, falling in
January, February and March (Table4.14 opposite), while Swakopmund
receives about 15 mm per annum (Werger and Colaris, 1975). The
eastern edge of the study area, on the other hand, receives about 100 mm

per annum (Walter, 1936).

Over the entire Namib Desert rainfall is very erratic.

According to Schulze (1965) the relative variability (that is,
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variability from one year to the next) of annual rainfall is 80% on
the coast, and about 60% at the eastern edgé. An example of this was
the very wet season of 1933/34 when the qoaétal region near Swakopmund
received between 100 mm and 200 mm (Walter, 1936). This unreliability
of rainfall is probably the main reason for the large contribution of
annual species to the flora, and also the great variability observed

in the vegetation (Ch 5 below). The low rainfall at the coast (Table 4.14)
must be an important factor leading to the sparse vegetation here.

Rainfall is Frequently of the convectional type, particularly
over the escarpment zone, which presumably explains the records of thunder
being heard. This occurs on an average of 13 days per year, mainly in

January, February and March (Table 4.15).

TABLE 4.15 MEAN ANNAUL INCIDENCE OF THUNDER AT GOBABEB AVERAGED OVER
A 10 YEAR PERIOD (1962 - 1972),

MINTH J F M A M J J A S 0 N D YEM

NUMBER OF 2,4 2,4 2,2 0,7 0,3 0,2 0,1 0,2 0,6 1,%" 1,3 1,5 13,0
DAYS :

4.7.3 Fog;

In the study area, the 'fog desert' extends 30 to 40 km
‘inland, although fog may occassionally reach Mirabib and Zebra Pan .
(Map 2 ; pers. obs.). Incidence of fog decreases eastwards; Swakopmund
on the coast has more than 200‘days with fog each year, most of the
'fog desert' has about 180 days with fog conditions (Walter; 1936),
while. Gobabeb has only 39 days with fog (Table 4.16).

‘TABLE 4.16. INCIDENGCE OF FOG AT GOBABEB AVERAGED OVER A 10 YEAR PERIOD
(1962 - 1972).

MONTH J F M A M J J A S Q0 N D YEM

NUMBER OF

DAYS WITH 2,3 3,9 2,9 3,1 1,8 1,5 2,3 2,8 4,5 6,0 3,7 3,9 38,7
FOG AT .

08h00



In contrast to the high frequency of fog occurrence gquoted above and
observed during the study periocd, it appears as though fog incidence
may vary considerably along the coast, as some data for Walvis Bay

indicates that fog was only recorded on 60 days per year during the

three years of observation (Table 4,17).

TABLE 4.17. INCIDENCE OF FOG AT WALVIS BAY AVERAGED OVER A 3 YEAR
PERIOD. (Data from "Weather on the coasts of southern
Africa" — Meteorological Services of the Royal Navy and

South Africa Air Force, undated).

MONTH J F M A M J J A S 0 N D YEAR

NUMBER OF 2 1 4 5 8 M 8 8 5 1 5 2 &0
DAYS WITH
FOG

Although these data are very much lower than those guoted for
Swakopmund, no details are given for them. It is possible that they
are not comparable with regard to site, time and even nature ( that is,
whether the observations refer to specific times or to the whole day)

of observation.

At Gobabeb fog can occur during any month, but it is most
frequent from September to February (with a maximum in October -
Table 4,16 ). This demonstrates the significance of the south-westerly
winds to the climate : From September until February these winds are
most frequent, with a maximum during October (Figs. 4.5 to 4.16 above).
South-westerly winds carry moist air inland, and this correlation is

therefore to be expected.

In contrast to the situation at Gobabeb, maximum incidence
of fog at Walvis Bay is from March to September, with October having
no recorded fog (Table 4,18). It is difficult to suggest possible
explanations for these observations, but they may be as a result of
the calm conditions during the morning from March to August whereas
from September to February North or north-east (that is, offshore) winds

are more frequent (Figs.4.17 to4.20).



a7

TABLE 4.18. MONTHLY FREQUENCY OF FOG AT WALVIS BAY AVERAGED OVER A
5 YEAR PERIOD. (Data from "Weather on the coasts of
southern Africa" - Meteorological Services of the Royal

Navy and South African Air Force, undated).

MONTH J F M A M J J A 5 0 N D
08h00 1 1 3 a 5 6 6 2 - 2 1
12h00 - - - - 1 1 1 2 1 - 1 1
20h00 - - - - - 1 - 1 1 - 1 -

As these data show, fog may persist throughout the day in

June, August, September and November,

The guantity of water derived from fog is difficult to
measure, but Walter (1936) recorded annual precipitation of 40 — 50 mm
and a maximum of 0,7 mm for one day at Swakopmund. These values are
similar to those recorded in the Peruvian Desert, where between 5 mm
and 43 mm (depending upon the site) were recorded [Ellenberg, 1959).
Although Walter (1936 and 1962) maintains that this amount of
precipitation is not very significant for plants as it only penetrates
1 - 2 cm into the soil and therefore dries out rapidly, this is only so
on the flat plains or exposed rock surfaces. Where the moisture is
concentrated, for example, in cracks and crevices on rock outcrops
or around stems and under canopies of plants or where the soil
surface is protected from direct sumshine thus reducing temperature
and evéporation, it is of ecological significance. This may be inferred
from the distribution of plants along cracks and at the bases of
boulders. A clear example of this phenomenon, albeit rather artificial,
is the concentration of plants along the drip-line of roofs of buildings
at Saddle Hill in the Southern Namib Desert (Robinson and Giess, 1974).

Welwitschia mirabilis has been shown to obtain moisture directly from

fog through the stomata (Bornman et al, 1973], while the correlation
of the distribution of some species with the fog belt (see Ch 5 below)
provides further evidence that fog is indeed a significant source of

water.

Measurements presently being made at Gobabeb indicate that
the amount of moisture precipitated depends to a large extent upon
the characteristics such as aspect, slope and probably wind velocity

at each site (pers. obs.). The effects of different kinds of substrate



have not been tested yet, but they tooc may be expected to play a
role in the amount of moisture which is obtained by plants from the
fog. Ellenberg (pers. comm.) emphasised that significant amounts
of water will only be derived from fog if gentle winds (blowing at
speeds of about 8 km per hour) blow against rising ground. Under
such conditions moist air is continually coming into contact with
rising ground, being forced upward rapidly and cooling, and the water
condenses and is deposited. In the Peruvian Desert it is only above
200 m a.s.l. on the seaward slopes of the mountain ranges that fog
precipitation reaches appreciable proportions (Ellenberg, 1959;
Werger and Colaris, 1975).

In the study area fog may also have indirect effects on the
biological components of the system, Louw (1972) has shown that dry

Stipagrostis sp. grass absorbs moisture when relative humidity

increases. This moisture is then available to animals which feed on

the grass .

In conclusion, it appears as though fog is a significant
source of moisture, at least for the maintenance of plant and animal
life, even if it does not provide sufficient water for the germination
and establishment of new plants. It is probably effective for a distance
of about 35 km inland in the study area and is of most importance on
Zwartbank and other mountains in the fog belt, where optimum

conditions for condensation of moisture are to be found,
4,7.4 Hail.,
Hail is uncommon as a form of precipitation, although it

has been recorded during March and September (Table 4.19). It is

probably too infrequent to be of any real significance.

TABLE 4.19 . INCIDENGE OF HAIL AT GOBABEB AVERAGED OVER A 10 YEAR
PERIOD (1962 - 1972).

MONTH J F M A M J J A S 0 N D  YEAR

NUMBER OF
DAYS WITH O 0 0 0O 0,1 O 0 0o 0,1 0O 0 0

'HAIL

0,2



TABLE 4.20, MEAN MONTHLY DIURNAL VARIATION OF RELATIVE HUMIDITY AT
GOBABEB (%) AVERAGED OVER A FIVE YEAR PERIOD (1962 —
1967) . (Data from Schulze, 1969). '

MONTH HOURS, S.A.S.T.
02 04 06 08 10 i2 14 16 18 20 22 24 MEAN

J 78 84 B5 82 63 43 33 31 35 44 57 69 59
F 81 86 8 84 64 43 33 33 35 45 57 V7D 60
M 67 74 77 76 86 37 28 28 31 38 47 56 51
A 60 64 67 67 83 34 25 25 30 40 46 53 a7
M 46 47 48 49 38 25 20 19 24 33 37 42 36
J 52 54 54 53 43 30 22 21 26 37 43 49 40
Jd 52 54 54 54 43 28 21 21 27 38 45 50‘ 41
A 57 60 62 62 49 34 26 24 29 40 49 54 45
S 66 69 71 70 53 39 27 25 30 38 852 60 50
0 73 77 78 73 852 34 26 25 29 39 52 64 52
N 75 80 82 74 853 34 26 25 28 39 55 66 53
D 79 82 B84 78 58 38 30 29 32 42 57 70 57

YEAR 65 69 71 659 52 35 26 25 30 39 80 59 a9
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4.8 Relative humidity.

Over most of the study area the air is generally rather
dry, with monthly mean values of relative humidity of about 60% in
summer and 36% in winter (Data for Gobabeb, Table 4.20). During fog
conditions relative humidity may be as high as 100% (although it
decreases rapidly after the fog disperses), while on individual

days values of as low as 5% have been recorded (schulze, 1969) .

Humidity at the coast is higher and fluctuates less during
the day and through the year. At Walvis Bay the maximum is about 95%
and the minimum about 48% (Table 4,21).

Over the entire area maximum relative humidity is recorded
between 04h00 and 08h00 and lowest values are noted at between 14h00
and 16h00 (Figs. 4.21 and 4.22).

100 = F
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30 o B

20 - -
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Fig. 4.21 Mean annual diurnal variation of relative humidity at

Gobabeb.



TABLE 4.21. MEAN MONTHLY DIURNAL VARIATION OF RELATIVE HUMIDITY AT
WALVIS BAY (%) AVERAGED OVER A ONE YEAR PERIOD (1942).
(Data from Weather Bureau, Publ. 19, 1954).

MONTH HOURS, S.A.5.T.

02 04 06 08 10 12 14 16 18 20 22 24 MEAN

J 87 88 89 89 77 71 72 75 82 856 87 82

F 89 90 90 90 86 79 74 73 777 84 87 88 84

M 950 90 91 919 B8 79 72 72 77 85 87 88 84

A 88 88 B8 90 8 76 69 66 70 78 82 85 81
M 75 75 76 76 69 59 54 54 5 69 71 74 68
J 74 75 78 77 74 71 61 60 66 74 78 76 72

J 77 6 73 73 66 58 48 51 57 69 75 78 67
A 88 8 90 90 87 77 71 70 77 81 85 87 83

S 91 8983 93 93 90 83 78 78 B3 8 90 92 88
0 91 92 93 91 8 81 77 78 8 90 B4 88 87

N 94 95 94 93 B89 80 77 75 8 91 93 93 88
D 90 92 91 91 8 79 76 76 79 8 87 93 85
YEAR ~ 85 87 87 87 8 75 69 69 74 81 84 &9 81
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Fig. 4,22 Mean annual diurnal variation of relative humidity at

Walvis Bay.

Plant growth may be assisted by the higher relative
humidity during the growing season as this will reduce transpiration
rate slightly, but it is only during fog that humidity is really
high. At the coast the evaporation rate is likely to be considerably
reduced, partly as a result of high relative humidity, making fog

precipitation more effective,
4.9 Evaporation.

Evaporaticn is high over most of the Namib Desert, but may
be expected to be most severe inland and to decrease towards the
coast in response to lower insolation (4.3 above), temperature (4.4.1
above). and higher humidity (4.8 above). The only available. data on

evaporation are for Gobabeb. Clearly, evaporation is greatest in
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November, December and January (Table 4,22), and is considerably in

excess of precipitation (cf. Table 4,14 above).

TABLE 4.22. MEAN MONTHLY EVAPORATION FROM AN A — CLASS EVAPORATION

| PAN AT GOBABEB AVERAGED OVER A 10 YEAR PERIOD (1962 — 1972),.
MONTH J F M A M J J A 5 0 N D YEAR
EVAP.(mm) 346 306 325 281 265 219 230 240 282 307 344 357 3502

Such high evaporation rates as these mean that any water
which does not soak into the soil very soon after falling will be lost .
It is obvious that evaporation is significant in vegetation development
but there are insufficient data available to determine whether the area

may be meaningfully divided into different zones of evaporation .



Chapter 5. RESULTS AND DISCUSSION
Introduction

The basic natural community of-the Braun-Blanquet system
is the association (Braun-Blanquet, 1932, 1964) and was defined by
Schrdter and Flahault; in 1910, as "a plant community of a definite
floristic composition, presenting a uniform physiognomy and growing
in uniform habitat conditions. The association is the fundamental
unit of synecology," (Braun—Blanquet, 1932, 1964; Werger, 1973a).
Therefore, in any study where the Braun-Blanquet system of classifi-
cation is followed, the lowest syntaxon is the association, and it
is named after one or two taxa occurring in it, with the suffix

—~etum following the generic name(s).

In this work, however, the species groups are simply
termed communities, This approach is followed because the area
covered by the survey did not extend over the distribution area of
the majority of the species which should be sampled before any
hierarchical system is delineated (Werger, 1973a, pp. 102 and 113;
1973b), and therefore it is not desirable to indicate the rank of
the vegetation units. A similar approach was used by Poore (1955),
who simply termed the species groups "noda", and Schmidt, 1975,
who also used the term "community" when dealing with only a part of
the distribution range of east African grassland species. It is
anticipated, however, that most communities will be shown to be of
at least association rank, in which case the names of the communities
will be used with the appropriate suffixes. Because no community is
assigned a particular syntaxonomic rank the species used to differen--
tiate it are termed simply "differential species" (See Chapter 2
aboye]. Further wdrk is required before it can be decided which of
the species are true character species and which are strictly only
differential species (see Chapter 2 and Werger, 1973a for further

discussion and definitions of these terms).

In the following sections the plant communities are placed
into six groups (Tables I - VI). This is largely on the basis of
physiography and floristic similarities. Thus Commuhities of similar
landscape units (see 3.3 abowve) and species composition are grouped
together. Within a community group in the Tables relevds are arranged

with the westernmost plots at the left of the group. This arrangement
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is followed because of the climatic and altitudinal gradient from west
to east (Chapters 3 and 4, and Map 2). Exceptions are for relevés of
clearly transitional nature, in which case they are plotted according
to species composition, irrespective of geographical location. Data
from heterogenous, transitional or fragmentary relevés may be
valuable when further data become available since minor communities
may only be recognised at this stage (Westhoff and Den Héld, 1969;
Werger, 1973a), therefore all relevés were used in compiling the
Tables. This approach should be compared with that of Tlixen, whereby
such relevés are not used in constructing the phytosociological table
because they obscure the association boundaries (See Werger 1973a,

p. 96).

5.1 The salt marsh system

5.1.1 General

Sandwich Harbour (Map 2 and 3,3.1 above) was the only site
in the study area where salt marshes were found, and here the marshes
were about 5 km2 in extent. Elsewhere in the Namib Desert, communities
similar to those described from Sandwich Harbour were found at Anichab
" Pan (north of Lideritz Bay), Spencer Bay, Conception Bay, Meob Bay,
at Wortel (a marshy area just south of Walvis Bay), between the Khan
and Swakop Rivers (Map 1) and in the lower courses of the rivers of
the Northern Namib Desert (Giess, 1969; Robinson and Giess, 1974;
Seely, pers. comm; pers, obs.). With the exceptions of Anichab Pan
and the site between the Khan and Swakop Rivers in the Namib Desert

Park, all these areas were at or close to the sea,
5.1.2 The salt marsh communities (Table I)

5.1.2.1 The Typha latifolia community (Table I)

Differential species. Typha latifolia; geophyte; differential

against all communities.
Slope of sites : Average 0°S5'; Range 0° to 3°00; s.0.1°09°".
Aspect : Variable,
Number of vegetation strata : 2, occasionally 1.
Aerial cover : Average 72%; Range 45% to 100%; S.D. 23%.
Number of species : Average 2; Range 1 to 3; S§.0. 1,03.



Plate 5

Plato 5



Plate 5

Bandwich Harbour, October 1973; salt marsh habitat in the Namib
Desert. The foot slopes of the dunes (A) were colonized by Eragrostis
cyperaoides, while the Phragmites australis sub-community (Bi occured
on the edges of pans (D). C represents the former site of a stand

of the Typha latifolia community. 1In September 1972 this was a

dense stand of Typha clones, but by the time the photograph was

taken not a living plant remained.

Plate 6

Sandwich Harbour, October 1973. A healthy stand of Typha latifolia
at the northern end of the lagoon system. The slope of the bank

is evident, and many of the clones were rooted in permanently
flooded soil -(A). Egyptian geese, White-backed Pelicans and Red-
—knobbed Coots can be seen in the background,




Description of the community:

Habitat. (1) General.

This community occured on sloping banks of creeks (relevés 189 and 192,
Table I) where substrate was permenently flooded (Plate 6) and around
pools with very gently sloping banks where flooding occurred twice a
day, at high tide, and where the soil remained wet during the period

when it was not flooded,

(2) Substrate.
Soil was a mixture of fine sand and mud rich in organic material and

may be exemplified by the following profile descriptions:

(a) Relevé 409, situated on the low-lying edge of a tidal creek.
Most of the plot was permanently submerged, the rest being flooded
by the high tides. Typha latifolia was in excellent condition (no

leaves were chlorotic and many clones were reproducing vegetatively)

at the time of the survey (October, 1973). Slope was moderate for

the community (0°20').

0 - 0,05 m 1light brown sandy soil with dark mottles of organic
material.

0,05 - 0,25 m dark grey-brown loamy sand.

0,25 - 0,50 m 1light brown loamy sand.

(b) Relevé 411, situated at the edge of a pan on the marsh, Flooded
twice daily, but none of the plot was permanently submerged. Many

of the Typha latifolia clones were dead in QOctober 1973 and even the

rhizomes were rotting. The site was flat.

0 - 0,05 m orange-brown loamy fine sand,

0,05 - 0,25 m black organic mud with numerous undecomposed stems and
leaves, When the sediment was disturbed hydrogen
sulfide was released, suggesting anaerobic conditions.
This was not evident in relevé 409.

0,25 - ? m grey sandy soil., The water level prevented sampling
below 0,35 m.

thsiognomz.

A community of tall (approximately 2,5 m) monocotyledonous plants
with a ground layer (up to 0,20 m tall) of grass and succulent forbs,
covering up to 50% of the plot on tidal sites. In one relevé ( 185,
Table I) the sedge, Scirpus dioicus formed an intermediate stratum

of between 0,30 and 0,50 m tall and covered 5% of the area.




Distribution.
In the study area this community occurred at Sandwich Harbour.

Accompanying speciss.,

Geophyte:
Scirpus dioilcus

Hemicryptophytes:
Arthrocnemum affine - most common on flat sites where the
water table was high and the soil

showed what appearsd to be an anasrchbic
layer,
Scirpus littoralis

Sporobolus virginicus - especially on the more steeply sloping

sites where the water drained away

rapidly sfter flooding.

This community was formerly more widesprsad than at present (Sesly,
pers. coamm.; Berry, pers. comm.), and in the period 1972 to 1974 the
area covered continued to decrease {pers. obs.). At the time of the
study it occurred around only a few creeks and pools, and the mast
healthy stands (that is, those in which the clones were producing

new shoots and with no signs of necrosis on the leaves), occupied
creak arms where frashwater from éhe Kuiseb River entered the lagoon
3.3.4 above). Since all relevés were taken in the same season (spring;
August 1972 or October 1973), the observed differences could not be
ascribed to seascnal differences, in spite of the plant being a

cryptophyte.

5.1.2.2 The Arthrocnemum affine community (Table I).

Differential species: Arthrocnemum affine, a leafless, succulent

Hemicryptophyte:; differential sgainst all
other communitias. ,
Slope of sites: Flat (only relevé 208 had measurable slope, of Gb15').
Aspect : Not spplicabla.
Number of wvegetation strata: Usually 1, but in relevés 412, 413 and
174 there were 3 strata.



Aerial cover : Average 84%; Range 50% to 100%; S.D. 20,5k.
Number of species : Average 2; Bange 1 to 4; S.D. 1,11.

Description of the Community:'

Habitat, (1) General,

The community occurred on flat sites which were submerged daily by
the high tide (relevés 412, 415 and 200) or when above this level,
they were very wet (Plate 8); groundwater level being 0,10 m or less
below the surface (relevés 174, 208 and 176). One relevé was taken
-from a phytocoenosis of intermediate habitat, being flooded only by

the high spring tides.

(2) Substrate.
Soil varied between a mixture of sand and mud which was very similar

to that of the Typha latifolia community (relevés 412 and 413) and a

sandy soil such as supported the Sporobolus virginicus community

(relevé 415), On the wetter sites soil was rich in organic matter,
probably a result of the associated anaercbic conditions which reduce
the rate of decomposition, Evidence of the anaerobic conditions was
found in the evolution of hydrogen sulfide on disturbance. Two

profiles are described to show the extremes of substrate recorded.

(a) Relevé 413, situated in a very slight depression some 40 m from
a lagoon channel and about 0,30 m above mean sea level, was flooded
only by spring high tides and during storms (pers. obs.). Dead clones

of Typha latifolia occurred in the stand (Plate 5) at the time of the

survey-(October 1973), and no signs of regeneration were found on

subsequent visits in April, September and December 1974, which

indicated that this was not a seasonal die-back but represented a

response to some unknown adverse conditions. The occurrence of

crystalline salt on the surface (see below) suggests that die-back

may have been associated with increased salinity.

0 - 0,05m light coloured sand with salt on the surface.

0,05 - 0,10 m dark brown loamy sand. —

0,10 - 0,20 m dark brown to black mud and fine sand; extremely wet
-water oozed from the sides of the pit.

0,20 - 0,50 m grey sandy/loamy soil (about 70%sand, 3% loam).

Drier than the dark layer above it.

(b) Relevé 415, situated on the edge of a tidal creek, this site was
flooded to a depth of at least 0,05 m every high tide. The only

species was Arthrocnemum affine,




0 - 0,15 m 1light brown sandy loam, with many living plant roots.
0,15 - 0,50 m grey-brown sandy tc loamy sandy soil.

Physiognomy.

This was a single layered community of succulent forbs and grass
attaining a height of 0,20 m (Plates 7 & 8). Cover was generally
high (100%) although in relevés which were transitional between this

and either the Typha or Sporobolus communities it was lower, with a

minimum of 50% aerial cover being recorded. A taller stratum of
graminoids, grasslike plants (Whittaker, 1971) about 0,60 m tall and

covering between 1% and 30% occurred (see above),

Distribution,

Widespread on the salt marshes of Sandwich Harbour, where it occurred
around most pools and creeks, as well as near the brackish pools

behind the first series of shore dunes,.

Accompanying species.

Sporobolus virginicus

Typha latifolia

Scirpus littoralis

Juncellus 1aeviéatus

Notes.
The position of relevés 412 and 413 require clarification. 1In terms
of species composition they appeared to be more closely related to

the Sporobolus virginicus community than that of Typha latifolia,

because §. virginicus had higher cover-abundance values than T.
latifolia (Table I), and in both relevés many clones of the latter
species were dead.. However, the substrate was unlike soil supporting
the 8. virginicus community: 1in both relevés the soil was plastic

to slightly plastic (a rod could be formed from the moist soil),
indicating a fine fraction (Soil Survey Manual, p. 212), and an
apparently anaerobic layer occurred. (Compare with soils of the S.
virginicus community, below). This supported the hypothesis that
there had been some change, for example in salinity, which has been

respaonsible for the death of Typha latifolia.

Relevé 208 was also atypical. It was situated on the edge of a pool
of brackish water in an interdure valley about 10 m a.s.l. The

substrate was a mixture of dune sand and loam which may explain the
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Plate 7

Plate 8



Plate 7

Flat salt marshes at Sandwich Harbour. The Arthrocnemum affine
community {A) occupied sites which were inundated by every high
tide as the water level in the creeks (arrowed) rose. At slightly
higher levels was found the Sporobolus virginicus community’(B).

Plate 8

Sandwich Harbour; a tidal pan at low tide. A is the muddy substrate
which was submerged to about 0,20 m at high tide. Flotsam, left by
- the high tides when they receeded (B) gave an idea of the depth to
which Arthrocnemum affine stands were submerged. A few dead stems
of Typha latifolia remained (C) as the only indication of a formerly
healthy stand. 8light depressions at the upper level of the marsh
were occupied by Scirpus dioicus (D), while the low dunes (E) were
colonized by Odyssea paucinervis.
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occurrence of Juncellus laevigatus because this species was also

found on sandy substrates colonized by Phragmites australis or

Odyssea paucinervis (Table I).

5.1.2.3 The Sporobolus virginicus community (Table I)

Differential species : Sporobolus virginicus; Hemicryptophyte;

Differential against all other communities.
In the area studied, this community could be subdivided on floristic
and habitat characters into three sub-communities:

(a) Typical sub-community, with Sporobolus virginicus (Hemicryptophyte)

alone,

(b) The Scirpus dioicus sub-community, in which S. dioicus, a

Hemicryptophyte, was differential against the other sub-communities.

(c) The Phragmites australis sub-community, where P. australis

(Hemiéryptophyte], as dominant, and Heliotropium curassavicum

(Chamaephyte) were differential against the other two sub-
communities.

Details of the differences in habitat are given below,

5.1.2.3 (a) Typical sub-community.

Slope of sites : Average 0%04ar; ﬁange 0° to 0020'; S.D. 0007'.
Aspect : Variable,

Number of vegetation strata : 1, very rarely 2. i
Aerial cover : Average 97%; Range 7% to 100%; S.D. 8,3%.
Number.of species : Average 2; Range 1 to 3; S.D. 0,6.

Description of the community:

Habitat. (1) General.

Very similar to the habitat of the Arthrocnemum affine community,

except that it was less frequently flooded because of slightly
greater elevation as the stands occurred further from the lagoon arms

or on raised areas.

(2)  Substrate.

The soil was sandier than that of the typical sites of the Arthrocnemum

affine community. This resulted in better drainage and aeration so
that the organic material was more rapidly decomposed, which accounted
for the lighter cblor, absence of anaerobic cenditions and also
probably in part for the non-plastic nature (see below). Two profiles

are described to show the variation in substrate.



(a) Relevé 414, situated about 30 m from a creek, and 0,30 m above

mean sea level, was flooded occasionally by exceptionally high tides.

The site was flat.

0 - 0,18 m 1light yellowish—-brown, fine grained loamy sand. This
was very slightly plastic.

0,15 - 0,50 m whitish—-grey coarse grained sandy soil which was not
at all plastic. Water was encountered at 0,22 m

below the surface at low tide.

(b) Relevé 416 lay between two creeks, and was about 0,40 m above

mean sea level., The site was flat.

) - 0,05 m sandy loam and stems, leaves and living plant roots.

0,05 - 0,15 m 1light brown loamy sand with a high concentration of
partly decomposed organic material.

0,15 - 0,50 m dark grey-brown sandy to loamy soll which was very
slightly plastic. Water table was at 0,15 m at low
tide.

thsiognomz.

A very dense, single layered community dominated by perennial grass,
that attained a uniform height of about 0,15 m and with few species
(Plate 7). 1In one relevé (181) a shrub layer 1,0 m in height covered
3% of the plot.

Distribution.

The typical sub—community was widely distributed at Sandwich Harbour,
being especially well developed on the broad, flat salt marshes of
the northern and central parts of the lagoon system, Beyond the
boundaries of the study area the community was noted at Spencer Bay
(Robinson and Giess, 1974) and near river mouths and brackish pools

in the northern Namib Desert (pers. obs.).

Accompanying species.

Hemicryptophyte:

Arthrocnemum affine

Chamaephyte:

Heliotropium curassavicum

Nanophanerophyte:

Lycium tetrandrum




PlateIQ

Bt

Plate 10




Plate 9

Sandwich Harbour, at the northern end of the marsh system. A is
the Scirpus dioicus community in the typical habitat - a shallow
hollow with coarse substrate. B is a slightly lower-lying bare
area of oyster-shell shingle which may have indicated the former
course of a lagoon channel.

Plate 10

Sandwich Harbour. 0Odyssea paucinervis formed a dense community

on hummocks at the upper levels of the marshes where flooding never
occurred, and the plant also colonized the lowest slopes of the
dures (B).
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5.1.2.3 "~ (b) The Scirpus dioicus sub-community.
Slope of sites : Average 0°23'; Range 0° to 2°00'; S.D. 0°45'.

Aspect : Variable,

Number of vegetation strata : Usually 2, occasionally 3.
Aerial cover : Average 86%; Range 30% to 100%; S.D. 25,6%.
Number of species : Average‘s; Range 2 to 5; S,D. 1,15.

Description of the community.

Habitat. (1) General.
The typical sites of this sub-community were situated at higher

levels (1,0 m to 1,80 m above mean sea level) than the Arthrocnemum

affine community or the typical sub-community of the Sporobolus
virginicus community. They were never flooded and the coarse grained

substrate improved drainage. Sites were flat or gently sloping.

(2) Substrate.
The typical stands, attaining 500 m2 in extent, were found on soil
with a thin upper layer of fine grained material over coarse sand in
which many shells and little organic matter were found. The water
table varied from 0,50 m (relevé 528) to 0,70 m beneath the surface
(relev8 527). 0One profile (typical for the community) is described.

Releve 527, raised area between creeks, about 1,30 m above mean sea
level. GSite was flat.
0 - D,lD.m whitish brown, fine grained loamy sand/sand with some
‘ litter on the surface,
0,10 - 0,80 m 1light coloured, very coarse sea sand with numerous
shells and shell fragments. Water was encountered at

0,80 m below the surface.

thsiognomx.

This community was usually two-layered; a stratum of tall (1,5 m)
graminoids covering from 60% to 98%, and a ground layer, composed of
graminoids and forbs less than 0,20 m (Plate 9), covering between 2%
and 100%. It was a community with few species, only 6 having been
recorded during the survey. In two relevés (165 and 212), which were
recorded in a dune valley at the southern end of the légoon system,

& third stratum of Phragmites australis (2,5 m tall) covered 5%

and 25% of the area respectively.
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Distribution,

In the study area, the Scirpus dioicus sub-community was only found

al Sandwich Harbour, with'thebbestndevelnped stands at the northern
end of the system: It occupied 1 — 2% of the total area of the salt
marsh. It has also been noted at Anichab Pan, near Lideritz Bay and

at Wortel, near Walvis Bay (pers. obs.).

Accompanying'species.

Hemicryptophytes:
Arthrocnemum affine. Phragmites australis
Odyssea paucinervis - 8Bporobolus virginicus
Chamaephyte:

Heliotropium curassavicum

Most of the larger stands at Sandwich Harbour occured in slight
depfessions, and this, together with the abundance of shells
suggested that these stands colonized the central ppsitions of dried

up lagoon chanrnels. At Anichab Pan, the Scirpus dioicus stamds were

in moister habitat in a large area of Eragrostis cypercides, which

strengthened the impression that the sub—community develops on the

drier parts of the marshes (see also 5.1.2.4 below).

5.1.2.3 (e) The Phragmites australis sub—community.v
Slope of sites : Average 3°02'; Range O° to 24%; s.D. 5°24°,

Aspect : Variable.

Number.of vegetatinn strata : Usually 2, occasionally 1 or 3.
Aerial cover : Average 63%; Range 10% to 100%; S.D. 32,0%;
Number of species : Average 3; Range 1 to 4; S.D, 1,08.

Description of the community:

Habitat. (1) General.

At Sandwich Harbour this sub—community occured in two habitats:
The flat or moderately sloping (0015' to 2000'), sandy areas on .
the duneward side of the pans (Plate 5), and around the brackish
pools in the dures, where the stoloniferous growth habit enabled

Phragmites australis to colonize steep (to 24%) dune slopes.

- (2) Substrate.
On the dune slopes soil was medium grained sand with very little

fine material. On the flatter sites, however, the soil was fine to
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medium grained loamy sand, 1In all cases the substrate was loose,

well drained and aerated.

Physiognomy.
Typically a 2 layered community with tall (D,SO m to 4,0 m] graminoids

as the dominant stratum, covering 2% to 100%. The ground layer
(to 0,20 m tall) was composed of grass and forbs covering between -
2% and 10%. - In some relevés only 1 stratum occurred (relevés 211,
167 and 210), composed of Phragmites australis alone, while in

other relevés (171, 188, 169, 207 and 209) an intermediate stratum

between 0,20 m to 0,60 m and covering %% to 80% was recorded. In
two of these relevés (188 and 169) the tall stratum was absent.

The Phragmites australis sub-community was floristically the richest

in the salt marsh system, having eight species (Table I), but in

spite of this, no relevé contained more than four species.

Distribution.,.

In terms of area occupied, this sub-community was best developed at
the southern end of Sandwich Harbour, although a few stands also

occured elsewhere on the marshes. Stands of the Phragmites australis

sub-community were observed at Wortel (near Walvis Bay), at the
Walvis Bay sewage oxidation ponds, at a pool of brackish water near
the confluence of the Swakop and Khan Rivers (Map 1) and in the
lower reaches of many rivers in the northern Namib Desert (Giess,

1969; Robinson, 1974, unpublished report).

Accompanying species,

Géophyte:

Scirpus dioicus

Hemicryptophytes:

Arthrocnemum affine Sporobolus virginicus

Juncellus laevigatus

Chamaephytes:

Acanthosicyos horrida Lycium tetrandrum

Notes.
Two relevés (188 and 169) were included in the sub-community,

despite the absence of Phragmites australis, because the other

differential species, Heliotropium curassavicum, was present and

covered an appreciable area (Table I).



5.1.2.4 The Odyssea paucinervis community. (Table I).

Differential species. QOdyssea paucinervis; - Hemicryptophyte;

differential against all other communities
when dominant.
Slope of sites : ‘Averate 0°19'; Range 0O° to 100",
Aspect : Variable.
Number of vegetation strata : 1, rarely 2.
Aerial cover : Average 67,2%; Range 3% to 100%; S.D. 29,2%.
Number of species : Average 1,3; Range 1 to 2; S§.D. 0,52.

Description of the community.

Habitat. (1) General.

Dry hummocks or the foot-slopes of the sand dunes between 1 m and
4 m above mean sea level, where flooding never occurred (Plate 10).
On flat sites, where cover was highest, a humus layer occurred with

fhe plants emerging through the mulch.

(2) Substrate.
This is exemplified by the profile recorded from relevé 417, which
was on a gently sloping (UOBD') terrace about 1 m above mean sea
level.

0 - 0,25 m whitish~braown, fine to medium grain sand and
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undecomposed grass stems and leaves; loose consistence.

0,25 - 0,70 m brown, medium grain loamy sand; loose to seft

consistence. Water encountered at 0,50 m.

Physiognomy«

This community was dense (Plate 10), with aerial cover exceeding S50%,

composed of a single grass stratum, about 0,30 m tall, with flower
culms attaining more than 0,40 m. Only occasionally were there

more than two species per relevé. (Table I).

Distribution,

It was only recorded at the northern end of Sandwich Harbour, but

see below.,

Accompanying species.,

Hemicryptophyte:

© Juncellus laevigatus

Chamaephyte:

Heliotropium curassavicum
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Notes.

It was extremely difficult to distinguish between QOdyssea paucinervis

and Sporobolus virginisus in the vegetative state. Conseguently it

is possible that Odyssca paucinervis was overlooked during expeditions

to other parts of the Namib Desert and also at Sandwich Harbour. The
community may therefore have been more widespread than indicated by

the present study.

5.1.3 Discussion of the relationships of the salt marsh

communities,

Floristic relationships.

As shown (Table VII, communities 1 - 4) the differential species were
most freguent in specific communities even though there was considerable
floristic overlap between communities (Table I). 1In an attempt to
quantify floristic similarities, Sprenson's coefficient of similarity,

calculated as
2c x  100%
a + b

where the two communities contain a and b species respectively and
there are c species common to both [Brieg~8mith, 1964), was calculated

for all pairs of communities.

The Sprenson coefficient of similarity, which is the same
as Czekanowski's coefficient of similarity (Curtis, 1959; Grieg-Smith,
1964) was chosen because: It was easy to compute; the sampling
technigue employed to collect the data was not suitable for the
application of statistical tests which require objective sampling
because stands were selected for homogeneity and as being representative
of the vegetation type under consideration (Werger, 1973a); due to
chance variation between samples, species lists from small samples
of a large population were unlikely to be identical (Grieg-Smith,
1964; Rayner, 1967), rendering the added computation required for
more involved coefficients unrewarding (compare with Daubenmire,

1969, p. 77 who expressed similar dDuth].

A complication that affected the magnitude of the similarity
coefficient was that samples were of unegual size since communities
were not all represented by the same number of relevés. This made
it unlikely that any pair of communities could have similarity
coefficients of 100% (Grieg-Smith, 1964). The total number of species

and the number in each stand also influence the value of the
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coefficient as an indicator of similarity between communities
(6rieg-Smith, 1964, p. 178), since if the total number of species is
small, even a few species common to both communities will produce

high coefficients of similarity.

For these reasons, coefficients of similarity are used
only as indicators of floristic similarity between communities. As
such, they give a measure of the number of species common to pairs
of communities, which is a measure of the uniqueness of the community,
while also taking some account of the number of species in each

community.

Communities of the salt marshes which had high floristic
similarity, defined here as a coefficient of similarity of 50% or

higher, were the Typha latifolia and Arthrocnemum affine communities

(80,0%), the Scirpus dioicus and Phragmites australis sub-communities

(71,4%), the Sporobolus virginicuS‘[typical).and Phragmites australis

sub~communities (50,0%). These may all be explained simply. Three

of the pairs belong to a single.community, the Sporobolus virginicus

community (Table I and 5.1.2.3 ), where floristic similarity is

fully expected. The high similarity between the Typha latifolia

and Arthrocnemum affine communities is due to sampling and the fact

that the latter community follows the former in the course of
succession (see below). Sampling influenced the species composition

because some relevés were taken where Typha latifolia was dying out

and the area was being invaded by Arthrocnemum affine (releves 410

and 411), This was not recognised until the communities were
delimited in the tables.

Ecological relationships.

The communities described here are possible seral stages in plant
succession on the salt marshes and are represented diagramatically
in Fig. 5.1. Ecological relationships are clearly reflected by the
floristic relationships, serving to verify the delimitation of the

communities,

The sere occupying the wettest habitat was the Typha
latifolia community (sea-weed communities were not found during the
survey), which frequently occupied permanently submerged soil,

Even where it grew on more exposed situations, the sites were always
flooded regularly. Where the land level has risen, partly by

deposition of mud from the sea and partly by sand which is carried
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from the dunes by wind, Arthrocnemum affine replaced Typha latifolia.

Exceptions were found where either the land rose steeply on creek
banks, for example, so that there was no zone of intermediate flooding,

where the Sporobolué virginicus (typical) sub-community followed

directly; or on coarse grained, unstable substrates where the

succession led directly to the Phragmites australis sub-community

(Plate 5). From the Arthrocnemum affine sere the course of succession

is strongly influenced by site and kind of substrate. O0On flat or
gently sloping sites with moderately fine-grained, stable substrate

the Sporobolus virginicus (typical) sub-community followed. However,

on coarser and unstable substrate (as was often found on steep dune
slopes) and sites where tidal flooding did not occur (although the

water table may be high), the Phragmites australis sub-community

developed. On sites with a sub-surface coarse soil, which will 1éad

to rapid drainage and fluctuation of groundwater levels, the typical

Sporobolus virginicus sub-community gave place to the Scirpus dioicus

sub-community at higher elevations (Plate 8).

Elsewhere, Odyssea paucinervis formed the final stage of

succession on the salt marshes, although it graded into the Eragrostis
cyperoides community on the lower slopes of the dunes (blate 10).

The Eragrostis cyperoides community was confined to the foot slopes

of dunes, and is therefore not considered as part of the salt marsh
system. Where substrate was unstable, the typical sub-community of

the Sporobolus virginicus nodum may be followed by the Phragmites

australis sub—community rather than the Odyssea paucinervis community.

5.1.4 Syntaxonomic position of the salt marsh communities

(a) Classification into higher taxa

The Typha latifolia and Arthrocnemum affine syntaxa of the Sandwich

Harbour marshes can be formally classified at this stage. The
classification followed is that of Chapman (1960) whereby'syntaxa
which are believed to be seral are differentiated from climax ones
by use of the prefix "Eco-", while the prefix "Coeno-" is used for
naming communities which are dominated by different species of the
same genus and occupy similar niches in the succession. In these

terms the classification of the Tyéha latifolia and Arthrocnemum

affine communities is:
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Order Phragmitetalia; communities dominated by Phragmites

australis, Scirpus spp., Typha spp.,
and others. v
Alliance Eco-Phragmition; comprises associations with Scirpus
| spp«, Typha spp., and Phragmites
australis as the Character Species.,

Association Halo-Typhetum; Typha latifolia is the Character Species.

(See’below for a discussion toncerning the Phragmites australis and

Scirpus dioicus sub—communities).

Order Coeno-Salicornetalia; communities dominated by
Salicornia spp., Suadea spp., and

Arthrocnemum spp.

Alliance Fruti Salicornion; comprises associations with

Arthrocnemum, Salicornia, Sesuvium, and

other genera as the Chatacter Taxa.

Association Eco-Arthrocnemetum; Arthrocnemum affine is the

. Character Species,

Until the syntaxonomic position of Sporobolus virginicus is clarified,‘

the various sub-—communities comprising the Sporobolus virginicus

community of Sandwich Harbour cannot be classified inte higher taxa.
Because little other data are available from other sources, and the

study does not cover the whole range of Sporobolus virginicus it

cannot be established whether this species is only a local, regional »
or absolute character species, and thus the rank of the syntaxon it

characterizes cannot be determined.(Werger, 1973a).

(b) - Comparisons with other salt marsh areas

MacNae (1957) described salt marshes from the Zwartkops River
estuary in the Cape Province. Here, two communities are comparable
with communities at Sandwich Hérbour. At the Zwartkops River

estuary an Arthrocnemetum australaci follows the Spartina maritima

community which is the first terrestrial community and is followed

by a Limonietum ( dominated by Limonium tinifolium) followed, on

muddy substrates, by another Arthrocnemum community. In sandy areas

the last Arthrocnemum community is replaced by Sporobolus virginicus.

Ecologically, both Arthrocnemum communities seem equivalent to the

 Arthrocnemetum of Sandwich Harbour and the Sporobolus virginicus

communities are directly comparable,
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Kassas (1957) describes an Arthrocnemetum occupying the

same ecological position as the Arthrocnemum affine community from

the Red Sea coast, but here the dominant species was A. glaucum.

In Uruguay [South America), an association characterised
by Juncus maritimus contains Heliotropium curassavicum and Phragmites

australis as well as species which do not occur in South West Africa
(Chapman, 1960). Too few details are given to determine the affinities
between this and the Phragmites sub-community of the Namib, but it

does suggest that this nodum may not belong to the Phragmitetalia.

Salt marsh communities similar to the Arthrocrnemum and

SEorobolus communities of the Namib Desert have been described from
South Australia (Chapman, 1960 p 231).

The salt marsh communities of the study area do not seem
to fit into any of Chapman's (1960) major salt marsh seres. There

are affinities with the Mediterranean sere (the Arthrocnemum nodum),

but Limonium (a genus typical for the sere) and the sere climax,

dominated by Juncus acutus are absent. At the same time there is

some relationship between the Sandwich Harbour communities and

communities of Australian salt marshes (see above).

5.2 The sand dune system.

5.2.1 Introduction.

The dune habitat of the central Namib Desert (3.3.2 above) poses

serioué problems for plants, With the exception of the easternmost

edge, precipitation is very low (4.7 above), added to Which, soil
temperatures and insolation are high which result in high evaporation
(4.10 above). In addition, the substrate is unstable, the sand grains
being set in motion by winds of as little as 18 km per hour (Dury, 1966).
To survive in such habitats plants of the Namib Desert dune communities
show a variety of adaptations. The majority of perennial species show
xeromorphy : rolled, hard leaves to reduce the exposed surface area

and resist wilting (for example, Stipagrdstis sabulicola and S.

lutescens); leaves reduced to scales, or spines or absent to reduce
water loss (for example, Acanthosicyos horrida, Eragrostis spinescens

and E. cyperoides); water storing leaves as in Trianthema hereroensis.

Species such as Acanthosicyos horrida show xeromorphic features
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and also have very deep root systems which reach groundwater. Other
plants may be termed “opportunists" (cf Walter, 1962 and Zohary, 1973)
since they grow, set seed and die in a short period following rains,

for example Stipagrostis gonatostachys, an annual grass and Albuca sp.,

a geophyte, grow in the "streets" between the dunes after rain showers.

To cope with the ever moving sand, plants either grow
faster than sand is deposited and in this way form large sand hummbcks

(for example, Acanthosicyos horrida and Stipagrostis sabulicola

(Plates 12 and 13a)), or occupy habitats where sand movement is less

severe (Stipagrostis gonatostachys, Hermannia gariepina and Limeum

fenestratum for example).

Five communities have been identified in the dunes and may

be described as follows:
5.2,2 The sand dune communities (Tables II and III)

5.2.2 .1 The Eragrostis cypercides community (Table II)

Differential Spécies : Eragrostis cyperoides; Geophyte; differential
) against all other communities.

Slope of sites : Average 2°18'; Range 0° to 5°00'; S.D. 1°53'.

Aspect : Variable. o

Number of vegetation strata : Usually 1, occasionally 2.

Aerial cover : Average 61%; Range 25% to 95%; S.D. 23,6%.

Number of species : Average 2; Range 1 to 4; S.0, 1,05,

Description of the community:

Habitat. (1) Gereral.

This community occurred in sandy habitats near the coast. 1In the
study area it was found on the foot slopes of the dunes at Sandwich
Harbour (Plate 11), while in the coastal region north of Lideritz
Bay it occured on the slopes of dunes leading to pans and sand
pediments of mountains (Robinson & Giess, 1974). Sites were gently
sloping or flat and wind action resulted in considerable substrate
movement., At Sandwich Harbour sites were between 2,5 m to 20 m

above mean sea level and were never flooded.

(2) Substrate.
Soil was medium grain sand with a small proportion of fine (loam)
material. It had a loose consistence and there was no differentiation

into strata or horizons. At all sites soil depth was considerably



Plate 11

Plate 12



Plate 11

Sandwich Harbour. This photograph shows a typical stand of the
Eragrostis cyperoides community on medium grain sand of the dunes.

Plate 12

Dunes forming the southern bank of the Kuiseb River upstream
from Homeb. On these dunes Stipagrostis sabulicola trapped
windblown sand and small hummocks formed around the plants.
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greater than 1,0 m, while roots and stolons were found down to a

depth of 0,30 m beneath the surface.

Physiognomy.

A community of one stratum of perennial, hard-leaved grass covering
between 25% and 95%, and from 0,30 m to 0,50 m tall (Plate 11).
Occassionally the scandent, broad-leaved evergreen shrub Capparis
hereroensis was present in this stratum. A ground layer of

Heliotropium curassavicum or Odyssea paucinervis, reaching a height

of 0,15 m and covering 3% to 10% was sometimes found in some stands.
In two stands (relevés 173 and 418), a taller layer (1,0 , to 1,5‘m)

was recorded,

pistribution,

Within the study area the Eragrostis cyperoides community was well

developed only at Sandwich Harbour [Map 2), although it occured from
Anichab Pan near Llderitz Bay (Robinson & Giess, 1974) to the northern

Namib Desert,

Accompanying species,

Hemicryptophytes:

Odyssea paucinervis Phragmites australis
Chamaephytes:

Acanthosicyos horrida Heliotropium curassavicum

Capparis hereroensis

Nanophanerophyte:

Lycium tetrandrum

Notes,
Acocks (1971) considered that grazing has resulted in the replacement

of Ehrharta villosa by Eragrostis cyperoides on the west coast of

South Africa, and thus the Eragrostis cyperoildes community would be

an "artificial" one, maintained by grazing pressure. This replacement was

because Ehrharta villosa was palatable to livestock while Eragrostis

cyperoides was “ungrazable" (Acocks, 1971), resulting in preferential

consumption., In South West Africa Ehrharta villosa only occured as

far north as Llderitz Bay (Merxmueller, 1966-1972). This, together
with the fact that there were few grazing animals at Sandwich

Harbour (Stuart, 1975) was evidence that the Eragrostis cyperoides

community was a natural and not an induced community in the Central

Namib Desert.
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It seemed to be a climax community occupying sandy substrate

close to the coast.

5, 2.2, 8 The Stipagrostis sabulicola community (Table III)

pifferential species. Stipagrostis sabulicola; Chamaephyte/Nancphanero-—

phyte; differential against all communities,
Slope of sites : Average 11026'; Range 0°30" to 300; S.D. 9%aqr,
Aspect : Most Pommonly westerly, but all directions except south were
recorded. LR T
Number of vegetation strata : 1, seldom 2.
Aerial cover : Average 7h; Range 1% to 20%; S.D. 5,%%.

Number of species : Average l1; Range 1 to 3; S5.,D, 0,50.

Description of the community,

Habitat. (1) General.

It oeccurred on the lower slopes of the dunes, or wherever the tufts
ooula gn@w faster than wind-blown sand buried them. The plants formed
hummocks of up to 2 m in height by trapping sand and continuing to
grow through it (Plates 12 and 15),

(2) Substrate.
Medium—grain dune sand which was always of loose consistence. Often
of great depth, from about 1 m near the Kuiseb River, where granite
outcrops, to more than S0 m (estimated from the height of the dunes)
on the dunes. Beneath larger tufts there was frequently a certain
amount of organic matter in the form of g;;ss leaves and fragments of
stems., Fine material, consisting 5% mica grains, was frequently
distributed through the soil at sites close to the Kuiseb River. The
fine material was derived from the mica schists of the Damara system

(3.2 above) and was carried from the river bed by wind action and

trapped by the tufts of grass.

Phxsiognomz.

This was an extremely open community of‘widely spaced tufts of
perennial grass, up to 1,5 m tall, covering much less than 1% of the
dunes. On the hummocks it was up to 2,0 m high and 50 m2 in area; here
aerial cover of up to 2% was recorded. The leaf-succulent,

Trianthema herernensis was frequently noted between the grass tufts

and formed small shrublets up to 0,40 m high.
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Distribution.

(The location of relevés is illustrated in Map 3). In the study area,

the Stipagrostis sabulicola community was found north of the Kuiseb
River, and extended from a few kilometres inland to about 120 km from
the coast.

Outside the study area it was found on the dunes between
WalvisbBay and Swakopmund and the distribution extended as far south

as Lideritz Bay (Robinson & Giess, 1974).

Accompanying species.

Chamaephyte:

Trianthema hereroensis

Notes.
Over large areas of the dunes south of the Kuiseb River the botanical

component of the ecosystem was the Stipagrostis sabulicola community,.

which provided the only cover for small animals,

It is interesting to note that this community closely
resembled the Aristida pungens and Calligonum comosum community

described by Qu2zel (1965) from the Sahara Desert. Both communities

occupies similar habitats (areas of shifting sand dunes), the grass
species formed hummocks from wind-blown sand, and the communities

were physiognomically very similar.

~ Relevé 288 is included in this community despité its

floristic poverty because Trianthema hereroensis was a cammon

companion species in this community and infrequent in others (Table
IIT).

5.2,2.3 The Acanthosicyos horrida community (Table III).

Differential species. Acanthosicyos horrida; Chamaephyte; differential

: against all communities.
Slope : Average 10°26'; Range 5° to 30°; S.D. 9°58°'.
Aspect : Not significant; relevéswere taken on hummocks.
Number of vegetation strata : 1.
Aerial cover : Average 48h; Range &% to 79%; S.D. 21,2%.
Number of species : Average 1; Range 1 to 3; S.D. 0,73,



Plate 13{a}

Plate 13(b)



Plate lS!a!

The Acanthosicyos horrida community in an interdune valley
approximately 16 km downstream from Gobabeb., The hummocks
which had formed around the plants (A) were 3 m high., On
the lower slopes of the dunes (B) Stipagrostis sabulicola
tufts formed the perennial vegetation.

pPlate 13 b!

Acanthosicyos horrida is a leafless, lax shrub armed with sharp
spines., Occassionally branches were flattened and expanded as
shown -here,
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Description of the community.

Habitat. (1) General.

This community occupied areas of unstable sand, but only where
sub-surface water was to be found, or where run-off water was
collected by rock outcrops., - Qbservations in the northern Namib
Desert suggested that the community may also utilize fog moisture

since Acanthosieyos horrida only occurred to about 40 'km inland on

the sand dunes (that.is, in the belt where fog is freguent, 4.7.3
above). In this area access to groundwater was unlikely as the
‘dunes were 150 to 200 m above the level of the Kunene River and
there was no geological evidence to suggest the presence of basins
or aquifers. Further circumstantial evidence supporting this
hypothesis was the absence of large woody plants, such as Acacia

giraffae or Euclea psuedebenus which frequently indicated the

presence of water.

The instability of the substrate made it impossible to
determine the depth to which stems and roots penetrate or the depth
of the water table.

(2) Substrate.
The substrate consisted of medium to fine grained, reddish coloured
sand, the fine fraction often being composed of mica at sites along
the Kuiseb River course. Tt was always loose, and organic material
was frequently present, apparently introduced into the soil by the
large number of nocturnal animals which inhabit the clumps of
Acanthosicyos horrida (Koch, 1961; Scholz, 1972). It usually

exceeded 3 m in depth, except where rock occurred close to the

surface (for example, relevé 442),

Physiognomy.
A community of scattered, lax leafless shrubs up to 1,5 m tall which

occupied sand hummocks that may exceed 500 m2 in extent with cover
reaching 7% (Plates 13a and 13b). There was rarely more than one

species present in a stand.

Distribution,

(The location of relevés is illustrated in Map 3). It occurred from
the coast eastwards to Gobabeb, mainly south of the Kuiseb River,
althaugh some stands were found in sandy areas a few kilometres

north of the river.
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Elsewhere the community has been found as far south as
Anichab Pan, about 40 km north of LlUderitz Bay (Robinson & Giess, 1974),
and as far north as the Kunene River in the northern Namib Desert

(Robinson, 1974, unpublished report).

Accompanying soecics.

Hemicryptophytes

Odyssca paucinervis (in 1 relevé from the coastal area)

Chamaephytes:

Stipagrostis lulescens Trianthema hererocensis

S. sabulicg&g

5.2.2,4 The Stipagrostis gonatostachys community (Table III)

pifferential species. Stipagrostis gonatostachys; Therophyte;

differential against all other communities.
Slope of sites : Average 0°22'; Range 0° to 6930'; S.D. 0°959°,
Aspect : Variable,
Number of vegetation strata : 1.
Aerial cover : Average Fh; Range 1% to 15%6; S.D. 4,3%.

Number of species : Average 1l; Range 1 to 2; S.D. 0,45.‘

Descrintion of the community.

Habitat. (1) General.

The community was found on the flat sites in the streets between the
dunes [Plate 14a), where the substrate was more stable because sites
were less exposed to wind action. A superficial layer of coarse
material, which protected finer material from the wind, was often

present.

(2) Substrate.
Unlike the sand dune communities previously described, this community
frequently developed on shallow soil, as little as 0,08 m deep (Fig.
5.2), overlying calcrete or conglomerate. (See also 3.4.2 above).
The profile description of relevé 33, which was situated in a flat
interdune valley 10 km south of Gobabeb i1s representative.
0 - 0,02 m whitish-red medium grain sand, with a superficial layer
of pebbles (from 2 mm to 8 mm in diameter). '
0,02 - 0,15 m grey-brown, fine grained micaceous sand with pebhbles
and rocks. ‘

0,15 m surface of a solid calcrete layer.



Plate 1d(a[

Plate ld!h[



Plate ld!a[

A wide interdune valley about 40 km south of the Kuiseb River.

The parallel seif dunes (A) were some 50 m high at this point.

In such "streets" between the dunes the Stipagrostis gonatostachys
community developed following rain showers. The site of Plate
14(b) is indicated by the arrow. '

Plate 14(b)

Plants of Stipagrostis gonatostachys were less than 10 cm tall,
ipcluding the flower culm. Notice the large numbers of stones

and pebbles on the surface of the shallow sandy substrate. The
dark coloured stones, mainly dolomite, clearly stiowed "desert
varnish" (a coating of mineral salts deposited when dew evaporated).
Most of the whitish pebbles were quartz.
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thsiognomz.

A single layered community composed almost entirely of the annual

grass, Stipagrostis gonatostachys. It was short (about 0,05 m tall),

and covered less than 20% (Plate 14b). The seeds germinated rapidly
following rain showers of only‘aJFew millimetres and the plants
flower and set seed within a week or two, and then die.(Pers. obs.).
Most of the organic material was rapidly blown away. Despite the low
cover, density may be quite high, for example, in relevé 34 aerial
cover of only 4% was recorded (Table III), but there were between

120 and 150 individual plants per m2.

Distribution,

(The location of relevés is illustrated in Map 3). During the study
period this community was recorded from interdune valleys south of
the Kuiseb River from about 18 km west to 16 km east of Gobabeb.
However, because the community is both short-lived and dependent--
upon 10ca1ised rainshowers, stands were frequently missed, It seemed
likely that it may have occurred anywhere in the dunes of the study

area following rain.

Accompanying species.

Geophyte:
Albuca sp. (only recorded in two relevés in 1972)
Chamaephyte:

Salsola tuberculata (recorded in only one relevé)

Therophyte:

Stipagrostis ciliata

Notes.
Although two of the accompanying species are perennials (Albuca Sp.

and Salsola tuberculata) they occurred so infrequently as to be of nao

assistance in mapping the distribution limits of the community.

In sandy areas from Lideritz Bay to at least Spencer Bay

140 km north, the Stipagrostis gonatostachys community seemed to be

replaced by a physiognomically similar one dominated by Stipagrostis

hermanni and Monsonia ignorata (Robinson & Geiss, 1974 and Robinson,

1974, unpublished data). Further study is therefore required before

the limits of these ephemeral communities can be stated with certainty.
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5.2.2.5 The Stipagrostis lutescens community (Table III)

Differential species. Stipagrostis lutescens; Chamaephyte; differential

against all other communities.
On the basis of geographical distribution, habitat and species
composition two sub-communities were distinguished:

(a) Typcial sub-community. Differentiated by Stipagrostis lutescens

alone.

(b) Limeum fenestratum - Hermannia gariepina sub-community.

Differential species : Limeum fenestratum and Hermannia gariepina;

Chamaephytes; differential against the
typical sub-community and communities of
the Kuilseb River where Eragrostis spinosa

occurs (Table 1v).

¢ Eragrostis spinosa; Hemicryptophyte;

differential against the typical sub-

community.

5.2.2. 5 (&) Typical sub~community

Slope of sites : Average 3°11'; Range 0°10' to 15°; S.D. 4°45',
Aspect : Generally N.

Number of vegetation strata : 1, occassionally 2.

Aerial cover : Average &%h; Range 1% to 2%%; S.D. 5,4%.

Number of species : Average 2; Range 1 to 4; S5,D. 0,78.

Description of the sub—community.

Habitat. (1) Gerneral.

The typical sub-community was found on both sides of the Kuiseb
River; most commonly on the foot-slopes of dunes, in sheltered sandy
areas (Plate lS)k(fDF example, in washes leading to the Kuiseb River
and on sand-talus slopes of rock outcrops). It occurred where water
probably collected after rainshowers or during fog and was likely to
remain available throughout the year. The community attained
optimal development, indicated by larger numbers of species in the
stands, greater plant cover and maximum plant vigour, in the eastern

section of the study area where rainfall was highest.

Sites varied from flat (Plate 15) to quite steeply sloping.
The predominance of north-facing relevés may have been because rain

showers appeared to move over the dune area from a northerly
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direction, at least at Gobabeb.(Pers. obs.), and thus the north-facing
slopes may intercept more precipitation. The data presently available
are insufficiently detailed for this hypothesis to be more than

tentative,

(2) Substrate.
Soil supporting this sub—community consisted of reddish, medium grain,
loose dune sand of variable depth, from 0,10 m to considerably mofe
than 1 m deep (Fig. 5.2), ovérlying a variety of rocks such as
granite, schist and conglomerate (Table III). In some cases (relevé

441 for example), a coarse, superficial layer of pebbles was found.

thsiognomz.

The typical sub-community of the Stipagrostis lutescens community had

aerial cover of between 1% and 2% and may be described as open to

very open., There was usually a single stratum composed of graminoids
between 0,25 and 0,50 m tall (Plate 15). Where a ground layer occurred,
it had low aerial cover (1%) and was very short, usually less than

0,05 m tall. All the species were perennial, and most had perennating
buds borne close to the ground so that they die back during the

unfavorable periods, a propertywhich may serve to conserve water.

Distribution,

(The location of relevés is illustrated in Map 3). This sub—-community
was found from Zwartbank (Map 2) in the west to 20 km east of Gobabeb,
This coincided with the region where fog precipitation was low and
rainfall low and irregular, that is, in the "extreme—arid" region

(3.1 abowve).

Accompanying spécies.

Hemicryptophytes:

-Asthenatherum glaucum Eragrostis spinosa
Chamaephytes:

Salsola tuberculata Trianthema hereroensis

Tephrosia dregeana

Notes.

The small number of species, low cover and occurrence of a single
differential species suggest that this sub~community is, in the
nomenclature of Westhoff and Den Held (1969), an "inops" sub-association,

with the Limeum fenestratum - Hermannia gariepina sub-community as




Plate 15

Plate 16



Plate 15,

South of the Kuiseb River at Homeb, where a large area was ocoupied
by the typical sub-community of the Stipagrostis lutescens community.
On the sand dunes Stipagrostis sabulicola formed large tufts (A),
while Stipagrostis lutescens (C) formed solitary tufts in the valley,
B represents the Stevenson screen housing weather récording
instruments. This site was one of the five automatic-recording
stations set up by the Namib Desert Research Unit.

Plate 16

The south-eastern part of the Namib Desert Park, showing a stand

of the Limeum ferestratum — Hermannia gariepina sub-community,

which has colonized low dunes. The photograph was taken in the late
afternoon, hence the dark colour of the sand. The major plants

were: Stipagrostis lutescens [arrowed), Eragrostis spinosa (A],
Limeum fenestratum (B) and Helichrysum argyrosphaerum (C).
Stipagrostis ciliata flourished in the valleys between the dunes (D).
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the "typicum" sub-association. However, until the syntaxonomic
classification is completed (see S.1 above) it is preferable to order
the communities from simple to complex, which also seems to follow the
east to west environmental gradient found in the study area. This

is why the "inops" form is discussed before the "typicum,"

5,242,5 (b) Limeum fenestratum - Hermannia gariepina sub-community

o
Slope of sites : Average 7003'; Range 2° to 10015'; 5.0, 2°89',

Aspect : Variable,

Number of vegetation strata : Usually 2, occassionally 1; 3 or 4.
Aerial cover : Average 25%; Range 11% to 45%; S.D. 11,2%.

Number of species : Average 7; Range 4 to 9; S.D. 1,72,

Description of the sub—-community.

Habitat. (1) General.

The habitat was the small dunes of the southeastern part of the study
area (Plate 1), where, at an altitude of 850 m above sea level and
130 km inlénd, rainfall was higher (4,7,2 above) and more dependable
than in sites occupied by the typical sub—cohmunity. Well desveloped
stands were found where sand movement was restricted, and therefore
the smaller dunes up to 7 m high and the lower slopes of larger

dunes up to about 15 m high provided the most favourable sites. The

crests of the larger dunes were only occupied by Eragrostis spinosa

and Stipagrostis sabulicola. Slope at all sites was moderate (20 to
10°)

(2) Substrate,
In this sub-community soil consisted of reddish coloured, medium or
fine grained loose sand of considerable (for the study area) depth,

reaching 0,7 m (Fig. 5.2).

thsiognomx.

This community was composed mainly of perennial species usually forming
two strata, a ground layer to 0,15 m tall and a taller stratum of

tall grass and small shrubs of between 0,30 and 1,0 m tall (Plate 16),
covering between 11% and 4%%. The taller stratum was usually the
dominant, covering between 8% and 15% while the ground layer covered
from 2% to 45% (relevé 478). In some relevés as many as four strata
were recorded, for example relevé 471, where there were tree, shrub,

tall grass/small shrub and ground layers. The Limeum fenestratum -




Hermannia gariepina sub—community, with 15 species recorded, was

floristically the richest community of the sand dunes in the study

area, probably as a result of higher rainfall,

Distribution,

(The location of relevés is illustrated in Map 3). In the study area
this sub~community only occurred in the dune belt of the eastern (or

semi-arid, see 3.1 above) region of the Namib Desert.

Further afield, it was recorded from the dunes of the
sime-arid region west of Mariental (Map 1) and near Tsondab vlei,
229551 5, Lat., 15°20' E..Long. (Pers. obs.).

Accompanying species.

Therophytes:

Gisekia africana Stipagrostis ciliata
Sesamum capense '

Geophyte:

Hexacyrtis dickiana

Hemicryptophytes:

Asthenatherum glaucum Helichrysum leptolepis

Brachiaria glomerata

Chamaephytes:

Kohautia lasiocarpa Tribulocarpus dimorphanthus

Microphanerophytes:

Acacia giraffae Parkinsonia africana

Notes.,.
Physiognomically and floristically this sub-community seemed very

similar to the Eragrostis lehmanniana - Asthenatherum glaucum

community described from near Douglas, northern Cape Province (Werger,

1973a). It is also physiognomically similar to the Stipagrostis

amabilis community of the low dunes of the southern Kalahari (Leistner
and Werger, 1973].

‘Dune crests prolong favourable moisture conditions for plant
growth because moisture is absorbed rapidly and deep dessication is
prevented by the mulching effect of the large air spaces between the
coarse sand grains (Leistner, 1967; Leser, 1971 ‘and Leistner and
Werger, 1973). This.is of considerable importance in the eastern

Namib Desert where fairly large amounts of rain may fall during
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showers of short duration. The improvement in the moisture conditions
provides a less harsh environment and allows an increase in the
numbers of species. This accounts for the occurrence of the

comparatively floristically rich and dense Limeum fenestratum —

Hermannia gariepina sub—community in a sand dune habitat, which is

apparently so harsh,

5.2.3 Discussion of the dune communities

5.2.3.1 Floristic relationships (Table VII)

All the differential species except Eragrostis spinosa were virtually

restricted to the communities they characterised (Table VII). The
other species of the communities were also rather restricted and the
only communities with Sgrenson coefficients of floristic similarity

greater than 50% were the Stipagrostis sabulicola and Acanthosicyos

horrida communities where it was 66,7%. The most similar comunity
outside the dune system group of communities was the Calicorema
capitata (typical sub—community) community which shared two species
with the Stipagrostis gonatostachys community giving a coefficient
of similarity of 40,%.

These communities were therefore floristically and

ecologically distinct.

5.2.3.2 Ecological relationships.

With the possible exception of the Stipagrostis lutescens  sub-communities,

the dune communities did not appear to be successionally related.
Each community occupied a specific habitat, they were floristically
distinct and there was no evidence that communities graded intoc or

invaded one another, It is reasonable to suppose that Stipagrostis

gonatostachys might occur on flat sites with Stipagrostis lutescens

following rain showers because the habitats are so similar, but this

has not been observed.

The communities may be ordered relative to the west - east
climatic gradient of the study area (4.1 above and Fig. 5.3), in
which the primary factor seems to be the amount and nature of
precipitation as modified by substrate and availability of ground-water
(5.2.2, i — v above). Environmental factors which differentiate the

habitats from one another may be summarized as follows:



Fig. 5.3 Qistribuytion_of the sand dune communities along the west -
east climatic gradient of the study area. Arrows indicate
axtent of distribution.
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sand dune area

The communities of the fog zone and shifting sand habitats

(Eragrostis cyperoides, Stipagrostis sabulicola and Acanthosicyos

horrida communities] were composed of perennial species, However,
the communities which occurred in the "high" rainfall area (or only
occurred where rainshowers fall) showed an increase in the number of

annuals which were found, although even in the Limeum fenestratum -

Hermannia gariepina sub-community there were a number of perennials.
This indicated that at both ends of the gradient there was sufficient
moisture throughout the year to support evergreen perennials. The

only community composed solely of ephemerals was the Stipagrostis

gonatostachys nodum which occurred where water supply was least
depandable.
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The Eragrostis cyperoides community (5.2.2.1 above)

~ on the lower slopes of coastal dunea;
— substrate was moderataly atable;

- fog was fraguent, and accounted for most of the precipitation.

The 8tipagrostis sabulicala community (5.2.2.2 above)

- on the most exposed, unstable sltes of the dunes;

— water supply ranged from fog—precipitation to rein-precipitation.

The Acanthosicyos horrida community (5.2.2.3 above)
- on sites where ground-water was available or run—off water

collected.

The Stipagrostis gonatostachys community (5.2.2.4 above)

- on more stable sites where substrate was protected from
wind actlan;

- substrate may be shallow and apparently concentrated water
near the surface;

- wholly dependent upon rain showsers,

The Stipagrostis lutescens community (5.2.2.5 above}

Typical sub—community {S5.2.2.5 (a} above)}
~ apparently occupied the most moist sites in the dumaes;
— substrate was unstable, but sites were usually protected from
wind action;

— moisture derived from fog and rain.

Limeum fernestratum - Hermannia gariepina sub—community
(5.2.2.5 (b) above)
—- only accurred where the rainfall was higher and more reliable

than that noted for the typical sub—community.

£.2,3.3 Syntaxonomic position of the communitias

With the exception of the Stipagrostis sabulicola and Limaum fenestratu.

~ Hermannia gariepina syntaxa (dealt with in 5,2.2.2, p 71 and 5.2.7 5

(b), p 78)the communities of the sand dune region of the study area
seem to be unrelated to syntaxa described from comparable regions,
such as the Xalahari (Leistner and Werger, 1973), the Sahara Desert
(Quezel, 1965), or the Middle-fast (Zohary, 1973).



5.3 Communities of the washes, Kuiseb River and rock outcraops

(Table 1Vv)

5.3,1 Introduction: {i) Reasons for grouping these habitats

The low plant cover, together with the nature of the soil results in
high run—off so that much of the precipitation in the Namib Desert.
collects in gullies, drainage lines or washes. Many of the washes are
sand filled (see 5.2.2.5 above) and therefore serve as water
reservoirs retaining moisture for some time after the rains. Rock
outcrops, by contrast, provide numerous cracks and erosion lines where
water collects and remains for some while (3.3.6 above and Channing,
1975). As a result, rock outcrops and washes are rather similar in
terms of water availability, and are relatively moist habitats in

the Namib Desert environment (Walter, 1962). Water is the primary
limiting factor in desert environments, and many other environmental
factors influence vegetation through their influence on water
availability (Shreve, 1951; Walter, 1962; Obeid and Mahmoud, 1971 and
Zohary, 1973 to mention only a few authors), and it is not surprising
therefore that communities of washes and rock ourcrops showed

structural and floristic similarities (Tables IV and VII).

This is in contrast to the communities of the dures and
salt marshes which occupied distinct and rigorous habitats and
therefore had little floristic affinity with any other communities in
the study area. Conseguently, whereas the dunes and marshes communities
could be discussed with little or no reference to the rest of the
Namib Desert system, the communities dealt with in 5.3 cannot be
treated thus. For these reasons a discussion of their relationships

is best delayed until after all the communities have been described,

(ii) Status of the Pechuel-loeschea leubnitziae

and Zygophyllum stapfii communities

Both these communities occupy washes but are placed with the communities
of Table VI because they were floristically more similar to the
communities of this group than to those of the washes and rock outcrops
(Table IV). However, in view of the ecological similarities these

two communities will be described immediately following the Datura

spp. — Argemong ochroleuca community instead of with the communities

of Table VI.




5.3.2 Communities of the washes and rock outcrops

5.3.2.1 The Asclepias buchenaviana community (Table IV)

Differential species. Asclepias buchenaviana; Nancphanerophyte;

| ’ differential against all other communities.
Slope of site : Average 0°13'; Range 0° to 1°00'; s.pn. 0°18'.
Aspect : Generally NW or SW. |
Number of vegetation strata : 2.
Aerial cover : Average 4%; Range 2% to 6%; S.D. 1,4%.
Number of species : Average 4; Range 2 to 6; S.D. 1,42.

Description of the community.

Habitat. (1) General.:

Shallow erosion 1ines,‘usually running westwards towards the coast
and seldom more than 0,20 m deep. The underlying rock type, which
frequently was exposed, was most often plutonic in origin (granite or
pegmatite) although schist, dolomite or calcrete were found. In

relevé 420 a gypcrete crust was reported,

(2) sSubstrate.
Soil was frequently shallow, having an average depth of about 0,20 m
(Fig. 5.2), undifferentiated, and generally with a soft consistence;
only releve 279 had slightly hard soil. The following is a typical
profile: _
Relevé 119. A very shallow drainage line on a flaf plain., Although
no slope could be accurately recorded it was sufficient to collect
significant amounts of water.
0 - 0,02 m 1light brown medium grain sandy soil with a coarse
gravel fraction,
0,02 - 0,20 m 1light brown medium sandy soil, of soft consistence.
From 0,08 m numerous flakes, up to 3 cm in length,"
of bedrock were found

0,20 m upper surface of the mica schist bedrock.

thsiognomz.

This was a very open community of perennial, needle¥1eaved, evergreen
shrubs attaining a height of 2,0 m, and with a sparse ground layer of
between 0,10 m and 0,50 m tall. The dominant plant, Asclepias

buchenaviana, appeared to bear flowers and fruits throughout the

year, indicating that it must be rooted where moisture was continually
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available. The shrubs were widely spaced and cover was low, possibly
a result of competition for water, although no data were obtained
to determine whether root competition actually occurred. The ground

layer can cover 4% although it may be absent altogether,

Distribution.

(The location of relevés is illustrated in Map 4). Within the study
area, the community occurred from just east of Zwartbank (Map 2) to
about 90 km inland, on the gravel plains north of the Kuiseb River.
This was the transition zone between fhe fog desert and the pro-Namib
regions (see 3.1 above), where precipitation was very low (4.7.2

above).

Accompanying species.

Therophytes:

Stipagrostis ciliata (May also occur as a perennial; Werger

1973a and pers. obs.).
Se hirtigluma
§L obtusa

Zygophyllum simplex

Chamaephytes:
Blepharis bossii Salsola tuberculata
Dyerophytum africanum Tephrosia dregg?na
Galenia africana- Zygophyllum cylindrifolium

Kohautia ramosissima

Nanophanerophytes:

Acacia giraffae Pecuel- oeschea leubnitziae

5.,3.2.2 The Acacia giraffae community (Table IV)

Differential species. Acacia giraffae; Macrophanerophyte; with high

constancy and fairly high cover—abundance values
this species was differential against all
other communities.
On floristic and ecological grounds two sub-communities were
recognised:

(a) Typical sub-community; Acacia giraffae, forming a scattered tree

stratum, was differential against other sub-communities.

(b) Acacia albida sub-community; A. albida, Tamarix usneocides, Euclea

psuedebenus, Salvadora persica (Macrophanerophytes], Nicotiana




i

late 17

=
i
=+
e
I+
1=




Plate 17

The eastern boundary of the Namib Desert Park north of Banab.

' On granite mountains a community of shrubs has developed (A),
while the typical sub-community of the Acacia giraffae community
(B) occupied sand washes throughout the study area. Notice
the large, perennial tufts of Stipagrostis ciliata and S.
hochstetterana (C) growing in the wash bed where water was more
plentiful,

Plate 18

A wash near Heinrichsherg showing the typical sub-community of

the Acacia giraffae community from ground level. The trees were
widely spaced, there were few saplings and the ground cover consisted
of tufts of grass and herbs. '
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glauca (Nanophanerophyte) and Chenopodium ambrosicides (Therophyte)

were differential against the typical sub-community. The tree
species were differential against the ephemeral Datura spp. -

Argemone ochroleuca community (5.3.2.3 below).

5.3.2.2 (a) The typical sub-community

Slope of sites : Average 0°27'; Range 0° to 2°30°; s.D. G 49,
Aspect : Variable,

Number of vegetation strata : 2 or 3, occassionally 1l or 4,
Aerial cover : Average 30%; Range 1% to 85%; S.D. 21,73%.
Numbef of species : Average 9; Range 2 to 26; S.,D, 6,51.

Description of the community.

Habitat. (1) General.

The typical sub—community was found in a number of situations: dry
watercourses on the plains, sand-filled basins on inselbergs and the
upper terTacés along the Kuiseb River. 1In all situations either
run—off water accumulated or permanent water was available (Plates
17 and 19).

(2) Substrate.
The soil was usually sandy, consisting of loose, medium, coarse or
gravelly sand, Depth varied from 0,05 m to greater than 0,70 m, with
an average of just over 0,50 , (Fig. 5.2), and the bedrock was
frequently exposed at the surface. None of the profiles examined
showed- significant differentiation between the surface and deeper
layers, which is in agreement with Scholz (1972) who, considering
substrate of the smaller desert valleys, stated that, "No éoil has

developed in this young alluvium."

Phxsiognomz.

This was an open woodland formation (Phillips, 1970) with trees forming
the dominant stratum, although shrubs and dwarf shrubs sometimes
comprised a large part of the cover. 1In the sand washes of the plains
a ground layer of grasses and forbs was usually present between the
widely spaced trees (Plate 18). There were usually three strata: a
tree layer, 3 to 5 m tall, with up to 40% cover; a dwarf shrub layer
(to 0,50 m tall) covering from 1% to 20%; and a ground layer of
variable cover (1% to 60%) and a number of species, which was less

than 0,30 m tall. In some relevés (427 and 262, Table IV) a shrub
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layer, 0,80 to 2,5 m tall and covering 1% to 19% occurred. The
typical sub-community was fairly rich in species, 80 having been

recorded, and a maximum of 26 in a single relevé.

Distribution.

(The location of relevés is illustrated in Map 5). The typical

sub-community of the Acacia giraffae community was found from 30 km

inland to the eastern boundary of the Namib Desert Park and occurred

wherever there were suitable habitats.

More generally, this sub-community seemed to be found

throughout the pro-Namib area.

Accompanying species.

Thallo-epiphyte:
- 1 species of lichen
Therophytes: ‘
Amaranthus thunbergii ' Limeum argute-—coronatum
Anticharis linearis L. sulcatum
Aristida Lotononis platycarpa
Blepharis grossa Mollugo cerviana
Celosia argenteiformis - Monsonia umbellata
Cleome diandra v Ondetia linearis
Citrullus ecirrhosus Polygala pallida
Dicoma capensis Schmidtia kalahariensis
Eragrostis annulata Sesamum capense
Euphorbia glanduligera | Setaria verticillata
E. phylloclada Stipagrostis gonatostachys
Geigeria alata | S. hirtigluma
Gisekia africana S. uniplumis
Heliotropium ovalifolium Tribulus terrestris
H. tubulosum T. zeyheri
Hermannia modesta Zygophyllum simplex
Geophytes:
Ammocharis tinneana Pergularié daemia
Pentarrhinum insipidum 0rnith0910$sum viride
Hemicryptophytes:

(a) Those which frequently do not survive the dry season

Brachiaria glomerata hochstetterana

S.
Crotalaria podocarpa S. obtusa

Stipagrostis ciliata
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(b) Those which are always perennial

Aptosimum angustifolium

Gazania jurineifolia

Asthenatherum glaucum

Cleome 1uederitziana

C. suffruticosa

Eragrostis spinosa

Chamaephytes:

Blepharis bossii

Dyerophytum africanum

Balenia africana

Kohautia lasiocarpa

K. ramosissima

Monechma arenicola

M. genistifolium
‘ Orthanthera albida
Otoptera burchellii

Petalidium setosum

Nanophanercphytes:

Acacia mellifera

Acanthosicyos horrida

Adenclobus pechuelii

Macrophanerophytes:

Boscia albitrunca

Parkinsonia africana

Geigeria ornativa

Indigofera auricoma

Osteospermum microcarpum

P. variabile

Psoralea obtusifolia

Ptycholobium biflorum
Salscla tuberculata

Stipagrostis namaquensis

Sutera maxii

Tephrosia dregeana

Welwitschia mirabilis

"~ Zygophyllum stapfii

Boscia foetida

Pechuel-_oeschea leubnitziae

Phaeoptilum spinosum

Ziziphus mucronata

5.3.2.2 (b) The Acacia albida sub—community

0

Slope of sites : Average ZOOU'; Range 0° to 300; S.D, 603",

Aspect : Variable.

Number of vegetation strata

Usually 3, sometimes 2,4 or 5.

Aerial cover : Average 5%%; Range 11% to 95h; S.D. 26,20%.
Number of species : Average 11; Range 2 to 26; S.D, 8,10.

Description of the sub-community.

Habitat. (1) General.

In the study area this sub-community only occurred along the Kuiseb

River, being found mainly on the first terrace above the river

although in places, where floodwaters were unable to up-root the trees,

it colonized the river-bed as well (Plates 19 & 20). Stengel, in an

unpublished report in 1968 stated, "The Kuiseb is blocked at certain



Plate 19

Plate 20



Plate 19

The Kuiseb River about 12 km downstream from Gobabeb, photographed
from the air in February, 1974. Acacia albida formed a forest
fringing the banks (A), and if trees became well established in

the riverbed they could withstand the floods (E). The gravel
plains north of the river (B) were almost devoid of vegetation and
contrast strongly with the linear oasis produced by the river,

Also identifiable in the photograph are clumps of Tamarix usneoides
(c) and Acacia giraffae trees (D).

Plate 20

The Kuiseb River near Homeb, October, 1972. For the greater part
of the year the riverbed may be used as a road, with an avenue of
tall trees on each side., The Datura spp. — Argemone ochroleuca
community (A] occupied the riverbed for as long as water was
sufficiently close to the surface for roots to reach it.




depths by granite rock, forming a groundwater sill with an immense
storage basin of groundwater.™ Since in such places the water level
is only a few feet below riverbed level, it seems.likely that this

community develops where water is continuously available.

(2) Substrate.
The soil was classified by Scholz (1972) as a young flood-loam (3.4.5
above). It was usually loose to soft, but on the terraces a crust,
varying in 6onsistence from slightly hard to hard occurred quite
.often.  The texture was always fine and there was a great deal of
mica present. Soil depth varied between 0,30 m ahd'considerably'mbre
than 0,70 m (Fig. 5.2). In the dense stands (for example, relevés
432, 468, 438, 452, 347, 341, 444, 445, 357, 484, 448, 447, 450 and
a82, Table‘IV) undecomposed litter and sand formed a"SUperficial'
layer between 0,05 and 0,10 m thick.

Physiognomy.
Acacia albida together with the other tree species formed the only

woodland formation (Phillips, 1970) found in the study area. In most.
cases it consisted of three strata: a tree layer 4 m te 16 m in
height covering 10% to 99%; a shrub layer 1,5 m to 4,5 m in height
and covering less than 20%, although dense stands of the scandent

shrub Salvadora persica sometimes formed thickets raising cover to

70%; the ground layer 0,6 m to 1,5 m tall was usually insignificant -
with less than 10% cover except where the tree and shrub canopy was
open (Plate 21).

Thé ground layer was rich in species of the riverhbed
community (5.3.2.3 below), and was best developed near the river's
edge where water was presumably more abundant. - In a few sites (for
_example, relevés 436, 484 and 467) four strata were found, the -
addition‘beihg a dwarf shrub stratum 0,30 m to 1,0 m tall that covered
between ¥ and 20% of the area. This layer often took the place of
.the shrub layer (for example, in relevés 433 and 434), in which case

the community consisted of tree, dwarf shrub and ground strata.

Distribution.

(The location of relevés is illustrated in Map 5). This sub—commudity'
was only recorded from the Kuiseb and Gaub Rivers (Map 2). Elsewhere,
however, it occurred in many of the larger rivers, such as the
Tsondab, Swakep and Khan of the Central Namib Deserf (pers. obs.).
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Accompanying species.

Thallo-epiphyte:
1 species of lichen

Therophytes:

Argemane ochroleuca

Blumea caffra

Be. garieEina

Calostephane marlothiana

Cenchrus ciliaris

Chenopodium pumilio

Chloris virgata

Conyza bonariensis

Datura innoxia

D. stramonium

Flaveria bidentis

Geigeria plumosa

Helichrysum argyrosphaerum

Geophytes:

Cyperus marginatus

Pentarrhinum insipidum

Hemicryptophytes:

Aspilia eenii

Brachiaria glomerata

Coronopus integrifolius

Cynodon dactylon

Enneapogon brachystachyus

Eragrostis spinosa

E. trichophora

Chamaephytes:

Galenia africana

Hermannia affinis

Psoralea obtusifolia

Solanum nigrum

Nanophanerophytes:

Pechuel-Loeschea leubnitziae

Phaeoptilum spinogsum

Ricinus communis

Macrophanerophyte:

Ficus sycomorus

Heliotropium ovalifolium

Hermannia modesta

Kissenia capensis

Nemesia lilacina

Nicolasia stenocptera

Nidorella resedifolia

Polygonum plebeium
Selago sp.

Setaria verticillata

Stipagrostis hirtigluma
S. uniplumis

Sutera canescens

S. lyperioides

Tagetes minuta

Pergularia daemias

Forsskaolea hereroensis

Indigofera auricoma

Lobelia nuda

(Osteospermum microcarpum

Vahlia capensis

Wahlenberglia androsacea

Sporobolus consimilis

Stipagrostis namaquensis

Sutera maxii

Ruellia diversifolia

Suadea plumosa
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Large numbers of seedlings of Acacia albida germinated in the riverbed

after the floods subsided. Saplings that were not uprooted by
subsequent floods became established in the riverbed, forming dense
stands. This process was observed near Gobabeb where trees attained

a height of 3 or 4 m between 1972 and 1975.

Numerous Tamarix usneocides seeds germinated in the Kuiseb

River bed after the heavy floods of early 1974, during which the river
flowed for 3 months (pers. obs.]. During the previcus years (1972 and
1973) no seedlings of this species were noted, despite frequent
observations being carried out on the riverine vegetation. Whether
the abnormally high germination was a result of the plentiful supply
of soil moisture, or because Tamarix seeds require a long imbibition

period, or of some less obvicus factor was not determined.

The leaves and pods of Acacia albida were an important

source of food for animals such as gemsbok (Oryx gazella), steenbok

[Raphicerus campestris] and the goats belonging to the Topnaar Hottetots

who dwell along the river bank, In the dry months the lower branches
of the trees were heavily browsed, and a large part of the seed crop
was eaten (Seely, Hamilton, Dixon and Stuart pers, comm. and pers.

obs.). Acacia giraffae seed pods were also eaten but to a lesser

extent (pers. obs.). Since many of the seeds ingested with the pods
were not digested (pers. obs.) this-can, as has been observed in the
Kalahari area (Leistner, 1959) serve as an effective dispersal

mechanism, It would be particularly valuable to Acacia giraffaé

as this species has a wider range of possible habitats than A. albida

and will therefore benefit most from widespread distribution,

Water also serves as a dispersal agent for Acacia albida,

the pods and seeds being carried by flood-waters to new sites where
the seeds germinated within a short time of the floods subsiding

(pers. obs.).

5.3.2.3 The Datura spp. — Argemone ochroleuca community (Table 1V)

Differential species. Datura innoxia, D. stramonium, Argemone

ochroleuca, Nidorella resedifolia, Therophytes;

Eragrostis trichophora, Hemicryptophyte, but

behaves as a Therophyte; and Nicotiana glauca,




Plate 21

Plate 22



Plate 21

A well developed stand of the riverine forest at Homeb. Here
the trees attained a height of 15 m and formed a closed canopy
in many places. The shading resulted in a sparse ground layer.

Plate 22

The Kuiseb Biver at Gobabeb, June, 1973, showing the Datura spp.
— Argemone ochroleuca community. A — Datura innoxia; B — D.
stramonium; C — Nicotiana glauca.
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Nanophanerophyte, but usually not surviving for
more than one year; were differential against
all other communities. The absence of Acacia
giraffae and A, albida served to distinguish
this community further.

Slope of sites : Average 0014'; Range OD to 0030'; S.D. DDlD'.

Aspect : Most frequently westerly because of the direction of flow

of the river,

Number of vegetation strata : 2, occassionally 1.

Aerial cover : Average 33%; Range 5% to 90%;18;0. 25,9h.

Number of species : Average 14; Range 5 to 20; S.D. 6,60.

Description of the community.

Habitat. (1) Gereral.

This was an ephemeral community that deveioped in the bed of the
Kuiseb River during the dry season (Plates 20 and 22) and on the
terraces closest to the river, where both light intensity was very
much higher than beneath the canopy of the riverine woodland, and
water was always available because of the presence of rock sills

(5.3.2.2 (b) above). When the river flowed most stands were destroyed.

(2) Substrate.
The underlying rock and soil of this community were very similar to

those of the Acacia albida sub—-community, except that there was

seldom a crust on the surface, and leaf litter was never present

because it was washed away by floods and blown away by wind,

thsiognomz.

As the lists of differential (above) and accompanying (below) species

illustrate, the Datura spp. — Argemone ochroleuca community was

composed largely of annuals (Therophytes), and it was therefore not
surprising that the cover and species composition of stands varied
considerably (Table 1V). ‘The community usually consisted of two
strata, although a third was not exceptional. The upper stratum,
composed'of shrubs, was between 1,5 m and 4,0 m tall and covered
between ¥ and 25%, while the ground layer, which was always present,
was less than 0,20 m tall and covered between Sh to 2. A dwarf
shrub stratum (0,5 to 1,5 m tall, covering 5% to 90%) occassionally

occurred with or in place of the shrub layer.



Distributian,

The community was only found in the Kuiseb and Gaub Rivers in the
study area, but farther afield it occupied most river beds in the

Namib Desert and the pro-fNamib regions.

Accompanying species.,

Therophytes:
Blumea caffra

Cenchrus ciliaris

Chenopodium ambrosioides

Chloris virgata

Caonyza bonariensis

Eragrostis annulata

Flaveria bidentis

Geigeria alata

Gnaphalium lutec—album

Helichrysum argyrosphaerum

Heliotropium ovalifolium

Geophytes:
Cyperus cf. compressus

Hemicryptophytes:
Cynodon dactylon

Eragrastis echinochloidea

E. macrochlamys

E. spinosa
Chamaephytes:

Petalidium setosum

Psoralea obtusifolia

Solanum nigrum

Nanophanerophytes:

Nicotiana glauca

Pechuel— . oeschea leubnitziae

Hermannia modesta

Launaea intybacea

Mollugo cerviana

Palygonum plebeium

Schmidtia kalahariensis

Selago Sp.

Setaria verticillata

Sutera canescens

Tagetes minuta

Tribulus zeyheri

Zygophyllum simplex

Cyperus marginatus

Hypertelis salsoloides

Launaea intybacea

Senecio marlothianus

Vahlia capensis

Sporobolus consimilis

Stipagrostis namaguensis

Sutera maxii

Suaeda plumosa

Nanophanerophytes/Macrophanerophytes:

Salvadora persica

Tamarix usneoides

Macrophanerophytes: (As seedlings or saplings)

A. giraFFae

Acacia albida

Notes.

The Datura spp — Argemone ochroleuca community, maintained by the

regular floods, was the initial or pioneer sere in the riverbed, and

in Clements' (1916) terms it is a flood preclimax community.
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The species lists (above and in Table 1V) reflect the degree
to which the desert flora may be influenced by plants which are
carried into the Namib Desert from beyond the boundaries of the desert

zone. Examples are Datura innoxia, D. stramonium, Argemone ochroleuca,

Conyza bonariensis, Tagetes minuta, Flaveria bidentis, Ricinus

communis (allbexotics), Eragrostis echinochloidea, E. macrochlamys,

Hypertelis salsoloides, and Vahlia capensis to mention only some.

These speciles are transported from the inland areas by wind, water,

and animals. Seeds of Ricinus communis and Datura spp., for example,

are eaten by lLaughing Doves (Stigmatopelia senegalensis) (pers. obs.),

and become established in moist places in the riverbed; in this way
the Kuiseb River and the other Namib Desert rivers form invasion
corridors through the true desert for species requiring more mesic
environments.

As might be expected of a community of annuals growing in a
riverbed, the species compasition varies considerably from year to
year (Seely, PErS. COMM.; PErs,. obs.). Thus, following the three

month floods of 1974, 5enecio eenii and Mesembryanthemum guerichianum,

which had not been recorded from Gobabeb at all during 1972 or 1973,
pcocurred in large numbers in the river at the Research Station. Thus
the species list presented in Table IV is probably incomplete and
only presents those which could be expected in most years in the

riverbed,

Nicotiana glauca did not appear to tolerate flooding of its

roots. Evidence for this observation was that plants growing in the
riverbed or close to the edge of the first terrace above the river
died off within a few weeks of the floods, even though they suffered

no visible damage.

5.3.2.4 The Pechuel-loeschea leubnitziae community (Table VI)

Differential species. Pechuel-loeschea leubnitziae; Nanophanerophyte;

this species was differential against all
other communities.
Slope of sites : Average 1016'; Range 0° to 70; s.D. 27231,
Aspect : Mainly westerly, since most washes run towards the sea.
Number of vegetation strata : 2.
Aerial cover : Average 11%; Range 3% to 20%; S.De 6,56%.
Number of species : Average 7,5; Range 2 to 19; S.D, 5,83.
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Description of the community.

Habitat. (1) General.
This community occupied shallow, sandy drainage lines on the plains,

The bhabitat was rather similar to that of the Asclepias buchenaviana

community (5.3.2.1 above), except that the washes were broader and
the substrate considerably more sandy.
(2) Substrate.
Suil depth was very variable, from 0,06 m to more than 0,70 m with an
average depth of 0,45 m (Fig. 5.2). It overlay a variety of rock
types (granite, schist and marble, Table VI). Calcrete occurred
guite fregquently (37,5% of the relevés — Table VI) as a superficial
deposit. It was possible to distinguish different layers, and the
following profile was typical for the community:
Relevé 134, situated in a broad, shallow wash on the plains NNE of
Gobabeb,
0 - 0,02 m 1light brown, gravelly soil with quartzite pebbles, and
stones of schist, calcrete and quartzite.
0,02 - 0,50 m 1light brown, medium to coarse grain sand, of loose
consistence.
0,50 m stones and pebbles forming a solid layer.
(In June, when the profile was examined, the soil was moist from a
depth of 0,15 m, Unfortunately no rainfall data were available for
the site and therefore it was impossible to determine for how long

the soil remained wet following rain).

Phxsiognomz.

This was an open community of scattered evergreen shrubs (Plate 23).
Two strata were usually present: the shrub layer of 0,50 m to 1,5 m
in height and covering 2% to 16%; and the ground layer (less than
0,30 m tall) covering 1% to 8%. Dwarf shrubs occurred in some stands,

but did not constitute a stratum as they were too few in number.

Distribution,

[The location of relevés is illustrated in Map 4). The Pechuel-| ceschea

leubnitziae community occurred from about 250 m above sea level at
Zwartbank to an altitude of nearly 750 m above sea level at Mirabib
(Map 2), that is, in the "extreme arid" region (3.1 above) between

the fog desert and the pro-Namib regions.,
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Accompanying species.

Therophytes:
Aristida parvula Heliotropium tubulosum
Euphorbia phylloclada Lotononis sp. (R 102)
Gisekia africana Stipagrostis gonatostachys
Heliotropium oliveranum Zygophyllum simplex
Geophytes:
Ammocharis tinneana Hexacyrtis dickiana
Hemicryptophytes:

(a) Thsoe which frequently behaved as Therophytes

Brachiaria glomerata Stipagrostis ciliata
Helichrysum herniarocides S. hochstetterana
H. leptolepis S. obtusa

Indigofera auricoma

(b) Thsoe which were nearly always perennial.

Gazania- jurineifolig Geigeria ornativa
Chamaephytes:

Galenia africana Psilocaulon salicornioides

Kohautia ramosissima Stipagrostis lutescens

Monechma arenicola Sutera maxii

Pentzia hereroensis Tephrosia dregeara

Petalidium setosum Zygophyllum cylindrifolium

Orthanttera albida Z. stapfii
Nanophanerophytes:

Acanthosicyos horrida Asclepias buchenaviana

Notes.
This community occupied habitats which were very similar to those of the

Acacia giraffae (typical sub-community) community (p 86 above).

The communities were floristically distinguishable (Table VII), but the
only recorded abiotic differences between sites supporting the
communities was soil depth (Fig 5.2).

The Acacia giraffae community was found on deeper soils,

although there was considerable overlap between the communities

(Fig 5.2). It seems reasonable to suggest that Acacia giraffae has

a deep root system which reaches groundwater, while Pechuel- oeschea

leubnitziae, being a smaller plant, does nat have such a deep root
system. In the shallower spils supporting the shrub community Acacia
giraffae may be forced to develop a shallow root system, and the

trees may then not be able to withstand the very dry periods
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Plate 23

A shallow wash on the plains north of Mirabib. In the
Pechuel- oeschea leubnitziae community an open shrub layer
was formed by the nominate species (A), while Stipagrostis
ciliata tufts accounted for much of the cover of the ground
layer QB).

Plate 24

A saline wash north of Hotsas, showing a stand of the
Zygophyllum stapfii community. The surface of the soil
was covered by a hard crust composed of salts and fine
material (leam) (A), and sites were frequently stoney;
here a number of quartz stones could be seen (B). The
succulent-leaved, dwarf shrub (C) was Zygophyllum stapfii
which formed an open community to about 1,0 m tall.

The schists of the Damara system are much intruded by
igneous rock, and here (D) a quartz dyke is most conspicuous.
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as well as the microphyllous shrub can. The same sort of situation
has been described for Prosoéis spp. and Artemesia tridentata in the
American deserts by Carter (1964) and Robertson (1972), and may be

the ecological explanation for the existence of the Pechuel- oeschea

leubnitziae and Acacia giraffae communities as distinct entities.

Relevé 158 (Table VI) was clearly heterogenous since sbecies

of the Stipagrostis obtusa, Petalidium setosum, Petalidium variabile

and Commiphora glaucescens — Anthephora pubescens noda were all

present. However, it was plotted with the Pechuel- oeschea leubnitziae

community because of the higher cover and abundance of this species.
The data give no clue as to the cause or significance of the floristic

heterogeneity.

5.3.2.5 The Zygophyllum stapfii community (Table VI).

Differential species. Zygophyllum stapfii; a leaf - succulent Chamaephyte
‘ Alone this species was differential against all

other species - compare with the Zygophyllum

stapfii sub-community of the Salscla tuberculata
community, 5.4.2.2 (a) below.

Slope of sites : Average 1°13' ; Range 0° to 3° ; S.D. 0°54'.

Aspect : Not significant as stands were almost flat.

Number of vegetation strata : 1 or 2.

Aerial- cover : Average 13%; Range 2 to 60%; S.D. 16,4%.

Number of species : Average 3; Range 1 to 10; 8.D. 2,53.-

Description of the community.

Habitat. (1) General.

The cbmmunity colonized drainage lines on rock outcrops and inland
saline washes eroded through schists. At many sites salt crystals were
found on the soil surface or along the water channels (Plate 24). Slope
of the sites was usually very slight (Table VI) and water tended to
collect in the wash bottoms. '

(2) Substrate.
Soils supporting this community were frequently saline, with salt or

gypsum, and usually quite deep (average, 0,53 m, but varying from 0,10 m
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to 0,70 m, Fig 5.2). In some stands a hard salt/clay crust was formed,
but in most cascs the dry consistence was soft. The extreme types of

soll supporting stands of the Zygophyllum stapfil community are

described below.

(a) Relevé 27. Situated in a sandy wash between schist ridges where

there was no crust or sub-surface salt layer, although a pool of saline

water occurred about 1 km further down the wash. There was no vegetation

near this pool.

] - 0,02 m surface layer of whitish quartz pebbles.

0,02 - 0,15 m whitish brown, medium grain sand.

0,15 - 0,50 m whitish brown coarse sand with numerous guartz pebbles and
stones,

When this site was examined (May, 1972) the soil was visibly moist from

0,10 m beneath the surface. Rain had fallen about three weeks previously,

(b) Relevé 96. This site was in a deep, broad wash. A salt-water spring
emerged about 30 m from the site. The soil was extremely saline
(crystals of salt lined cracks and edges of the water courses] and the
surface was extremely hard when dry (see also 3.4.7 above).

0 - 0,02 m irregular, brownish crust of hard soil. ‘

0,02 - 0,50 m fine grained loamy mica sard with many quartzite pebbles.
The hard crust reduced evaporation so that the sub-surface socoil
remained molst, providing a suitable habitat for plants which could
tolerate the saline conditions. Blue-green algae colonized the under-

surfaces of the up-thrust blocks of the crust.

Physiognomy .
This was a community of succulent-lesved dwarf shrubs occcupying the

most saline siites supporting vegetation. In such inhospitable habitats
there were too few plants to constitute layers in most stands. Where
the cover was sufficiently high for strata to be distinguished, the
dwarf shrubs, 0,20 m to 0,50 m tall, covered between 2 and 20% while

the ground layer, less than 0,20 m high, covered between 1% and 10%.

Distribution.

(The location of relevés is illustrated in Mep 4). From Zwartbank in
the west to the longitude of WMirabib in the east (Map 2). The differen-

tial species, Zygophyllum stanfii, was common rorth of the Swakop

River, and particularly plentiful on the Welwitschia Flats between the

Khan and Swakop Rivers (Map 1). However, being oubside the study area,



the stands in these areas were not sampled and their syntaxonomic
relationship with the Zygophyllum stapfii nodum described here cannot
be determined at this stage.

Accompanying species.

Therophytes:
Cleome diandra Mollugo cerviana
Eragrostis annulata Zygophyllum simplex

Euphorbia phylloclada
Hemicryptophytes:

(a) Those which frequently behaved as Thercphytes.

Brachiaria glomerata Stipagrostis ciliata

(b) Those which were almost always perennial.

Cleome luederitziana Osteospermum microcarpum

C. suffruticosa Sesuvium sesuvioides

Grielum sinuatum

Chamaephytes:
Galenia africana Stipagrostis lutescens
Psilocaulon kuntzei Tephrousia dregeans
Nanophanerophytes:
Acanthosicyos horrida Pechuel+ oeschea luebnitziae
Notes.

The study area appears to be at the southern limit of the geographical
distribution of the syntaxon to which the Zygophyllum stapfii community

belongs as the species occurred widely outside the study area and in
different habitats (pers. obs.). It will only be possible to decide

whether Zygophyllum stapfii is characteristc of a community, association

or higher syntaxcn after more relevés, covering most of the range of

the species, have been taken.

5.3.2.6 The Adenoldbus pechuelii - Acacia reficiens community

(Table 1IV).

Differential species. Adenolobus pechuelii; Chamasphyte and Acacia

reficiens; Nanophanerophyte were differential
against communities of deep sand habitats, while

Asthenatherum glaucum; Hemicryptophyte was

differential against communities of rocky habitats.

Slops of sites 2 Average 1027°; Range 0° to 11015’; S5.0¢ 2026'0

Aspect : Variable,



Number of vegetation strata : 2 or 3. 100

Aerial cover : Average 20%; Range 3% to 8%%; S.D. 18,65%h.
Number of species : Average 10; Range 2 to 31; S.D. 6,40.

Description of the community.

Habitat. (1) General.

This community was found in sandy washes, water courses on rock
outcrops and occasionally in areas of impeded drainage such as pans.
Most sites were gently sloping, slthough some were quite steep (relevé

231, with a slope of 11°15'; Table 1v).

(2) Substrate.
The underlying rock type appeared not to be significant in the
development of the community since sites were found on granite,
schist, and guartzite. The soils were sandy, with a loose consistence,
frequently having a gravel layer in the profile, and of variable
depth {from 0,08 m to greater tnan 0,70 m, averaging 0,38 m - Fig.
5.2). The following profile description from relevé 76, situated in
a watercourse between ridges of schist, was fairly representative.
8] - 0,05 m greyish coloured, medium grain, loose sand with a

high proportion of coarse quartz gravel,

0,05 - 0,25 m grey-brown,; medium grain, loose sandy socil,

0,25 m decompasing schist of the bedrock.

Physiognomy.

The Adenolobus pechuelii - Acacia reficiens community was a two- ar

three-layered community of shrubs, dwarf shrubs and a ground layer.
The dwarf shrub stratum (0,20 m to 0,80 m tall) was almost always
present (Plate 26) and in most relevés contributed the greatest
eerial cover (1% to 25%). When present, the shrub layer (from 1 m
to 4,5 m in height) seldom covered more than 15% (Plate 25). The
ground layer of grass, usually perennial tufts, and forbs attained

a height of 0,15 m to 0,30 m and cover of 1% to 2.

Distribution,

(The location of relevés is illustrated in Map 5). The best developed
stands (that is, those with highest cover) of this community in the
study area occurred in washes near Hope Mine and Mirabib (Map 2) at
between 500 m and 700 m above sea level, where rainfall seemed to be
slightly higher than at Gobabeb. The westernmost stand recorded

was about 55 km inland, on the edge of the Tog desert zone (Map 5).



Flate 25.

Plata 26.



Plate 25

A wash 15 km north-east of Mirabib occupied by the Adenclobus
pechuelii - Acacia reficiens community. In this photograph only
Acacia reficiens eppears, forming a-shrub stratum (A). Notice
that only annual plants of Stipagrostis ciliata occurred on the
banks of the wash (B), while perennial tufts grew in the wash bed
(C). Soil was considerably deeper than at the site shown in
Plate 26.

Plate %@

Hope Mine area; a stand of the Adenoleobus pechuelii — Acacia
reficiens community. Dwarf shrubs, up to 0,30 m tall (A) of
Adenolobus pechuelii cccupled the shallow soil of the watercourse.
Notice the exposed rock (arrowed). A common accompanying species
in this habitat and locality was Welwitschia mirabilis (B). The
schist ridges flanking the washes (C) were the habitat of the
Sesuvium sesuvioides —~ Stipagrostis obtusa community.




Accompanying species.,

Therophytes:

Amaranthus thunbergii

Aristida parvula

Celosia argenteiformis

Celome diandra

Citrullus lanatus

Enneapogon brachystachyus

Eragrastis annulata

Euphorbia glanduligera

E. inaequilatera

E. phylloclada

Geigeria alata

Gisekla africana

Grielum sinuatum

Hermannia modesta

Geophytes:

Dipcadi bakeranum

Hexacyrtis dickiana

Hemicryptophytes:
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Kissenia capensis

I imeum argute-coronatum

E. sulcatum

Lotononis platycarpa

Mollugo cerviana

Monechma desertorum

Monsonia umbellata

Pegolettia senegalensis

Sesamum capense

Stipagrostis hirtigluma

S uniglumis var. intermedia

Tribulus terrestris

Zygophyllum simplex

Ornithogalum stapfii

(a) Those which freguently behaved as Therophytes

Brachiaria glomerata

Crotalaria podaocarpa

Helichrysum leptolepis

Indigofera auricoma

Stipagrostis ciliata

g. hochstetterana

S. obtusa

(b) Thsoe which were almost always perennial

Aptosimum angustifolium

Cleome luederitziana

Chamaephytes:

Aptosimum spinescens

Asparagus denudatus

Blepharis obmitrata

Chascanum gariepense

Galenia africana

Hermannia complicata

Kohautia lasiocarpa

K. ramosissima

Monechma arenicola

M. genistifolium

Sesuvium sesuviocides

Orthanthera albida

Petalidium setosum

Psilocaulon salicorniocides

Salsocla tuberculata

Sutera maxii

Tephrosia dregeana

Welwitschia mirabilis

Zygophyllum cylindrifoliom
Z. stapfii




Nanophanerophytes:

Boscia foetida

Catophractes alexandrii

Commiphora saxicola

Nano-Macrophanercphytes:

Cordia gharaf
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Pechuel-_oeschea leubnitzae

Phaeoptilum spinosum

Sarcocaulorn mossamedense

Tamarix usneoides

Maytenus heterophylla

Macrophanerophytes:

Boscia albitrunca Moringa ovalifolia

Euclea psuedebenus Parkinsonia africana

Maerua schinzii

Notes,
Where the underlying bedrock was exposed, pools of water frequently
collected following rains, and many of these were saline. This,

together with the occurrence of Zygophyllum stapfii, which is salt

tolerant (5.3.2.5 above), suggests that the Adenclobus pechuelii -

Acacia reficiens community may be able to develop in sites where the

soil is too saline for the establishment of Acacia giraffae.

Welwitschia mirabilis, which occurred in the vicinity of

Hope Mine and in a wash leading to the Kuiseb River rear Homeb (Map

2), was recorded for a few relevés of the Adenolobus pechuelii -

Acacia reficiens community (Table IV). The plants were established

both in the fairly deep (0,50 m to 0,80 m) sand and in crevices in
the schists flanking the washes. The two habitats were gealogically,
geomorphologically, and pedologically very similar to ore another, but
differed significantly in amount of rain received: The Hope Mine
site received rain in 1972, 1973 and 1974, while at the second site
only a few millimetres fell during 1973 and nothing was recorded for
1972 or 1974 (pers. obs.). This difference in rainfall seemed to be
relfected by the Welwitschia populations., The Hope Mine population
was healthy, the plants produced large quantities of sesd each season,
leaves of the plants showed no signs of Chlorosis and seedlings with
leaves between 25 cm -’ 50 cm broad at the camblium werse quite
numerous. In contr..st o this, the population in the wash leading

to the Kuiseb River at Homeb was less vigorous, produced fewer canes,
had many members showing chlorosis, and lacked young (Smallj plants
altogether (pers. obs.). These observations suggest that Welwitschia

mirabilia requires rainfall (or significant amounts of precipitation)
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for reproduction to be successful. Furthermore, the populations
found in the study area confirm the views of Kers (1967) that fog is
not essential for the occurrence of the species, since fog is infrequent

at the sites (see 4.7 above).

5.3.2.7 The Mesembryanthemum guerichianum - Sporobolus nebulosus

community (Table IV)

" Differential species. Sporobolus nebulosus, Therophyte; Mesembryanthemum

guerichianum, leaf-succulent Chamaephyte;

Schmidtia kalahariensis, Therophyte; and

Galenia papulosa, Chamaephyte; were differential

against other communities.
Slope of sites : Average ODUS'; Range o° to OOiO'; S.D. 0%0ar,
Aspect : Not significant on such flat sites.
Number of vegetation strata : 1 or 2 usually.
Aerial cover : Average 2%%; Range 12% to 60%; S.D. 21,50%.
Number of species : Average 15; Range 9 to 19; S.D. 4,20.

Description of the community.

Habitat. (1) General.

A steep~walled tributary leading to the upper Kuiseb Canyon (Map 2),
with numerous pools of saline water, most of which remained for a
few months after the rains. Deposits of crystalline salt formed on

rocks and the soil surface when the pools dried up.

(2} Substrate.
Soil was loose, fine grained, greyish coloured sandy loam with stones
throughout the profile (relevés 456 and 45?) or loose, grey-brown,
coarse sand (relevé 461) or light brown, soft, silt over coarse,
stony gravel and sand [relevé 459]. Depth varied from 0,10 m to
greater than 0,60 m (Fig. 5.2), and the schist bedrock was frequently
exposed at the surface. With the data avallable, it therefore
appears that the physical nature of the substrate had 1little influence
upon the community, whereas the chemical composition, in particular
the salt content, exerted a marked effect on the development of the

community.

Physiognomy.

Total aerial cover, produced by two or three strata, was between 12%

and 600%. An evergreen and deciducus shrub layer, 1,5 m to 2,5 m
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tall, covered % to 20%; s dwarf shrub layer of tall annuals and
svergresenr perennials, 0,30 m to 0,60m tall and covering 7% to 30%
was usually present, although in relavé 459 (Table 1V) it was ahsent;
the ground layar, less than 0,20 m tall, covering &% to 19% and

composad largely of annuals was always present,

Distribution,
This community was only found at a single locality, a ravine leading
to the Kuissb River, 1n the sastern part of the study area. The

location of relevés is illustrated in Map 5.

Accompanying species.
Therophytes:

Kissenia capensis
Stipagrostis hirtigluma

Chloris vizgata

Erggrnstis annulata

Ennaapogon brachystachyus

Euphorbia glanduligera

Heliotropium tubulosum

5. uniplumis var. intermedia
Tribulus zeyhari

Zygophyllium simplex

Hemicryptophytes:
Cleome lusderitziana
Forsskaplea candida

S. hachatetterana

S. obtusa

Osteospermum micraocarpum Trichodesma africanum

Stipagrostis ciliata Vahlis capensis

Chamaephytes;

Chascanum garispense Sporobolus consimilis

Petalidium setosum Sutera maxii

Psoralea obtusifolia

Nanopharerophytes/Macrophanerophytes:

Acacia reficiens Tamarix usneoides

Salvedora persica

Notes.
This grow of relevds was floristically distinct in respect of both
differential species (Table VII) and accomapnying species, The closest
affinity was with the Petalidium setosum community (Table IV), and
sven here the Sgrenson coefficient of similarity was only 36,8%. The

Mesembryvanthemum guerichianum - Sporoﬁolus nebulosus community was

therefore a distinct syntaxon. However, following the 1974 floods,

Galenia papulosa and Mesembryanthemum guerichisnum were frequently

recorded from stands of the Datura spp. - Argemone ochroleuca

community (p 91 above}. This, considered in conjunction with the very
restricted range of the Mesembryanthemum guerichianum - Sporobolus

nebulosus community, emphasised the need for further sampling to
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assess whether this nodum warrants asscciation status, or whether

the relevés merely represented a facies of some other community.

5.3.2.8 The Petalidium setosum community .(Table IV)

Differential species. Petalidium setosum, Chamaephyte; Tribulus

terrestris, Monechma desertorum and Trianthema

triguetra ssp. parviflora, Therophytes; were
differential against the other communities of
the study area.

Slope of sites : Average 0022'; Range 0° to 1020‘; S.D, 0036'.

Aspect : Mainly westerly, that is, towards the sea, but probably not

significant.

Number of vegetation strata : 2.

Aerial cover : Average 24,5%; Range 10% to 4%%h; S.D. 9,74%.

Number of species : Average 14; RBange 5 to 23; S.D. 4,16,

Description of the community.

Habitat. (1) General.

The Petalidium setosum community developed in very shallow almost flat

drainage lines on the plains of the pro-Namib region (Plate 27(a)),
where the water flowed slowly down the wash and tended to soak into
the soil, and drainage lines on granite plutons., Very occasionally

the community was found in sand washes or on flat clacrete plains.

(2) Substrate.
The soils were generally loose and sandy, with texture varying from
medium to coarse grain, although finer textured, soft or slightly
hard sandy loam occurred occasionally (relevés 465, 470, 468, and
235, Table IV). Soil was usually shallow with an average depth of
0,18 m, and ranging between 0,04 m and 0,40 m (Fig. 5.2), and
frequently overlying calcrete (46,4%, Table 1V). The rock, calcrete,
granite or schist was often exposed at the surface. Stratification
of the soil was not evident at most sites, but where layers could be
distinguished (relevés 65, 71, 72 and 82) the following type of
profile was typical:
0 - 0,02 m greyish-brown, coarse grained sand with numerous
stones and pebbles.
0,02 - 0,20 m brown, medium to coarse grained sandy soil with few
stones.

0,20 m bedrock (schist).



Plate 27! a]

Plate 27(1)



Plate 27(a

Broad, almost flat plains north-east of Ganab. The Petalidium
setosum community (A) occupied very shallow drainage lines.
Following the rains, Stipagrostis ciliata colonized the deeper
soil, and the community formed relatively dense stands (B).

Plate 27 b]

Broad, almost flat plains north-east of Ganab. In this close-—up
view the low growing, evergreen dwarf shrub, Petalidium setosum
(A) and some Stipagrostis ciliata individuals (B] could be seen.

The shallowness of the soil was indicated by the cutcrops of
bedrock (C).
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The soll was of loose consistence throughout.

Physiognomy.

The Petalidium satosum community was generaliy composad of two strata,
although & third (shrub} stratum was recorded for relavds 263, 257,

150 and 260 (TableVvI). The dwarf shrub layer, betwsen 0,10 m and G,30 »
tall, covered 1% to 30%, while the ground layer, less than 0,10 m in

height (although flower culms of the grasses attained a height of .30
m) covered M t0 4% (Plate 27(b)). When a shrub layer occurred it was
betwear 1,5 m and 2,0 m tall and coverad 10% to 4%% of the ares.

Distributicn,

(Tha location of relevés is illustreted in Map 4). This community wes

only recorded east of the longitude of Mirabib, that is, im the

pro-Namih region of the study area.

Accompanying speciss.
Therophytes:
| ‘ Anticharis lin@aris Kissenim capensis

Aristida parvula Limeum argute-coronatum
Blepharis grossa L. sulcatum
Citrullus ecirrhasus Lotononis pletycarpe
Cleome diandra Mollugo cerviana
Dicoma capensis Monsonia umbsllata
Ennaapogon brachystachyus Pegolettia senegalensis
Eragrostis annulata Sesamum capense
Euphorbia glend:: .- ara Schmidtia kalshariernsis
E. ineequilatera Sporobolus nebulosus
E. phylloclada Stipagrostis hirtigluma
Geigeria alata S. uniplumis var, intermedié
Gisekis africana Tribulus zeyhari
Grielum sinuatum Triraphis pumilic
Heliotropium tubulosum Zygophyllum simplex
Hermannia modesta

Geophyta:
Rephionacms sp.{S_R 10)

Hemicryptophytes:

(a) Those which freguently behaved as Theruphytes
Asthenatherum glaucum Crotalaria podocarpa

Brachiarie glomarata Helichrysum herniaroides




Indigofera auricoma

1. damarana

Senacio marlothianus

Stipagrustis ciliata

S. hochstettserana

5. abtusa

(b) Those which were almost always perennial

Aptosimum angustifolium

Cleome lusderitziana

C. suffruticaosa

Forsskaolea candida

Geigﬂria ornativa

Chamagephytes:

Aderulobus pechuelii

Aptosimum spimescens

Asparagus denudatus

Blepharis ocbmitrata

Chascanum garisepense

Dyarophytum africanum

Fagonia minutistipula

Hermannia complicata
Hibiscus elliottiana

Hoodia currorii

Kohautia lasiocarpa

K. ramosissima

Monechma arenicola

M. genistifolium

Nanophaneraphytes:

Acacia mellifsra

A. raficiens

Commiphore saxicolm

Nanophanerophyts/Macrophanerophyte:

Parkinsonia africana

Macrophanerophytes:
Acacia giraffae

Ostsospermum microcarpum

Stipagrostis uniplumis var.

uniplumis

Trichodesma africarum

Triraphis ramosissima

Orthanthara albida
Qtoptera burchelli

Pavoria rehmannii

Petelidium varisbile

Polygala guerichiana

Ptycholobium biflorum

Psoralea obtusifolim
Ruellia diversifolim
Selsola tuberculata

Stipagrostis namaguensis

Suters maxii

Tephrosia dregeana

Zygophyllum cylindrifolium

Phaeegptilum spinasum
Rhus marlothii

Moringa ovalifaolia

Notes.

Relevds 217, 71 and 72 are plotted in the Petalidium setosum community,

daspite the presance of the differential species of the Adenolobus
pechuelii - Acacia reficiens community {Table IV), because the

differential species of the Petalidium setosum community were dominant
(Relevé 217) or were all present (Relevés 71 and 72, Table IV},




This community, in spite of covering only a small area of
the Namib Desert (Plate 27a),appeared to be an important component of
the desert system because the perennial dwarf shrubs provide cover
for small animals throughout the year, and some of the plant species

present (Cleome diandra, C. luederitziana, C. suffruticosa and

Tephrosia dregeana) are eaten by Namagua Sandgrouse during the

breeding season (Dixon, pers. comm.; pers. obs.).

5.3.2.9 The Sesuvium sesuvioides — Stipagrostis obutsa community

(Table 1v)

Differential species. Sesuvium sesuvioides, succulent Hemicryptophyte;

Cleome diandra and Euphorbia phylloclada,

Therophytes; were differential against all
other communities when they attained high
cover and abundance. '

As a result of its abundance in other communities (Tables IV and VI)

and since it served as a differential species for the Stipagrostis

obtusa sub—community (Table VI), Stipagrostis obtusa was not used as

a differential species. 1t was, however, used to name the community
because of the high cover-abundance values and constancy which were
recorded.

Slope of sites : Average 7043'; Range 0° to BDO; s.n. 731",

Aspect : Slight preponderance of northern aspects, but variable.
Number of vegetation strata : Usually 2, sometimes 1 or 3.

Aerial cover : Average 14%; Range 4% to 40%; S.D. 9,23%.

Number of species : Average 9; Range 5 to 17; S.D. 3,40.

Description of the community:

Habitat. (1) General.

The Sesuvium sesuvioides — Stipagrostis obtusa community occurred in

rocky habitats, particularly on ridges formed by exposure of bedrock
(Plate 26). Most stands were on steeply sloping sites, but occassionally
the community developed on flat sites where granite plutons outcropped

on the plains.

(2) Substrate.
The soil in which the community was found may be defined as a syrosem,
that is, a raw mineral soil (3.4.2 above). It was loose to slightly

hard in consistence and of shallow depth, being between 0,05 m and
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0,39 m with an average of 0,17 m (Fig. 5.2). The texture varied from
fine to medium grained and a coarse fraction of pebbles was often
present. Texture was closely related to underlying rock type: fine
material overlay schists, while coarsest material seemed to be

derived from granites and quartz dykes; In many stands the only

place where soil was accumulated was in crevices in the bedrock. Many
sites were underlain by metamorphic rocks (Table IV), which was more
likely a reflection of the abundance of metamorphic rocks in the Namib

Desert than a causal habitat factor.

Physiognomy.

This was a two-layered community of herbaceous species with the
ground layer less than 0,10 m tall and covering 1% to 40%. The
intermediate stratum which covered less than 15%, was between 0,20 m
and 0,40 m tall. 1In this layer dwarf shrubs sometimes grew (Table IV)
but because of the wide spacing and small size (a maximum cover of 6%

was recorded) these did not form a stratum.

Distribution,

(The location of relevés is illustrated in Map 6). The Sesuvium

Sesuvicides - Stipagrostis obtusa was confined to the region where

rain was the major source of water, thus it occurred between 50 km
and 115 km from the coast (400 m to 1000 m above sea level), on the

plains north of the Kuiseb River.

Accompanying species.

Therophytes:
Alzoanthemum dinteri Gisekia africana
Amaranthus thunbergii - Hermannia modesta
Aristida parvula : Lotononis platycarpa
Dicoma capensis Mollugo cerviana
Enneapogon brachystachyus Monsonia umbellata
Euphorbia glanduligera Stipagrostis uniplumis
Geilgeria alata var. intermedia

Zygophyllum simplex
Geophytes: |

Dipcadi bakeranum Ornithogalum stapfii




Hemicryptophytes:
(a) Those which frequently behaved as Therophytes
Brachiaria glomerata' Stipagrostis ciliata
Helichrysum hernarioides 5. obtusa

Indigofera auricoma

(b) Those which were almost always perennial

Cleome luedertiziana Stipagrostis uniplumis
Osteospermum microcarpum var. uniplumis
Chamaephytes:
Adenolobus pechuelii Salsola tuberculata
Blepharis bossii Tephrosia dregeana
g; obmitrata : Welwitschia mirabilis
Chascanum garigpense Zygophyllum cylindrifolium
Dyerophytum africanum Z. stapfii
Nanophaneraphytes:
Boscia foetida Euphorbia viraosa
Commiphora saxicola Sarcocaulon mossamedense
Macrophanerophytes:
‘- Euclea psuedebenus Maerua schinzii

Notes.

The Sesuvium sesuvioides - Stipagrostis obtusa community occupied

habitats similar to those of the following syntaxon (the Monechma

genistifolium community, 5.2.3.10 and Table‘IV), and the relationships

between the communities are discussed after the description of the

Monechma genistifolium community,

5.3.2,10 The Monechma genistifolium community (Table IV)

Differential species. Monechma genistifolium, 