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STRUCTURE AND FUNCTION OF 

THE NAMIB DUNE GRASSLANDS : 

CHARACTERISTICS OF THE ENVIRONMENTAL 

GRADIENTS AND SPECIES DISTRIBUTIONS _ 

R. I. YEATON* 

Desert Ecological Resear ch Unit , P.O . Box 1592. Swakopmund 9000. 

South West Africa / Namibia · 

SUMMARY 

(I) Associations of perennial grasses on dune siopes in the Namib Desert were studied 

across a complex environmental gradient from the Atlantic Ocean (west) to the base of the 

Great Escarpment of Africa (east) . 

(2) The number of storms with measurabl e precipitation increased from the sea inland. 

In contrast, the rate of sand movement decreased from the west to the east. 

(3) The standing crop of the perennial grasses and the rate at which Stipagrostis 

sabulicola, a species found across the dune fields, recharged its xylem water potential s 

'increased inland as a result of the former gradient of increasing rainfall. 

(4) Complex environmental gradients also occurred ove r each dune slope. The rate of 

sand movement increased from the edge of the inter-dune valley to the top of the dune . 

However , the moisture gradient was more complex and is poorly under stood. There 

appears to be interflow of soil moisture within the dune such thattheyooer dune is drier 

than the mid-dune . At the base of the dune , there is a reduction of soil moisture due either . 

to increased compaction of the sand and subsequent increa sed surface run- off or, as a 

result of the closeness of the hard inter-dune svbs tratum. to a smaller sand vo lume from 

which roots can extract water. 

(5) In consequence, the average stand ing crops for perennial grasses are greatest in the 

central portions of the dune slope across the dune fields. 

(6) These geographical and local environmental gradients influence the number of 

species of perennial grasses found forming associations across the dune fields as well as 

their growth strategies and distributions over a dune slope. 

(7) The number of perennial grass specjes forming association s increases from a,si.Jl&l.e 

_mecies in the western dunes to four species in the east. Species establishin g predominantly 

from are found where rate s of sand movement are highest (i .e. in the western 

dunes and on the upper sections of the dune slope). In contrast , species establishin g 

predominantly from seed are found in the easternmost dunes and at the bases of the dune 
-- . ·. 

(8) There is an inverse correlation between density of the vegetation and the rate of sa nd 

the ultimate factor controlling the stabilization of these dunes and the 

dynamics of these grasslands is the amount of rainfall which, in turn, determines the 

establishment of new individuals from seed. 

INTRODUCTION 

., 

rt4 

The sand dunes of the Namib Desert support from one to several species of perennial 

grasses. The most diverse and dense coverage of these grasses occurs on the sides of dunes 

in the easternmost section of the dune fields where rainfall is relatively high. Towards the 

• Present address: Department of Botany, University of Venda, P/Bag X2220, Sibasa, Venda, South Africa. 
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lower rainfall areas in the west, the grasses decrease rapidly in their densities and species 

composition. The grasses constituting these assemblages are indigenous species, which 

have had the opportunity to interact with each other and evolve as natural assoGiations, 

unlike species in many present-day grasslands (Biswell 1956; Fowler & Antonovics 1981 ). 

·In addition , these are in structure . Low rainfall restt:icts the 

successional patterns normally associated with sand dunes (Cowles 1899; Salisbury 1952; 

Moll 1972; Weisser 1978) to the grass stages only, so that the effects of woody plants on 

. grasses is rarely a problem (Gause 1934; Ward & Cleghorn 1964; Strang 196!1; Tiedemann 

& Klemmedson 1973). Furthermore, because the Namib dune fields are so great in area;· 

· .extending as much as 140 km inland, sea spray and its accompanying salt and nutrien ,t 

in puts, which often affect the germination and establishment of many coastal dune species 

·(Oosting .·& Billings 1942; Ranwell 1958; Seneca 1972) are also ncit important in the · . 

· organiza 'tion of these grasslands. Finally , the huge extent of the Namib Desert dun,e fields · 

covers a long, complex environmental gradient in comparison with infand dune systeirls· 

much smaller in area (Chadwick & Dalke 1965; Wood et a!. 1978;Barnes & Harrison 

1982). Thu s, several different combinations of perennial grasses may be found forming 

associations in.the Namib Desert over such environmental gradients, and comparison of 

these associati .ons can elucidate the factors affecting the structure and dynamics of 

grasslands generally . 

This study describes the general characteristics of local and geographical environmen­

tal gradients and the structure of four perennial grassland associations occurring on the 

sides of dunes over the east- west rainfall gradient in the south-central Namib Desert. 

STUDY AREAS 

Four primary study areas and one subsidiary stud y area were established on 

facing sides of linear sand dune s in the sou th-central Namib Desert. The primary study 

areas were located at tiara Valley (23° 35' S, 15° 00' E), 48 km from the sea; at Noctivaga 

(23° 39'S , 15° 9' E), 75 km inland; a t B,ushman's Circles (23° 45' S, 15° 30' E) 88 km inland; 

and at the Far East Dune (23° 45' S, 15° 30' E), 128 km inland at the base of the Great 

Escarpment. The subsidiary stud y area is loca ted at Visitor 's Du11e, adjacent to Gobabeb 

(23° 34' S, 15° 03' E) and 58 km inland on the Kuiseb River. These five sites were used to 

characterize abiotic factor s and their changes across the east- west environmental 

gradient. 

General characteristics of this section of the Namib Desert and of a sand dune are given 

in Seely ( 1978a) and Robin son & Seely ( 1980). Few weather records exist for four of these 

five study areas. Visitor 's Dune is adjacent to Gobabeb, which is the site of a weather 

station , and for which some records exist and are summari zed (Seely & Stuart 1976). 

Annual precipitation for selected sites are 13 mm for Swakopmund on the coast, 25 mm 

for Gobabeb, 58 km inland, and 87 mm for Ganab, 112 km inland and near the base of the 

Great Escarpment (Nieman , Heyns & Seely 1978; Lancaster , Lancaster & Seely 1984). 

These records are based on the period 1967- 74 for Swakopmund, 1962- 81 for Gobabeb , 

and 1967-8 1 for Ganab . 

One or more species of perennial grasses were present at each of these study areas. 

_Stfl?agrostis sabulicola Pilg., a large mound-building species with a !Pultiple branched and 

vigorou s rhizome , is the only perennial grass species present at Nara Valley and at 

Visitor's Dune on the dune slopes . This species also occurs on the upper dune slopes of all 

the other study areas to the east. Towards the east, two species are added at the Noctivaga 

., ... 
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746 Dune grasslands in the Namib Desert 

study area, cf. namaquensis (Nees) Trin. & Rupr., a s.hrubby species with a 

long, creeping rhizome, and Centropodium glaucum Nees, a tufted grass with a stout, 

woody rhizome . These three species plus Stipagrosiis lutescens (Nees) Trin. & Rupr. 

comprise the association over the dune slop;'at Bushman's Circles. The latter species is 

similar in growth fonri to S. sabulicola and S. cf. namaquensis but is compact. Four 

species comprise the perennial grassland association on the Far East Dune as well. 

However, some major changes in species composition are observed. Stipagrostis 

sabulicola and S. are present still but S. cf. namaquensis and C. glauca are 

replaced by Ciadoraphia spinosa (L.f.) Trin., a species with hard, spiny , bushy tufts, and 

S.li12a$fostis afiata Desf .. ; a densely tufted grass which ·covers' tlie inter"dune valleys in this 

area and extends far up the dune slope as well. Some woody plant species are also found 

on these dune slopes, but usually at very low densities . These are notably Trianthema 

bereroknsjs Schinz.in .the westerri dunes and He;manhia minimi[olia M. Holzham ·mer and 

Kohautia ramosissima B'remek. in the wetter eastern dunes. Finally, after relatively heavy 

rains, annual species of grasses and forbs are found on the dune slopes, increasing in their 

species richness from the western to the eastern dunes . 

METHODS 

Measurement of local and geographic environmental gradients 

Several factors which might affect the west-facing slopes of sand dunes were studied 

directly or indirectly over the east- west environmental gradient. These factors are 

rainfall , the pattern of soil moisture distribution over a dune slope after rain, the rate of 

and th;"c£_mpactness of the sand . In addition , biotic assays of local and 

geographic patterns in soil moisture were obtained. 

The gradient for rainfall was inferred by regressing the number of storms with 

measurable precipitation ( > 2 mm) recorded during 1980-82 against the distances that 

the rain gauges were located from the sea inland to the base of the Great Escarpment (data 

from Lancaster, Lancaster & Seely 1984). 

Soil moisture availability over the Far East dune slope was measured on 20 April 1983, 

ten days after rains had passed over the area. Five small pits, spaced I m apart along the 

contour of the dune slope, were dug at 30-m intervals up the dune slope and the depth to 

the wet sand zone measured. These measurements were repeated on 22 April 1983 and 13 

May 1983. Mean values and their standard errors were calculated for each zone on the 

slope and for each day that data were collected. In addition, sand samples were 

taken on 21 April 1983 from the 30-m and 120-m levels on the dune slope for gravimetric 

determination of water content. Ten replicate samples, at 2 em below the surface, in the 

upper, middle and lower portions of the wet sand, and at a point below the wet sand , were 

taken in each of these two zones. Student's t-tests, using arcsin transformations (Steel & 

Torrie 1960), were used to determine differences in soil-water content within and between 

sand-levels in these two zones of the dune slope. 

The slope angles for a series of 30-m contiguous line transects, from the edge of the 

inter-dune valley to the top of the dune , were measured with an inclinometer and then 

plotted to determine the shape of each dune. Rates of sand movement were measured at 

monthly interva ls from Q_s:tober 1983 to June 1984 for five dunes over the geographic 

gradient. On each dune five sets often poles each were placed in the sand. The sets of poles 

were not located randomly but were placed at the slipface, in the major vegetation zones 

R.I. YEATON 747 

down the dune slope, and on the fringing edge of the inter-dune valley. The poles in each 

set were placed in two rows of five, the rows 5 m apart and the poles in each row at 5-m 

intervals as well. Sand movement for a pole was measured as the distance from the top of 

the pole to the sand level at its base and relative to that from the measurements made' in 

the previous month : The absolute rate of sand movement (i.e. sign of difference ignored) 

was calculated for each set of poles on the dune slope. Poles that were lost by either burial 

or sand deflation were replaced and new baseline measurements made . Hence, i{\.some 

months fewer than ten poles were included in the average. As a result the rates-of sand 

movement are underestimated for the upper sets of poles where sand instability is the 

greatest. Mean values and their standard errors for the eight months in which 

measurements were taken were calculate .d for ·each set of poles on each dune. 

Comparisons of sand between the base and top of each dune and within these 

zones . between areas over the east....;west gradient were made. At-test was 

applied to a logarithmic transformation of the average daily rate of sand mOYement 

recorded over. eight-month period for each of the ten poles in a set. 

. Soil compactness was measured at Nara Valley and Far East Dunes using · a hand 

penetrometer modified for use in sand by the addition of a disc,.lO mm in diameter, at its 

point. The measurements we.re taken at 30-m intervals from the edge of the inter-dune 

valley to the top of the dune . Means and standard errors were obtained for each set of 

measurements made over the dune slope. These data were treated statistically with a 

Mann-Whitney U-test (Siegel 1956). Points at the base of the dune (0 m) were compared 

with the middle (J 50 m) and the middle with the top (300m) over a dune and for similar 
points between the two dunes. 

To characterize further the east-west environmental gradient and the local environ­

mental gradient occurring over the dune slope , several biotic assays were made . Daily 

patterns of xylem water potentials were measured for Stipagrostis sabulicola at Nara 

Valley, Noctivaga and Far East Dunes in the same one-week period (11 - 18 April , 1984) 

using a Scholander-type pressure chamber (Ritchie & Hinckley 1975). At eacli site the 

xylem water potentials for one stem from each of five individuals were measured hourly 

over the daylight hours and until midnight. Thereafter, samples were taken at 02.00 hand 

the sequence begun again at 06.00 h. Due to logistic problems the full24-hour series could 

not be obtained at Noctivaga Dune; however , the important inflection points of the daily 

pattern we.re monitored . Measurements were also made of ambient air temperatures at 

the same time. These values were then regressed against xylem water potentials . A strong 

negative linear relationship was observed between temperature and mean xylem water 

potential. As a result , the regression coefficients for these relationships were compared 

statistically between adjacent study areas over the east- west gradient. These measure­

ments yield a bioassay of the east-west environmental gradient as a function of moisture 

availability in the dune. On a local scale, xylem water potentials for S. cf. namaquensis, a 

species with a wide distribution over the dune slope, were measured at the upper and lower 

parts of its range at Bushman's Circles Dune . The latter bioassay gives an indication of 

soil-moisture availability in the mid-dune slope region . Stipagrostis cilia/a at the Far East 

Dune was studied to determine the of soil moisture availability on the lower dune 

slope . This species ranges from the mid-dune slope area into the inter-dune valley. One 

hundred individuals each in the upper ; middle and lower portions of its range over the 

dune slope were selected randomly and the number of individuals with green stems 

recorded. Results were treated in a 2 x 3 contingency table. 

t; 
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Measurement of species distributions 

The distribution of each species over a dune slope was measured in a series ofquadrats 

positioned along the contours of the dune. Ten quadrats were measured in each zone , 

beginning along the contour 10m from the apex and proceeding at 20-m intervals along 

the contours down the dune slope to the inter-dune valley. Quadrat size varied depending 

on the size and abundance of the perennial species present. The large but low density 

individuals of Stipag rostis sabulicola were measured in 10m x 10m quadrats, while the 

more abundant large individuals of S. lutescens, S. c.f. namaquensis and Cladoraphia 

Spinosa were measured in 2m X 10 in quadrats . The very abundant, small species, S. cilia/a 

and Centropodium glaucum, were measured in I m x I m quadrat&. Each individual plant 

covered a. roughly circular area and its · size was as the diameter of that area. 

When individuals werenoticeab ly in the area covered , the long axis of the ellipse 

and the axis at right angles to it were measured and the average :ofthe two taken as the size 

or" the individual. A series of at least twen.iy-five individuals of each species with different 

diameters were harvested at sand level and their standing crops determined . Power curves 

were fitted to these data and the biomass of each individual · present in a quadrat 

extrapo lated from these curves. Then for. each species the tota l biomass present in a 

quadrat was summed and averaged over the ten quadrats sampled at that level on the 

dune slope . These data were obtained for each of the four primary study areas . Species 

distributions over a dune slope were represented by the proportional occurrence of each 

species over the dune slope . 

The diameters of all plants found within the area delineated by each set of poles, used 

to measure rate of sand movement at various points on each dune , were also obtained and 

converted to basal area. The basal areas were summed and the total basal area per 100m 2 

calculated . These values were then plotted against the average monthly rate of sand 

movement for that set of poles to determine if density of vegetation has any effect on rates 

of sand movement or vice versa. 

RESULTS 

Local and geographic environmental gradients 

The number of storms per year with measurable precipitation increases with increasing 

distance from the sea (Fig. I, r2 =0 ·69, P < O·OI). The total amount of precipitation 

measured during the two-year period does not show any significant correlation with 

increasing distance from the sea. 

Approximately ten days after a rainfall of unknown amount at Far East Dune, the top 

of the wet sand layer was very close to the surface in the upper and centra l sections of the 

duneslope and much deeper in the lower section close to the inter-dune valley (Fig . 2). 

Two days later the top of the wet sand layer was very close to the surface over the entire 

dune slope. Progressively the wet sand layer was located at greater depths over the entire 

dune slope, with no wet sand layer present in the upp ermost section of the dune . 

Measurement oft he water content of this wet sand layer at 30m (lower dune slope) and at 

120m (centre of dune slope) distance from the inter-dune valley gave values ranging from 

I· 5% to 2·6% in contrast to the 0-4% to 0·9% range measured for the dry sand 

immediately above and below this zone. The distribution of this water content varied 

significantly along the slope with the 120m site having significantly more moisture present 

in the upper portion of the wet sand layer than the centre and lower portions (upper 
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FIG. 3. Dune shape and rate s of monthl y sand mo vement over the dune slope a t five study sites 

located alon g an east-west environment al grad ient in the Namib Desert. Dissimila r superscripts 

ind icate significant difference s (P < 0·05) in the rate s of sand mo vement between dun es. Symbol s: 

(·· -- -)rate of sand movement ; (-- ) shap e of dun e. 

portion of wet sand layer versus centre , t = 2-45, d.f . = 18, P < 0·05; upper portion versus 

lower , t = 6·0 I, d.f. = 18, P < 0·001), while the site 30m up the dune slope from the inter­

dune valley had significantly more moisture in the centre portion of the wet sand layer 

than in the upper and lower portion s of this band (centre portio n versus upper , t = 2·77, 

d.f.= 18, P < 0·02; centre versus lower , t=3 ·76, d.f.= 17, P<O ·Oi). Comparison of the 

sand moisture content between the 120 m and 30 m sites yielded significant ly more 

moisture in the centre and lower portions of the wet sand layer at the 30m site (centre, 

1=4 ·11, d.f . = 18, P < O·OOI ; lower , t=3 ·00, d.f.= 17, P<O ·OI) while no significant 

difference was found in the upper portions . 
The rates of sand movement as well as the shapes of each dune are given in Fig . 3. The 

five dunes can be divided into th ree groups based on analysis of the daily rates of sand 

movement for each post a t the base and at the top of the dune. Nara Valley and Vistor's 

Dune are similar in their rate of sand movement at the base and top of the dune, while 
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FIG. 4. Relationship between plant den sity and the month ly rate s of sand 'moveme nt a long an 

environmental gradie nt in th·e Namib Desert. ·· 
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Noctivaga and Bushman 's Circles a re also similar but with lower rate s ofsa nd movement · 

at the base than Nara Valley and Visitor 's Dune. Far East Dune has the lowest rates of 

sand movement of all the sites, both a t the base of the dune and at its top. A significant 

nega tive logarithmic relationship between the basa l area per 100 m2 of the vegetation 

located within each set often po les and the rate of sand movement was also noted (Fig . 4; 

r = 0-79, P < O·Oi ). 

The compactne ss of the sand increa sed gradua lly upslope at the Far East Du ne (Mann ­

Whitney U-tests, bottom versus midd le, P < 0·002; midd le versus top , P < 0·002). In 

contrast , sands of the middle section of the Nara Valley dune are more comp acted than 

those at its base or at its top (P < 0·002 for both cases). Comparisons between the Far East 

and Nara Valley du nes at the bottom , middle and top show no signi ficant differences in 

sand comp action in the midd le of the dune s but significant ly grea ter compaction at the 

Far East Dune at its base and top than at Nara Va lley (P < 0·002 for both cases). 

Biotic assays of the east-west environmenta l gradient demonstrate access to more 

JUbsurface water at sites progressively inland from Nara Valley (F ig. 5). The pattern of 

dail y xylem water pote ntiaiSfo r ind ividua ls of Stipagro stis sabulicola loca ted in the upper 

sections of the dune slope across the dune fields shows more rapid rechar ging of the plants 

a t the Fa r East Dune after sunset than is found at Nara Valley. In addition , xylem water 

potentials reach their lowest va lues at Nara Valley. Noctivaga Dune is intermediate , in its 

dai ly pattern of xylem water potentia ls, between Nara Valley and Far East Dune . There is 

a significant negative linear correlat ion between temper a tu re and xylem water po tent ial (r 

ranges from 0·92 to 0·94, P < 0·00 I) at each of the three sites (Fig . 6). Compariso n among 

the regression coefficients shows significant ly greater slopes from west to east across the 

dune fields (Nara Valley versus Noc tivaga , t = 2·33, d.f. = 35, P < 0·05; Noctivaga versus 

Far East , 1 = 3·71, d.f . = 33, P < 0·00 I) ind icating the more rapid recharging of the plants 

to the east. Loca l measurem ents of xylem water potentials during the heat of the day over 

a dune slope were made for S. cf. namaquensis in the upper and lower portions of its range 

at Bushman 's Circles. Xylem water potentials were - 2· 11 MPa in the upper part of the 

dune and - 1· 17 MPa in the lower (I= 4·11, d.f. = 8, P < 0·0 1). Fina lly, on the long, low­

angled Far Eas t Dune, the number of S. cilia Ia individua ls with photosy nthet ically active 
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FIG. 5. The daily course of change in xylem water potentials for Stipagrostis sabulicola at the Far 

East, Noctivaga and Nara Valley dunes in the Namib Desert. Error bars indicate ± 2 S.E .. n= 5. 

tillers decreased from the upper portion of its range to a point adjacent to the inter-dune 

valley (Table I, x2=32·3, P<O ·OOl). 

Species distributions 

Allometric growth curves for the six species of grasses fitted power curves in which a 

constant value was multiplied by approximately the square of the plant diameter. Based 

upon these data the average biomass for perennial grasses was found to decrease from the 

eastern to the western study area (Table 2). The study areas are again grouped, as in the 

case of rates of sand movement, into Nara Valley and Visitor 's Dunes, Noctivaga and 

Bushman's Circles, and the distinctive Far East Dune . Over the Far East Dune slope, the 

area w'ith the greatest standing crop, above-ground biomass is low at the top of the dune, 

increases gradually to relatively high values at mid -dune and then decreases downslope to 

the inter-dune valley (Fig . 7) . 

The species distributions across the dune fields show an _increase from one species on the 

westernmost dune to a maximum of four species on the two easternmost dunes (Fig. 8). 

Stipagrositis sabulico/a is the only species present on the dune slope at Nara Valley and, as 

species are added to the associations to the east, is restricted to the upper zo nes of the dune 

slope where the rates of sand movement are greatest. The three species present at 

Noctivaga Dune are clearly zo ned over the dune slope (Fig. 8b) with Centropodium 

glaucum at the base of the dune replaced up slope by S. cf. namaquensis at mid-dune and 
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FIG. 6. Relati onship bet;.,een ambient temper at ure and xylem water potentials at (a) Nara Valley 

(wes ternmos t dun e studied) , (b) Noct ivaga (central stud y area) and (c) the Far East Dun e 

(easternmost dune studied) in the N a mib Desert. Symbols: e , Nara Valley; x, Noctivaga ; o, Far 

East Dune. 

TABLE I. The number of individuals of Stipagrostis ciliata with green tillers at a 
point just below the Cladoraphia spinosa zone {upper) in the middle of the zone of 
distribution of S. ciliata (middle) and at the lower edge of the latter 's distribution 

next to the inter-dune valley (lower) on the Far East Dune, Namib Desert. 

Zone of distribution 

of S. ciliata 

Upper 

Middle 
Lower 

Number of individu a ls a t 

Far East Dune with 

Green tillers No green tillers 

42 

17 
0 

58 

83 

100 

TABLE 2. Average biomass of perennial grasses occurring at a series of dune sites in 
the Namib Desert. The number of storms represents an extrapolation of the data 
from Fig. I for the number of storms with measurable precipitation recorded during 
1980-82. n =the number of zones sampled at 20-m intervals down the dune slope. 

Dune 

Nara Valley 

Visitor's Dune 

Noctivaga 

Bushman 's Circles 

Far East Dun e 

.. :::r.:f .... ... ,, 

Numb er of sto rms Average biom ass 

1980-82 (g m - 1) 

3·6 10·1 

4-4 14·9 
5·8 54·4 
6·8 72-9 

10·0 448·9 

Standard error n 

3-4 
5·8 

9·3 
9·8 

64·6 

14 
6 

14 
II 

14 
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the latter re'placed by S. sabu/ico/a at the top . At Bushman's Circles a fourth species, S . 

lutescens , is added to the association at the base of the dune and overlaps extensively with 

the distribution of C. g/aucum. Finally , S. ci/iata covers an extensive portion of the lower 

and middle dune slopes at the Far East Dune, intruding from the inter-dune valley (Fig. 

8d). The presen ce of this species compresses the distributions of the other three species 

forming the association to the uppermost sections of the dune where S. lutescens is 

replaced upslope by Cladoraphia spinosa and the latter replaced by the ubiquitous S. 

sabulico/a at the very top of the dune . • 

DISCUSSION 

Rainfall in this.region of the Namib Desert is very low(Seely 1978b) but increases towards 

the Great Escarpm -ent. Due to the sporadic nature of desert rainstorms , records for 

precipitationshow no clear pattern of Increasing rainfall with increasing distance from the 

sea (Lancaster, Lancaster & Seely 1984). This failure is primarily due to the short period 

over which records have been maintained. Because a storm may pass either directly over a 

rain .gauge oi only fringe it, widely 'disproportionate amounts of precipitation may be 

recorded. This factor , coupled with the low frequency of storms in desert areas generally, 

will influence greatly the yearly averages obtained at a site such that they may only be 

representative of the actual rainfall when very long-term records are available. Thus, to 

illustrate this potential gradient for the Namib Desert , it was necessary to correlate the 

number of storms with measurable precipitation recorded over two years with distance 

from the sea at which the rain gauge was located , and assume that the number of storms 

directly reflected the amount of rain received at a site over the long term. The pattern of 

increasing number of storms with increasing distance from the sea, coupled with long­

term data for sites on the coast and inland, indicate that a gradient of rainfall does exist. 

This inference is confirmed by the x,1lem water potentials of Stipagrostis sabulicola at the 

.!_ops of dunes across the dune fields. These plants can recharge their tissues each night on 

the soil moisture stored within each dune . Griffin (1973) suggests that water 

potentials higher than - 0·6 MPa indicate tfiato; ks in the foothills of the Sierra Nevada 

of central California are rooted in the water table . Stipagrotis sabulicola has values much 

greater than this. Furthermore, the rate of recharge is greatest at the Far East Dune where 

rainfall is presumed higher and lowest at Nara Valley, the westernmost dune studied. In 

addition, each population monitored maintained itself at a higher water potential from 

west to east across the dune fields. It has been suggested that rainfall is accumulated and 

stored better within sand dunes than in the more compacted soils of inter-dune valleys 

(Chadwick & Dalke 1965; Pavlik 1980). Finally , the standing crops measured across the 

dune fields increase towards the east demonstrating again more establishment and growth 

from west to east as a result of increasing rainfall . 

There also is a decreasing gradient in soil moisture availab ility on a local scale over a 

dune slope, at least from the middle of the dune to the top. It appears that there is 

redistribution of water down the dune slope after rain , even though the water content of 

the sand was below field capacity , a situation which Bagnold (1954) considered unlikely. 

In any event , the uppermost section of the dJ!ne is qrier than those sections downslope . A 

comparison of the xylem water potentials for S. cf. namaquensis shows that water 

potentials are significantly lower during the heat of the day in the upper section of this 

species' range on the dune slope at Bushman's Circles than it is in the lower section . 

,; 
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Ambient temperatures would be strongly correlated with the saturation deficit of the air 

and consequently the transpiration rate. This effect is most likely the cause of the low 

water potentials rec.orded at high ambient temperatures for S. cf. namaquensis and S. 

sabulicola. In contrast, moving downslope to the inter-dune valley at the Far East dune, 

the population of S. ciliata hasprogressively fewet individuals with photosynthetically 

active tillers. The root systems of S. ciliata are very shallow and take up water rapidly_ 

when the upper layers of the sand are irrigated (unpublished data). Soil compactness may 

be important here as surface runcoff is greater and infiltration lower in more compact soils 

(Etherington 1982). Stipagrostis ·cilia/a may ·have less access . to subsurface moisture 

downslope under such circumstances. 

Alternatively, S. citata may have a longer period over which to grow at points in its 

upper range when interflo.w is occurring from the upper dune to lower levels. Unlike the 

distribution of standi.ng crop across the dune fields this variable up a dune slope is 

confounded by difference:\ ln growth forms between species. !he only notable difference 

in standing crop over ·the Far East Dune is a reduction in the biomasses in the areas 

adjacent to the inter-dune · valleys. Here, the volume of sand in which each grass individual 

can root is reduced because.oftheproximity of solid substrata beneath. The growth forms 

of grasses restricted to those perennial species with small canopies and shallow root 

systems or to annual species. Furthermore, proximity of these solid substrata to the 

dune 's surface may lead to a more rapid drainage of subsurface soil moisture (Spalding 

1909) making the lower sections of dunes, with long gentle slopes and compacted sands at 

their base, drier towards the inter-dune valley. 

The negative relationship between density of plants and rates of sand movement across 

the dune fields suggest that rate of sand movement is only a proximate factor in the 

determination of the species composition of these associations. Windspeeds are very 

similar across the dune fields (N. Lancaster, personal communication). Wind speeds are 

greatest at the tops of dunes (Salisbury 1952). As a result, species found where rates of 

sand movement are high are restricted to those that are best able to produce seed before 

burial. Because seeds are rapidly buried in areas where sand is moving rapidly (Maun 

198"1; Hewett 1970), these species persist in such sites by growing predominantly 

yegetatively (e.g. Stipagrostis sabulicola and S. cf. namaquensis) or by actmg as an annual 

or biennial and reaching reproductive age rapidly. The former case is more frequently 

observed . Plants with rhizomatous growth are more successful at establishing in moving 

sands (Olson 1958; Malakouti, Lewis & Stubbendieck 1978) and their vegetative growth 

;rulybe stimulated by sand deposition (Wagner 1964). Plants reproducing from seed in 

areas of rapidly moving sand can only do so when rainfall events are frequent. Hence, the 

ultimate factor in the determination of the species composition of these associations is 

Persistence of species in these dune fields, particularly where rate of sand 

low, is dependent upon the establishment of new individuals from 

species in this grassland produce viable seed even if they persist by vegetative growth in 

areas of rapidly moving sand. A single rainfall of at least 10 mm is necessary for 

germination of this seed (Seely 1978b). Establishment of individuals and their subseguenJ 

,growth initiates a process of stablization of the dune. Mound-building by species such as 

S. sabulicola is the first step in this process. Such mound-building serves to slow the rates 

of sand movement as sand accumulates at the base of each individual (Grieg-Smith, 

Gemmell & Gimingham 1947; Willis e/ a/. 1959; Gibbens eta/. 1983). In areas of higher 

rainfall , such as the Far East Dune, the rate of sand movement is reduced by the freguenc 

at which S. ciliata and Cladoraphia establish from seed on the dune slope. More 
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sand movement on the lower slopes is recorded for those dunes to the west as a result of 

reduced rainfall and subsequently lower rates of seed germination and establishment. 

Only Centropodium glaucuni reproduces predominantly from seed at the bllse of 

Bushman's Circles and Noctivaga dunes. Further west, at Nara Valley, most establish­

ment of new individuals of S. sabulicold is by vegetative propagation as it is throughout 

the dune fields. The replacement of C. spinosa by S. cf. namaquensis, a species occupying a 

similar position on the dune slope below S . sabulicola, on Bushman's Circles Dune may be 

due to the lower levels of rainfall which limit the germination and estai>li;hment of 

the former species from seed and favour the establishment of S. cf. namaquensis by 
vegetative propagation. 
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