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Abstract

This study discussed the difference of the climate comfort in the
essential geographical regions and its importance in demand tourist
in Yemen between f--1/14A-. It appeared the role of relief and the
level of water in the difference of the demand climate and its reflec-
tion upon the physiological comfort in these regions. The study find
out that the climate of Yemen is differential because it does not face
the absolute excessive climate whether tornados and storms tropi-
cal or the sharp cold and high temperature as which happen in the
north of continents and there dry deserts, but the analytical study
shows the occurrence of the high and average hot of discomfort cli-
mate most the day, in spring and summer season on the coastal flats
and eastern highlands where upland mountainous be characterized
by physiological climate that directed to the ideal climate comfort,
, most of the time in the two seasons , that come from the variable
of relief and their directions, in the opposite of western-southern
seasonal winds, which carries water vapor that rainfall on spring
and summer upon versant of uplands and their valleys. All of these
lend to a beautiful sight and fresh atmosphere on this region. This
region can be used as a summer resort for the people of the coastal
regions, deserts and the Arabic countries neighborhood. However,
the climate of winter and autumn seasons, the movement of visible
sun moves backward toward the equator and southern tropic of car-

picon . In the same time the area of study receives a high amount of
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bright sun which be temperate hot, besides the influence of coastal
flats and eastern highlands regions with low air which happened in
some near flat of water. Some rains falls in winter on some places
of these regions especial on some places which face the semi-wet
north-west winds as the protectorate of Bora’ain Hodiada province
and Hawf in Mahrah province, and the upper highland of Hadram-
ut, etc. In the same time there is infrequent in vain in the two sea-
sons mentioned above , on upland mountainous region that cause
some discomfort medium cold climate home relaxation and rarely

engagement in tourist activity amusing.

Therefore the climate of winter and autumn season charac-
terized in general by months of climate comfort for most of the
population of Yemen geographical region and considering a spring
climate especially for the population of north- east continents, es-

pecially in day times on uplands regions and most of the time on

coastal flats and the valleys of eastern highland.
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Vegetation Distribution on Mega Sand Dunes
in Nafud Ath Thuwayrat, Saudi Arabia

Abdulatif H. Al-Nafie
Department of Geography, Faculty of Social Sciences,
Imam Muhammad Ibn Saud Islamic University,

Abstract
This paper examines the vegetation distribution on mega sand
dunes in Nafud Ath Thuwayrat. Observations of the sand dune
environment show that both sand dune and interdune areas
have a variety of vegetation types that appear to be highly as-
sociated with the topography of the sand dune and the sand
movement. The distribution patterns recorded reflect the avail-
ability of moisture and nutrition, along with the effects of sand
movements and wind patterns. The presence of vegetation
cover limits sand mobility by modifying wind flow, shelter-
ing and protecting the land surface from strong winds, binding
sand with roots, and intercepting sand particles, fines, clay and
silt, which gather around their base.

Key words: Mega sand dunes, Ath Thuwayrat, Saudi Arabia,
Vegetation distribution
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Introduction
The presence and absence of vegetation cover on sand dunes
can be attributed mainly to climate, the degree of sand mobil-
ity, and the destruction of plants by human activities.
Climate might affect the presence of vegetation cover, regard-
less of other factors. In areas with very little or no rainfall,
vegetation cover might fail to appear, whatever the dune type
or shape (Tsoar and Moller, 1986).Yet, the average amount of
rainfall in the study area appears to be adequate and within
the average of the range required to support vegetation cover
(more than 50 mm) when other environmental requirements
are favourable.
The density and nature of vegetation cover along the dune el-
evation gradient are determined by the degree of sand mobility
and stability, which, in turn, are influenced by wind veloci-
ties and dunes (Ash and Wasson, 1983, Warren, 1988). Dune
shape itself affects the rate of sand erosion and sand shifting.
Areas that experience high wind velocity and, therefore, a high
rate of erosion, show little or no vegetation at all for the fol-
lowing two reasons:
1- There is a continuous loss of sand moisture as a result of
sand texture, which results in high percolation and low mois-
ture tension. Active dune sand has the lowest moisture content
at field capacity (Tsoar, 1990). Continuous sand movement
also exposes the deeper moist layers to drying by wind and
solar radiation, leading to further moisture loss.
2- Sand movement also results in the uncovering of roots of
established plants, which kills them and prevents new plant



CIRNENTERAJEPRIETIRY

germination.

It is known that all the major sand dune types react differ-
ently to sand erosion. Accordingly, the presence and density of
vegetation might differ significantly from one type of dune to
another.

Seif dunes are formed in areas that are dominated by bi-direc-
tional wind regimes, so that the slipface and windward of the
dunes alternate seasonally or even diurnally under the influ-
ence of wind direction. The crests and near-crest areas are the
seif dunes’ most active and driest parts, which mean that veg-
etation can not germinate or become established on these ar-
eas. In contrast, the plinths of the seif dunes are usually stable
(Thomas and Tsoar, 1990). As a result, from the dunes’ base,
plant coverage decreases upslope.

Transverse dunes are developed in areas that are dominated
by unidirectional wind regimes, which results in continuously
mobile sand that affords little or no chance for the develop-
ment of plant cover. However, when winds are moderate and
erosion is minimal, vegetation might be found in some parts of
the dunes, including the crests and slip-faces.

The linear or longitudinal dunes that extend in a direction par-
allel to the direction of the prevailing wind are more stable and
favour plant growth. The flanks of the ridges of these dunes are
normally covered with vegetation though the long ridge tops
might be bare. It is possible, however, that the whole dune
might become partially vegetated and stabilised.

Although the climate in the study area is arid, about 90% of
Nafud Ath Thuwayrat is predominantly composed of stable
and semi-stable dune systems, which are capable of support-
ing sparse vegetation cover (Al-Nafie, 1995).
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Active sands are limited to small patches on crests of the inac-
tive and fixed mega dunes, so that large scale movement of the
sand is very slow relative to other dune areas and types.
Human activities and interference constitute additional fac-
tors that play a major role in the absence of vegetation cover
from some parts of Nafud Ath Thuwayrat. Land use history
shows that, through many centuries, the cutting and uprooting
of shrubs, as well as overgrazing, have led to the absence of
vegetation cover over wide expanses of the study area where
the vegetation cover used to be rich. The severe destruction
of vegetation cover on sand dune slopes causes sand move-
ment that leads to further destruction of vegetation. Clear ex-
amples of such destruction can be seen along the completely
bare slopes of mega dunes that surround small human settle-
ments scattered in the middle and northern of parts of Nafud
Ath Thuwayrat.

Material and methods

For the investigation of vegetation distribution along mega
sand dunes, line-transect methods were applied by laying out
a transect along the crests of five mega sand dunes. Twenty
sampling points were randomly established on each transect
by means of a random numbers table. The distance between
the sampling point and the nearest plant species on each side
of the crest were measured and the type of plant was recorded.
A quick assessment of the plant cover on each side of the tran-
sect from the sampling point was also performed.

The objective of the line transects was to determine the floris-
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Figure 1 Satellite image showing Nafud Ath Thuwayrat and the samples sites
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tic composition near the crests, frequency of plant species near
the crests, and the average length of the vegetation free area on
the sand dune. A computation of frequency was determined
from the following equation:

Absolute frequency:

The average of distances from the 20 sampling points on both
sides was used to calculate the average length of the vegetation
free or mobile sand areas in the leeward and the windward of
the dunes (Al-Nafie, 1995).

Distances between the sampling points and the ground surface
were also measured in order to determine the average height
of the dune and, therefore, to determine the percentage of the
vegetation free or mobile sand areas that makes up the total
height of the sand dune body. An assessment of the plant cov-
er between the sampling points and the ground surface on each
side of the dune was also accomplished in order to determine
the floristic composition.

Five composite soil samples were randomly collected from
each line-transect following the choice of the sampling points.
Five composite soil samples were also collected from the bot-
toms of the deflation hollows between mega dome-shaped
dunes (Table 3). Soil samples were collected from a freshly
exposed surface to a depth of 80 cm. Though it was very hard
to dig a pit for the soil sample collection due to the collapse of
the pit walls, accuracy in collecting samples was achieved to
the best extent possible.

All samples collected were placed in clean labelled polythene
bags and transported to the soil laboratory at the National Ag-
riculture Research Centre at the Ministry of Agriculture in Ri-
yadh. Each soil sample was analysed mechanically at the soil
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laboratory according to the procedures outlined in its bulletin.
(Sayegh et al., 1978)

Study Area

Nafud Ath Thuwayrat has a total length of about 265km and an
area of approximately 6800 km?2. It runs south from the end of
Nafud Al Madhur, near 270 05’ latitude, and changes its direc-
tion to the southeast near Al Ghat town forming a narrow long
finger of sand dune between Sufra Al Mustoy in the west and
Az Zulfi as well as Al Hamada plains in the west (Fig. 1). Al-
though the width of Nafud Ath Thuwayrat in the north might
exceed 60 km, it does not exceed 2.3 km in its southern part,
which is north-east of Ushayqir. The southern end of Nafud
Ath Thuwayrat is known as Nafud Al Beldan Dome-shaped
mega dunes are common in Nafud Ath Thuwayrat and domi-
nate its northern section. They can reach a diameter of 1.5 km
and an elevation of 100 to 150m (Holm, 1953). Some dome-
shaped dunes also have crescentic dune ridges in their upper
surfaces so they might be classed as complex dunes (Breed, et
al., 1979). Some oases, farms, and small villages do exist in-
side this sand field. They occupy the bottoms of the deflation
hollows between mega dome-shaped dunes. These low, nearly
circular flat areas are colloquially called “Auqal”. The sand in
this area 1s medium, fine grained, and well rounded. Its colour
is golden yellow, mainly due to a thin coating of ferric oxide
on the surface of quartz grains (Holm, 1953).

The interior part of Saudi Arabia, where Nafud Ath Thuwayrat
is located, is characterised by a continental climate and very
extreme temperatures (Fig. 2). Major seasonal variations of
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temperature are very common, as are diurnal variations in all
seasons.

In summer, the days are intensely hot and uncomfortable,
especially in the calm air during midday. The cause of this
summer heat is harsh sunshine, a cloudless sky, and outgoing
radiation from hot sand cover. Despite this, the very dry atmo-
sphere and lack of humidity make the high temperature more
endurable in the shade. During the summer, the average daily
maximum temperature ranges from 42.1 oC in June to 43.2 oC
in August. The absolute maximum temperature might reach
45 oC to 48 oC over the study area during midday.

In contrast, the temperature falls rapidly after sunset, making
the nights more bearable. The mean daily minimum tempera-
ture ranges between 24.1 oC in June and 24.6 oC in August.
The winter season is characterised by low temperatures for this
latitude. Occasionally temperatures might reach the freezing
point and frost is not unknown. When frost does occur, it is
usually found late at night or in the early hours of the morn-
ing. The mean daily maximum temperatures ranges between
19.4 oC in January and 22.3 oC in February and the mean daily
minimum temperature ranges between 6.6 oC in January and
8.3 oC in December. The short spring and autumn seasons are
considered transition periods between

the dominating summer and winter seasons. They present
warm days and delightful breezy cooling nights. During the
autumn months, the temperature falls gradually and the maxi-
mum temperature averages between 27.5 oC in November and
41.2 oC in September. The minimum temperature lies between
12.6 oC in November and 22.1 oC in September.

In the spring months, the average maximum temperature is be-
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tween 26.5 oC in March and 38.6 oC in May, and the average
minimum temperature is between 12.1 oC in March and 22.3
oC in May. Due to the instability of the weather during these
transition seasons, a great diurnal variation in temperature is
also noticeable. The mean variation between the maximum
and minimum daily temperature ranges between 14 oC and
24 oC in the autumn season and from 14 oC to 26 oC in the
spring. This high variation is the result of the instability in the
overall climate and changes in the locations of the nearby pres-
sure systems.

During the summer, north-eastern, north-western and north-
ern winds prevail over the study area and during the winter,
northern and north-eastern continental polar winds prevail.
Mediterranean cyclones and depressions that pass over some
areas of the Middle East might also reach central Saudi Ara-
bia for several days during autumn, spring and winter months,
causing scattered precipitation of short duration. Like all the
world’s hot deserts, central Saudi Arabia is also characterised
by sand storms that occur suddenly, causing the movement of
sand and the formation of various types of sand dunes.

The wind speed and frequency are not very high by world stan-
dards (Heathcote, 1983), averaging between 1.8 and 8 km/h.
This average appears to be less than the minimum wind ve-
locity necessary to transport sand and might explain the very
low percentage of active dunes (10%) in the sand seas of the
research area (Whitney et al., 1983). It should be noted that
data on extreme wind speeds, and the duration of wind and
sand storms, might give more useful measures of wind ef-
fectiveness, but unfortunately, such data is not available. Al-
though the wind velocity is low for most of the year, its effect
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on the environment is noticeable because of the nature of the
desert land forms. In addition, the infrequent extreme winds
that might reach 50-60 per hour and the local dry hot wind,
which is called the As Samoom, have great destructive effect
on the flora of the study area, mainly annual vegetation. The
As Samoom wind blows from the south in late spring (May to
mid June) and early autumn (September to mid October). The
direction of the prevailing winds on the Arabian Peninsula and
the average general sand drift potentials in Saudi Arabia in-
dicate that the prevailing winds in the study area are northern
and northwestern. However, local multidirectional winds are
also common and have an impact on the formation and variety
of sand dune shapes.

The study area is characterised by a meagre annual rainfall
that averages 108.2 mm (Fig. 2). A second relevant feature
of the rainfall in the area is its seasonality. It is derived from
a few passing Mediterranean depressions that pass over the
area between October and May, so that the rainy season large-
ly extends over this period alone. Occasional and very light
rainfalls might occur in the beginning of May and the end of
October. However, 70 to 95 percent of all rainfall in the study
area occurs in the winter and spring months. For the purposes
of this study, however, the most dominant characteristic of the
rainfall is its variability in time, amount and location. Indeed,
temporal variability is generally one of the main features of
rainfall in the warm deserts. The average annual rainfall over
a 35 year period (1970-2005) was 108.2 mm; however, some
years had only a little rain, for example, no more than 1.9 mm
fell in 1973, while other years greatly exceed this average. For
example records show rainfall amounts of 150.3 mm in 1974,
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Figure 3 Oblique satellite image showing a typical mega sand dune in Nafud Ath Thuwayrat
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230.8 mm in 1976, 255.4 mm in 1982 and 348.5 mm in 1997
(Al-Nafie, 2006).

Nafud Ath Thuwayrat vegetation

Nafud Ath Thuwayrat dunes are almost all vegetated to vary-
ing degrees, but they are not rich in terms of the number of
species. Only 53 plant species were recorded on the main
body of the sands and their periphery. A significant number
of psammophytic species are restricted in their distribution to
sands that are deep, mainly stable, and semi-stable. These spe-
cies are considered to be true sand dune species and amount
to only 21 out of the 53 total species. Shallow to deep sand
areas appear to have more species, amounting to the remain-
ing 32 species (Table 1). In addition, some species might be
found on thin sand sheets between the dunes and might extend
far beyond the frontiers and margins of the sand dunes where
shallow sand sheets are found.

Results

Nafud Ath Thuwayrat appears to consist of two plant commu-
nity groups that have a strong relationship to the sand dunes’
terrain and the sand movements that affect the availability of
moisture and nutrients. These groups are communities of the
sand dune habitats or bodies and communities of non-dune or
shallow sand habitats.

The floristic composition of these communities is very simple.
In addition to the dominant species, there are only a limited
number of perennial and annual associate species. Some of
these associate species can exist in more than one communi-
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ty. Mega sand dunes of Nafud Ath Thuwayrat are dominated
by Calligonum comosum, Artemisia monosperma, and Stipa-
grostis drarii communities.

The intervening and interdunal sand-filled areas, and gaps be-
tween the mega dunes, are occupied by Scrophularia hyper-
icifolia, Haloxylon salicornicum, and Rhanterium epapposum
communities, which are widespread and extend far beyond the
frontiers and margins of the sand dune areas. Such a wide dis-
tribution is a result of their ability to survive in different habi-
tats. However, associate and co-dominant species can differ
from one habitat to another. These communities might be dis-
tributed over the stabilised low dunes, as well as on the lower
parts of the mega dunes. (fig 3).

Crests of mega dunes are devoid of vegetation, and there ap-
pears to be little difference between the leeward and the wind-
ward aspects of the dunes. However, the windward slopes usu-
ally have more vegetation cover, since they are much gentler
than the leeward slopes. The area that is devoid of vegetation
ranges from approximately 3 to 20% of the total sand dune
body, and there appears to be a clear boundary between zones
where vegetation grows, and zones with no vegetation. The
wind 1s certainly strong enough to move the sand on the dune
crests periodically, so that crests and high parts of the sand
dunes have lower moisture contents as a result of the velocity
of the wind, as well as the orientation of the dune and the angle
of exposure to the sun’s rays. The movement and replacement
of the top layer of sand by erosion and wind expose the moist
layers beneath it, which allows for more evaporation to occur
due to strong solar radiation. The absence of vegetation cover
on the crests can be attributed to the severe erosion in these
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areas, which prevents vegetation species from clutching into
the sand, as well as to moisture

deficiency. Mechanical analysis of the sand samples taken
from the dune crests (see Table 2). shows that sand in these
areas is loose, very dry, and made up of pure sand in which
very little or no silt and clay is present. Because of continuous
remobilisation by saltating sand, fine silt and clay particles do
not normally accumulate in mobile dune sand. As shown in
Table 2, silt and clay particles found in these areas are less than
2% of the total and is within

Tablel. Plant species recorded from the main body of mega sand dunes
and from the deflation hollows between mega sand dunes in Nafud Ath
Thuwayrat
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A- Plant species recorded from the main body of mega sand dunes
. . Life
Species Name Life Form Cycle
Artemisia monosperma Del. 1. SH Pre
Asphodelus refractus Boiss. 2. H An
Calligonum comosum 1’ Her. 3. SH Pre
Centropodia forskalii (Vahl) Cope 1. G Per
Centropodia fragilis (Guinet & Sauvage) 4.
G Per
Cope
Cyperus conglomeratus Rottb. G Per
Echinops mandavillei Kit Tan 5. H Per
Er?mobzum aegyptiacum  (Sprengel) 2. u An
Boiss.
Haloxvlon persicum Bunge ex Boiss. 6. TR Per
Hippocrepis areolata Desv. H An
Lotus halophilus Boiss. & Sprun 7. H An
Moltkiopsis ciliata (Forssk.) I.M. Johnston DS Per
Monsonia nivea (Decne.) Decne. ex 3. I Per
Webb.
Neurada procumbens L. 8. H An
Plantago boissieri Hausskn. & Bornm. 9. H An
Polycarpaea repens (Forssk.) Asch. & 10.
H An
Schweinf.
Schismus arabicus Nees 11. G An
Schismus barbatus (L.) Thell. 12. G An
Silene villosa Forssk. 13. H An
Stipagrostis drarii (Tackh.) de Winter G Per
Stipagrostis plumosa (L.) Munro ex T. /4.
G Per
Anders.
B- Plant species recorded from the bottoms of the deflation hollows
between mega dunes
Species N Life F Life
pecies Name ife Form Cyele
Aaronsohnia factorovskyi Warb. & Eig 1. H An
Aizoon canariense L. H Per or An
Allium sphaerocephalum L. 2. H Per
Anabasis setifera Moq. 3. DS Per
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Anthemis desertii (Boiss.) Eig 4. H An
Arnebia decumbens (Vent.) Coss. & 5.
H An
Kral.
Arnebia linearifolia DC. H An
Astragalus annularis Forssk. H An
Astragalus hauarensis Boiss. 6. H An
Astragalus schimperi Boiss. 7. H An
Atractylis carduus (Forssk.) C. Christ. H Per
Cakile arabica Velen. & Bornm. 8. H An
Cistanche tubulosa (Schenk.) wight 4. H Per
Convolvulus pilosellifolius Desr. 9. H Per
Cutandia memphitica (Sprengel) Benth. /0. G An
Cynomorium coccineum L. 5. H Per
Dipcadi erythraeum Webb & Berth. 11. H Per
Emex spinosa (L.) Campd. 12. H An

B- Plant species recorded from the bottoms of the deflation hollows

between mega dunes

. . Life
Species Name Life Form Cyele
Ephedra alata Decne 13. SH Per
Erodium laciniatum (Cav.) Willd. 14. H An
Fagonia indica Burm.f. H Per or An
Haloxylon salicornicum (Moq.) Bunge /5. SH Per
Hell.otropmm digynum (Forssk.) Asch. ex C. DS Per
Christ.
Ifloga spicata (Forssk.) Sch.-Bip. 16. H An
Koelpinia linearis Pallas 17. H An
Medicago laciniata (L.) Mill 18. H An
Ononis serrata Forssk. H An
Orobanche aegyptiaca Pers. H An
Rhanterium epapposum Oliv. 19. SH Per
Savignya parviflora (Del.) Webb 20. H An
Scropularia hypericifolia Wydl. 21. DS Per
Silene villosa Forssk. 22. H An

Life forms: H= Herb: G=QGrass: DS=Dwarf shrub or shrublet: SH=Shrub

Life Cycle: An= Annual or biennial: Per=Perennial
Table 2 Results of mechanical analysis of sand samples collected from the
transects and the bottoms of the deflation hollows between mega dunes
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A- Samples of transects
Transect No. 1
Sample | Sand | Silt | Clay | t.class | Very coarse | Coarse | Medium | Fine \g:lrg
1 98 2 0 S 0.1 0.9 83 15.1 0.9
2 98 2 0 S 0.1 4.4 84.9 10 0.6
3 98 2 0 S 0.0 0.6 91.9 7.3 0.2
4 98 2 0 S 0.1 0.0 90.5 8.5 0.9
5 98 2 0 S 0.0 0.5 89.5 10 0.2
Transect No. 2
1 100 0 0 S 0.0 0.0 96.4 3.3 0.3
2 98 2 0 S 0.0 0.3 87.3 11.6 0.8
3 100 0 0 S 0.0 0.0 96.2 3.4 0.4
4 98 2 0 S 0.0 0.0 91.7 8.1 0.2
5 98 2 0 S 0.1 0.0 92.9 6.8 0.2
Transect No. 3
1 98 2 0 S 0.0 0.0 90 9.3 0.7
2 98 2 0 S 0.0 0.2 88.5 10.4 0.9
3 100 0 0 S 0.0 0.0 92.7 6.8 0.5
4 100 0 0 S 0.0 0.0 92.5 6.9 0.6
5 100 0 0 S 0.0 0.0 93.8 5.6 0.6
Transect No.4
1 100 0 0 S 0.0 0.0 95.5 4.3 0.2
2 98 2 0 S 0.0 0.0 88.2 11.4 0.4
3 100 0 0 S 0.0 0.0 96.2 34 0.4
4 98 2 0 S 0.0 0.0 90.6 9.2 0.2
5 98 2 0 S 0.1 0.0 91.9 7.7 0.3
Transect No.5
1 100 0 0 S 0.0 0.0 93.6 5.9 0.5
2 100 0 0 S 0.0 0.0 90.9 9.5 0.6
3 98 2 0 S 0.1 0.0 89.5 9.6 0.8
4 98 2 0 S 0.0 0.0 90.6 9.2 0.2
5 100 0 0 S 0.0 0.0 95.2 4.4 0.4
B- Samples of the bottoms of the deflation hollows between mega dunes
1 96 2.0 | 2.0 S 0.0 2.6 66.4 30.6 0.4
2 96 0.0 | 4.0 S 0.0 0.8 81.8 16.9 0.5
3 98 2.0 | 0.0 S 0.0 0.2 77.3 22.3 0.2
4 98 2.0 | 0.0 S 0.0 3.9 71.6 23.8 0.7
5 98 0.0 | 2.0 S 0.0 0.7 79 19.5 0.8

the 1 to 3% range estimated to be found in active desert dunes
(Tsoar and Moller, 1986). On the other hand, a higher percent-
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age of fine-grained sand is present, which is in agreement with
research showing that the proportion of finer grain-sized sand
within the sand dunes is greater at the crests than it is at the
bases (Ahlbrandt, 1979; Pye and Tsoar, 1990). The constant
movement of the sand in these areas destroys any vegetation
that could reach and germinate in these areas.

Perennial species, such as Stipagrostis drarii, Calligonum co-
mosum, and Artemisia monosperma, are spread all over the
mega sand dunes where the sand is relatively stabilised. They
are normally found on the shoulders of the sand dune and on
the semi-stabilized upper parts, as well as on the leeward and
windward parts. They occur on slopes of the mega dunes that
are not easily reached by animals, where vegetation cover is
partially protected and less grazed. For these reasons these
species is exceptionally abundant here.

Stipagrostis drarii is the most common plant, and sometimes
the only species present in the upper parts of the mega dunes,
near the crests where the slopes are very steep. Its absolute
frequency ranges from 70 to 100 % in all transects. Another
species that is found in the areas close to the crests but at a
lower frequency is Calligonum comosum which has an abso-
lute frequency ranging from 10 to 30 % in all transects (Table
3). These species have a deeper source of moisture through
their long roots, which can reach the large water supplies
stored deep in the dune. In addition, they have the ability to
resist the movement of sand and can avoid being buried by it.
Stipagrostis drarii are found below the sharp crests of the dunes
at 5.4 to 31.5m on the leeward and from 6.2 to 33.5m on the
windward in all transects. A few scattered Calligonum como-
sum plants are found at 13.3m to 24.8m on the leeward and
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from 15.2m to 28.5m on the windward (Fig 4). In these areas
wind velocity and angle of slope, which is normally more than
300, can result in substantial sand movement and erosion.

In contrast to perennial species, annual species are not found
in these areas. If they do exist, they are found mainly on the
hummocks of the perennial species, and are largely limited to
a few species that are highly adapted to deep sand, such as Er-
emobium aegyptiacum and Silene villosa.

Large shrubs or trees of Calligonum comosum that dominate
the northern part of Nafud Ath Thuwayrat are sand-binding by
nature and they gather and trap large quantities of sand that is
blown into their bodies. This allows them to form hillocks or
nebkas around their base, which are up to 2m high and up to
5m in diameter. Calligonum comosum nebkhas are spaced 5
to 30m from each other, but small shrubs such as Artemisia
monosperma are spaced at 5 to 10m from each other. In the
stable or semi-stabilized lower and middle parts of the dunes,
species appear to be less widely spaced and more abundant.
There, the mean distance between shrub species was found to
range between 2.5 and 3.5.

Viewing these species from high spots or in aerial photos gives
the impression that they are regularly distributed. Such distri-
bution allows their long horizontal roots to extend widely and
acquire the moisture and nutrients required for their survival.
Spaces between individuals appear to be relatively proportion-
al to the length of the lateral roots of full grown species. This
distribution prevents these shrubs and grasses from struggling
and

competing for moisture and nutrition, and it allows each plant
species to garner the maximum space for its roots. The ab-
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sence of any form of vegetation cover between these shrubs
can be also attributed to the strong and violent wind currents,
which prevent the establishment of any vegetation cover.
Perennial grasses Stipagrostis drarii and Stipagrostis plumosa
contribute very little to sand accumulation so that nebkas
around their stems usually very short and small. These nebkas
cover some of the plant leaves and branches, which in turn
provide additional organic matter
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Figure 4. Altitudinal range of the mega sand dune plant communities on Nafud
Ath Thuwayrat
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Table 3. The results of five line-transects laid out along the crests of five sand dunes

Transect No 1
Length of transect: 744 m

Leeward Windward
Maximum distance | Minimum distance | Average of distances | Maximum distance Minimum distance | Average of distances
315m 17.1m 225m 335m 62m 173 m
Species Absolute frequency Species Absolute frequency
Stipagrostis drarii 90% Stipagrostis drarii 100%
Calligonum comosum 10% Calligonum comosum -

Transect No 2
Length of transect: 686 m

Leeward Windward
Maximum distance | Minimum distance | Average of distances | Maximum distance Minimum distance | Average of distances
226m 10.8 m 170 m 28.5m 92m 18 m
Species Absolute frequency Species Absolute frequency
Stipagrostis drarii 85% Stipagrostis drarii 75%
Calligonum comosum 15% Calligonum comosum 25%

Transect No 3
Length of transect: 762 m

Leeward Windward
Maximum distance | Minimum distance Average of distances | Maximum distance Minimum distance | Average of distances
30.5m 14.5m 223 m 323 m 62m 17m
Species Absolute frequency Species Absolute frequency
Stipagrostis drarii 90% Stipagrostis drarii 80%
Calligonum comosum 10% Calligonum comosum 20%
Transect No 4
Length of transect: 780m
Leeward Windward
Maximum distance Minimum distance | Average of distances | Maximum distance Minimum distance | Average of distances
30.6 m 54m 152m 283 m 104 m 18.0 m
Species Absolute frequency Species Absolute frequency
Stipagrostis drarii 100% Stipagrostis drarii 100%
Transect No 5
Length of transect: 674 m
Leeward Windward
Maximum distance | Minimum distance Average of distances | Maximum distance Minimum distance | Average of distances
234 m 99 m 172 m 28.5m 99 m 178 m
Species Absolute frequency Species Absolute frequency
Stipagrostis drarii 90% Stipagrostis drarii 70%
Calligonum comosum 10% Calligonum comosum 30%

-Yo._




[t |l I |

for the sand after they die. Their hillocks also play a great
role in intercepting moisture, in that numerous adventitious
roots are developed which allow for more moisture to be inter-
cepted. In the bottoms of the deflation hollows between mega
dunes, nebkas make the sand surface uneven and stable, but
their tops are usually mobile.

Mechanical analyses of soil samples collected from the bot-
toms of the deflation hollows between mega dunes where Hal-
oxylon salicornicum and Rhanterium epapposum shrubs are
abundant (Tables 2) showed that the sand is mainly medium
and fine in texture, but, unlike samples collected from the sand
dune crests, there appeared to be more fine sand, reaching up
to 30.6% of total. Though Silt and clay are present at very low
levels, from 2 to 4%, this range is higher than that which was
present in samples from the sand dune body. On the other
hand, although the sand contents are mainly of medium and
fine sand, some smaller amounts of very coarse, coarse, and
very fine sands are also present. The bushy form of the Hal-
oxylon salicornicum and Rhanterium epapposum species is an
effective sand-binder, which helps in trapping silt clay as well
as other wind-blown sand and sediments derived by wind from
nearby areas.

Sand movements affect seed germination, plant growth and
density, and species distribution. Calligonum comosum and
Stipagrostis drarii is apparently one of the first species to
germinate on mobile sand after heavy rains, which is when
pioneer plants become established. They have the ability to
clutch the sand through their deep lateral roots and tap water
in nearby surface sands. Fixed bushes and grasses subdue the
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sand surface around them and increase its stability. Once the
vegetation cover has been established and colonised, it encour-
ages greater sand stabilisation and increases the availability of
moisture and nutrient content by trapping more organic detri-
tus and fines. The shade produced by new plants keeps sur-
face temperatures lower than on bare sand and, together with
reduced wind movement, helps to lower the evaporation rate
from the sand surface and water loss rate from plant leaves.
Dead plants and leaf litter add humus to the sand, which en-
courage the establishment and growth of other plant species,
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including species that are less tolerant to sand movement.
Thus, the vegetation cover on the dune increases as the move-
ment of sand by wind is further decreased.

Stipagrostis drarii and Stipagrostis plumose grasses have the
ability to withstand slow sand movement and accumulation
through their flexible and elastic stems, as well as their roots,
which can resist the cutting of loose surface sand.

Ephemeral species with shallow roots are restricted to firm-
er areas of sand dunes as a result of their limited ability to
cope with the harsh environmental conditions of sand dunes,
especially sand movement. These species manage to find fa-
vourable spots within the sand dunes where they can survive.
They are common in areas of the dunes where there is seep-
age, moisture, and runoff that wash and collect nutrition from
higher areas of the dunes. These areas can appear impres-
sively green after rain and they exhibit very luxuriant growth,
making the sand dune areas floristically richer than any other
desert environment. The presence of ephemeral vegetation
cover is strong evidence that the dunes are stabilised. The fact
that these interdune depressions are sheltered from wind helps
this vegetation get established. On the other hand, crests and
windward areas of dunes appear to be only very sparsely cov-
ered, or even completely devoid of ephemeral species. Once
the vegetation cover has been established, it encourages more
stabilisation of the sand by acting as obstructions that increase
surface roughness and reduce the surface speed of sand-carry-
ing wind.
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Conclusion

It can be concluded that about 90% of Nafud Ath Thuwayrat
is composed predominantly of stable and semi-stable mega
dunes capable of supporting sparse vegetation cover. Vegeta-
tion is absent from the active parts of the mega sand dune as
a result of sand mobility and the high rate of erosion, both of
which affect the availability of moisture and destroys any plant
species that could be established in these areas. As the rate
of sand mobility increases, the chances of plant establishment
and survival decline. Active sand areas are limited mainly to
the crests and upper parts of inactive dunes. There appears to
be little difference in vegetation cover between the leeward
and the windward slopes of the dunes. However, the wind-
ward slopes usually have more vegetation cover, since they are
much gentler than the leeward slopes, although, more system-
atic studies are needed in order to more precisely explain this
difference.

Stipagrostis drarii is the most common plant present near
mega sand dune crests in the leeward and the windward ar-
eas. Sometimes it is the only species found there. Calligo-
num comosum and Artemisia monosperma might be present in
these areas but in a lower numbers. The intervening and inter-
dunal sand-filled areas and gaps between the mega dunes are
occupied by Scrophularia hypericifolia, Haloxylon salicorni-
cum, and Rhanterium epapposum communities. In the stable
or semi-stabilized lower and middle parts of the dunes, plant
species appear to be less widely spaced and more abundant.
Human activities also play a major role in the absence of veg-
etation from areas that can be or once were vegetated. Areas
around settlements, bedouin camps, and along car routes and
tracks are lacking in vegetation as a result of the destruction of
plant species by biotic factors such as intense and prolonged
overgrazing and fuel gathering.
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