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Landscape ecology of the western desert of Egypt

Reinhard Bornkamm & Harald Kehl*

‘The Western Desert of Egypt (formerly called the Libyan desert) extends over more than
1000 km throughout the whole country, from the Mediterranean to the Sudanese border.
The precipitation gradient extends from about 150 mm at the coast to practically zero (Fig.
1). It may be that SW-Egypt is the driest part of the globe. Since agricultural land use and
range lands are restricted to a small proportion of the area, most parts are relatively
undisturbed by man. The western desert, therefore, is an excellent place to study desert
ecosystems under different degrees of aridity.

We had the opportunity to study this area during several expeditions, between March
1982 and October 1986, within the framework of the Special Research Project ‘Geo-
scientific problems of arid areas’ sponsored by the ‘Deutsche Forschungsgemeinschaft’.
Among a number of geological and hydrological sub-projects one sub-project was set up in
order to elaborate on soil and vegetation maps of the Western Desert. The results of the
pedological investigations, which are still continuing, are reported by Stahr et al., 1985;
Gauer & Stahr, 1984; Blume ez al., 1984; Alaily & Blume, 1986; Alaily ez al., 19874,b. In
the present paper we mainly deal with the role of the vegetation in the ecology of the
landscapes investigated. Many investigators have studied the vegetation near the
Mediterranean coast (see Ayyad & Le Floc’h, 1983; Bornkamm & Kehl, 1985; El Kady,
1987). Others studied the inhabited oases (see Kassas, 1971; Abd El-Ghani, 1985; Abu
Ziada & El-Sayed, 1980), but only a few records exist about the large parts of inland deserts
outside the inhabited oases, including the small spot-like oases in the Toshka depression
(see Kassas, 1971; Bornkamm, 1986; Alaily et al., 1987a; Kehl, 1987).

In the following paper we characterize five desert zones, referring only to precipitation-
dependent vegetation, which means that oases are excluded (see Fig. 1). If we disregard
the littoral habitats, the northernmost zone of the Western desert shows dwarf shrub
vegetation with Thymelaea hirsuta as the most important plant. Other species dominating
different communities are Asphodelus microcarpus, Plantago albicans, Hamada scoparia (in
degraded land) and Lycium europaeum as a higher shrub (in wadis) see Stahr et al., 1985,
zones II and III; El-Kady, 1987). The phytogeographic analysis shows predominantly
Saharo-arabian species with a rather large proportion of Mediterranean species
(Bornkamm & Kehl, 1985). At 100-150 mm precipitation the climatic diagram (zone I11.4
according to Walter & Lieth, 1967) shows one ‘humid month’ (relatively speaking) and
fulfills the demands of a semi-desertic climate in the sense of Miiller-Hohenstein, 1981 (see
also Walter & Breckle, 1983; Knapp, 1973). The vegetation is permanent and diffuse, i.e.
all habitats (Migahid et al., 1971) are covered by vegetation, but the growth of high shrubs
(>2 m) has a contracted pattern: it is restricted to the wadis.

The zone is inhabited by both the town population and nomads. The agricultural land
use comprises tree cultivation (dates, figs, olives, almonds), dry farming (barley), grazing
and cutting or uprooting of ligneous species as fuel. The characters of this zone have been
described thoroughly by the Egyptian ecologists, especially near Ras El Hikma (see
Ayyad, 1969), Omayed (see Ayyad, 1980; Ayyad & Le Floc’h, 1983; and the literature cited
here), and Maktila (Migahid et al., 1974, 1975a,b,c; El-Kady, 1987).
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Figure 1. Desert zones in the western desert of Egypt. Dashed areas = oases.

The second zone extends nearly 100 km south of the coast. Here the precipitation goes
down to 10-20 mm, and all 12 months are aridic. Along this gradient the vegetation
becomes more and more contracted, and many of the annuals, which are indicators of more
or less regular rainfall, disappear (Stahr ez al., 1985 zones IV and V). Saharo-arabic species
totally dominate (Bornkamm & Kehl, 1985). The most important species are Pituranthus
tortuosus, Artemisia inculta, Gymnocarpus decandrum, Carduncellus mareoticus a.o. (Stahr et
al., 1985; Kehl er al., 1984). The vegetation is contracted but permanent, which means
that in certain places (like playas) soil water bodies exist throughout the year. The area is
grazed by camels at a very low stocking rate, the intensity being dependent on the climatic
conditions of the year.

About 90% of the Western Desert receives rainfall less than 10-20%. Here a number of
changes occur as compared with the main desert, so we refer to it as an extreme desert. The
vegetation 1s contracted and covers less than 1% of the total area. Since no permanent water
bodies are available, the vegetation is temporary, but as there are no rainy seasons, the
vegetation is not annual either. This type of vegetation has been called ‘accidental
vegetation’ by Kassas (1952, 1966, 1971): “This type of vegetation may be called accidental
vegetation in distinction from the ephemeral annual vegetation and the perennial or
permanent vegetation that are met within deserts with a more regular rainfall’ (Kassas,
1952). Important dominating species are Zygophyllum coccineum, Cornulaca monacantha,
Salsola baryosma, Stipagrostis spp. div., Fagonia arabica, Francoeuria crispa, Anabasis
articulata a.o. Most species of the accidental vegetation are potential perennials, but they
can perform their life cycles in less than one year if necessary. If water stays available for a
longer period they continue growing up to the moment where the water is exhausted. In
the vegetation spots only a few plants are living, usually 99% are dead. The density of the
vegetation very much depends on the size of the catchment area; smooth surfaces
favouring lateral water flow; sand cover of the topsoil preventing evaporation; high water
capacity in the subsoil.
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Under very special runoff conditions, e.g. wadimouths between large rocks, local water
bodies may exist over a longer period (Walter & Breckle, 1983). Under such conditions
even tree growth (Acacia raddiana, Tamarix spp.) may occur, but the distance between two
trees amounts to several hundred km in certain cases.

In the western Desert the extreme desert still shows a significant differentiation (Fig. 1).
The zone between latitude c. 30-5° N (north of the Qattara depression) and c. 28° (height
of Bahariya) bears vegetation characters of both the full desert and the hyperaridic desert
types. The vegetation cover is lower than 0-1% of the total area, and accidental vegetation
is as indicated by the regular occurrence of different Tamarix species and the (very
sporadic) growth of Acacia raddiana. We call this zone extreme desert I. Agricultural land
use is already impossible here. In this zone the Qattara depression is embedded which —at
altitrudes below sea level —shows a very peculiar vegetation with a number of southern (i.e.
Sudanian) species (Bornkamm & Kehl, 1985). Rainfall in the extreme desert I amounts to
about 5-10 (20) mm/year.

In the largest part of the Western Desert, only accidental vegetation exists. Within this
zone, extreme desert II (Fig. 1), in the sand dune areas, the hilly landscapes, the hamada
and serir plains, tiny spots of (mostly dead) vegetation occur with extreme distances (10
km and more) between them (Bornkamm & Kehl, 1987). Rainfall in the extreme desert I1
amounts to about 1-5 mm/year. The runoff and below-surface conditions become more
important than the amount of precipitation itself, and the relationship between runoff,
infiltration and vegetation is very complex (Evenari, 1985). An exception is the mountains
of the Gilf Kebir (elevation between 650 and 1082 m), where in the deep wadis and shallow
depressions vegetation (containing 15 species, see Alaily et al., 1987a) is widespread.

In the very center of the E-Sahara with sand plains predominating, accidental vegetation
is almost absent (Bornkamm, 1986). The rainfall here is near zero. Nevertheless
sporadically and locally animal life exists and food chains occur which are based on the
input of organic material of two types: litter blown by wind and deposited at wind
protected sites; migrating birds.

Because some ecosystem characters are developed, these incomplete ecosystems void of
producers, which depend on allochthonous organic matter, have been called allochthonous
ecosystems (Bornkamm, 1987b). They characterize the extreme desert III in SW Egypt
and the adjacent parts of N Sudan. The scheme in Fig. 2 (bottom part) makes clear that the
ecosystem functions are restricted by lack of water (primary production and decomposi-
tion) and isolation (predation by large carnivores), as compared with complete ecosystems
(Fig. 2, top part). Some of these restrictions can already be found in ecosystems with
accidental vegetation (Fig. 2, center).

The results of our investigations are summarized in the following scheme (Table 1). It
has to be kept in mind that criteria of three different meanings are used: ‘diffuse’ or
‘contracted’ concerns spatial patterns, ‘permanent’ (together with annual) or ‘accidental’
concerns temporal patterns, and ‘allochthonous’ or ‘autochthonous’ concerns ecosystem
functions. Our classification of desert types is not consistent with some others. Recently
Shmida (1985) called true deserts areas with <120 mm rainfall (this comprises a great deal
of our semi-deserts), and extreme desert areas with rainfall <70 mm (this comprises a great
deal of our full deserts). Inevitably terminology has to be adjusted; a general terminology
still is needed.

In relation to land use it has already been pointed out that typical agricultural or pastoral
activities are restricted to semi-deserts (zone 1), whereas extensive grazing is possible in the
full desert in favourable years. This is not possible in the extreme desert, although suitable
soils occur (Alaily et al., 1987b). Vast areas seem relatively undisturbed to the unexperi-
enced visitor. This does not mean that the extreme desert is free of land-use pressure.
Activities like quarrying; mining; car riding by military personnel, adventure tourists,
scientists, smugglers; activities radiating from irrigation farms (like garbage spread,
hunting); burning of small wild oases are performed in a highly land-consuming manner
(see also Batanouny, 1983). In absolute terms these influences are not very strong, but the
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Figure 2. Functional relationships of different ecosystem types. Above: autochthonous ecosystem
with permanent vegetation; center: autochthonous ecosystem with accidental vegetation; below:
allochthonous ecosystem; solid lines: main processes within ecosystems; dotted lines: subordinate
processes within ecosystems; broken lines: processes between ecosystems. Abbreviations: DC,
decomposers; DT, detritivores; H, herbivores; I, import; LC, large carnivores; P, producers; SC,
small carnivores; W, weathering.

ecosystems of the extreme desert are so vulnerable that these influences exert a considerable
impact by destroying vegetation, enhancing input of organic matter, and eliminating
larger herbivores and other animals from a great part of their former habitats
(Niethammer, 1971). It can be expected with certainty that human impact in the extreme
desert will rise with increasing mobility. Extreme desert is regarded as no-man’s land and
therefore is not respected in its natural value (Alaily ez al., 1987b). Every effort should be
made to protect sufficient amounts of these peculiar ecosystems.

Let us now draw conclusions concerning the topic of our symposium: What is special
about desert ecology, and are there unifying characters? Regarding our summary (Table
1) the first impression is great diversity. In semi- and full deserts all typical ecosystem
functions like primary production, herbivores, detritivores and mineralization are rather
well developed (Fig. 2). In landscapes with accidental vegetation the ecosystems are
discontinuous in time. Primary production is followed by grazing, but predation is
lowered by spatial isolation, and decomposition is prevented by recurrent dryness.
Allochthonous ecosystems are void of producers. Based on litter, they start food chains
with detritivores, leading to carnivorous insects, reptiles and birds. Locally high input of
organic matter by migrating birds does not result in higher consumption because the
consumers are not present.

Another source of variation is the relation of the above-ground and below-ground
portions of plants. The shoot: root ratio, of course, depends on the species given and their
performance, but generally in humid areas this ratio frequently is >1, whereas in deserts
it usually (but not always) goes down to values of 1 and less (Evenari et al., 1975, 1976;
Noy-Meir, 1973, 1985). In accidental vegetation it is neither possible, nor useful, to
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sustain large root systems as in permanent vegetation. The root growth follows the water
front but the main vigor is put into shoot growth combined with early flowering and fruit
setting. The shoot: root ratio, therefore, rises again to values >1 (Bornkamm, 1987a).
Other sources of variation are soil processes, like formation of calcrete, salt or gypsum
layers, surface phenomena and so on. The first conclusion of our considerations is that
every desert type has its specialities.

Concerning unifying characters we feel that deserts have just one factor in common: the
scarcity of water, from which all other common characters are derived. The characters
listed and interpreted by Noy-Meir (1985) are, of course, not independent of each other.
The lack of water is the cause of low productivity, low biomass, low nutrient flow, harsh
wind exposure, harsh microclimatological conditions, and rare ‘tree’ life. Most of them are
not desert-specific but can be found in other vegetation zones, where productivity 1s
reduced by another key factor, such as temperature or extreme nutrient deficiency.
Likewise the allochthonous factor is met in other types of ecosystems, in which producers
are eliminated by an adverse factor (Bornkamm, 198756). More specific are all the special
adaptions to the conditions mentioned above (Evenari, 1985). Our second conclusion,
therefore, is that the only common factor in deserts is water shortage. But this one factor
is answered by a multitude of biological responses.
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