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ABSTRACT

The aim of this research is to study the composition and distribution of the Flora of Siwa

Oasis depression. The study includes all different components to identify the role and interaction
with the environment. The study has been conducted in Siwa depression in 4 cross-sections
taking the four lakes of Siwa: Maraki, Siwa, Aghourmi and Zeitun as a reference from west to east.
The random sampies taken along one cross section form a data set. The 4 data sels cover the
natural vegetation area from South to North. GPS points have been recorded for 142 sampie
quadrates and the characteristics of natural flora and relevant ervironmental factors observed
were recorded and analyzed. The analysis of the data has been conducted through a multivariate
procedures using: indices to identify the importance of each species, £ diversity to evaluate the
biodiversity; the two—way indicator species analysis (TWINSPAN) for the communily classification;
Chi square (x?) for the analysis of species association and canonical correspondence analysis
(CCA) to identified the relation between the plant communities and the environmenta! factors.The
area studied covers a total of 14 perennial species (9 shrubs, 4 herbs and 1 parasite) which have
been taxonomically classified, as follows: Alhagi maurorum, Arthrocnemum macrostachyum,
Atriplex coriacea, Calligonum comosum, Cistanche phelypaea, Comufasca monacantha,
Phragmites australis, imperata cylindrica, Juncus rigidus, Nitraria retusa, Stipagrostis scopania,
Tamarix nilotica, Zygophyilum album and Zygophyfium coccineum. The study demonstrates that
the natural vegetation in Siwa depression is represented by few species with a unique genetic
resources and is distributed and organized in function and depending directly on the
environmental factors. The flora distribution is characterized by: a community that populates the
sand environment in the southern area of the depression, represented by 5 species the Comulaca
monacantha, Stipagrostis scopania, Zygophyllum album, Calligonum comosum and the Cistanche
phelypaea which is a parasite on the roots of the C. monacantha; a community that populates the
wet and dry sabkha close to the iakes' edges represented by 4 species Juncus rigidus,
Arthrocnemum macrostachyum, Phragmites australis and imperata cyfindrice which occurred only
in the dry sabkha; and three species, the Alhagi maurorum, Tamarix nilotica and Nitraria refusa,
that populate the northemn part of the depression and are wide spread in the oasis in different
environmental conditions. The more dominant, frequent and disdreputed species in the Oasis is
Alhagi maurorum

Key words: Siwa Oasis, natural vegetation, fiora, plant community, species diversity, specias association,
canonical correspondence analysis, taxonomic classification, species importance.

INTRODUCTION

It is well known that Egypt is the home of many species of flora which'are
completely adapted to the different environmental conditions. Some of them
could be considered as natural ancestors of some important food crops, others
constitute the main source of pastorals and medicinal plants.
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it is well Know that about 10 percent of the world's flora species are in
danger of extinction. And many ecosystems around the world are currently
undergoing dramatic changes with a reduction in species diversity and changes
in species composition, due to the influence of human activity. The protection
and conservation of the indigenous plants whether flora or cultivated varieties of
different species must have more consideration in the objectives of the
responsible scientific institutions and applied authorities. Many of these plants
could be utilized in the genetic improvement of many crop varieties by either
hybridization or by using genetic engineering techniques. These methods could
be utilized to benefit from the genes of the indigenous species which mostly
have the high adaptive value to environmental stresses such as salinity, drought
and pathogenic agents, etc....

One of the impressive characteristics of Egypt is the presence of several
isolated sites (i.e. Oases) which represent enclaves for rare and endemic plants. -
Siwa Oasis is a good example of a naturally isolated area. As a natural
depression in the western Desert of Egypt, Siwa could be considered as a
specific location of plant genetic diversity for flora and other cultivated crops.

The Oasis represents a unique ecosystem. It has always managed to
survive: its biodiversity has been naturally preserved due to its isolation. The
changes occurring in Siwa, as a direct result of its recent introduction to
modemity are inevitable. The agricultural development is one of the main
aspects of the oasis modemity and the impact of agricultural extension and
imported practices on the biodiversity of the natural flora in the Oasis region
cannot be predicted today in which flora biodiversity of Siwa depression is
continuously deteriorating starting from the last few decades.

The aim of the present study is to taxonomically classify, evaluate species
diversity, identify plant communities, analyze the relatior between plant and key
environmental factors on the flora of Siwa depression and consider the effect of
human activities on the natural distribution of the flora.

MATERIALS AND METHODS

This research was conducted in the Siwa Oasis during the period from
March 2002 until April 2003.
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siudy Area

The Siwa Oasis, located in Egypt's western desert, is about 600km west
of Alexandna. and 300km South-West of Matrouh (Mediterranean coast) and
about 65 km East of the Libyan borders. Siwa is located on the northern edge of
the Great Sand Sea, one of the largest sand areas in the world. Siwa
depression is one of a series of numerous depressions scattered in the westem
desert of Egypt (Figure 1).
Siwa Oasig is about 75 km
long and its width varies
between § and 25 km. The
area bounded by the zero
contour line lies between
latitudes 28° 06’ and 29° 24’
N and longitudes 25° 16’
and 26° 12' E with a total
area of about 1088 km?.

The study area covers
the natural vegetation area
that surrounds the inhabited _
area of the Siwa depression. =D, The studled area Nesn .
The study area extends 22 -
between latitude 25° 16’ and |2

25° 52'. Fiqure 1. Location Map of Siwa Oasis

The map, Figure 2, of Siwa Oasis shows the depression in relation to the
4 lakes of Siwa and their relative basins which act as the natural drainage into
the lakes. These lakes from West to East are: Maraki, Siwa, Aghourmi and
Zeitun. '

The climate of Siwa is hot/dry in summer and warm/dry in winter. The
rainfall is almost negligible with an average rainfall of approximately 10
mm/year. Data recorded by the Egyptian Climatic Authority, Siwa Meteorological
station shows that some years record no rainfall at all.

The maximum temperatures do not vary much along the year, reaching
their highest value in July (38 °C) and their lowest in January (19.6 °C). However,
the minimum temperatures vary greatly between seasons: from 3.8 °C in January
to 20 °C in July. So the climatic characteristics of Siwa Oasis, pluviometric regime
and thermic regime, is considered arid during all year around.
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Figure 2. Siwa depression the 4 lakes and their relative basins

The main wind blow directions are NW, NE and SE having general ratios
of 24.4%, 18.2% and 12.4% respectively.

The geomorphology structure of Siwa depression is longitudinally
differentiated with the mountains on the northern side, the sand sea on the
southern and the lakes intermediary. This longitudinally structure distinguishes
different geo-pedological characteristics by sand dune and sand sheets soil in
the southern; marshes sabkha dry and wet around the lakes; and, limestone
and bedrock covered by sand in the northern side up to the edge of the
depression, HYDEA-NARSS (2000). These geo-pedologic characteristics have
distinguished three different vegetation distributions, these are:

- the sand environment localised in the southern area of the lakes from
the edge of the Sabkha area up to the sand dune;
the moist area, wet and dry Sabkha around the lake, in the depression
the Sabkha cover a total surface of 355.9 km? Gad (2001); and,
the dry area, sand covering bedrock on the northern side of the lakes
edge of the Sabkha area up to the margin of the depression.

Data collection

The study area was divided into 4 sets. Each set consisted of a section
orientated from South to North corresponding to a lake and its relative basin
{figure 3).

142 plant community samples (quadrates) were collected. Each quadrate
is 100 m? (10x10m), Gilbertson, et al (1985).
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The sample quadrates were distributed as follows: 37 samples in the 1*
set related to Maraki Lake; 27 samples in the 2™ set related to Siwa Lake; 35
samples in the 3" set related to Aghourmi Lake; and 43 samples in the 4" set
reiated to Zeitun Lake. All sites from which data was collected were located with
a GPS (Glabal Positioning System).

Figure 3. Location of the 4 sets in the study area

The locations of the quadrates were selected to represent the natural
vegetation in the different areas of the Oasis. The quadrates were located by
random sample distribution. The plant community (biological data) of each
quadrate sampled was surveyed and recorded. Measurements related to the
environmental variables (physical data) were recorded.

1. Vegetation measurements

The survey was conducted in 4 different periods of the year. For each of
the 142 quadrate samples, a number of quantitative and qualitative biological
information related to the plant community were recorded.

For each quadrate, all species that occurred in the quadrate were
recorded and the following data were collected following Hanson and Churchill
(1965) as described below:

Density (Abundance), the quantity of each species expressed as number
of individuals, counting the individuals of each species that occurred in
the quadrate; and,
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Dominance, % coverage of each species recorded in the quadrate, to
determine the space occupied by each species that occurred in the
quadrate measuring the smallest and largest plant of the same gpecies o

The data related to Phoenixs dactylifera was recorded and excluded in
the data analysis as its presence as natural vegetation is limited and scattered
as localized niches most of the time at the boundary of the natural vegetation,
designing the horizon. it is also difficult to separate the spontaneous occurrence
of P. dactylifera from the ones linked with human activities in the past.

nt of the Environm | Variab
For each quadrate 4 main environmental variables related to the
vegetation composition and characterize the plant habitat were observed and
recorded. Those environmental variables are: Longitude, distribution South -
North; water table, level and quality {pH and EC); soil, chemical and physical
characteristics, and, altitude, topography.

Longitude: each sample was located with a GPS and a relative longitude .
(taking longitude 29° as a reference point) was calculated. For the conversion of
the GPS point to metric distance, an approximate oonverslon r Longltude =
1.849 km) is used for Egypt.

Altitude: for each sample was located on a digital topographic map
1=25,000 (Egyptian maps) with a range of 0.5 meter.

Water Table: 37 piezometers, located around the oasis, monitored
during a period of one year, (Masini, A. 2003) measuring the water table level
(depth from the soil surface), pH (pH meter) and salinity (electric-conductivity
meter) on monthly basis. For each measurement, a year mean was calculated.
Each sample was located on a contour map and a relative value of water table
was attributed:

Level, following a range <60 cm, 61-120 cm and >120 cm;

PH, correspondent value; and,

EC ppt, correspondent value with 0.5 range.

Soil Factor: for each sample, a soil type was recorded and classified
following the study of HYDEA/NARSS (2000), through locating the quadrate on
the soil map 1:25000 of HYDEA/NARSS (2000). The soil type was grouped in 6
categories following the typologies, physical and chemical characteristics, as
follows: Sand Dunes, Sand Sheets, Hammocks, Wet Sabkha, Dry Sabkha and
Sand Cover on Bedrock.
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Data analysis

1. Species classification and Importance value :

All species present in the quadrate were classified, referring to the study
of Aly and Hassan, (1980, 1893 and 1998); Hassan and El-Wakil, (2001) and
following the Taxonomic nomenciature of Tackholm, (1974) updated by Boulos,
L. (1999 and 2000). A description of characteristics of the species and
performance in various environmental conditions was also documented.

For each species Relative Density, Frequency and Relative Dominance
were used to calculate the importance of each species (DFD index) Mcintosh
(1967) as follows:

Importance value (DFD) = Relative density + Relative frequency + Relative dominance

The Relative Density (abundance) represented by the number of
individual species that occurred in the quadrate, was calculated as follows:
Total no. of individuals of species A <100

Total number of individuals of all species

Relative density of species A =

The relative Frequency of the individual species that occurred in the
sampling quadrates, was caiculated as percentage of the following formula:

Frequency species x 100
Sum of frequency values of all species

Relative Frequency =

The Relative Dominance represented by the space occupied by the single
species that occurred in each quadrate, was calculated as follows:
Dominance of species A

Total dominance of all species

Relative dominance =

Where the Importance index can range from 0 to 300.

2. Species Diversity (B diversity)

The diversity of plant community was analyzed confronting the 4 sets. A
computer program (Species Diversity and Richness ill, 2003) was used to
- analyze vegetation composition in the area related to the four lakes, and the
different habitat identified within the soil units. B diversity measures the increase
in species diversity, using presence/absence data. The samples are arranged in
the data grid South — North in their order of occurrence along the set. All
samples have the same size (quadrate 10x10 meters).

&
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Based on an assessment of the properties of the six indices proposed by
Wilson and. Schmida (1984) in representmg the trends and ability to detect the
change of the species diversity in the study area (4 sets), the 5" index of
sReIwﬂedgeed (Be) — Reference to Species Diversity and Richness (2003)- was

B =exp(B,) -1

B, =log(T )'-[( )Ze, log(e, D] [(%)Zai 108(0.)]

where ¢, is the number af samples along the transect in which species i is
present and a;the species richness of sample iand Tis D e, .

. TWINSP.
TWINSPAN was used as a method for the division of recorded species in
clusters. This method originally devised by Hill (1979) was used for the
classification of plant community, dominance value (% of coverage) .

For the analysis of plant communities (division in clusters), a computer
program,(CAP version 2, 2002) was used.

4.Association Chi square

The association between species was conducted with presence-absence
observations and calculated using Chi-squared (¥?). Using a contingent table.
For the calculation a computer program has been used (Cap version 2, 2002).

5. ination: Canonical Corres Anal
Canonical correspondence analysis (ECOM Version 1.3, 2002) is the
_ ordination method in which the ordination of the biological (main) matrix by
correspondence analysis or reciprocal averaging is constrained using multiple
regression on the variables included in the environmental matrix. For the CCA a
matrix for the biological data and a matrix for environmental variables were
prepared for each set and included:
Biological data: recorded abundance of the species in each quadrate not
transformation of the data.
Environmental matrix including:
soil, the data was regrouped in three according to the pedological
characteristics, sand dune/sheet, sabkha (wet and dry) and sand
covering bedrock, using a binary value;
water table, the level was reduced in three class <60 cm=1, 61-120=2
and >120=3; the pH and EC values have been converted to log10;
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Altitude the value was divided by the maximum value absolute; and,
Longitude the distance calculated as previously illustrated has been
divided by the maximum vaiue. '

RESULT AND DISCUSSION

In the Siwa depression the flora distribution is directly characterised by
the 4 lakes and the relative environmental condition created by them. For a
comprehensive image of the composition of the natural vegetation and
distribution in the depression the results are presented in four different sections:
classification, description and relative DFD of each species; species diversity;
plant community organisation; species association; and, species ordination with
respect to the environmental variables. '

Classification, description and relatives DFD value of the flora
1. Taxonomical classification

fourteen perennial species belonging to 9 different families were
photographed by EL-Wakil and Masini during field survey of the study and
recorded in the natural area outside the cultivated gardens in the Oasis. The
following is a brief description for each species following their alphabetical family
order following Tackholm, (1970) and Boulos, (1999 and 2000).

Fam. CHENOPODIACEAE '

Three recorded species belorig to this family: the Atfriplex coriacea,
Arthrocnemum macrostachyum and Cornulaca monacantha. These species live
in different habitats varying from wet-moist (sabkha) to sand dune and bedrock.

Alriplex coriacea Forssk. (figure 5)

Perennial shrub monoecious, yellowish-white tomentose; leaves ovate-
elliptic very thick, coriaceous, entire, the apexacute or obtuse, the midrib
prominent on the lower surface, flowers in terminal leafless in panicles, flowers
unisexual, fruiting bracteoles quadrangular (4mm), seeds 1-2 mm dark brown.

The A. coriacea is recorded in the eastern point observed North of Zeitun
Lake. The area is characterized by a dry habitat with sand covering bedrock.
The A. coriacea shrubs measure 60 cm high and 100 cm large. The unique
presence of this species in one quadrate in the survey restricts its analysis.
Arthrocnemum macrostachyum Moric. Moris (figure 6)

The A. macrostachyum is a perennial shrub with fleshy and branched
stems. The flowers are located on the annual branches and are classified as
hermaphrodite. The shrub reaches 30-100 cm in height.

The A. macrostachyum occurs principally in saity marshes (wet sabkha)

around the lakes. This species is recorded alone on the maist border of the lake
and in association with Juncus rigidus, Phragmites ausiralis and Tamarix
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nilotica further from the border. These associated species inhabit areas
characterized by a shallow water table with high salinity which represent a very
hostile environment for plant growth.

Cornulaca monacantha Del. (figure 7)

The C. monacantha is a shrub which grows in the Sahara desert, forms
compact, round bushes bearing small yellow thoms. The C. monacantha is a
blue-green shrub, leaves short triangular re-curved narrowing from the base into
a rigid spin, flowers polygamous surrounded by dense tufts of white wooly hairs.

in the Oasis, this shrub contributes to the formation of hammock that
some times reaches 100 cm high. The branches of the plant are about 20-50 cm
high above the sand surface, the round bushes are 150-250 cm large. The C.
monacantha is distributed in the sand area of the depression with a deep water
table in South of Zeitun, Aghourmi and Siwa lakes and S-West of Maraki lake.
The C. monacantha is parasited by the Cistanche phelypaea and associated in
the same habitat with the Zygophyllum album, Stipagrostis scopana and
Calligonum comosum. In the same habitat where the C. monacantha grows, the
Alhagi maurorum, Tamarix nilotica and Nitraria retusa species which are widely
diffused in the Oasis are also present.

Fam. GRAMINEAE
Three different perennial grasses are recorded species that belong to this
family, the Imperata cylindrica, Phragmites australis and Stipagrostis scopana.

‘Imperata cylindrica L. (figure 8)
Medium sized perennial grass with long leaves in a dense basilar rosette
and spike-like soft panicle up to 20 cm, flowers surrounded by long hairs.

The /. cylindrica has been recorded in the four sets in the different soil
conditions with a shallow water table; The /. cylindrica is prevalently associated
with the Alhagi maurorum in the sand soil and in the Karchif (dry sabkha) soil
with the Juncus nigidus.

Phragmites australis Cav. (figure 9)

Perennial grass; culms erect, 24 m tall, occasionally up to 6 m, with stout
creeping rhizomes, often also with stolons; leaf-blades broad, flat, 15-60 cm
long, 1-6 cm broad, glabrous, green or glaucous, the sheaths overlapping;
panicle tawny or purplish, 15-40 cm long; lemmas glabrous, sharp-pointed, not
bifid, with long hairs confined to rachilla joints, lowest floret staminate.

The P. australis is especially common in alkaline and brackish (slightly
saline) environments and can also thrive in highly acidic wetlands. In Siwa, its
growth is greater in fresh water in the border of the cultivated gardens around
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the irmgation and drainage .canals. In the wild area, it is often found in
association with other wetland plants including species from the following
Genera Juncus nigidus, Imperata cylindrica and Arthrocnemum macrostachyum.

Stipagrostis scopana Tnin. (figure 10 a, b)
Glabrous perennial desert grass, tall (120cm) and stiff, with filiform
pungent leaves.

The S. scoparia is present in the sand sheet with deep water table and its
distribution is limited to the South side of the depression. The growth of the S.
scoparia contributes to the formation of hummocks. The S. scoparia is recorded
as part of the community represented by the Comulaca monacantha and
Zygophyilum album.

Fam. JUNCACEAE
Juncus rigidus C.A. Mey (figure 11) )

Marsh herbs, with symposia rhizome developing one leaf every year. The
culm is unbranched and has no leaves. Flowers protogynous, wind pollinated,
typically in a pale separate flowers, seeds with a large white appendage, the
culm is continued above the inflorescence.

The J. nigidus has been recorded in salty marsh land, Karchif, sabkha dry -
and wet, around the lakes and occasionally around the gardens in the proximity of
irrigation and drainage canals. Inside the garden, another species of Jwicaceae
has been observed: the Juncus acutus that is similar to the Juncus rigidus The
Juncus rigidus is represented in a community with Arthrocnemum macrostachyum
and Phragmites australis. The Juncus rigidus is associated with one or more of
the following species as Tamarix nilotica, Nitraria retusa, and Alhagi maurorum in
wet or dry sabkha. It is also associated with the /mperata cylindrica in the dry
sabkha. In case of association with /mperata cylindrica, it is evident that the roots
of the two plants are completely separate and don't intersect.

Fam. LEGUMINOSAE (FABACEAE)
Alhagi maurorum Medic. (figure 12 a, b)

The A. maurorum is a deep-rooted, rhizomatous, perennial shrub with
somewhat woody stems that renew every year, with roots, rhizome that can
extend six meters into the ground..The spiny, intricately-branched shrub
reaches 20-100 cm in height. The plant has simple entire leaves that are
alternately arranged. The leaf shape is oval to lance-shaped. The small, pea-like
flowers are pinkish purple to maroon and are borne on short, spine-tipped
branches that arise from the leaf axils. The species spreads by seeds and
rhizomes, the non-dehiscent seedpods are constricted between 5 to 8 mottied
greenish brown seeds. The seeds tumn dark brown whenripe. =
PRt ST
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The A. maurorum in the Oasis represents the most adapted plant and the
most resistant in different environmental conditions varying from sand dunes to
wet sabkha. A. maurorum is associated with all species recorded. The plant is
especially abundant in the border of reclaimed land and is also spread in the
cultivated land. The seeds propagation is observed in the cultivation area.
However, in the natural area, seeds propagation is limited due to the negligible
precipitation of rainfall.

Fam. NITRARIACEAE
The only genus in the family is represented by the Nitraria.

Nitraria retusa Forssk. (figure 13)

Thomy shrub up to 3 meters, stems spinescent; the leaves are simple
with the abovate shape, flashy, alternate or clustered; the flowers are bisexual
and the fruit are red flashy drupe with pear shape.

The N. retusa is present in different habitats varying from sand dune to
the border of the marshes as isolated plants or associated with other species
without preferences. The N. refusa did not show a particularly preference in
habitat, however, the sand dune seems to be the habitat where it grows better.

Fam. OROBANCHACEAE
Cistanche phelypaea L. (figure 14 a, b) '

-<'Yellowish squamose parasite perennial branchless growing 30-60 cm
from the ground with single whitish stem 5 cm thick and overlapping brown or
paler scales 2-3 cm long and pointing up wards, more or less clasping. Flowers
spikes to half the length of the plant with broad bracts. Corolla trumpet-like 4-6
cm long, the petals bright yellow some times with strong purple tinge, with
rolled-out margins. Capsule black, pea-like, the maijority of the seeds apparently
turn rotten in the capsule on the plant.

The C. phelypaea parasite the root of the Chenopodiaceae (Tackholm,
1974) and has been observed on the root of Comulaca monacantha. The
presence and distribution of the C. phelypaea in the Oasis is directly dependent
on the host plant which dominates the plants community in the sand
environment.

Fam. POLYGONACEAE
Calligonum comosum L'Hér. (figure 15 a, b}-"

Tall glabrous shrub with articulated, ‘almost leafless, often clustered with
intemodes 3-4 cm long, fragile branches. The flowers white-pinkish are
fasciculate in the axis of membranous ocreases. The fruit are 3-4 mm oblong
densely clothed with reddish brawn.
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The C. comosum is a typical sand dune plant that often covers the entire
dune. In the Oasis, it is present in the southern part of the 4™ set, scattered,
forming big hummocks of about 150 cm high and 200-300 cm large. Some
plants occupy the top of the dune. The C. comosum is recorded in the same
habitat with the Comulaca monacantha and Zygophyllum album

The presence of C. comosum in the Oasis is confined to the South-East
comer of the depression. The young branches are grazed by animals in
particular camels present in the eastern part of the Oasis.

Fam. TAMARICACEAE
The Genus Tamarix covers 54 species. In Siwa Oasis, only one species
the T. Nilotica has been recorded.

Tamarix nilotica Ehrenb. (figure 16)

Muitiform species varying from a shrub to a tree of 5§ meter high, foliage
green grayish and some time covered with salt crystals. The flowers bisexual
white or pink are in racemes that vary much in size and of shape.

- The T. nilotica is diffused in all the oasis in extreme conditions varying
from the top of the dunes to the sait marshes of wet sabkha. The plant shape
varies from trees in the sand areas to small shrubs in the wet sabkha. The T.
nilotica is not part of a specific community as its diffusion is not restricted to
particularly environmental conditions. The small trees of T. nilotica are
associated with the Comulaca monacantha and Zygophyllum album in the sand
environment; with the Juncus rigidus and Arthrocnemum macrostachyum in the
wet sabkha; and, with the Alhagi maurorum and Nitraria retusa in the North part
of the depression which is characterized by sand covering bedrock.

Fam. ZIGOPHYLLIACEAE
17 genera with 270 species. In Siwa oasis, 2 species of the genera
Zygophyllum, the Z. album and Z. coccineun were recorded.

Zygophyllum album L. (figure 17)

Mealy canescent low shrub 25-60 cm high with erect stems and in some
areas the shrub form a small hummock. Usually desert plants with cyfindrical-
ovoid fleshy leaves. Flowers white, pinkish or yellow. Stamens 8-10 with 1-2
scale-like appendages at the base of each filament. Capsule 5-valved, angled or
winged. Shrubby plants with compound leaves. Leaflets terete. Peduncle as
long as or longer than flower and capsule, leaves green glabrous. Capsule + or
- cylindrical, wingless. Capsule about 10 mm long and 5 mm broad.

Z. album, is widespread in the southern side of the Oasis on the sand
sheet. The small shrubs are present in all the four sets in association with the
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Comulaca monacantha and Stipagrostis scopania. in the 4™ set, the Z. album is

also associated with Calligonum comosum. In addition, the Z. album is also

associated with the Alhagi maurorum which Is a widespread species in the -
Oasis in particular on the border of the gardens of the newly reclaimed lands in

the southern part of the depression, sand sheet, where many small Z. album

seedlings have been observed.

Zygophyllum coccineum L. (figure 18)
Shrub of perennial herbs up to 75 cm. Leaflets 2, bright green, glabrous,
cylindrical, at feast 10 mm. long. Capsule 8-10 mm. iong, apex obtuse.

The Z. Coccineum is widespread in ngpt In the Oasis, it has been
recorded in some quadrates in the 2™ and the 4™ sets in the northemn part of the
depression which is characterised by sand covering bedrock with a deep water
table. Due to the few records of Z. coccineum occurrence, it is not possible to
associate this shrub with any other particular species in the Oasis.

2. Species Importance (DFD)

The importance value (DFD) as calculated in table 1 and represented in
the graphic (figure 4) for each species, expressed by the sum of the relative
density, relative frequency and relative dominance, reflects the quantitative
weight of any singular species independently from the qualitative evaluation of
flora biodiversity in the Oasis.

According to the calculation of the relative importance (DFD), the mean
relative (DFD) values for each species recorded in the four sets are as follows:

- the Alhagi maurorum represents the most significant species in the oasis
predominating largely the four sets with the highest mean DFD value of
82.32 populating the different environmental conditions;

a group of species with an average importance value ranging between
30-50 DFD is represented by the Imperata cylindrica 49.56 and the
Juncus rigidus 44.91 predominating the sabkha environment and the
Comulaca monacantha 3497 and Zygophyllum album ~27. 15
predominating the sand environment;

the DFD value of Tamarix nilotica is 12.98 and that of Nitraria retusa is
10.09, recorded in the different environmental conditions, both specleq
are predominant in the first and fourth set; 1
the DFD value of Phragmites australis is 17.13. This value is directly
finked with the biologital characteristics of the species: low dominance
and high density. The occurrence of the species is observed mostly in
the sabkha environment;

the DFD value of Arthrocnemum macrostachyum is 7.72 and that of
Stipagrostis scoparia is 7.70. This reflects the scattered distribution (low
density) of these two species in the depression. While the distribution of
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the former is limited to the wet sabkha environment (lake shore), the
latter is limited to sand sheet environment;

one of the species with very low importance values is the Cistanche
phelypaea 2.33 DFD. This is due to that fact that as a parasite plant, its
occurrence depends on that of the host plant and because of the
biological characteristics of the plant; and,

and other species with low importance value are the Calligonum
comosum 1.50, Zygophyllum coccineum 1.37 and Atriplex coriacea 0.28
reflecting their rare occurrence in the quadrate samples.

In general, it is evident from the DFD calculations that the importance
value of the species which populate the sabkha is higher than that of the
species which populate the sand and bedrock habitats.

Figure 4 importance value (DFD) for each species, as a mean of the four sets
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Fig. 7 Arthrocnemum macrostachyum
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Fig. 14b Cistanche phelypaea; Branched trunk
parasitized on a thin root of the host (Comulaca
monacantha).
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Table 1. Species importance (DFD) as a sum of relative density, frequency and dominance in relation to the four
sets studied in the oasis

" Specles S1 Meen
“Dens. Fre. Dom. DFD Dens. Fre. Dom DFD Dens. Fre. Dom ODFD Dens. Fre. Dom OFD DFD

Ahagl maurorm 1820 2453 2358 6631 3696 2000 3265 0961 2867 2680 2082 8520 2474 2000 3333 8807 62.32
- Ahrocnemum mecrostachyum 023 189 335 547 003 143 025 172 065 412 473 951 072 6% B8S0 W17 M2
* Alriplex corlecea 005 087 019 " 112 028
Calfigonum comosum 005 435 15 589 150
Cistanche pholypasa 027 571 000 588 023 300 000 33 233
Comutaca monacantha 112 1887 1609 3608 408 2286 3072 5766 159 1443 2160 3763 022 435 391 848 49
Phragmites austrolis 787 377 200 1364 1035 143 136 1313 1099 928 154 2181 907 957 131 19885 1713
Imperata cyfindrica 3671 566 1527 5764 2300 429 483 3212 ;22 515 008 5145 2744 1130 1829 5703 4956
Juncus rigidus 3B79 566 2073 6018 17.24 143" 578 2445 1264 619 1646 3528 2385 1217 2389 5572 4491
Mararia rotusa 0.1 943 547 1501 008 429 364 801 010 492 398 821 010 52 382 914 1000
Stipagrostis scoparia 00t 084 021 116 069 857 1143 2069 018 412 267 687 002 174 019 19 770
Tamearix nlotica 020 1321 878 2219 018 714 249 981 026 619 119 764 029 1043 157 1230 1298
2Zygophylum album 175 1804 452 2231 688 2143 606 M37 746 1648 892 3288 292 1130 483 1906 2715
. Zygophylum coccineum 024 143 079 248 071 174 058 102 1%

6sz €00Z '(2) 8 "loA

Note: Density (Dens.), Frequency (Fre.); Dominance (Dom.) and the sum of Density, Frequency and Dominance

(DFD)
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Species diversity (B Diversity)

A total number of 14 species were recorded. Among these species, 10
were identified in the 1* set, 12 in the 2™ set, 11 in the 3" set and 13 in the 4"
set. In general, the simplest measure of diversity is to count the number of
species. This is termed as species richness (Mcintosh 1967).

The application of the g diversity to measure the species diversity gives
us an overall diversity in the whole area (Species Diversity and Richness, 2003)
and shows the difference in species diversity between the four sets. Set 4
evidences a higher overall diversity. On the other hand, set 1 presents the
lowest value. The fluctuation of the values is directly dependent on the presence
or absence of one or two species.

The index of Routledg e is 2.448, 2.874, 2.881 and 3.374 in the 1%, 2™
3™ and 4™ set respectively and represented in the graphic of figure 19.

Figure 19. Graphical representation of Routledge S diversity in the different sets
and habitats

As demonstrated in the above chart, the species diversity in the extreme
west of the Oasis, Maraki Lake, (set 1) is lower than that in other sites of the
study area. in Siwa Lake (set 2) despite limited vegetation in terms of quantity, it
has higher species diversity than that of set 1. The highest diversity index was
spotted in the Zeitun area (set 4) where 13 different species were recorded.

The p diversity evidences the species diversity of the community
composition with respect to the different habitats (Species Diversity and
Richness, 2003). The g diversity relative to the three identified habitat conditions
(bedrock, sand and sabkha ) shows the trend in diversity from West set 1 to
-East set 4 (figure 19).
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. From the graph, it is demonstrated that the species diversity in the sand
habitat, (to the South of the lakes) is the most homogeneous trend and that
there is a slight trend of diversity increase from West to East.

As for the species present in the wet sabkha (marshes around the lakes),
the indices calculated for samples from Maraki Lake (set 1) are higher than
those calculated for other sets (2,3 & 4). However, the set of Siwa Lake (set 2)
shows the poorest diversity. This is due to the fact that all the sabkha around
the Siwa Lake has been reclaimed during the last few decades, while the rest of
the sabkha area around the lake is flooded by water from the lake during the
winter period.

The species diversity in the bedrock habitat dominating the northemn part
of the depression shows high values in the 2™ and 4™ sets. This is due to the
presence of rare species (Zygophyllum coccineum in the 2™ set and Atriplex
coriacea in the 4™ set).

In general, while the flora biodiversity of the oasis consists of 14 perennial
species which might seem to be relatively poor, those species could be
considered as a plant genetic resource with unique genotypes adapted to the
specific environmental conditions of the Oasis.

Classification of plant community

The analysis of plant community was based on the TWINSPAN which is a
clustering method originally devised by Hill (1979). 14 species were recorded in
the depression and from a general view of the generated dendrograms, it is
evident that the plant community organisation is directly related to the landform,
It is important to note that although the majority of the species are classified and
organised in different community clusters, some species e.g. Alhagi maurorum
show no preferences in most of the sets.

The 10 species recorded in the 1* set were classified in four vegetation
clusters (figure 20a):

community associated with the dry sabkha, composed of Alhagi
maurorum, Juncus rigidus, Imperata cylindrica and Phragmites australis,
community associated with the sand dune, sand sheet and sand cover
on bedrock, composed of Comulaca monacantha, Nitrania retusa,
Stipagrostis scoparia and Zygophyllum album;
the Tamarix nilotica is represented as one community as it is scattered in
the different environmental conditions with low relative density value;
and,
community associated with the wet sabkha (wet marshes), this
community is represented by the Arthrocnemum macrostachyum.
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The Alhagi maurorum classified in the first community was recorded in
most of the quadrates and in all different environmental conditions except for the
wet sabkha (salt marshes).

The 12 species recorded in the 2™ set were classified in six vegetation
clusters (figure 20b):

community associated in the sand sheet, this community is represented

by the Comnulaca monacantha, Cistanche phelypaea, Stipagrostis

scoparia and Zygophyllum album;

the Tamarix nilotica is behaving as shown in the set 1;

Alhagi maurorum is presented as a separate community due to its

interaction with different plant communities sharing different habitats;

the plant community in the northern side of the lake at the border with

the area of wet and dry sabkha and sand cover by bedrocks is

represented by the /mperata cylindrica and Nitraria retusa in the higher

areas and Zygophyllum coccineum and Arthrocnemum macrostachyum

in some small depressions with shallow water-table; and,

community associated with the wet and dry sabkha, represented by the

Juncus rigidus and Phragmites australis.

The 11 species recorded in the 3™ set were classified in four vegetation
clusters (figure 20c):

the community associated with the sand sheet, represented by the
Comulaca monacantha, Cistanche phelypaea, Stipagrostis scoparia and
Zygophyilum album;
the Nitraria retusa represented as one community. it was recorded South
of the lake in the areas covered by sand dune and areas of sabkha near
the border of the lake and in the North close to the end of the depression
bedrock covered by sand;
the Alhagi maurorum and Imperata cylindrica correspond to a plant
community associated prevalently with the border of the sand sheet
before reaching the sabkha with shallow water table South of the lake
and in the sabkha at the border of the lake in the North; and,
the Juncus rigidus, Phragmites australis, Arthrocnemum macrostachyum
and Tamarix nilotica correspond to a plant community located in the wet
and dry sabkha with a shallow water table.

The 13 species recorded in the 4™ set were classified in six vegetation
clusters (figure 20d):
community associated with the sand sheet, this community is
represented by the Comulaca monacantha, Stipagrostis scoparia,
Zygophyllum album and Calligonum comosum;,
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Alhagi maurorum is represented separately as it shares different habitats
with other communities; ,
community associated with the sand with a shallow water table and
sabkha, this community is represented by the /mperata cylindrica and
Nitraria retusa which could be considered an atypical association.
However, seeing that the Nitraria retusa is recorded in extreme
conditions from the top of the dune to the wet sabkha with a shallow
water table, this is expected;

Tamarix nilotica is presented as one community as it is present with all
other communities and has no association and habitat preferences; and,
community associated in the bedrock area at the North — East extreme
of the study area, this community is represented by Atrip/ex coriacea and
Zygophyllum coccineum.

From the analysis of plant communities in the 4 sets, it is evident that the
Siwa depressaon is characterised by:
two well identified communities, the Comulaca monacantha, Cistanche
phelypaea, Stipagrostis scoparia, Zygophyllum album and Calligonum
comosum that are in the South of the Oasis in the sand sheet
characterize with deep water table, lower salinity and pH; and the,
Juncus  nigidus., Phragmites australis and  Arthrocnemum
macrostachyum that have shown a clear preference for the wet areas
localized in the border of the lakes and in depressions with swallow
water table, high salinity and high pH of water table and soil;
one intermediary, the Imperata cylindrica that covers an intermediary
position, even if its presence was recorded frequently associated with
Juncus rigidus and Alhagi maurorum, the habitat is characterized by a
swallow water table; and,
there are three species which have no association and habitat
preference. The first is Alhagi maurorum which is recorded in most
quadrates observed and occurring in various landforms varying from
sand dune (not often) to wet sabkha; the second is the Tamarix nilotica
which is highly adaptable to extreme environmental conditions and
shows high performance in salt marshes together with the
Arthrocnemum macrostachyum; and, the third, the Nitraria retusa which
is part of different communities and therefore has no clear habitat
definition.

Concerning the Atriplex coriacea and Zygophyllum coccineum, these two

species have no sufficient records that allow their classification, even if field
observation shows association in bedrocks.
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Figure 20. Dendrograms
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Association

The aim of measuring the degree of association between the different
species in each set is to quantify the significance of community organisation.
For each species, the Chi-square (x?) values which indicate a significant degree
of positive or negative association were calculated.

The results obtained show the level of association between species in all
the sets. From the x? (table 2), it is evident that Athagi maurorum is found to be
associated with all other 'species except with the Arthrocnemum
macrostachyum, this is due to the habitat characteristics in which the latter is
restricted (wet sabkha). Athagi maurorum also shows a limited association with
Phragmites australis which mostly occurs in wet land.

Also, from the Chi square resuits (table 2), it is evident that the majority of
the species are in negative association. Regardiess whether the negative value
of the Chi square is significant or not, it still refiects that the species of flora
recorded adapt to particular ecological niches under the stressful environmental
conditions of the Oasis (high salinity, high draught, etc..).

On the other hand, table 2 shows two groups of species with a significant
positive association values: group 1 composed of the Juncus rigidus,
Arthrocnemum macrostachyum and Phragmites australis with reciprocal positive
association reflecting the occurrence of these species in the sabkha area (wet
moist soil) around the lakes; and, group 2 composed of the Comulaca
monacantha, Zygophyllum album, Stipagrostis scoparia and Calligonum
comosum with reciprocal positive association and occurrence in sand areas.
Through the Chi square analysis it, became evident that there is a significant
negative association between species belonging to group 1 and those belonging
to group 2. For example the association value between the Juncus rigidus and
the Comulaca monacantha is -19.11. This means that the probability of these
two species to be dependent is less than 1 % and indeed the data recorded
show no occurrence of these two species in any single quadrate surveyed.

It is important to note that the Chi square value calculated for the parasite
plant Cistanche phelypaea and the host plant Comulaca monacantha is 9.09
indicating a highly significant association.

The Chi square value calculated for the Nitrana retusa shows that the
species has a high possibility to be independent of any other species.

Species as Atriplex coriacea and Zygophyllum coegineum are limited to
two sites which makes it difficult to define their association with other species.
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Table 2. Species association

Ispocies APagi | A | Airps | Calgorom | Catarche | Comulece [Prepmies | roerss | Juncus | Mwr T tinerk | 2ygosbyl | 2790wt |
meurorum | Macrost | corlacea | comosum | phelyp monecant. | sustrale | cyindrica | rigidus | retuss {s hlotcs | abum | cocoiwum

[Ahagl maurorum

macrostachyumn -11.10/

Ariplex corlaces 007] -1e8

Calligonum comosum 0.12 0.00 £.40

Cistanche phelypaea 0.51 0.09 4.37 0.28

Comulaca monscantha 412  se8] 0s| o020 o0l 4

Phragmites australis 442 1 079! . 0.4 2. s, e b

Imperata cylindrica 130, oz 063 2] o8] -1648] 808 - .

| duncus rigidus 5 282 20| o6 o027] 087 4041 sl s S

Nirarta retsa 000] o000 o8] 015 04 043 07| 27| 02 7

Stpsgrosts scopivie 018 2. 20 o] ood oes] 17a] 214 - Fra] e

Temarixnilotcd oss| Vel 0% o] o0s 003 oo0s| . -170] ter0 195 144

Zygophytium Bibum voo| ¥4 o 048 Va7  sars] 834 aasr| e 108 srol  -210}

Zygophytium cocolieum 021 o.izl. LIRS -\.sal 090 . ‘-0‘."531 000 0.0t 00t 0.00 o.z1| o.12| -0.82

Note: If 27 is greater than 3.384 the probability of the species to be independent is less than 5%, if the observed
value for X? is more than 6.64 the probability is less than 1%. Therefore the same negative value of the 7 expresses
a strong negative association.
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Canonical correspondence analysis

The analysis of community structures and the distribution of individual
species in relation to environmental variables in each of the four sets is
represented in the ordination plots figure 21. In general, this ordination confirms
the strong position of two communities: the first community represents the
species which inhabit the wet-dry sabkha with a shallow water ‘table
(Arthrocnemum macrostachyum, Juncus rigidus, Phragmites sustralis and
Imperata cylindrica); and, the second represents the species which inhabit the
sand area with deep water table and low salinity and pH (Comulaca
monacantha, Zygophyllum album, Stipagrostis scopania, Calligonum comosum
and Cistanche phelypaea). It is also evident that a large space is occupied by
some species as the, Alhagi maurorum, Tamarix nilotica and Nitraria retusa.

The ordination plot of Set1 (Maraki Lake) shows the position of two
opposlte groups with respect to the environmental factors as follows:

on the nght side of the ordination plot, distributed on the environmental
axis 2, is the group composed of the Arthrocnemum macrostachyum,
Juncus rigidus and Imperata cylindrica characterised by the sabkha
environment with shallow water table and low topographic level;, and,
on the left side of the ordination plot, there is the grour composed of
Stipagrostis scoparia, Zygophyllum album Cistanche phelypaea,
Comulaca monacantha, Nitrana retusa, Alhagi maurorum, Phragmites
australis and Tamarix nilotica. These last two are, slightly separated,
occupying a larger space. The whole group occupies the space identified
by the environmental vectors as dune and sheet sand, topographically
higher with respect to the other group and with a deep water table.

The ordination plot of Set 2 (Siwa Lake) shows a linear distribution on the
0 value of the Species/samples axis 2 and Environment axis 2 with the
exception of the Juncus and Phragmites australis that are at the end of the Axis.
In this plot four different groups are evidenced which are:
communities that are isolated on the left side of the ordination plot as the
community of Juncus A and Phragmites australis with a huge distance
frorn. all the others. This clearly shows the space occupied by them with
a preferable wet-dry sabkha environment with swallow water table and
low topography;
the community occupying the right (down) space of the piot, composed
of Stipagrostis scoparia, Zygophyllum album, Cistanche phelypaea,
Comulaca monacantha, inhabit the sand sheet soil in the southemn part
ofthe 2™ set;
the central position of the Alhagi maurorum shows the typical
characteristics of this species that occupies most of the space and
different habitats; and,
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on the right side of the plot is the group composed of Imperata cylindrica,
Nitraria retusa, Zygophyllum coccineum and Arthrocnemum
macrostachyum. The atypical position of Arthrocnemum macrostachyum
is due to the micro condition of some areas in the northern part of the
Siwa Lake mainly related to the depth of the water table, shallow water
table. The area corresponding to the northern side of the set, bedrock
covered by sand with high water table. In this area, the majority of the
natural areas have been converted into agricultural land and the natural
vegetation only grows between the reclaimed land areas;

The ordination plot of Set 3 (Aghourmi Lake) shows the space occupied
by the different communities and the gradient of vegetation distribution, the
ordination shows three groups: '

- the community occupying the right (down) of the plot which is composed
of Stipagrostis scoparia, Zygophyllum album Cistanche phelypaea,
Comulaca monacantha, which inhabits the sand sheet environment in
the southemn side of the Set with high topography and deep water table;

.. the decentred to the right down space of the plot is the plant
communities represented by Alhagi maurorum, Tamarix nilotica and
Nitraria retusa, it is evident that the three species occupy the largest
space of the ordination plot and shows the vegetation composition of the
northern side of the set, characterised by bedrock covered by sand with
a deep water table. the Alhagi maurorum inhabits the sabkha
environment confirming its diffusion in the area;
the left side of the plot is occupied by the Arthrocnemum macrostachyum
and Juncus rigidus directly related to the sabkha area; and,
in the upper area of the ordination plot, /mperata cylindrica and
Phragmites australis are located on the border of the Sabkha area with
the sand sheet.

The ordination plot of Set 4 (Zeitun Lake) shows the dynamism of the
space occupied by the community and gradient of the vegetation distribution
around the lake of Zeitun. This plot representation can be summarized as
follows:

- in the right (top) side of the ordination plot, the Cornulaca monacantha
and Stipagrostis scoparia are located in the southern area of the:
depression from West to East. The plot shows the change in vegetation
composition around the East part of Zeitun Lake. it is evident that
Zygophyllum album and the Calligonum comosum cover a larger space;
Alhagi maurorum and Imperata cylindrica centrally posted showing a
larger position with respect to the environmental factors;
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the left side of the plot is occupied by Arthrocnemum macrostachyum,
Juncus rigidus and Phragmites australis which inhabit the sabkha area;
the community composed of Atnplex coriacea and the Zygophylium
coccineum is present only in the northermn part of the Set which is
characterised by sand cover bedrock with deep water table; and,

Tamanix nilotica and Nitrana retusa cover undefined positions as few
samples are recorded, but in different environmental contexts.

From the interpretation of the four ordination plots, it is evident that the
Natural Vegetation of Siwa Oasis is characterized by three different conditions
of vegetatlon distribution:

South, characterised by the sand, sand sheet and hummocks with a
poor soil, a high topography level with respect to the depression, a deep
water table and low salinity and pH in soil and water table with respect ta
the sabkha;
the vegetation in the northem side of the depression with a bedrock
pedological characteristics distinguished in two area:
o East by the Alhagi maurorum Nitraria retusa and Tamarix nilotica
and,
o West with the /Imperata cylindrica, Alhagi maurorum, Tamanin
nilotica and Nitraria retusa; and,
the wet-dry sabkha environment, around the lakes, characterised by
shallow water table with high salinity. The vegetation is composed of
Arthrocnemum macrostachyum, Juncus rigidus and Phragmites australig
where Tamarix nilotica, Imperata cylindrica, Alhagi maurorum, and
Nitraria retusa are also present.

CONCLUSION AND RECOMMENDATION

The distribution of the natural vegetation in the study area is directly
associated with the geo-pedological characteristics and water table quality
(depth, salinity and pH). In the study area, given the arid climatic conditions, and
the fact that the annual rainfall precipitation average is 9 mm, it is evident that
the only source of water for the Siwa flora is the water table.

The taxonomical classification in the study area shows that the planj
community is composed of 14 species (belonging to 9 families) of flora of which
one is a parasite, the Cistanche phelypaea, and two are just present in few
observed quadrates, rare in the area, the Atriplex coriacea and the Zygophyllum
coccineum, the rest are t¥}erennial shrubs and herbs, and are the species that
characterize the natural végetation of the inhabited area of the Siwa depression.

While the species are limited in number, the bio-diversity of the oasis with
its few species represents a unique genetic resource coming from an evolution
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of species over thousands and thousands of years in order to adapt to extreme
environmental conditions that characterize the Oasis. Each of these flora
species plays an important role in the preservation of the ecosystem of the
Oasis.

The classification, association and ordination of the species in the
different sets demonstrate that the flora of Siwa Oasis is distributed and
organized as follows:

- the community that populates the sand environment in the southern area
of the depression, represented by 5 species i.e. Comulaca monacantha,
Zygophyllum album, Stipagrostis scopana, Calligonum comosum and
Cistanche phelypaea which is a parasite on the roots of Comulaca
monacantha;
the community that populates the wet and dry sabkha close to the lakes’
edges represented by 4 species Juncus rigidus, Arthrocnemum
macrostachyum, Phragmites australis and Imperata cylindrica which
occurred only in the dry sabkha and has less significant association with
the other three species in this group; and, }
there are three species, i.e. Alhagi maurorum, Tamarix nilotica and
Nitraria retusa, that populate the northern part of the depression and are
wide spread in the oasis in different environmental conditions. All three
species do not demonstrate any preference of association with other
species. The Alhagi maurorum, as an invasive plant dominates most of
the areas of the oasis specially in proximity with the agricuitural area
where it replaced and continues to replace other natural spices. it is
observed in most of the quadrate samples as reflected in the DFD
values.

The results of the study demonstrate that the natural vegetation in Siwa
depression is distributed and organized in function and depends directly on the
environmental factors. Therefore, any change in the environmental factors will
have a direct effect on the vegetation to the advantage or disadvantage of one
species or the other. For example, the extended reclamation of the sand sheet
in the southern part of the depression directly affects the water table level in this
area. The Alhagi maurorum which demonstrated higher adaptation ability to
habitat changes than other species tends to dominate the area and replace
other species such as Comulaca monacantha which originally- inhabited the
area.

The natural vegetation also plays an important role in preserving the
microclimate condition of the oasis. The natural flora conserves the soil surface
from erosion and could be considered a natural agent for sand dune fixation as
in the case of Comulaca monacantha, Calligonum comosum and other species
that inhabit the southemn areas of the Oasis. The natural flora also contributes to
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the stabilization of water table level as it acts as a biological drainage system
and it also contributes to the decrease of soil salinification through reducing the
water evaporation from the soil surface. The natural flora also contributes to the
addition of organic matters that enriches the soil, either directly or indirectly (as
a raw material for compost).

Moreover, the natural vegetation provides an economic resource for
sustaining the livelihoods of the Siwan people. The Siwan farmers use the
Alhagi maurorum as natural compost for olive fertilization, Zygophyflum album
as a medicinal herb, Calligonum comosum as animal fodder for camel, Juncus,

Phragmites australis and Imperata cylindrica to produce baskets and carpets,
etc..

Our generation is the first one that really became aware of the fact that
the human activity causes irreparable damage to the planet and to its biological
resources. Ours is not the first generation to do damage to the planet, but we
are the first to realize the extent of the problem. The study results highlight the
importance of the natural vegetation in maintaining the ecological balance and
the sustainable development of the Oasis.

A development process that doesn’t take in consideration the important
role of different environmental variables in an ecosystem, as the one of Siwa
Oasis, will lead to the depietion of the unique flora of Siwa, directly or indirectly.

This study leads to the initiation of another investigation to identify the
interrelation between different flora species in relation to their variable
environmental conditions, and to study the effect of environmental conditions on
the genetic constitution of different populations of different species by using the
biochemical and molecular genetic analysis techniques.

ACKNOWLEDGEMENT

Many individuals have contributed, directly or indirectly, to this project.
Some by their persistent encouragement, others by their collaborative work,
enthusiasm and readiness to share information and research work experiences
in the Oasis.

Among the first is Eng. Mohamed Al-Ashlan who participated in all
excursions and field works, for which we are continuously appreciative. We are
also indebted to Eng. Guido Benevento, Cooperation Attaché at the ltalian
Embassy in Cairo, for his encouragement and readiness at all times to share his
views and experience.

The research team also would like to express their deep gratitude to The

Egyptian ltalian Environmental Program team (Siwa Project) and other friends in
Siwa Oasis for their valuable help during the field work of the researchi.

Vol. 8 (2), 2003 272



J. Adv. Agric. Res.

We are also grateful to Professor Dr. Aly Ebada, Dean of the Faculty of
Agriculture — Saba Bacha, University of Alexandria, Dr. Mohamad Gad, Desert
Research Center and Dr. Alaa Hemeida, Institute of Genetic Engineering,
University of Menoufia for their support and encouragement.

REFERENCES

Aly, A.E. and M.Th. Hassan. 1980. Identification and Classifications of Weeds
and Wild Plants in the Newly Reclaimed Area at North West of Delta.
Alex. J. Agric Res.28 (3): 103-117.

Aly, A.E. and M.Th. Hassan. 1993. Atlas of Plant Flora Dominating the North
West Coast Region of Egypt. Regional Council of Agricultural Research
and Extension Ministry of Agriculture, Egypt.

Aly, A.E. and M.Th. Hassan. 1998. Atlas of Legume Plants of the North West
Coast of Egypt. Alex University and Ministry of Agriculture and Land
Reclaimation A. R. C. Egypt.

Boulos, L. 1999. Flora of Egypt. Volume One Azollaceae-Oxalidaceae. Al
Hadra Publishing, Cairo.

Boulos, L. 2000. Flora of Egypt. Volume Two. Al Hadra Publishing, Cairo.

Gad, M. I. M, 2001. Water table Assessment of Siwa. Environmental
Amelioration Project, Siwa. ..

Gilbertson, D. D. M. Kent, and F.B. Pyatt. 1984. Practical Ecology for
Geography COMMUNITY ANALYSIS PACKAGE. Version 2.01. A
program to search for structure in ecological community data.

Hassan M. Th. and H. M. EI-Wakil 2001. Survey of plant cover at Siwa Oasis.

' Regional Councils for Agriculture Research and Extension. AR.C..
Ministry of Agriculture, Egypt.

Hill, M. O. 1979 . DECORANA- a fortran program for detrended
correspondence analysis and reciprocal averaging. Ithaca, NY. Ecology
and Systematics, Comell University

HYDEA-NARSS. 2000. Geo-morphological, Scil and Land Suitability Study and
Maps. Environmental Amelioration Project, Siwa.

Masini, A. 2001. IUCN Technical Report. Environmental Amelioration Project.
Siwa.

Masini, A. 2003. DGCS Mission Report. Environmental Amelioration Project.
Siwa

Mcintosh, R. P., 1967. An index of diversity and the relation of certain concept
to diversity. Ecology 48, 1115-1126.

Tacklom, V. 1974. Students’ Flora of Egypt, Second Edition. Cairo University.

Willson,M.O. and Shmida, A. 1984. Measuring Beta Diversity with
presence/absence Data. J. Ecol. 72-1064.

Computer Programs:

Vol. 8 (2), 2003 273



J. Adv. Agric. Res.

Community Analysis Package (CAP), Version 2, 2002. a program to search
for structure in Ecological Community Data. PISCES conservation LTD,
ICR House, The Square Pennington, Lymington, SO41 8Gn, Engiand.

ECOM, Version 1.3, 2002. Ordination and classification of biological and
environmental Data (Computer program). PISCES conservation LTD,
ICR House, The Square Pennington, Lymington, SO41 8GN, England

Species Diversity and Richness lil, Version 3.0 (Computer Program), 2003.
Pisces conservation LTD. iCR House, The Square Pennington,
Lymington, SO41 8GN, England.

il padldd
dg d) CAGH £1 9 B gadiy AMASY g pail) aa il aaadl LudHal 00 Coad
Ugalad @hlid g £ ) 500 £ AS 0 o o)y Gadiia b
* 0 Shuun $LE dana ¢ PUEeN add 2 Gl pln ¢ ® () e i
4 Yl daaly —LaLLL a2 ) 50 IS D00 g b o) 50 ) pud ©
el o0 el i Qgadl S e ¢ Jualaad Sigay 2gae ¢
Ap gl jume ) sear
o Jlald o gLy Sia S VO Bsa Jsl 380 ) il (e Ll Siag o i miia o iy paadl (a
Jals Chelal dny § ) (ndiiall ppuedi o5 dud 530 o3a Sgiiily . e LS YO 3 0 o o 5 gindl
059 st ¢ o ¢ G LS 3550 B Al e by Al Ry 4guleVt 2 g dag SV
dilaie JS 3 yag el p Ul S 6 adbiaaldy 30 153 ol Jell ) cusindl (e b JS Sl S
f TS Tl ) osial g A D alad B o5 ang) Y e Uail o Jaa ) S8,
oo ag elisdy b g 5 ey (Lol ) dheH Cilatmuadd o5 dindad Giha 1 GBS T3 3 sind) Aikaial
pandd HLSY slad b ol 3 pm JS) 5800 (el (RS (3K el dipudl o5 dila B dipd
Ulad Gapud 29 55 Sl olpd b 5 g dipedl o (el el Jalid oy 50 pay JSI (L
cmiiiall (Hall aa¥ saa5 (i G g il Jind Sl o Wing (5 e g1 a4 G Ll

5 el il . e Ve gl ol e Sia e Wi sin g S Gpaline sy 00 il ]
)mvio.h_,gxwﬂ_pum B edlsy J.&mh)y'“ktjyﬁ’ch_,\i\'
RS X TPIST LWL PEELL PR By F~ R PEIN PR BT PRI (U RO

Vol. 8 (2), 2003 274



J. Adv. @gﬁric. Res.

e U s 42 e ol 138 6 KD A 50 (5 fiana o liliia Lo i e day ) Chinaly juam 5 3y
u,c.a»:.,.L.t.:...)...e,it..,.,_,.;uudstaa,.uqh,u‘,,a...,mu‘,,—...
.mtl,ﬂlgﬂ.b\_,b_,s»,_,q:d’

By Lo Gpalil 2y 50 Aaaad L) gl ALTDHS ighe Ui g 555 Lo b e Ry 01 03 of A 50 el Gl
SR
gl B Agle i Cladawal g dgle B IS J sl Tty
Cornulaca monacntha, Stipagrostis scoparia, Zygophyllum album, Zygophyilum
coccineum , Calligonum comosum and Cistanche phelypaea

V1 g sl oa b Jolad iy Jileial g 38 g0 il

i bl J Uad Al a1 e Al pl gl 0
Juncus rigidus, Phragmetis australis, Imperata cyllindrica,and Arthrocnemum
macrostachyum

ke o aila aip J agle) 45 S g AR gl CDER) o 4B YT ey (p2a W g1 0E 0
gy e gl a4l
Tamarix nilotica and Nitraria retusa
oy 1Sy e gad SEYI) il agan B obaay LK 28V 2l g g g5 ¢
Alhagi maurorum
g e g1 I3 gla ) 2y 50 b Jladll b 3l a0 Al b giag 03 S aly g g
Atriplex coriacea

Vol. 8(2),2003 275





