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Abstract: The present study evaluates the effects of environmental factors and associated species on the distribution and

abundance of Zygophyilum aegyptivm A. Hosny in different habitats in the Dsltaic Mediterranean coast of Egypt.

Four

wvagetation groups associated with 7. gegyptiumwers identified using Two way Indicator Species Analysis. These groups wers
named as Efymus farctus (Viv.) Runemark (group A), Alhagi graecorum Boiss. {group B), Silene succulenta Forssk. {group C)

and Stipagrostis lanata (Forssk.) De Winter {group D).

The application of Detrended Correspondence Analysis and Canonical Cormrespondence Analysis explored the pattern of
distribution and the main environmental factors influencing the distribution and abundance of Z. aegyptium. This showed the
highest scores of abundance in the salt marshes {group A) and fertile non-cultivated lands (group B} howevaer, the lowest scores
of abundance in the sand dunes {groups C&D). Edaphically, the distribution of Z. aegyptiun is mainly controlled by soil texture,
moisture availability, calcareous sedimentation and soil fertility {(organic carbon).

Key words: Distribution, habitat, vegetation, multivariate analysis.

Introduction

The landscape of the Deltaic Mediterranean coastal land of Egypt
is differentiated into: sand formations, salt marshes, fertile non-
cultivated lands and resd swamps. The sand formations are
mainly composed of silecous deposits and they ars distinguished
into three subhabitat types: sand mounds, sand sheets and sand
dunes. The sand mounds occupy the frontal belt of the zonation
pattern in the Deltaic coast; they are seither low, medium or large
sized. The sand sheets ars irregularly scattered bstwsen sand
dunes and salt marshaes and they are either saline or non-saline
sand flats. The sand dunes are the main geomorphic features in
the greatest part of the Deltaic coast. These dunes are classified
into three kinds: mobile sand dunas, partial stabilized sand dunes
and stabilized sand dunes which are usually of varying sizes and
heights. The salt marshes are characterized by a shallow water
table and/or high level of salinity. Some of these occur around
edges of Lake Manzala, Laks Burullus and Lake Idku and their dried
bed and others are found close to the Mediterranean Sea and are
thus periodically inundated by sea water. Also, there are salt
marshes in the depressed areas between sand dunes. Thaese are
usually wetted by water seeped Trom the sea and lakes especially
during winter season. The fertile non-cultivated lands are found
on the well drained less saline soils,. They are formed by
transportation of sands Trom the shifting sand dunes to
neighbouring low lands. Some patches of this habitat type have
been farmed with many vegetables, crops and orchards. The reed
swamps are frequent in the Deltaic Mediterransan coast. They are
Tormed by accumulation of water seeped Trom the northern lakes,
Meaditerransan Sea and/or drainage systems of the Delta in
depressed areas.

Vegetation analysis and ecological studies in the Deltaic
Meaditerransan coast reveal that many species are of wide
ecological amplitude; each attains a relatively high wvalus of
abundance in at least two habitat types (Zahran et al, 1990; EI-
Demerdash et al, 1990; Shaltout et af, 1995; Mashaly 2001).
Jygophyllum aegyptium is ons of the most important taxon of
these species in this region. It is a perennial woody undershrub
with evergreen succulent leaves. The species is distributed in the
Mediterranean region of Egypt, Tunis and Cyprus. The species is
describad by Hosny (1977) and Hadidi (1978} and it has a broad
ecological amplitude.
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Hitherto, a few reports are available on the ecology of Z
aegy pliunm. Pravious studies focused on the taxonomic
description (Hosny, 1977; Hadidi, 1978), cytological studies
(Soliman, 1995; Ahmed, 2001) and the range of environmental
requirements for seed germination (Mashaly ef al, 1993).
Therefors, the main objective of the present study is to analyze
the distributional bshaviour of 2. asgyptiunt in order to: provids
quantitative assessment of its abundance in different habitats in
the Deltaic Mediterranean coast and to estimate the magnitude of
variation of such abundance within sach habitat, evaluate the
correlations with different edaphic factors and to determine the
mode of its distributional behaviour along the gradients of
controlling environmental factors.

Materials and Methods

The study area: The study area is the Deltaic coastal sector of the
Mediterranean region of Fgypt. It Torms a belt extending in the E-
W direction for about 180 Km between Port-5aid to Abu-Qir, and
from the N-5 direction for an averags of 10 Km from the coast,
i.e. the study site covers an area of about 1800 Km {Fig. 1).
According to the analysis of the Neogsne-OQuaternary section in
the Nile Delta, Rizzini et al (1979) proposed a model of elastic
sedimentation in the Delta area, which consists of three
sedimentary cycles: Miocens, Plio-Pleistocens and Holocene.

The Deltaic coastal section is basically Tormed of different particle
sizes of sand, silt and clay deposited by the River Nile {Abu Al-lzz,
1971). It is characterized by three shallow brackish natural
northern lakes: Manzala, Burullus and Idku.

The study area is included in Emberger's Mediterranean isoclimatic
zone (Houerou, 1981) and the warm coastal deserts {Meig, 1973).
The bioclimatic map of UNESCO (1979) designates its climate as
arid with a mild winter and a warm summer.

Sixty stands (13 x 13 m?) representing different habitat types of
Z. aegyptiumwere selected along the Deltaic Mediterranean coastal
lands of Egypt. These stands were chosen to cover apparent
wvariations in the physiognomy of wegstation and in the
physiographic Teatures. Disturbances caussd by particular human
impacts were avoided as far as possible. The sampling process
was carried out during April-November 2000, the flourishing
period of wvascular plant richness and speciss divarsity. In each
stand, relative density and relative Trequency were estimated
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quantitatively using the point-centered quarter method (Cottam &
Curtis, 1956). While, relative cover was estimated by applying the
line intercept method {(Canfield, 1941). Species abundance as
expressad by relative values of dansity, frequasncy and cover were
calculated Tfor each persnnial speciss and summed up to give an
estimate of its importance value. The associated annual species in
each stand were only recorded. Plant specimens were collected,
identified and preserved at the Herbarium of Botany Department,
Faculty of Science, Mansoura University. The life-Torms were
according to Raunkiaer (1934). Species identification and floristic
categories were according to Meikle (1977 & 198b); Feinbrun-
Dothan (1978 & 1986) and Boulos {1995, 1999 & 2000).

Four soil samples {0-50 cm) were collected from each stand,
pooled together to form composite sample, air dried, passed
through 2 mm sieve to remove gravel and debris, and packed in
plastic bags ready for physical and chemical analysis. The
procedures followed in estimating the soil variables were according
to Piper {1947); Jackson (1962) and Allen et al. {1974).
Vagetation was classified using TWINSPAN {Two-Way Indicator
Species Analysis) and ordinated using DCA {Detrended
Correspondence Analysis, Hill, 1979a&b). The abundance scores
(importance values) of Z. aegyptium and associated species in
the studied stands in relation to the environmental factors were
analyzed using Canonical Correspondence Analysis (CCA). The

result is an ordination diagram (CCA biplot), on which points
represant species and arrows rspressnt snvironmental variables
(ter Braak, 1988). Statistical treatments applied in present study
were according to Snedecor & Cochran (1968) and Anonymous
(1993).

Results

The prasent investigation reveals that, the natural plant wealth of
the study area is composed of 109 species divided info 33
perennials and 76 annuals {Appendix). These recorded species are
classified into five main types of life-forms: therophytes (69.7%),
cryptophytes comprising geophytes and helophytes (10.1%),
hemicryptophytes  (8.3%), chamaephytes (7.3%) and
nanophanerophytes (4.6%). The floristic analysis of the recorded
species indicates that they are mainly of Mediterranean origin (67
species or about 61.5%) and partly of Cosmopolitan element (14
species or 12.8%) and of Tropical origin (11 species or 10.1%). A
further 17 species (15.6% ) are belonging to different chorotypes
with poor reprasentation.

In the study area, the most common perennial speciss in /2.
aagyptivn communitiss are: Alhagi graecorum, Stipagrostis lanata,
Arthrocnemunt macrostachyunt and Fchinops spinosissimus; sach
recorded in 16 or more stands (Table 1).

Table 1:  Mean and coefficient of variation {values between brackets) of the importance values {out of 300} of Zygophyfium aegyptium and the
associated perennial species in different vegetation groups resulting from classification technique of the sampled stands in the Deltaic
Mediterranean coastal lands of Egypt.

Species Vegetational groups Number of accurrence

A B C D

Aeluropus lagopoides 1.65(3.29) - - - 2

Alhagi graecomum 0.05(4.00) 80.51(1.16) 32.05(1.02) 32.96(1.68) 23

Arthrocnemum macrostachyum 68.45(0.88) 1.97{2.68) - - 19

Asparagus stipularis 0.21{4.05) - - 24.91(1.68) 10

Atractylis carduus - 0.04{4.36) - 1.71{2.58) 7

Calligonum polygonoides ssp. comosum - 1.57{4.59) - 1.94(2.90) 4

Cressa crelica 19.87(0.03) 1.24{4.58) - - 4

Cynodon dactylon 2.71{(2.93) 11.10(3.6) - 8.08(3.90) g

Cyperus capitatus - 0.85{(4.31) 17.25(1.00) 4.92(3.77) 9

Cyperus conglomeratus - - - 9.75(1.78) 3

Echinops spinosissimus - - 1.83(1.43) 19.51(1.20) 16

Elymus farctus 84.91(1.10)  6.24{4.58) 21.73(1.53) 1.04(4.10) 14

Halocnemum strobilaceum - 47.93(1.62) - - 11

Heliotropium curassavicum 1.97{4.00) 14.79(3.64) - - 3

Imperata cylindrica - 1.70{4.58) 31.80(1.12) - 5

Inula crithmoides 15.56(2.06) 2.39(3.95) - - 7

Juncus acutus 0.73{4.04) - - - 1

Limoniastrum monopetalum 4.61{(2.73) - - 2.28(2.75) 6

Limonium pruinosum ssp. pruinosum 8.68(4.00) - - 4.59(3.27) 5

Lycium schweinfurt hii 1.55(4.00) - - 17.25(2.23) 7

Moitkiopsis cliata - - 8.03(2.24) 15.64(2.56) 5

Pancratium maritimum - - 54.87(1.53) 0.34{(2.79) 5

Phragmites australis 12.34(2.39) 67.73(1.57) - - 11

Polygonum equisetiforme 3.06{3.561) 0.04{4.36) - 2.57{(2.94) 5

Retama raetam ssp. raetam - - - 10.04({2.94) 3

Silene succulenta - 2.569(3.70) 94.17(0.74) 0.13{4.10) 7

Sporobolus pungens 15.76(1.86) 5.51{4.59) 7.85(2.24) 3.39(2.64) 10

Stipagrostis lanata 0.28(3.93) - 15.60(1.07) 87.25(0.69) 20

Stipagrostis scoparia 1.81{4.04) - 8.33(2.24) 17.11(2.86) 5

Suaeda vera 16.98(2.39) 1.13(4.60) 0.50(2.24) 0.09(4.04) 6

Tamarix nilofica 9.26(2.31) - - - 5

Thymelaea hirsuta - - - 31.06(1.95) 6

Zygophyllum aegyptium 29.67(1.33) 53.02(0.95) 5.98(1.23) 3.91{(0.98) 60
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Table 2:
Mediterranean coastal land of Egypt.

Mean value and standard error of the sail variables in different TWINSPAN vegetation groups of Zygophyllum aegyptium in the Deltaic

Soil variables Vegetational groups

A B C D
Coarse fractions (%) 93.53+ 1.67 88.71+ 1.32 93.85+ 1.43 94.20+ 0.72
Fine fractions (%) 6.48+ 1.57 11.29+1.32 6.15+ 1.43 5.80+ 0.72
Moisture content (%) 8.72+2.11 1.63+ 0.32 1.11£ 0.17 1.63+ 0.69
Porosity (%) 38.07+£ 1.19 37.69+ 1.07 37.63+ 0.66 36.81+ 0.99
WHC (%) 34.80+ 1.10 27.30+ 0.65 26.37+ 0.88 28.75+ 0.87
Calcium carborate (%) 1.49+ 0.44 7.09+ 1.63 0.14+ 0.08 0.75+ 0.14
Organic carbon {%) 0.11+0.02 0.07+ 0.00 0.09+ 0.00 0.13+ 0.05
pH 8.69+ 0.16 8.05+ 0.11 8.28+ 0.26 8.57+0.12
EC (mmhos/cm) 1.62+0.37 058+ 0.13 0.31+ 0.14 1.93+ 069
CI (%) 0.27+0.09 0.06x 0.01 0.05+ 0.00 0.23+£0.12
50,74 %) 0.32+ 0.07 0.18+ 0.03 0.14+ 0.02 0.37+ 0.06
CO,72 (%) 0.01+ 0.00 0.01+ 0.00 0.02+ 0.00 0.02+ 0.00
HCO, (%) 0.18+ 0.0b 0.06+ 0.01 0.10+ 0.00 0.09+ 0.01
Na* 166.21x 25.30 61.96x 10.28 121.bbx 24.86 198.26x 51.86
K* 19.94x 2.49 11.65+ 2.03 18.40+ .71 2453+ 1.67
Ca** mg/100 gm dry 19.84+ 2.65 5.22+ 3.82 1.69+ 0.42 37.65+ 12.05
Mg* * soil 12.82+ 5.39 2.24x 0.81 3.33+ 0.65 3211+ 18.12
SAR 119.17+ 5.66 52.45+ 7.25 68.28+ 17.23 58.04+ 10.01
PAR 12.34+ 19.47 9.58+ 1.34 24.71+ 13.03 10.85+ 1.88
10.85+ 1.88WHC = Water-holding capacity, EC = Electrical conductivity, SAR = Sodium
adsorption ratio, PAR = Potassium and adsorption ratio.
Table 3: Pearson-morent correlation (r) between different soil variables in the stands of Zygophyllum segyptium surveyed in the study ares.
Soil varisble CF__FF MC Q1 WHC  caCO,  OC pH EC - 50,7 CO~= HCO~ Ne' K+ Cat Mg  SAR FAR
Coarse fractions 1.000
Fine fractions -1.000 1.000
Meisture content 0.298 -0.296 1.000
Porosity 0048 -0.050 0.307*% 1.000
WHC 0.232 -0.231 0.699 0.451 1.000
CalCOy -0 666 0.686 -0.082 -0.225 -0.057 1.000
Organic carben 0112 0111 0.736 0.414 0.603 -0.094 1.000
pH 0.380 -0.350 0.127 -0.306 0.038 -0.287 -0.063 1.000
EC {mmhosicm) 0216 -0.216 0473 0332 0.618 -0.160 0.527 -0.088 1.000
(o] g 0.240 -0.239 0.56% 0.317 0.503 -0.160 0.047 -0.064 0.907 1.000
80, 0.087 -0.087 0.113 0.182 0.343 -0.110 0.006 -0.169 0.60% 0.388 1.000
Coe 0162 -0.163 -0.312 -0.317%  -0.256% -0.373 -0.182 0611 -0.033 -0.063 -0.081 1.000
HCO™ 0375 -0.372 0.470 -0.019 0.250 -0.283 0.237 0.452 -0.008 0.147 -0.140 0.088 1.000
Nae 0.340 -0.340 0.396 0.232% 0.395 -0.2589 0.572 0.030 0.543 0.865 0.422 0.144 0147 1.000
K. 0366 -0366 0114 -0.073 0.063 -0.472 0.063 0677 0468 0372 0.276 0726 0182 0484 1.000
Ca? 0.037 -0.035 0133 0.236% 0.310% -0 163 0.127 -0.367 0.631 0397 0806 -0.184 -0188 0433 0.208 1.000
Mg 2 0107 -0.107 0189 0.231% 0.310% -0.104 0411 -0.283 0.663 0776 0508 -0.076 -0118 0508 0.242 0. 605 1.000
SAR 0376 -0374 0.62f 0.031 0.298 -0.166 0.4356 0638 0.017 0.247 -0.187 0108 0616 0342 0.218 -0.369 -0.166 1.000
FAR 0.250 -0.249 0.082 -0.253% -0.175 -0.212 -0.008 0.822 -0.174 -0.041 -0.314 0.570 0447 0.43 0.528 -0.5285 -0.331 0.655 1.000

LT L] LLE LLE LL 1] LLL} L1} L1}

Abbreviation: CF = Coarse fraction, FF = Fine fraction, MC =
EC= Electrical conductivity, SAR = Sedium sdsorption ratio, PAR = Potassium sdsorption ratic
* is significant at P = 0.05, ** is significant &t P = 0.01, *** is significant &t P = 0.001

The classification of stands according to TWINSPAN
technique resulted in four vegetation groups (Fig. 2) and the

vegetation structure of these groups is presented in Table 1, and

the soil variables are presented in Table 2.

Group A: Sixteen stands of the salt marsh and saline sand flat
habitats were dominated by the preferential halophyte grass
Flymus farctus, which attains the highest mean importance
value (IV) of 84.91 {out of 300). Indicator species were the
obligatory halophytes:  Arfthrocnermum macrostachyum (IV
68.4b) and Suaeda vera (IV = 16.98). Other important species
attaining relatively high IV were: Z. aegyptium (N = 29.67) and
Cressa cretica (IV = 19.87). The soil of this group (A) was
characterized by relatively higher values of moisture content,
organic carbon, electrical conductivity, chlorides, sulphates,
bicarbonates, extractable cations (Na*, K+, Ca*? & Mg+ ?) and
sodium adsorption ratio.
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Moisturs content, Po= Porosity, WHC = Water holding capacity, OC= Organic carbon,

Group B: Twenty one stands of the fertile non-cultivated lands
were dominated by salt-tolerant indicator species Alhagi
graecorum {IV = 80.51). In this group, the second indicator
species was Phragmites australis (IV = 67.37). The important
species were also Zygophyilum aegyptium (V = 53.02) and
Halocnemum  strobilaceum (IV 47.93). The soil was
characterized by high percentages of fine fractions (silt & clay)
and calcium carbonate content, moderate valuss of EC, sulphates
and calcium cation; and low contents of organic carbon,
extractable cations (Na*, K+ & Mg+?) as well as SAR and
PAR.

Group C: Six stands of the partially stabilzed sand dunes
were dominated by psammophytic succulent indicator species
Silene succulenta {IV = 94.17). The second indicator species in
this group wvas the grass Jmperata cylindrica (31.80), and the
other important species were Pancratium maritimum, Alhagi
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Fig. 1: Map showing the Deltaic {middle) section of the
Mediterranean costal region of Egypt. ®*Hatched area
indicates the location of the study area.
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Fig. 2: TWINSPAN dendrogram of the 60 stands bassd on the

importance wvalues of 33 species representing the
different hahitats of /. aegyptium. Indicator species are
abbraviated to the first Ietter of the genus and the first
three Ietters of species names respectively. For Tull
names of species see Tabls 1.

grascorum and  EFlymus  farctus, which  attain IV of 54.87,
32.06 and 21.73 respectively. The soils of this group were
obviously characterized by low contents of most soil variables
such as moisture content, calcium carbonate, EC, sulphates and
calcium cation. While, these soils attained moderate values of Na*
& K* as well as SAR and PAR.

Group D: Ssventesn stands of the stabilized sand dunes were
dominated by psammophytic grass Stipagrostis lanata (V =
87.2b). Herethe indicator spacies were Asparagus stipularis (IV =
24.91) and Stipagrostis scoparia (IN = 17.11). Other important
spaciss which attain relatively high IV in this group were Alfiagi
graecorum (IV = 32.96), Thymelaea hirsuta (IW = 31.06) and
Echinops spinosissimus (IV = 19.51). The soils of group D were
markedly characterized by relatively higher contents of most
edaphic factors such as coarse fractions (sand), organic carbon,
EC, chlorides, sulphates and extractable cations (Na*, K+, Ca*? &
Mg+ 2).
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It is intarssting to note that, 7. aegyptiun showsd the highest
scores of abundance in wvegetation groups A and B which
represent the habitats of salt marshes and fertile non-cultivated
lands. On the other hand, it showed ths lowest scores in groups
C and D where these two groups represent the habitats of sand
dunes in the study area.

It is also worth to recognize that, the soils of groups A and D
saem to be more or less comparable, whereas the soils of groups
B and C also showed a close similarity bstwesn sach other. The
two later groups of soils (B & C) may be considered as transitional
state between the two former groups of soils (A & D).

In the pressnt study, thse most common associated annuals
comprise: Aegilops bicornis, Anchusa humilis, Bassia indica,
Bromus diandra, Cakile maritima ssp. maritima, Carthamus tenuis
ssp. foliosus, Chenopodium giaucum, Cutandia memphitica,
Daucus litoraiis, Heliotropium supinum, Lobularia arabica, Maicolmia
pygmaea, Parapholis incurva, Paronchia arabica, Pseudoriaya
purmifa, Sphenopus divaricatus, Suaeda maritima, Trisetaria linearis,
etc. (Appendix).

The correlation coefficient {r} betwesn different anvironmental
variables in the sampled stands supporting the growth of 2.
aegyptium are shown in Table 3. All soil variables showed positive
and negative significant correlations between each other except
for moisture content, porosity and pH which showed a limited
significant correlations with the other edaphic factors.

Detrended Correspondence Analysis (DCA) produced a marked
distinguishable separation of the salt marshes and saline sand flats
(stands of group A), from those of the fertile non-cultivated lands
(stands of group B), and from the partial stabilized sand dunas
reprasented by stands of group C, as wsll as Trom the stabilized
sand dunes represented by stands of group D {Fig. 3a). The DCA-
ordination of the species as shown in Fig. 3b exhibited a clear
pattern of segregation on the first and second ordination axes.
On DCA-ordination diagram, Z. aegyptium is distributed between
the sites of vegstational groups A and B, this distribution may bs
prove that, this plant speciss prefers to germinatse and growv in the
habitats of the dry salt marshes, salins sand flats and fertile non-
cultivated lands rather than in the habitats of the sand dunes.
The ordination diagram produced by Canonical Correspondence
Analysis (CCA) is shown in Fig. 4. The position of Z aegyptium
and associated species along the gradient of 14 environmental
variables was clear. The CCA-biplot diagram showed that calcium
carbonate and fine fractions (silt & clay) of the soil were the most
important factors related to the distribution of this species in the
study sites. The distribution of Z. aegyptium was concentrated
at the end of the lower gradient of the extractable cations (Mg* 2,
Ca+?, K+ & Na*), sulphates, chlorides, carbonates & bicarbonates
and on the intermediate gradient of soil moisture content, SAR and
organic carbon. The salt-tolerant species like Phragmites australis,
Halocnemum  strobilaceum, Calligonum  polygonoides  ssp.
comosum and Alhagi graecorum showed similar trend of
distribution to that of Zygophylium aegyptium. However, a
second group of associated species such as Tamarix nilotica,
Paolygornum equisstiforms,  Cressa  crefica and  Asluropus
lagopaides showed an opposite trend of distribution to that of
Zygophylium aegyptium. The halophytic species: Suaeda vera,
Arthrocnemum macrostachyum, Inuia crithmoides, Elymus farctus
and Juncus acutus were associated with soils of high moisture
content,

Discussion
The classification and ordination of wegsetational units has in
recent times recsived serious attention, and a number of
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Appendix.

theoretical and practical treatises have been published on this
subject. The wegstation dsalt in present study is classified by
TWINSPAN classification into four groups named after their
dominant species as follows: Elymus farctus (group A), Alhagi
graecorum {group B), Silene succulenta (group C) and Stipagrostis
fanata (group D). Most of the species of these groups have

analogues in the wastern Mediterranean coastal region of Egypt
(Tadros & Atta, 1958; Ayyad & Hilmy, 1974; Ayyad 1976; Ayyad
& El-Ghonemy, 1976; Ayyad & El-Gharesb, 1982) and in the
middle Deltaic Mediterranean coastal land {(Zahran et al., 1990;
El-Demerdash et al., 1990; Shaltout et al, 1995 and Mashaly
2001).
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Appendix A:  List of perennial and annual species associated with Zygophylium aeqyptium communities in different habitats in the study area and their
life-forms and chorotypes.  (A- Perennials)

Taxon Life form Chorotype

Aeiluropus lagopoides (L.) Trin-ex Thwait. H.G ME+ SASI+ IR-TR

Alhagi graecorum Boiss. H PAL

Arthrocnemum macrostachyum{Moric) Moaris et Deloponte Ch ME+ SA-SI

Asparagus stipularis Forssk. G ME+ SA-SI|

Atractylis carduus (Forssk. ) Christ H SA-Sl+ ME

Calligonum polygonoides L. ssp. comosum (L' Her.) Soskov Nph SASl+ IR-TR

Cressa cretica L. H ME+ PAL

Cynodon dactylon(L.) Pers. G PAN

Cyperus capitatus Vand. G ME

Cyperus conglomeratus Rottb. G SASI+ 52

Echinops spinosissimus Turra H ME+ SA-SI

Elymus farctus (Viv.) Runemark G ME

Hajocnemum strobifaceum (Pallas) M. Beib. Ch ME+ IR-TR+ SA-SI

Heliotropium curassavicum L. Ch NEO

Imperata cylindrica (L.} Raeusch. H PAL+ ME

Inula crithmoides L. Ch ME+ ER-SR+ SA-SI

Juncus acutus L. He ME+ IR-TR+ ER-SR

Limoniastrum monopetalum (L.) Boiss. Ch ME

Limonium pruinosum{L.} O. Kuntze ssp. pruinosum H SA-SI

Lycium schweinfurthii Dammer Nph ME

Moltkiopsis ciliata (Forssk.) .M. Johnst. Ch SASl+ S-7Z+ ME

Pancratium maritimum L. G ME

Phragmites australis (Cav.) Trin. ex Steud. G,He COSM

Polygonum equisetiforme Sm. G ME+ IR-TR

Retama raetam(Forssk.) Webb & Berthel. ssp. raefam Nph SASI+ IR-TR

Silene succulenta Forssk. H ME

Sporobolus pungens (Schreb.) Kunth G PAN

Stipagrostis lanata (Forssk.) De Winter G SA-SI|

Stipagrostis scoparia (Trin. & Rupr.) De Winter H,G 5AS1

Suaeda vera Forssk. ex J.F. Gmel. Ch ME+ SA-Sl+ ER-SR

Tamarix nifofica Ehrenb. Nph SASI+ 52

Thymelaca hirsuta (L) Endl. Nph ME

Zyqophylium aegyptium A. Hosny Ch ME

B- Annuals (Therophytes)

B- Annuals {Therophytes)

Taxon Chorotype Taxon Chorotype
Adonis dentata Del. IR-IR+ SA-Sl+ ME Daucus liforalis Sm. ME
Aegilops bicomnis (Forssk.) Frodium Jaciniatum {Cav.) Wild. ME

Jaub. & Spach ME+ SA-SI
Amaranthus graecizans L. ME+ IR-TR
Amaranthus hybridus L.

ssp. cruenfus (L.} Thell. NEQ

Amaranthus viridis L. PAL

Ammi majus L. ME+ IR-TR+ ER-SR
Anagallis arvensis L. COSM

Anchusa humilis (Desf.) L. ME+ SA-S|
Astragalus hispidulus DC. SA-SI

Astragalus peregrinus V ahl ssp.

peregrinus SA-SI

Atriplex prostrata DC. ME+ ER-SR+ IR-TR
Rassia indica (Wight) A.J.Scott S-7+ IRTR

Rassia muricata (L.} Ascherson SASl+ IRTR
Brassica fournefortii Gouan ME+ IR-TR+ SA-SI
Bromus diandrus Roth ME

Cakile maritima Scop. ssp. maritima ME+ ER-SR
Carduus getulus Pomel SA-SI

Carthamus fenuis (Boiss. et Blanche)

Bornm. ssp. foliosus Hanelt ME

Centaurea glomerata Vahl ME

Centaurium pulchelum{Swartz) Durce ME+ IR-TR+ ER-SR
Chenopodium atbum L. COSM
Chenopodium ambrosiodes L. COSM
Chenopodium ficifolium Sm. COSM
Chenopodium glaucum L. COSM
Chenopodium murale L. COSM
Chrysanthemum coronarium L. ME

Conyza bonariensis (L.) Crong. NEG

Cutandia memphitica (Spreng.)

K. Richter

Dactyloctenium aegyptium (L.) Wild.
Datura innoxia Mill.

ME+ IR-TR+ SA-SI
PAL
NEO
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Fuphorbia peplus L.

Frankenia pulverulenta L.
Hedysarum spinosissimum L.
SSp. 8pinosissimum
Heliotropium supinum L.
Hibiscus frionum L.

Hordeum marinum Huds.

Ifloga spicata (Forssk.) Sch. Bip.
Juncus bufonius L.

Lobularia arabica (Boiss.) Muschl
Lotus halophilus Baoiss. et Sprun.
Malcolmia pygmaea (DC.) Boiss.
Malva parviflora L.

Melilatus albus Medik.

Melilotus indicus (L.) All

Mesembiyanthemum crystallinum L.

Mesembryanthemum nodiflorum L.
Neurada procumbens L.

Cnonis serrata Forssk.

Parapholis incurva {L.)C.E. Hubb.
Paronchia arabica(L.) DC.
Piantago coronopus L.

Piantago squarrosa Murr.
Polypogon monspeliensis (L.} Desf.
Portulaca oleracea L.

Psevudoraya pumila (L.} Grarde
Reichardia tingitana (L.} Rath
Salsola kali L.

Schismus barbatus (L.) Thell.
Scorpiurus muricatus L.

Senecio glaucus L.

Seshania sericea L.

Sida alba L.

ER-SR+ ME+ IR-TR
ME+ ER-SR+ IR-TR

ME

S-7+ ME

PAL

ME+ IR-TR+ ER-SR
SA-Sl+ ME

COSM

SA-SI

ME+ SA-SI|

SA-SI

ME+ IR-TR
ER-SR+ ME+ IR-TR
ME+ IR-TR+ SA-SI
ME+ ER-SR

ME+ SA-Sl+ ER-SR
SA-Sl+ S-Z

ME+ SA-SI|

ME+ IR-TR+ SA-SI
SA-Sl+ ME+ §-Z
ME+ IR-TR+ SA-SI
ME

COSM

COSM

ME

ME+ SA-SI+ IR-TR
COSM

ME+ IR-TR+ SA-SI
ME

ME+ SA-SI+ IR-TR
ME

PAN
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B- Annuals (Therophytes)

Taxon Chorotype

Silene gaffica L. ME+ ER-SR+ IR-TR
Silene vivianii Steudel SA-SI

Sisymbrium irio L. ME+ IR-TR+ ER-SR
Solanum nigium L. COSM

Sonchus oleraceus L. COSM

ME+ IR-TR+ SA-SI
ER-SR+ ME+ IR-TR
ME+ IR-TR+ SA-SI

Spergularia diandra (Guss.) Boiss.
Sperguiaria marina (L.) Gribseh.
Sphenopus divaricatus (Gouan) Reichb.

Suaeda maritima (L.) Dumaort. COSM
Trisetaria linearis Forssk. ME+ SA-SI
Trigonella maritima Del. ex Poir ME
Xanthium spinosum L. COSM

A- Legend to Chorotypes:
COSM: Cosmopaolitan
PAN: Pantropical

PAL: Palaeotropical

NEO: Neotropical

ME: Mediterranean
ER-SR: Euro-Siberian
IR-TR: Irane-Turanian

B- Legend to Life-forms.
Nph: Nanophanerophytes
Ch: Chamaephytes

H: Hemicryptophytes

G: Geophytes

He: Helophytes

SA-5I: Sharo-Sindian
5-Z: Sudano-Zambezian

The wvegetational groups resulted from the application of
multivariate analysis in the present work may be rslated to the
alliances and associations described by Zohary (1973). Out of the
identilied clusters in present study, group A dominated by Elymus
farctus may represents the dry salt marshes and saline sand flats
in the study arsa. VVhils, group B dominated by Alhagi grascorum
may represents the fertile non cultivated lands. On the other
hand, group C dominated by Silene succulenta rspresents the
partial stabilized sand dunes, while group D dominated by
Stipagrostis lanata reprasents the stabilized sand dunes. The soil
analysis and vegetation structure of the sampled stands showed
that groups B and C may be considered as a transitional habitats
between the habitats of groups A and D. These transitional
groups (B & C) may be formed by transportation of sand grains
from the shifting huge sand dunes (group D) to neighbouring low
lands of the salt marshes (group A) in the study area.

The spatial relations of species are evidently a product of their
differant nesds and tolsrancss Tor physical and/or biotic Tactors
(Ayyad & Hilmy, 1974). Many studies in different habitats in the
wastern Mediterranean coastal lands of Egypt assert that few
composite gradisnts are responsibls for quantitative variations in
the distribution of populations of species (Shaltout, 1983; Ayyad
& Ghareeb, 1982; Gharaeh, 1990).

The application of TWINSPAN classification showed that, the
taxon Z. aegyptium has been estimated as associated species and
not as dominant in the Tour recognized vegstation groups. This
plant species showed the highest scores of abundance in groups
A and B while, it showed the lowest scores of abundance in
groups C and D. However, the application of Detrended
Correspondence Analysis {DCA) and Canonical Correspondence
Analysis (CCA-biplot) showed that, the distributional behaviour of
7. asgyptiunt is mainly mslated to the contents of calcium
carbonate and fine fractions and partly to the soil moisture
content and organic carbon content. This may illustrate the fact
that, Z. aegyptium predominates and has a luxuriant growth with
the intermediate gradient of the environmental Tactors prevailing
in the intermediate habitats derived between the salt marshes and
sand formations in the study area.

Therefore, it can be concluded that micro wvariations in the
distribution bshaviour of 2. aegyptiun in the Deltaic Meditarransan
coastal land of Egypt is controlled edaphically by four main
factors: soil texture (fine fractions), moisture availability (moisture
content), calcarecus sedimentation (calcium carbonate) and soil
fertility {organic carbon).
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