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Vegetation composition of Egyptian inland saltmarshes
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Abstract. The vegetation-environment relationships in the inland saltmarshes of two geographically distant oases of
the Western Desert of Egypt, Siwa, and Dakhla Oases, are described. Two data sets (25 species x 68 stands for Siwa
Oasis and 29 species x 89 stands for Dakhla Oasis) were analysed, using multivariate procedures, i.e., two-way indi-
cator species analysis (TWINSPAN), detrended correspondence analysis (DCA), and detrended canonical correspon-
dence analysis (DCCA), to produce a classification of plant communities in the studied areas, and to examine the
relationships of these plant communities to certain edaphic factors, namely soil reaction, total soluble salts, calcium
carbonate, organic matter, moisture content, and fine fractions. Twelve halophytic plant communities linked to two
main habitats (wet-moist and dry-mesic) were identifidthagi graecorum, Tamarix nilotica, Cressa cretica, Juncus
rigidus andPhragmites australisrere the most common in the two oases. Whereas communi@gp@ius laevigatus,

Suaeda aegyptiaca, Suaeda vermiculata, Typha domingansi&eluropus lagopoideare recorded from the Dakhla
Oasis,Cladium mariscugndArthrocnemum macrostachyucommunities are recorded from the Siwa Oasis. The

most important edaphic variables affecting the distribution and structure of the plant communities are salinity, mois-
ture content and fine fractions, nevertheless Ca@tent seems to be more effective in the Dakhla Oasis. A new
agricultural strategy that minimizes the increase of salinized lands is called for.
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Introduction Ziada, 1980; El-Hadidi, 1993). Despite the low number
of halophytes in Egypt, with 80 terrestrial plant species
Saline lands are widely distributed globally and makefrom 17 families (Batanouny and Abo Sitta, 1977), they
up about 10% of the Earth’s terrestrial surface (O’Learyconstitute the principal vegetation of extensive areas in
and Glenn, 1994). Compared to studies of coastal marshethe country. The halophytic flora is poor, being composed
little attention has been paid to inland saline landscapemainly of perennial grasses, rushes, (dwarf-) shrubs, and
(Adam, 1990; Kruger and Peinemann, 1996). The insome annuals which are associated with saline
land saltmarshes of the Egypt’s Western Desert are foundnvironments, e.gFkrankenia pulverulentd.., Lotus
in the form of Sabkhas (Zahran, 1982) around the lakes;orniculatusL., Solanum nigrumL., Asphodelus
springs and wells of the oases, e.g., Siwa, Dakhla, KhargaenuifoliusCav.,Bassia muricatgL.) Asch.,Anagallis
Bahariya and Farafra, and depressions, e.g., Qattara, WadalivensisL. (s.l.), Conyza bonariensif_..) Cronquist and
El-Natrun, and El-Faiyum (Figure 1). Being lower in al- Ambrosia maritimal..

titude than the surroun(_jing territories, the inland Although the autecology, synecology and ecophysiol-
saltmarshes are characterized by a shallow undergrounglyy of several coastal saltmarshes of the Western Desert
water table. In certain instances, the underground water igave been dealt with in a large number of publications (e.
exposed, forming lakes of brackish or saline water (Zahrar@_ Ayyad and El-Ghareeb, 1974, 1982; Fahmy, 1986;
and Girgis, 1970; Zahran, 1972). The formation of thes&shajitout and EI-Ghareeb, 1992; Zahran et al., 1996), stud-
salines is due to the uncontrolled spilling of water andies jgentifying the major environmental factors associated
flooding of the plains or to the water table, which is nearyith vegetation patterns in the inland saltmarshes are
to the ground (Migahid et al., 1960). Under the severecarce. What studies there are have attempted to elucidate,
arid conditions of the oases and the lack of a drainaggy various means, factors causing the differences in com-
system, flooding of the soil with slightly saline artesian mynities both within and between marshes. However, ob-
water rapidly increases its saI|_n|ty. In contrast to the lit- jective methodology and quantitative procedures have been
toral saltmarshes, thesc_a salines can be conS|dered. @pplied in the present study using techniques involving
secondary. The vegetation has a patchy structure, witQ|assification and ordination. Recently, some studies in
different patches containing different species (or someyifferent parts of Egypt (Abd El-Ghani, 1998, 1999; Dargie
times one species) and even different growth forms (Abuzng El-Demerdash, 1991: Moustafa and Zaghloul, 1996;
Shaltout et al., 1995; Springuel et al., 1997), based on a

. . multivariate approach to plant community analysis, were
E-mail: elghani@yahoo.com carried out.
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By the beginning of the 21st century, the plant life in converted into salt marshes as soils are subjected to dete-
the oases of Egypt will have completely changed: aboutioration and salinization. The oasis floor is below sea
500,000 acres are expected to be reclaimed and cultivatdevel, ranging from zero to -18 m, and displays numer-
after transferring the Nile water to these areas througlous landscapes including salt marsh&ahkhay, salt
the Toschka canal from Lake Nasser (South of Aswan otakes, and cultivated lands (orchards). The bounding up-
the Nile Valley) to Kharga Oasis, and ending in Farafralands are represented by the northern tableland (up to +
QOasis in the Western Desert. The purpose of this study i$50 m) and the southern sand dunes (up to + 80 m). The
to document and describe the plant species compositioclimate exhibits extreme aridity with very low rainfall
of the inland saltmarshes in two geographically distantlaverage of 9.6 mm ye8¢ high evaporation (17 mm day
oases of the Western Desert of Egypt and to relate the spéin July to 5.2 mm dayin December) and high summer

cies distribution patterns to some soil factors. temperature (maximum 37.7°C in July). Intermittent
floods, originating from the northern tableland, take place
Study Areas once every several years. During the last 60 years, floods

have occurred in 1928, 1985 and 1987.

The two study areas are separated by a distance of about The Dakhla Oasis is located ca. 120 km west of the
600 km in a NW-SE direction (Figure 1). The Siwa Oa-Kharga Oasis and about 300 km west of the Nile Valley,
sis is located in the northern part of the Western Desefbetween longitudes 28°48'- 29°21'E and latitudes 25°28’
of Egypt, some 65 km east of the Libyan frontier and 300- 25°44’N. Nubian formations include porous sandstones
km south of the Mediterranean coast. Itis limited by thethat carry water to a hydrostatic head of about 120 m.
longitudes 25°18’ - 26°05’E and the latitudes 29°05- 29° The artesian groundwater is discharged to the surface
20’N. Groundwater is one of the Siwa Oasis’ most valu-through springs, shallow wells and modern deep wells in
able resources. It is tapped from the Miocene fracturedavhich the depth ranges from 300-1,220 m (Himida, 1966).
limestone through cd50 springs and flowing wells (total A serious drop in the groundwater pressure of the existing
discharge is at least 200,000dny?). The water of Siwa wells, and a consequent drop in the discharge of the flow-
springs is warm, varying between 26.5°C and 30°C.ng wells, has been emphasized (Abu-Ziada, 1980). The
However, due to misuse of groundwater, a continuous riséowest point of Dakhla Oasis is about 100 m above sea
of the level of subsoil water has been widespread. Aclevel, and its surface rises gradually towards the rim. Al-
cording to Misak et al(1997), in 1962-1977 the rate of titudes range from 110 to 140 m above sea level. Geo-
rise was 1.33 cm yedmwhile in 1977-1990 it measured logical evidence indicates that a deposit of potential
4.6 cm yeat. Consequently, extensive patches have beeeconomic value of the lower phosphatic horizon exists at

the south-east corner of Abu-Tartur plateau, at depths rang-

ing from 150-250 m. Said (1962) reports also the occur-
. - . . rence of a number of mineral substances, including fibrous
l ' ' 7 crystalline forms of ochre, bayrates, and epsomites. As to
MEDITERRANEAN SEA climate, the Dakhla Oasis belongs to the rainless part of
Egypt. The hottest months are June, July, and August (with
a mean maximum temperature of 37.7°C). The coldest
month is January (with a mean minimum temperature of
4.0°C). The evaporation rate is the highest in June (24.8
mm day') and lowest in January (7.7 mm day

Siwo Oasis
ety

QST 2 /

Bahariyo (‘”,‘

were recorded. Taxonomic nomenclature followed
Tackholm (1974), updated by Boulos (1995, 1999). Plant
e cover was estimated quantitatively by the line intercept
method (Canfield, 1941). For this purpose, 10 parallel
lines each 10 m long were laid out in each stand. The cover
data were transformed using a nine-point scale: 1=5-15,
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i Ly 2 'f%% communities, were selected from sites representing the in-
i i~ Y land saltmarshes in the study areas (68 in Siwa and 89 in
| % ! Dakhla). The first stand was located at least 50 m from
o | @ the edge of the marsh, and the other stands were randomly
g <“7) distributed. In each stand, a reasonable degree of homo-
i A / geneity was ensured. Within each stand, species present
i
i
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Figure 1. Location map of the study areas.
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2=16-25, 3=26-35, 4=36-45, 5=46-55, 6=56-65, 7=66-75,
8=76-85, 9=86-100%. (68)

For each sampled stand, three soil samples were col-
lected at profiles 0-50 cm. Soil texture was determined A.mac C.cre
with the Bouyoucos hydrometer, and the results were used | ©)
to calculate the percentage of fine fractions (silt and clay). 0.509
Moisture content and organic matter were determined by
drying and ignition at 600°C for 3 h, and total Ca@®@
Collin’s calcimeter (Wright, 1939). Soil-water extract (1:
5) was prepared for the estimation of total soluble salts
(TSS in mS cm) using a conductivity meter, and of soil
reaction, using a pH meter.

Levels of classification
o
(o]
[o)]
w
(@]
N
[e0]
w)|

Data Analysis L

As a classification technique, the Two-Way Indicator
Species Analysis (TWINSPAN), was applied to the two A B C b E F G
data sets (25 species x 68 stands for Siwa Oasis and 29 Vegetation clusters
species x 89 stands for Dakhla Oasis), using species’
cover estimates; where species that covered less than 5%
were excluded. TWINSPAN is a divisive hierarchical Figure 2. Dendrogram of the 7 vegetation clusters of the Siwa
programme that uses indicator species i.e., species withasis inland saltmarshes generated after the application of
clear ecological preferences, to characterize and separal@VINSPAN classification technique. For indicator species
the classes (Hill, 1979; Okland, 1990). All default settingsabbreviations, see Appendix.
were used for TWINSPAN, except for the cut levels, where
nine were chosen (0, 5, 10, 30, 40, 50, 70, 80 and 90).

The non-parametric Mann-Whitney test was used to comeover values. These included: (Arthrocnemum
pare the means of all environmental factors for the twomacrostachyum(B) Cladium mariscus(C) Juncus
groups separated at each split in the classification. All starigidus, (D) Alhagi graecorum(E) Tamarix nilotica,(F)
tistical treatments followed Zar (1984), using studentPhragmites australisand (G)Cressa cretica Some
SYSTAT (STUSTATW programme version 5.0; Berk, clusters had a single characteristic species (A, B and G),
1994) while the others had three to four species. Three clusters

Detrended Canonical Correspondence Analysisvere dominated by a single species (A, C and G), of which
(DCCA), or direct gradient analysis (Jongman et al., 1987)one was restrictred to the dry-mesic habitat. No one
combined with calculation of t-values associated with thespecies was recorded in all clusters. The first TWINSPAN
regression coefficients and a Monte Carlo permutation teslichotomy differentiated the 68 stands into two main
(99 permutations) for the significance of the first canoni-groups according to soil moisture content and fine material
cal axis p-value at 0.01-significance level), was used to (silt and clay) withp = 0.003 and 0.001, respectively. A
ordinate vegetation with the environmental variables.distinct community Cressa cretichassociated with the
Detrending-by-polynomials (ter Braak and Prentice, 1988)riest saline habitat was separated on the right side of the
was used to correct the non-linear dependence betwedlendrogram, while the left side remained heterogeneous.
axes. The computer program CANOCO 3.12 (ter BraakAt the second hierarchical level, the wet-moist group was
1988, 1990) was used for all ordinations and the plots wergplit into two subgroups related to the same factors
drawn by CANODRAW 3.0 (Smilauer, 1993). mentioned above, in addition to soil salinipy£ 0.0001,
0.004 and 0.0001 for moisture content, fine material and
soil salinity, respectively). Another distinct community
(Arthrocnemum macrostachyliof the wettest habitat was

In general, it was possible to distinguish two habitatsSeParated. Among the relatively Iess.wet—moist group two
in which the plant communities were combined: (a) wet-further subdivisions, each characterized by the presence
moist group and (b) dry-mesic group. of its own vegetation, dlstlngwshed.communltles that

differed primarily in calcareous deposits.

Classification of the Vegetation In Dakhla Oasis, twenty-nine species were recorded,

Twenty-five plant species (after excluding species < 5%representing the common plants growing in almost all the
y-ve p P g sp - & Inland saltmarshes. Ten communities were obtained at
cover and single appearances) were recorded in Siw,

Oasis. Based on the TWINSPAN outcome, Figure 2 Waﬁ]e fourth division of the TWINSPAN classification

elaborated. The TWINSPAN analysis divided the stand Figure 3). These !ncluded: (Buaeda aegypnach)
) : “Aeluropus lagopoides(C) Suaeda vermiculata(D)
into seven vegetation clusters, each cluster representin

a specific plant community according to the most'glhagl graecorum(E) Cressa cretica(F) Juncus rigidus

abundant characteristic species that reached the highe(s(t:") Tamarix nilotica (H) Phragmites australis(f) Typha

Results
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domingensisaind (J)Cyperus laevigatusThe first level  maritimusandCyperus rotundus ThePhragmites aus-
in the TWINSPAN separated the stands according to théralis community inhabits the shallow swamps that result
soil moisture contentp(= 0.003) and fine materiap (= from the flow of springs or drainage water, whilgpha
0.005). At the second level, further divisions domingensicsommunity forms dense growth in the deeper
corresponded to additional partitioning of the moisturewater fringed withPhragmites australigrowth towards
content, fine material, salinity, and calcareous depositshe periphery of the swamp.
(p=0.002, 0.004, 0.001 and 0.003, respectively). Lower The dry-mesic communities includ&eluropus
levels distinguished co.mmunitigs that differed in pH andlagopoideswhich was not recorded from the Siwa Oasis
all the previously mentioned soil variables. and occupied the flat saline stands covered with a thin
The wet-moist communities include tlBuaeda crust of salts. Whereas tReessa creticcommunity in-
aegyptiacacommunity, which is widespread on waste land habits saline fallow land with occasional deposition of
that was formerly cultivated and left fallow due to sheets of sand, thihagi graecoruncommunity occurs
salinization. The&Suaeda vermiculateommunity showed in sand plains overlying saltmarsh beds, andidmarix
similarities to that ofS. aegyptiacabut with frequent nilotica community occupies the saltmarshes with deep
record ofJuncus rigidus TheJuncus rigiduscommunity  sand deposits. The latter plant was considered one of the
forms thickets of dense growth, with a plant cover of moreclimax types of the saltmarsh vegetation (Abu-Ziada,
than 80% on average. It dominates the saline flats in th&980). It is subjected to destructive cutting for fuel and
saline-neglected land that were formerly under cultivationother household purposes in almost all of the Egyptian
and represents one of the most common halophytic comsases. The floristic composition of tlieessacommu-
munities in the Dakhla Oasis. The swampy vegetatiomity is the poorest while those Afhagi andTamarixare
types represented yhragmites australimnd Typha  the richest.
domingensioccupy the wettest stands within the study
area. This habitat is characterized by a rich and continuSoil-Vegetation Relationship
ous flow of fresh or brack!s'h water from springs or M- Soil characteristics of each of the seven vegetation clus-
gated land (Zahran and Willis, 1992). Some water-lovmgters of the Siwa Oasis saltmarshes identified by
species were recorde@yperus laevigatus, Scirpus TWINSPAN were summarized in Table 1. The mean val-
ues of the soil variables show high significant variation
between clusters, except soil reaction. The ordination dia-

(89)

43) () gram produced by DCCA is shown in Figure 4. The
| R 0394 Tdom length and the direction of an arrow representing a given
as [ (Z?‘ag 29 03;7”9 (”)m environmental variable provides an indication, of the im-
J.ri .. .lae . . . .
"o S @l e e ciae w0 o portance and direction of the gradient of environmental
0337 048 oo 03 Jpaus 0302 change for that variable, within the set of samples
a | © o | Va0 measured. The Monte Carlo permutation test showed that
L 0530 o both the overall effect of the environmental variables on

species and the first canonical axis are significant (

r 0.01). Soil salinity, organic matter, moisture content and
fine material were higher in th&rthrocnemum
macrostachyunandJuncus rigiducommunities than in
any of the other communities (significantpat 0.0001).
Both communities are established on the wettest stands
Figure 3. TWINSPAN dendrogram of the 89 stands in Dakhla ©f the shallow depressions and form monotypic stands

Oasis inland saltmarshes. For indicator species abbreviations, s¥éith high cover values (80-90%). Whereas the
Appendix. Arthrocnemuntommunity showed the lowest number of

Levels of classification

A B C D E F G H | J
Vegetation clusters

Table 1. Means of the soil characteristics (+ 1SD) of the stands of Siwa Oasis supporting the 7 vegetation clusters (A-G) derived
after the application of TWINSPAN.

Soil Vegetation clusters F
variables A B C D E = G (ratio)
pH 7.52+0.4 7.52+£0.3 761+£055 7.79+042 7.77+046 8.01+0.33 7.43+£0.42 2.06 0.07

TSSmScm 8.24+2.01 172094 6.24+282 41+148 3.62+158 212+0.62 2.68=+0.57 1532 0.0001
CaCQ % 12.36 +4.04 20.35+2.8 18.25+7.64 16.42+7.9 991+2.75 13.01+4.14 1498+2.2 3.24 0.008
OM % 47+329 0.75+0.87 507+325 344222 297+131 319+225 188+118 3.03 0.012
MC % 15.66 + 6.1 252+0.77 12.06+5.03 6.84+5.46 455+1.62 1033+7.37 2.80+1.44 7.67 0.0001
S+C% 16.25+6.52 9.75+25 18.31+6.68 15.07+454 12.0+2.73 13.7+549 9325 8.17 0.005

TSS = total soluble salts; OM = organic matter; MC = moisture content; S + C = silt + clay.
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Figure 4. DCCA ordination of the first two axes showing the Figure 5. DCCA ordination of the first two axes showing the

distribution of the stands of Siwa Oasis with their TWINSPAN distribution of the stands of Dakhla Oasis with their TWINSPAN
clusters and soil variables. clusters and soil variables.

species, thduncuscommunity was richer. The stands of munities ofAlhagi graecorunand Tamarix niloticawere

the swampy community dthragmites australisvere as-  associated with flat or convex plains. As a result of the
sociated with high moisture content and pH and low lev-high evaporation rate, a thick crust of salt on the soil sur-
els of salinity. This community usually dominates the face is formed. However, soils of the dry-mesic commu-
vegetation around the wells, where it forms a dense growthities were uniformly poor in environmental
typical of reed swamps. It included species gowing in botlcharacteristics.

wet-moist and dry-mesic conditions (e@henopodium For Dakhla Oasis, a summary of soil data for each of
murale, Typha domingensis, Echinochloa colona, E.the ten TWINSPAN clusters is presented in Table 2. This
crusgalli, Sonchus maritimusand Frankenia reveals a narrow spectrum of soil reaction and organic
pulverulenta. The driest stands, with relatively high matter content. The percent of species-environment vari-
amounts of calcareous sediments, were occuped ance accounted for by the first two axes of DCCA (and
Cladium mariscusndCressa cretica Zahran and Willis  thejr eigenvalues) are: (1) 39.8 (0.306) and (2) 21.9
(1992) report thaCladium mariscuss a very rare  (0.168). The species-environment correlations are slightly
halophyte, and its domination is recorded only in the Siwayigher for the DCCA axes: 0.786 and 0.682 for axes 1
Oasis, where it flourishes in the marshy land around thend 2, respectively. The first canonical axis primarily
springs where the water level is very shallow (5 cm depth)refiects soil moisture-lime content gradient, moisture con-
We found it in the lime-rich saline flats far from the wells tant was most strongly correlated with this axis, and soil
or at the feet of some sand dunes in the extreme westegj|inity and organic matter were also correlated. A Monte
part of the oasis (Al-Maraqi area). The dry-mesic com-carip permutation test suggested that the relation between

Table 2. Means of the soil characteristics (+ 1SD) of the stands of Dakhla Oasis supporting the 10 vegetation clusters derived
from TWINSPAN analysis. For abbreviations and units, see Table 1.

Soil Vegetation clusters E
variables A B c D E E G H | 3

(ratio)

pH 83+05 79+08 81+05 81+05 81+04 82+01 87+03 80+03 85+06 7.8+0.3 201 0.05
TSS 4615 43+12 41+14 23+x14 13+x14 32+11 21+07 23+17 3340 4.7+3.0 349 0.001
CaCQ 28.2+8.2 85+3.2153+4516.2+5517.0+4.8 285+7.9 13.8+6.4 17.3+8.8 11.4+25 97+4.4 849 0.0001
OM 16+13 16+11 12+09 17+14 11+09 14+06 03+02 18+x17 15+14 28=+25 158 0.134
MC 16.2+55 64+42182+7.1 65+49 88+6.3 178+7.8 21.6+79 7.3+48183+73 205+89 7.78 0.0001
S+C 13.7+47115+49116+58 87+51 6.7+29 171+59 128+7.6 126+43 92+53 13.7+6.2 2.70 0.008
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vegetation variation and the environmental factors redagopoideqL.) Trin. ex Thwaites were recorded from the
vealed by axis 1 was significarg € 0.01). The second Dakhla Oasis, th&€ladium mariscugL.) Pohl and
canonical axis reflects the gradient of soil reaction andArthrocnemum macrostachyugioric.) K. Koch. com-
fine fractions. Soil salinity and organic matter were in- munities were recorded from the Siwa Oasis. Most of
versely related to this axis (Table 2). these communities have analogues in the northern (Ayyad
Inspection of the DCCA diagram (Figure 5) revealedand El-Ghareeb, 1982) and southern (Abu-Ziada, 1980;
that theAlhagi graecorumand Tamarix niloticastands ~ Sheded and Hassan, 1998) parts of the Western Desert of
occupy more of the ordination space defined by the firsEJYPt. Some of the dominant plant species are known to
two axes, whiledeluropus lagopoidestands occupy less. Pe of economic importance, for instance for mats and
Notably, most of the wet-moist communities, except thatgood-quality paper (Zahran et al., 1979), sustaining ani-
of Suaeda aegyptiacavere located in the right hand side Mal life (Boulos, 1983), sand dune fixation (Batanouny,
and their stands were closely associated with pH, moisl1979) and protection from coastal erosion (Zahran, 1977).
ture content, salinity and fine materials. On the left hand Succulence is a common phenomenon in the vegeta-
side of the diagram, almost all the dry-mesic communi-tion of saline habitats (Fahmy, 1986). Five growth forms
ties were separated. The stands of these communities wetcan be distinguished: (a) rhizomatous growth form, e.g.
highly affected by CaCQpH, fine materials and organic Juncus rigidus, Typha domingensis, Cyperus laevigatus
matter, while the stands &fhragmites australiend  andCladium mariscus(b) stoloniferous growth form as
Cressa creticacommunities were associated with soil in Aeluropus lagopoideand Phragmites australis(c)
reaction; stands of th€yperus laevigatus, Typha non-succulent perennial herb growth form eCgessa
domingensisand Suaeda vermiculataommunities were cretica, (d) non-succulent frutiscents as Tamarix
affected by soil salinity and moisture content. nilotica and Alhagi graecorumand (e) succulent

Comparison of the weighted correlations between thdrutiscents as irArthrocemum macrostachum, Suaeda
soil variables in the two studied oases and the first twd€gyptiaceand Suaeda vermiculata.
axes of DCCA is given in Table 3. These data indicated The distribution of the reed swamp vegetation in the
that the distribution of plant species is most strongly in-two oases is remarkable. Their growth was usually con-
fluenced by soil salinity and moisture content. In addition,fined to the areas around the waterholes of the springs. The
the weighted correlations of the first axis with organic present study revealed thBtpha domingensisas a very
matter and fine material were high. Axis 2 was signifi- limited range of distribution in the saltmarshes of the Siwa
cantly correlated with soil reaction and moisture content. Oasis and did not form a discrete community. Simpson
(1932) stated thafTypha domingensis more sensitive to
salt tharPhragmites australias the latter forms well into
Lake Mariut whileTyphais present only where the Lake

Although poor in species, the vegetation compositionféceives fresh water from Mahmudiya canal.” Analysis of
of the inland saltmarshes in western Egypt, is a mosaic dhe Soil samples representing swamps showed that the
twelve plant communities Alhagi graecorumBoiss.,  1yPha domingensiand Phragmites australisommuni-
Tamarix ni|otica(Ehrenb_) BungeCressa Cretica__’ ties were Conﬁned.to IEVE!S of Salinity |9\!\/er than any of
Juncus rigiduDesf. andPhragmites australigCav.) Trin. ~ the other wet-moist habitat communities. Available
& Steud. are the ubiquitous species; indicating their widg'ecords for the groundwater analysis indicated that the
range of ecological amplitude. Whereas communities ofontents of the total soluble salts in the spring water of
Cyperus laevigatus., Suaeda aegyptiacéHasselqg.) the Siwa Oasis were much higher (1,900-8,200 ppm;
Zohary, Typha domingensigPers.) Poir. ex Steud., S Zahran, 1972) than those of the Dakhla Oasis (440 ppm;

vermiculta Forssk. ex J.F. Gmel. andleluropus Worsley, 1930). This mayexplain, to some extent, the for-
mation of a well-defined community @fpha domingensis

in the northern Oasis than in the southern. This conclu-
Table 3. Weighted correlation matrix of stand ordination along sjon is consistent with that of Zahran and Girgis (1970)

the first two DCCA axes with soil variables in the study areas., \wadi EI-Natrun. and Girgis et al. (1971) in the Moghra
For abbreviation and units see Table 1. Oasis '

Siwa Oasis Dakhla Oasis The vegetation distribution pattern in the study areas
Axis 1 Axis2  Axis 1 Axis2 was mainly related to gradients in salinity, soil moisture,
pH 20152 0530 0.038 0.286 and fine fractions. Concentration of calcareous deposits,

Discussion

Soil variables

TSS 0.832 -0.394 0325 -0.255 especially in the Dakhla Oasis, was also important. That
cacq -0.014 -0.173 -0.439 o0.072 the distribution of species in saline and marshy habitats
oM 0.496 0.293 0.297 -0.297 relates to salinity in many arid regions has been discussed
MC 0.666 0.628 0.547 0.025 by several authors, Caballero et al., 1994; Flowers, 1975;
Silt + clay 0.453 0.305 0.101 -0.370 Kassas, 1957; Maryam et al., 1995 and Ungar, 1968
Species-environment 0.832 0.626  0.786 0.682 among others. Ungar (1965, 1974) indicates that the dis-
correlation tribution of inland halophytes in the United States is

% Cumulative variance 44.2  63.9 398 61.7  mainly dependent on the salinity gradient, while local
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climate, topography, soil moisture and biotic factors arethe expansion of alfa-alfadedicago sativd..) cultiva-

less important. Ragonese and Covas (1947) describe th®n as a principal cash-crop, wheat and barley as the main
interrelation of the salinity gradient and vegetation in thedomestic cereals, arSorghumspp. as fodder crop, are
northern Argentinian saltmarshes. Abu-Ziada (1980) alsexpected. A new agricultural strategy must be applied in
notes strong relationships between the vegetation patterthe Egyptian Oases. This strategy should aim at minimi-
and the soil moisture-salinity gradients in the Kharga andzation of the amount of water flowing into the lakes, hence
Dakhla Oases. In their account of the northern and eastvoiding more salinized lands, through: (i) the full utili-
ern Mediterranean coastal saltmarshes, Zahran et atation of the naturally flowing water in irrigation, (ii) the
(1996) demonstrate the distribution of some halophyticuse of moderately saline water (3,000-5,000 ppm) of some
species as best correlated along a gradient of a dozen sdifains for forestation projects, and (iii) the cultivation of
variables, the most important being salinity, moisturetrees and shrubs of a high ability to consume water, e.g.
content, soil texture, organic matter, and calciumTamarixsp.,Acaciasp.,Eucalyptussp., andCasuarina
carbonate. However, the concrete role of particular ecosp.

logical factors varies between different ecosystems. In the
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Appendix. Names and abbreviations of the indicator species displayed in Figures 3 and 6.

Alhagi graecorumBoiss. A. gra
Aeluropus lagopoidef_.) Trin. ex Thwaites A. lag
Arthrocnemum macrostachyuiiloric.) K. Koch A. mac
Cressa creticd.. C.cre
Cyperus laevigatuk. C. lae
Imperata cylindrica(L.) Raeusch. I. cyl
Juncus rigidudesf. J. rig
Phragmites australigCav.) Trin. & Steud. P. aus
Suaeda aegyptiac@dasselq.) Zohary S. aeg
Typha domingensi@ers.) Poir. ex Steud. T. dom
Tamarix nilotica(Ehrenb.) Bunge T. nil
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