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ABSTRACT

The present study provided an investigation of the floristic analysis, vegetation composition and species
distribution along 100 m intervals of the elevation gradient (<1500 m a.s.l.- >2000 m a.s.l.) on Jabal
Musa (south Sinai, Egypt), and assessed the role of elevation and other soil parameters controlling plant
diversity. It is a study on altitudinal variation in vegetation in a very dry climate. The vegetation
structure, growth forms, and species diversity were analyzed within the 7 elevation belts on Jabal Musa
area, 44 sample plots, 81 species (including one bryophyte), and 17 examined environmental factors
including altitude. Asteraceae, Lamiaceae, Zygophyllaceae and Brassicaceae contributed about 41% of
the species, represented in all belts. Based on the Bray-Curtis dissimilarity coefficients, it exhibited
floristically homogeneous higher belts than the lower belts. Along moisture gradient, the Non Metric
Multidimensional Scaling (NMDS) ordination was able to distinguish the different vegetation belts along
the altitudinal gradient. The vegetation groups of the lower elevations occupied the negative side of Axis
1 while those of elagsaa higher elevations occupied the positive end. CCA was applied to assess the
relationships between soil parameters, species composition and vegetation groups. Altitude, coarse and
fine sand fractions, magnesium and bicarbonates had significant correlations with diversity indices more
than the others.

Keywords: Vegetation analysis, floristic composition, Mount Moses, altitudinal zonation, diversity

gradient.

INTRODUCTION

The interesting location of Sinai Peninsula between
two continents (Africa and Asia), with its unique phys-
iographic features and climatic diversity, greatly affect
its flora and vegetation. The topography of southern
Sinai is characterized mainly by mountainous landforms
that can be recognized into plains, wadis, oases and
springs, salt marshes and sand dunes (Danin, 1978). The
mountainous southern part of Sinai is distinguished
from its northern part by its highest igneous and
metamorphic peaks (Moustafa and Zaghloul, 1996) such
as Jabal Katherine (2641 m a.s.l.), Jabal Musa (2285m
a.s.l.) and Jabal Serbal (2070m a.s.l.). The southern part
of Sinai (including Saint Katherine Mountain) is one of
the most floristically diverse spots and center of
endemism in the Middle East, where 44% of Egypt’s
endemic plant species occur (Zohary, 1973; Boulos,
2009). To date, around 1261 species have been recorded
in Sinai, of these 410 plant species have been recorded
as surviving and still occurring in Saint Katherine
mountainous area (Shaltout et al., 2015).

Six landforms can be distinguished: gorges, slopes,
terraces, ridges, wadis and plains. Generally, sparse
xerophytic vegetation relatively diverse in trees and
shrubs with few annuals is reported in the mountainous
area of Saint Katherine, mainly in the wadis (Moustafa
and Klopatek, 1995). The vegetation along Jabal
Katherine was outlined by Moustafa and Zaghloul
(1996) who indicated that the wet climate of the gorge
habitats are the richest in species composition among
other recognized habitat types (slopes, gorges, terraces
and ridges). Phytogeographically, Saharo-Arabian com-
plex and Irano-Turanian chorotypes constitute the main
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bulk of the flora of southern Sinai (Abd EI-Ghani and
Amer, 2003).

Vegetation patterns in mountainous areas are closely
related to topographical pattern as it directly influences
water distribution, which controls the vegetation comp-
osition (Benhouhou et al., 2003). In the meantime, the
interaction between soil characteristics and physio-
graphic factors proved useful in the distribution of
vegetation and plant communities in arid and semi-arid
ecosystems (Jafari et al., 2013; Salama et al., 2015).

Elevation is the most important than other topogra-
phic factors (e.g., aspect, slope) that affect the distrib-
ution patterns of vegetation in mountain areas (Zhang
and Chen, 2004). The richness of the mountainous
habitats and variations in microclimatic conditions
affect the global species richness (Kdrner, 2000), where
many endemic species of both plants and animals were
sheltered. Wealth of studies discussed the vegetation
structure and floristic composition along altitudinal
gradients; amongst others, Ghazanfar (1991) in Jabal
Shams of Oman, Vetaas (1992) in the Sudan, Abd El-
Ghani and Abdel-Khalik (2006) in Jebel Elba of Egypt,
and Hegazy et al. (2011) in Jabal Al-Akhdar of Libya.
Although Jabal Musa (Mount Moses; Jabal or Gebel or
Jebel in Arabic=Mountain) and Gebel Katherine are the
highest peaks in southern Sinai, the latter received more
attention and interest than the former which resulted in
several publications (Shaltout et al., 2015). To the auth-
ors’ best knowledge, limited studies on the vegetation
and its environmental gradients along Jabal Musa had
been undertaken. For this reason, we took the opportu-
nity to conduct this work. Our objectives were to descr-
ibe the altitudinal zonation, community composition and
species diversity patterns of the vegetation of Jabal



Vegetation patterns and floristic composition on Jabal Musa

Musa area using techniques of multivariate analysis.
MATERIALS AND METHODS

Study area and vegetation sampling design

Sinai Peninsula lies in the arid belt of North Africa
and belongs to the Saharan Mediterranean area with a
true desert climate. Jabal Musa area lies within the Saint
Katherine Protectorate in the southern Sinai which is
located between 28° 32’ to 28° 39'N and 33° 49’ to 33°
58’ E (Fig. 1), with elevation ranges from 1028 to 2017
m. It is extremely arid with long, hot and rainless
summers and cool winters. Geomorphologically, the
area is formed of igneous and metamorphic rocks,
chiefly granites that are intensely dissected and rugged
(Said, 1962). The black mountains consisting of old
volcanic rocks are common in the study area which
includes smooth-faced granite outcrops forming moun-
tains such as Jabal Serbal and Jabal Ras Safsafa. The
mountains in this area are dissected by faults and joints
which play an important role in the movement of
ground-water.

Figure (1): Contour map showing the locations of the studied
44 stands distributed along the elevation gradient of Jabal
Musa.

According to Ayyad et al. (2000), the Saint Katherine
area is the coolest area in Sinai due to its elevation. It
receives about 100 mm/year (average 1970-1994 is 45
mm/year); the higher amounts are in the form of rain
and snow.
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The recorded minimum mean air temperature ranges
from -6°C in January-February and 36°C in June-
August. The monthly mean relative humidity ranges
between 33.3% in May and June to 57.9% and 64% in
February. In October 2016, rainfall recorded 28.2 mm
which considered the wettest year after three consecu-
tive dry years (2013-2016) in the area (personal commu-
nications; Authorities of Saint Katherine Meteorological
Station).

During the growing season of 2016, 44 sample plots
were randomly distributed within a relatively homo-
genous area in terms of vegetation and physiography.
The locations of the 44 sampled plots were chosen and
distributed along the altitudinal belts (Fig. 1). The area
of the sampling plot varied from 20 x 20 m in the lower
elevations where wadi channels (flat areas) existed to 10
x 10 m in the higher elevations. An imaginary transect
line was made in a north—south direction starts from the
flat area at c. 1028 m a.s.l. in the south and ends at c.
2017 m a.s.l. in the north. The rugged topography and
inaccessibility at some elevations did not allow more
plots for sampling. Data on the vegetation along the
studied altitudinal gradient were designed to cover the
common vegetation types in each interval altitudinal
belt of 100 m.

Altogether, seven altitudinal belts were organized:
level 1 (L1) >1500 m a.s.l., represents the flat landscape
where wadis occurred; level 2 (L2) 1500-1600 m; level
3 (L3) 1600-1700 m; level 4 (L4) 1700-1800 m; level 5
(L5) 1800-1900; level 6 (L6) 1900-2000m; level 7 (L7)
<2000m. The distribution of the studied sample plots
were as follows: 7inL1,5in L2,5in L3, 6 in L4, 4in
L5, 11 in L6 and 6 in L7. Along the transect ling,
altitude above sea level, latitude and longitude of each
plot were recorded using GPS (model Garmine Trex
HC). Presence or absence of all species were recorded
in each sample plot and their frequency (f %) in each
belt was calculated. The species dissimilarities between
these belts were measured using Bray-Curtis dissim-
ilarity coefficient.

For the analysis of biological spectrum, a 4-category
growth-form system was used: trees (T), shrubs (S),
perennial herbs (PH) and annual herbs (AH). Each spec-
ies was assigned to only one category for each criterion.
The significance of distribution patterns of growth
forms in each elevation level along the altitudinal grad-
ient were examined using T-test option in SPSS version
16.0 for windows. Taxonomic nomenclature was accor-
ding to Tackholm (1974), and Boulos (1995, 1999, 2000
and 2002). All plants and botanical material collected
were deposited in the herbarium of Assiut University
(ASTU).

Data treatment

The analyses were conducted using PC-Ord version 5
for windows (McCune and Mefford, 1999) and
CANOCO version 4.5 for windows (ter Braak and Smil-
auer, 2002). Five related complementary multivariate
approaches of classification and ordination were used to
analyse and define vegetation data, and to examine their
relationships with the studied environmental variables.
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First, the presence/absence stand-species data set of
44 samples and 81 species was classified by a hierar-
chical, agglomerative cluster analysis using the S@re-
nsen (Bray-Curtis) distance measure and the flexible
beta linkage method. This classification approach is
widely used in the analysis of ecological data (McCune
and Grace, 2002).

Second, an Indicator Species Analysis (ISA: Dufréne
and Legendre, 1997) was used to identify species that
discriminate between cluster groups. This method calc-
ulates relative abundances (RA) and relative frequencies
(RF) of species in each group and derives a percentage
indicator value (IV) for each species across the groups.
The higher the (V) score, the more closely correlated
the taxon was to a particular cluster group. A Monte
Carlo test was used to evaluate the statistical signify-
cance of the maximum indicator value recorded for a
given species.

Third, the significant differences among cluster grou-
ps were tested using Multi-Response Permutation
Procedure (MRPP). It is a nonparametric multivariate
test for differences between priori defined groups, and
compares the vegetation data of sample units within the
groups to the vegetation data that is randomly allocated
to sample units The MRPP was applied with S@rensen
(Bray-Curtis) distance measure on a matrix of 16 envir-
onmental variables, and two test statistics were calcul-
ated. The T Statistic measured between-group differe-
ntiation. A large negative T value (< -9.0) indicates high
segregation (i.e., the more negative the test statistic, the
greater the species differences among the groups). The
A Statistic estimated the within-group homogeneity and
was chance-corrected. The A statistic ranged from (0.0—
1.0) with higher values indicating a high degree of
homogeneity. A is usually < 0.1 when there are a high
number of species. The significance of the null hypo-
thesis of no differences among groups was assessed by a
Monte Carlo permutation procedure with 1000
permutations.

Fourth, to identify the change of the floristic compo-
sition along the altitudinal gradient, we applied the
rank-based, non-metric multidimensional scaling (NM-
DS) using Sorensen's coefficient as the distance meas-
ure (McCune and Grace, 2002). Solutions were obtained
for 1, 2 and 3 dimensions and the best solution, in terms
of trade-off between complexity associated with increa-
sed dimensionality and reduction of stress, was chosen
for interpretation (McCune and Mefford, 1999). Stress
levels from 10-20 are considered good solutions (Peck,
2010). Significance of results was tested using a Monte
Carlo permutation procedure. To explore the relation-
ship between the ordination and the causal environ-
mental factors, we computed correlations between the
scores of each plot in the first two axes of the NMDS
ordination and the corresponding values for each
variable.

Fifth, canonical correspondence analysis (CCA) was
performed to examine the relationships between vegeta-
tion gradients and the studied environmental variables,
and a Monte Carlo permutation test (499 permutations;
ter Braak, 1990) was used to test for significance of the
eigenvalues of the first canonical axis. Seventeen
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environmental variables were examined: altitude (ALT),
soil reaction (pH), electrical conductivity (EC), moisture
content (MC), gravel, coarse sand (CS), fine sand (FS),
silt, clay, bicarbonates (HCO5), chlorides (Cl), sulphates
(SO,), phosphates (PO,4), Ca, Mg, Na and K. All soil
parameters were checked for collinearity with other
variables, and soil texture fractions (gravel, coarse sand,
fine sand, silt and clay) were removed. Therefore, 12
soil variables were included in the CCA analysis.
Significant variations among cluster groups were then
subjected to ANOVA (One-Way Analysis of Variance)
using SPSS version 16.0 for windows.

Species diversity indices

Species richness (SR) was calculated for each cluster
group as the average number of species per sample plot.
Based on the frequency (f %) of each species, Shannon-
Wiener index (H") for the relative species evenness,
Simpson index (CD) for the relative concentration of
species dominance and Margalef (M) alpha diversity
indices for each cluster group were measured (Magur-
ran, 2004).

Along the altitudinal gradient, species richness was
also calculated as the average number of species in each
belt, and Whittaker index (By) was employed to measure
beta diversity (species turnover) (Magurran, 2004).
Species turnover (beta diversity) was calculated as the
gain and loss of species between the adjacent 100 m
intervals (1500-1600 m vs. 1600-1700 m, 1600-1700 m
vs. 1700-1800m, 1700-1800 m vs. 1800-1900 m, 1800-
1900 m vs. 1900-2000 m, 1900-2000 m vs. >2000 m
a.s.l.) according to the formula proposed by Wilson and
Shmida (1984): Br = [g(h)+ 1(h)] / 2a where g(h) and
I(h) are the number of species gained and lost,
respectively, from one altitudinal interval to the adjacent
and a is the average number of species in the two
intervals. The software Species Diversity and Richness
version 2.3 (Henderson and Seaby, 1998) was used for
calculations of diversity indices.

RESULTS

Floristic features and taxon diversity

The flora of Jabal Musa included 81 species over the
whole elevation gradient (Appendix 1). In general, 80
species (15 annuals and 65 perennials) belong to 69
genera and 32 families of vascular plants, and one
bryophte Funaria hygrometrica were recorded. Astera-
ceae (15 species), Lamiaceae (9 species), Zygophyll-
aceae (5 species), Boraginaceae and Brassicaceae and
Solanaceae (4 species for each) included the highest
number of species, and constituted more than 50% of
the recorded species. Asteraceae, Lamiaceae, Zygoph-
yllaceae and Brassicaceae were represented in all belts,
while Poaceae showed very low numbers. Genera with
the highest number of species were Fagonia (3 species),
9 genera (Seriphidium, Ballota, Centaurea, Hyoscya-
mus, Iphiona, Launaea, Plantago, Pulicaria and
Reseda) had 2 species, and the remaining genera
included one species. The most common perennials
(recorded in >50% of sample plots) were: Seriphidium
herba-alba, Zilla spinosa, Tanacetum sinaicum and



Phlomis aurea. Common but less important annual
herbs (<50% of the sample plots) were Matthiola
longipetala, Portulaca oleracea and Centaurea sinaica.

Altitudinal distribution of species numbers showed a
gradual decrease from 47 in the lowest level (<1500 m)
to 17 in the middle level (1700-1800m), then started to
increase (31-36 species) in the highest levels (1900-
>2000m). Seriphidium herba-alba and Zilla spinosa
were omnipresent. Nineteen species were consistent to
lowest belt (<1500m) growing in the wadis at the foot
of Jabal Musa; the most common were Retama raetam,
Citrullus colocynthis, Anabasis articulata, Acacia tort-
ilis subsp. tortilis and Trichodesma africanum. Three
species: Ballota saxatilis, Ephedra alata and Solanum
sinaicum were consistent to the middle elevation belts
between 1700 and 1900m while higher elevation belts
(1900-2000m) were characterized by Crataegus sinaica,
Thymus decussatus, Anarrhinum pubescens and Plant-
ago sinaica. In addition, Funaria hygrometrica was
found in higher elevations between 1901 and 2000m.
The Bray-Curtis coefficients of dissimilarities between
the floristic composition in the studied belts (Appendix
1) indicated high values between all levels, except
between L6 and L7 (higher elevations) that showed low
value (high similarity).

Patterns of growth-forms with altitudinal variation

The 81 recorded species were distributed among the 4
growth-form categories as follows: 2 trees (T), 43 shr-
ubs (S), 21 perennial herbs (PH), and 15 annual herbs
(AH). The patterns of growth forms were represented
along the elevation belts (L1-L7) and shown in Figure
(2). Shrubs with 43 species prevailed (53.09% of the
total flora), represented mainly by Seriphidium herba-
alba, Zilla spinosa, Ballota undulata, Fagonia mollis,
Tanacetum sinaicum, and Teucrium decaisnei. The
perennial herbs ranked second with 21 species (26% of
the total flora), represented mainly by Ballota undulata,
Phlomis aurea, and Alkanna orientalis. Trees were the
rarest growth form with 2 species (Acacia tortilis subsp.
raddiana and Ficus palmata), and were ceased at the
lower altitudes between 1500 and 1700 m a.s.l. Annual
herbs were represented by 15 species, of which 9
species from lower altitudes (<1500m), and declined
above. Trees were not significantly distributed in all
belts (Appendix 1), while shrubs showed high signify-
cant variations. Perennial herbs were not significant in
the altitudes between 1600-1900m, while annual herbs
were not significantly correlated between 1800->2000m
along the altitudinal gradient.

Classification, indicator species analysis and descrip-
tion of cluster groups

Six cluster groups were recognized after the appli-
cation of cluster analysis (A-F; Fig. 3). It was found that
each cluster group can be linked to one (or more) of the
studied elevation belts. The multi-response permutation
procedure (MRPP) revealed that there were significant
differences between these groups in the environmental
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matrix  (chance-corrected within-group  agreement
A=0.302; p<0.0001) suggesting that these communities
are distinct species assemblages. The average within-
group distance ranged between 0.37 and 0.55 indicating
relatively high dispersion. The T statistic was -20.253,
indicating strong dissimilarity in plant communities
(cluster groups) among the studied elevation gradient.
The pairwise comparisons revealed significant differe-
nces between the groups (Table 1). The six groups
occupied different positions of the species space, as
shown by the strong chance-corrected within-group
agreement (A) and test statistics (T).
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Figure (2): Distribution of growth forms in the 7 elevation
belts (L1-L7). T=trees, S=shrubs, PH=perennial herbs,
AH=annual herbs. L1=>1500 m, L2=1500-1600 m,
L3=1600-1700 m, L4=1700-1800m, L5=1800-1900m,
L6=1900-2000m, L7=<2000m.

Table (1): Multiple pairwise comparisons of the MRPP
statistics of the cluster groups (A-F) based on Bray-Curtis
distance. A=change-corrected within group agreement,
T=difference between the observed and expected deltas.

Group compared T A p

Avs. B -6.536 0.223 0.0003
Avs.C -6.891 0.250 0.0004
Avs.D -7.409 0.266 0.0002
Avs. E -13.302 0.199 0.00000006
Avs. F -6.428 0.338 0.0005
Bvs. C -5.039 0.236 0.001
Bvs. D -5.489 0.251 0.0007
Bvs. E -8.7757 0.134 0.000001
Bvs. F -4.878 0.421 0.0029
Cvs.D -5.279 0.206 0.0007
Cvs. E -8.737 0.132 0.0000005
Cvs. F -4.916 0.333 0.003
Dvs. E -7.849 0.103 0.0000007
Dvs. F -5.155 0.297 0.001
Evs. F -8.094 0.138 0.000003
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Figure (3): Bray-Curtis classification diagram of the 44 sample plots, showing the 6 separated cluster groups (A-F) within the

elevation belts.

Indicator species analysis (ISA) showed that each
cluster group was characterized by different indicator
species (Appendix 2). The indicator values (IVs) prov-
ided an index of the relative abundance and frequency
of a species correlated with cluster group. Thirty-seven
species (45.7% of the total flora) exhibited strong
correlations with the cluster groups based on their IVs.
High significant differences in the examined environ-
mental attributes within the separated cluster groups
were noticed (Table 2).

Group A (47 species; 9 significant indicator species)
was characterized by Retama raetam, Anabasis articu-
lata and Citrullus colocynthis (Appendix 2) inhabited
the lower elevation belts (L1; <1500 m a.s.l.) at the foot
of Jabal Musa, with higher contents of soil chlorides and
magnesium, and lower contents of electrical conduc-
tivity, calcium and phosphates (Table 2). The tree layer
included Acacia tortilis subsp. raddiana which was
consistent to this group. The shrub layer formed of 9
species that were consistent to this low elevation belt,
amongst others, Aerva javanica, Deverra triradiata,
Iphiona scabra and Helianthemum kahiricum. The
endemic perennial herb Caralluma sinaica characterizes
this low elevation belt. This group included the highest
number of annuals (5 out of 9), mostly common weeds
of Egyptian arable lands, e.g., Chenopodium murale,
Datura stramonium, Malva parviflora, Portulaca olera-
cea and Rumex dentatus. Group B (29 species; 8
significant indicator species) was characterized by
Cleome arabica and Matthiola longipetala that occurred
on sandy soil with higher levels of sodium and
potassium and lower values of bicarbonates (Table 2).
The tree layer is composed of Ficus palmata, and the
endemic shrub Asclepias sinaica were found in this
elevation belt (1500-1600m a.s.l.). Common shrubs
included Alkanna orientalis, Zilla spinosa and
Seriphidium herba-alba. Group C (26 species; 6
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significant indicator species) was characterized by the
grass Panicum turgidum and the annual herb Portulaca
oleracea inhabited the gravelly, saline soil rich in their
nutrient contents of sodium, potassium, magnesium and
phosphates and lower levels of fine sediments between
altitudes 1600 and 1700m. Ficus palamata formed the
tree layer of this group, and 19 species formed the shrub
layer (e.g., Ochradenus baccatus, Stachys aegyptiaca,
Origanum syriacum, Ballota saxatilis and Teucrium
decaisnei). Shrubs of Ballota saxatilis were consistent
to this group. Group D (24 species; 4 significant
indicator species) was indicated by Nepeta septemcr-
enata and Pulicaria incisa found on muddy soil rich in
their fine sediments (silt and clay) with lower
proportions of sand and sulphate contents between
altitudes from 1700 and 1800m. Trees were not
represented at this elevation belt, and the shrub layer
was formed of 13 species; the most common were
Ballota undulata and Tanacetum sinaicum. The gymno-
sperm shrub Ephedra alata showed consistency to this
group. Common perennial herbs were Galium sinaicum
and Phlomis aurea. Five annual herbs included,
amongst others, Malva parviflora, Launaea capitata and
Plantago amplexicaulis were recorded. Group E (41
species; 2 significant indicator species) was character-
ized by the shrub Plantago sinaica and the endemic
perennial herb Anarrhinum pubescens (Appendix 2)
occurred on the higher elevations above 1900 m a.s.l.
inhabited soils with rich contents in gravels, moisture
and calcium (Table 2). The tree layer was not repress-
ented in this belt, while a group of 26 shrubs dominated
the floristic structure of this group. Most common
shrubs were Seriphidium herba-alba, Zilla spinosa,
Tanacetum sinaicum, Teucrium decaisnei, Chiliadenus
montanus and Thymus decussatus. Sampling plots with
high moisture content of this group favored the growth
of Funaria hygrometrica.
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Table (2): Means and standard deviations (in brackets) of the environmental attributes, diversity indices and growth forms for each cluster group (A-E) obtained by Bray-Curtis classification.

Cluster groups A B C D E F

Elevation (ma.s.l.) <1500 1500-1600 1600-1700 1700-1800 1900->2000 1800-1900 F-ratio

Total number of species 47 29 26 24 41 17 E—

Total number of sample plots 7 5 5 6 17 4

Soil variables
Gravel 22.0 (7.64) 13.4 (0.89) 31.0 (0.71) 16.17 (0.41) 30.84 (10.88) 26.00 (0.020) 6.68%*
Coarse sand (CS) 38.0 (4.21) 43.4 (0.55) 34.6 (1.52) 7.00 (0.02) 33.94 (9.83) 37.00 (0.09) 21.64**
Fine sand (FS) (%) 10.71 (2.75) 12.0 (0.72) 11.2 (0.45) 5.00 (0.01) 10.08 (3.78) 8.00 (0.029) 5.24**
Silt+clay 29.29 (6.65) 31.4(0.55) 23.2(0.45) 71.83 (0.41) 25.14 (15.04) 29.0 (0.014) 21.02**
pH 7.42 (0.11) 7.41 (0.015) 7.01 (0.010) 7.15 (0.014) 7.55 (0.154) 7.20 (0.012) 28.01**
Electrical Conductivity (EC) (mS/cm) 0.07 (0.037) 0.14 (0.005) 0.27 (0.004) 0.18 (0.013) 0.14 (0.053) 0.09 (0.011) 16.88**
Na 4 0.024 (0.018) 0.04 (0.005) 0.10 (0.007) 0.04 (0.007) 0.03 (0.015) 0.01 (0.004) 29.05**
K 0.079 (0.091) 0.11 (0.005) 0.34 (0.007) 0.08 (0.014) 0.04 (0.044) 0.07 (0.006) 31.65**
Ca 0.35 (0.60) 0.57 (0.009) 0.57 (0.013) 0.61 (0.014) 0.63 (0.17) 0.46 (0.012) 7.34%*
Mg (mg/gm dry wt.) 0.45 (0.082) 0.20 (0.007) 0.48 (0.011) 0.17 (0.010) 0.18 (0.87) 0.17 (0.010) 31.92**
Cl 0.54 (0.13) 0.30 (0.009) 0.23 (0.007) 0.35 (0.007) 0.41 (0.06) 0.32 (0.009) 15.87**
HCO;, v 0.74 (0.23) 0.61 (0.008) 0.91 (0.008) 0.91 (0.01) 0.87 (0.18) 1.21(0.012) 8.06**
PO, (ug/im dry wt.) 0.74 (0.23) 1.10 (0.011) 5.91 (0.02) 1.73 (0.01) 3.66 (0.89) 3.35(0.010) 65.96**
SO, 1.41 (0.74) 0.90 (0.007) 2.97 (0.012) 0.35(0.01) 1.32 (0.79) 0.61 (0.008) 15.77**
Moisture Content (MC) (%) 1.02 (0.71) 1.01 (0.007) 3.84(0.01) 4.41(0.01) 5.23 (3.91) 0.65 (0.009) 4.97**
Altitude (ALT) (ma.s.l.) 1085.9 (47.86) 1592.4 (5.72) 1643.2 (34.5) 1743.6 (18.05) 1984.4 (27.40) 1867 (13.8) 971.94%*

Diversity indices
Species richness (SR) 17.71 2.7) 18.40 (4.9) 17.60 (4.9) 12.50 (4.5) 14.47 (3.9) 12.25 (3.8) 2.57*
Shannon-Wiener index (H") 2.80 (0.16) 2.82(0.32) 2.78 (0.27) 2.39 (0.33) 2.56 (0.29) 2.37(0.35) 2.78*
Simpson index (CD) 0.94 (0.009) 0.93 (0.02) 0.92 (0.01) 0.87 (0.03) 0.88 (0.03) 0.83 (0.06) 9.08**
Margalef index (M) 5.57 (0.64) 5.71(1.12) 5.52 (1.15) 4.26 (1.11) 4.77 (0.95) 4.21(0.97) 2.63*
*=p<0.05,
**=p<0.0L
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Whereas Phlomis aurea, Scrophularia deserti and
Verbascum sinaiticum were among the common recor-
ded perennial herbs, annual herbs were very modestly (2
species) recorded. Group F (17 species, 8 significant
indicator species) was indicated by Gymnocarpos
decandrus and Solanum sinaicum. The shrub layer
included 6 species (Deverra triradiata, Ballota undul-
ata, Gymnocarpos decandrus, Bufonia multiceps,
Polygala sinaica and Solanum sinaicum) and the herb
layer composed of two perennial herbs (Galium Sinai-
cum and Centaurea sinaica). The tree layer was absent,
and shrubs were the dominant (12 species) growth form.
Soils of this group were the driest (lowest moisture
content), and lower contents of most examined
nutrients.

Ordination and vegetation-environment correlations

The NMDS ordination was able to distinguish the
different vegetation belts along the altitudinal gradient.
All six cluster groups (A-F) were separated clearly on
the first and second axes (Fig. 4). The final stress was
17.8, and produced significant result in the Monte Carlo
test (p=0.02). More than 70% of the variation in the
dataset was explained by the three NMS axes with
61.7% explained by the first two axes. Axis 2 explained
more of the variability (46.2%) than axis 1 (15.5%).
Pairwise comparisons between pairs of axes, expressed
as % orthogonality, revealed very high values (Ax1 vs.
Ax2 = 98.7%, Ax1 vs. Ax3 = 98.9%, Ax2 vs. Ax3 =
86.1%). This indicated that they were statistically
independent. Along axis 1, the sampling plots of cluster
groups occur in lower elevations were grouped in the
negative side whereas those of higher elevations were
grouped in the positive side. Significance correlations (p
<0.01) of environmental variables with the first NMDS
axis were fine sand, electrical conductivity, sodium and
altitude, whereas Axis 2 was highly correlated with fine
sediments (silt and clay), electrical conductivity and
sodium (Table 4).
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Figure (4): Diagram of NMDS ordination analysis along axes
1 and 2, showing the positions of separated cluster groups
(A-F).

The direct correlations between the examined enviro-
nmental variables and plant species composition were
presented in the CCA triplot (Fig. 5). The Monte Carlo
permutation test for the first canonical axis was highly
significant (p=0.002). The species-environment correl-
ations were high for the three axes explaining 66.8% of
the cumulative variance. From the intra-set correlations
of the environmental variables (Table 3), it can be
inferred that CCA axis 1 was highly positively corre-
lated (r = 0.635) with Mg and highly negatively
correlated with altitude (r=-0.959). Thus, axis 1 can be
identified as Mg-altitude gradient. Axis 2 was highly
positively correlated (r=0.669) with chlorides and
highly negatively correlated with sodium (r=-0.612).
Thus, axis 2 can be identified as Cl-Na gradient. Whiles
plots of Group A (lowest altitude; <1500 m a.s.l.)
occupied the positive end of CCA axis 1 (Fig. 5) was
affected by ClI and Mg, plots of Groups E and F (higher
altitudes (1900m and above) occupied the negative end
were affected by altitude, bicarbonates, phosphates,
calcium and moisture contents of the soil. Groups B and
C of the middle elevations (1600-1800m) occupied
intermediate position along Axis 1, and mainly affected
by sodium, potassium and electrical conductivity. Plots
of Group D (1700-1800 m a.s.l.) were affected by soil
moisture content.

Table (3): Inter-set correlation of CCA analysis for the
environmental variables, together with eigenvalues and
species—environment relations

Environmental CCA axes
variables 1 2 3
Eigenvalues 0.607 0.299 0.239
Speues_—enwronment 0.985 0.945 0.930
correlations
Cumulative % species
variance of species- 35.4 52.8 66.8
environment relations
pH 0.001 0.321 0.174
I(EEIG(::c)trlcal conductivity -0.208 0.507%* 0.151*
Na -0.067 -0.612** 0.169**
K 0.054 -0.434* 0.129*
Ca 0.571%* -0.314 0.167
Mg 0.635** -0.057 -0.207
Cl 0.445** 0.669** 0.4005
- N )
HCO; 0.446%* 0.392 0.306
PO, 0.639%* -0.062 -0.058
SO, 0.012 0.088 0.129
Moisture Content -
(MC) 0.427%% -0.065 0.197
Altitude (ALT) 0.959%* -0.003 0.131
*=p<0.05,
**=p<0.01

Species diversity

The estimated diversity indices showed significant
variations among the separated cluster group (Table 2).
Generally, the highest values of the four indices were
recorded at ca. 1500-1700m. CCA axis 1 was signific-
antly correlated to the measured diversity indices, while
CCA axis 2 was only correlated with Simpson index
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(Table 5). The effects of environmental variables on the
species diversity indices showed that altitude, coarse
and fine sand fractions, magnesium and bicarbonates
had significant correlations, while the others were not
correlated. Along the elevation gradient, species rich-
ness (SR) reached its maximum peak between 1500 and
1700m, and lowest peak in 1700-1800m (Fig. 6). Above
1500 m a.s.l., species richness decreased more or less
monotonically toward the 1800 m a.s.l. The highest beta
diversity (B7) was found in the lowest (L1, <1500m) and
higher levels (L6; >1900m; Fig. 6), and the lowest
values occurred in between 1600-1700 m a.s.l.
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Figure (5): CCA ordination triplot of axes 1 and 2 showing
the distribution of 44 sampling plots within their cluster
groups (A-F), indicator species and the examined environ-
mantal variables (MC=Moisture Content, EC=Electrical
Con-ductivity, ALT=Altitude). For species abbreviations,
see appendix (2)

Table (4): Spearman rank correlations (r) of environmental

variables with the NMDS ordination axes as presented in

Fig (4).

NMDS-Axes
Environmental variables 1 2

r R
Gravel -0.142* 0.191*
Coarse sand (CS) -0.204* -0.325
Fine sand (FS) 0.078** -0.324
Silt + clay 0.210* 0.044**
pH 0.115* -0.125*
Electrical conductivity (EC) ~ -0.010** 0.058**
Na 0.030** -0.064**
K -0.200* 0.026*
Ca 0.198* 0.400
Mg -0.199* -0.614
Cl -0.104* -0.342
HCOs -0.372 0.524
PO, -0.261 0.441
SO, -0.434 -0.114*
Altitude (ALT) 0.034** 0.802
Moisture content (MC) 0.175* 0.308

Significant correlations:
*=p<0.05,
**=p<0.01.
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Figure (6): Variations of species richness and beta diversity
index along elevation belts (L1-L7). L=>1500 m, L2=
1500-1600m, L3=1600-1700m, L4=1700-1800m, L5=
1800-1900m, L6=1900-2000m, L7=<2000m.

Table (5): Probability values (p) of Spearman rank correl-
ations between diversity indices and scores of 44 sample
plots along the first two axes of CCA, and the environ-
mental variables.

Diversity indices

H Simpson SR Margalef
CCA axes
Axis 1 0.011*  0.001** 0.018* 0.016*
Axis 2 0.092 0.022* 0.057 0.063
Environmental variables
ALT 0.027*  0.001** 0.029* 0.028*
Gravels 0.203 0.035 0.210 0.207
CSs 0.002**  0.010*  0.002**  0.002**
FS 0.010*  0.008** 0.015* 0.014*
Silt + clay 0.071 0.312 0.086 0.082
pH 0.520 0.934 0.602 0.581
EC 0.750 0.342 0.774 0.772
Na 0.480 0.139 0.419 0.433
K 0.267 0.069 0.269 0.269
Ca 0.072 0.037* 0.085 0.081
Mg 0.004**  0.001**  0.007**  0.006**
Cl 0.843 0.552 0.968 0.989
HCO;3 0.002**  0.001**  0.003**  0.003**
PO, 0.936 0.354 0.965 0.961
SO, 0.237 0.212 0.303 0.288
MC 0.839 0.535 0.807 0.813
*=p<0.05,
**=p<0.01.

For abbreviations and units, see Table 2.
DISCUSSION

Floristic relations and growth form patterns

The total of 81 species (including a bryophyte)
constituted the flora of Jabal Musa representing 69
genera and 32 families, which is certainly not final.
More thorough field investigations are recommended
and would probably add more species as Abd EI-Wahab
et al. (2006) recorded 114 species between 1990 and
2006 from this area. Asteraceae, Zygophyllaceae, Faba-
ceae and Lamiaceae characterized the flora of South
Sinai which includes many endemic species (Moustafa
and Zaghloul 1996, Hatim et al. 2016). This study also
confirmed the dominance of Asteraceae, Lamiaceae and
Zygophyllaceae as the most represented families which
contributed collectively 35.4% of the total flora. These
families represent the most common in the Mediter-
ranean North African flora (Quézel, 1978). The domin-
ance of Asteraceae in all elevation belts in this study
may be attributed to their high seed dispersal capacity
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and wide ecological range (Dvorsky et al., 2011; Alshe-
rif and Fadl, 2016).

The S/G ratio of Jabal Musa was 1.14 (81 species/69
genera) whereas for the whole mountainous area of
South Sinai was 1.70 (472 species/277 genus) and for
Gebel Elba was 1.44 (179 species/124 genus). There-
fore, the taxonomic diversity was higher in Jabal Musa
than in other diverse areas of Egypt. According to Bou-
los (2009), nine endemic species (Centaurea scoparia,
Phlomis aurea, Asclepias sinaica, Nepeta septemcren-
ata, Polygala sinaica, Anarrhinum pubescens, Origan-
um syriacum, Thymus decussatus and Caralluma Sinai-
ca) were recorded in this investigation and distributed
along the elevational gradient.

Analysis of the growth forms does not show a
remarkable trend in Jabal Musa. However, our results
revealed that shrubs were the most abundant growth
form (53.09%) over the 7 elevation belts, followed by
herbs (26%) and trees were the rarest. This rarity of
trees was also reported by Moustafa and Zaghloul
(1996) who recorded Crataegus sinaica and Ficus
pseudosycomorus at high elevations, and Acacia tortilis
subsp. raddiana at low elevations.

It was found that shrubs decreased in their numbers
from low altitudes (>1500 m a.s.l.) to high altitudes
(1800-1900 m a.s.l.) and then reached another maxim-
um between 1900-2000 m a.s.l.). This pattern was partly
in line with that reported by Dickoré and Nisser (2000)
in Nanga Parbat (NW Himalaya, Pakistan). Moustafa
and Zaghloul (1996) reported a similar pattern of life
form distribution in montane Saint Katherine area of
South Sinai. The present study confirmed that tree line
was between 1700 and 1800 m a.s.l., and ceased in the
higher elevations. Such trend was consistent with
Hoffman and Hoffman (1982) in Chile, and with Klime$§
(2003) in E Ladakh (NW Himalayas). A general pattern
of declining the numbers of shrubs, perennial and
annual herbs from 1500 and 1900 m a.s.l. was observed.
A combined set of ecological parameters may be
responsible for this observed pattern (Lomolino 2001).
The high percentages of perennials (43 shrubs; 42%, 21
perennial herbs; 26%) may be relate to their ability to
resist the drought and salinity.

The short-lived growth form of annuals is an advan-
tage in arid and semi-arid zones. In this study most
annuals occur from (1500-1800 m a.s.l), while their
number decreases towards higher altitudes. Tempera-
tures and length of growing season at lower elevations
were adequate but soil moisture was not readily avail-
able. This may explain the dominance of annual herbs at
lower altitudes. Also the predominance of annuals at
low altitudes partly can be explained by soil disturb-
ance, which makes a suitable place for ruderals at this
belt. A different pattern of life form distribution along
altitudinal gradient in which therophytes (annuals) was
dominant, followed by phanerophytes and/or chamae-
phytes was indicated by Abd EI-Ghani (1998) in the
Eastern Desert of Egypt and Arshad et al. (2008) in the
Cholistan desert of Pakistan.

Vegetation belts and floristic gradient
The NMDS results showed that altitude reflected
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changes of water availability and soil properties, which
defined the classified vegetation belts. Apart from
higher elevations (1900->2000 m a.s.l.) which exhibited
higher degrees of similarities in their species compos-
itions, while low similarities were indicated between the
floristic compositions in the other studied belts. Conseg-
uently, the floristic compositions of the elevation gradi-
ent in this study were clearly separated and identified as
individual vegetation belts. The adverse topographical
and ecological conditions that prevail on Jabal Musa
were reflected in the lower number of recorded species
(maximum 47). These conditions were reported in simi-
lar desert habitats (Ward et al., 1993). The rocky habit-
ats of this region permit the growth of species adapted
to root penetration, shallow soils and low water content.

Among the dominant species in the study area,
Acacia tortilis subsp. raddiana, Retama raetam, Ochra-
denus baccatus, Anabasis articulata, Fagonia mollis,
Trichodesma africanum and Forsskaolea tenacissima
showed preference towards lower altitudes (<1500-1600
m as.l.) indicating arid dry conditions of desert
vegetation. Higher up, Anarrhinum pubescens, Ballota
undulata, Plantago sinaica, Polygala sinaica and
Bufonia multiceps tend to be associated with higher
elevations (1800-2000 m a.s.l.) indicating more humid
conditions as they cannot tolerate harsh drought
conditions. In comparable, the Jabal Katherine Mount-
ain supported mainly the steppe vegetation dominated
by Artemisia inculta, Tanacetum santolinoides and
Gymnocarpos decandrum at the higher levels. Low
elevations are mostly dominated by Artemisia inculta
associated with some other species such as Zilla spinosa
and Fagonia mollis on the stony alluvium of ridge
habitats (Moustafa and Zaghoul, 1996).

Such variations in floristic composition along
altitudinal gradient were reported in other studies (Abd
El-Ghani, 1997). The middle elevation belts (1600-1800
m a.s.l.) harbour some endemic and threated species
such as Phlomis aurea, Origanum syriacum, Tanacetum
sinaicum and Nepeta septemcrenata that grow in rock
cracks and crevices where most nutrient-rich soils were
best developed. Therefore, it can be suggested that
lower elevation belts can be inferred as the woody
species belts that represent a transitional zone (ecotone)
between the desert vegetation in the wadis of southern
Sinai and the montane vegetation on Jabal Musa.

Vegetation groups along environmental gradients
Khan et al. (2011) indicated the difficulty of drawing
a sharp line in any mountain ecosystem, as rapid micro
climatic and edaphic variations overlap each other due
to the number of driving agencies and historical pers-
pectives. On the basis of differences in floristic com-
position, six main vegetation cluster groups were
separated. The multi-response permutation procedure
(MRPP) showed significant differences between these
groups in the environmental matrix, and the pairwise
comparisons also revealed significant differences. It can
be suggested, therefore, that these are discrete comm-
unities with distinct species assemblages. This was also
illustrated by the NMDS ordination, which indicated the
segregation of the 6 vegetation groups along an elev-
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ation gradient. The six vegetation groups were distri-
buted along the first axis of NMDS ordination. The
cluster groups (A): Retama raetam-Anabasis articulata-
Citrullus colocynthis (<1500 m as.l.), (B): Cleome
arabica-Matthiola longipetalai (1500-1600 m a.s.l.) and
(C): Panicum turgidum-Portulaca oleracea (1600-1700
m a.s.l.) inhabited the lower elevations with dry soil
occupied the negative side The groups of higher eleva-
tions (D): Nepeta septemcrenata-Pulicaria incisa
(1700-1800 m a.s.l.), (E): Plantago sinaica-Anarrhinum
pubescens (above 1900 m a.s.l) and (F): Gymnocarpos
decandrus-Solanum sinaicum (1800-1900 m a.s.l) with
wetter soil content occupied the positive side.

In the montane Saint Katherine area, including Jabal
Musa area, Moustafa and Zaghloul (1996) identified six
main plant communities: (1) Tanacetum santolinoides,
(2) Artemisia inculta, (3) Artemisia inculta—Atraphaxis
spinosa, (4) Artemisia inculta—Lycium shawii, (5) Arte-
misia inculta—Fagonia mollis, and (6) Artemisia incu-
Ita—Achillea fragrantissima. In terms of classification,
none of our vegetation groups were comparable to the
aforementioned groups or those reported by Shaltout et
al. (2015). A possible explanation for this controversy is
that the present study represents the first detailed one
dealing with the vegetation on Jabal Musa of south
Sinai. However, some associated species in the previous
works were included, to a certain extent, in our groups
but not to a definite one, e.g., Seriphidium herba-alba,
Zilla spinosa, Fagonia mollis, Stachys aegyptiaca,
Lycium shawii, Artemisia judaica and Onopordum
ambiguum in groups at lower elevations, and Deverra
triradiata, Galium sinaicum, Anarrhinum pubescens,
Bufonia multiceps, Nepeta septemcrenata, Plantago
sinaica, Thymus decussatus and Chiliadenus montanus
in groups at higher elevations. Both NMDS and CCA
analyses confirmed the significance of eleva-tion and
most of the examined soil variables (p<0.01; Table 2),
controlling the distribution of plant commu-nities on
Jabal Musa. According to Moustafa and Zaghloul
(1996), the nature of the soil surface in the form of
boulders and stones, and cobbles and surface gravel is
one of the most important factors controlling moisture
availability and subsequently the distribution of plant
communities in Saint Katherine mountainous area. Also,
our results were in concurrence with other relevant
studies on the mountains of arid and semi-arid regions
of the globe (Hegazy et al., 2008; Muenchow et al.,
2013).

Species diversity along elevation gradient

According to Rahbek (1995), the general major
patterns that found to determine the relationship betw-
een species richness and altitude are: hump-shaped
(mid-altitude peak) (e.g., Lomolino, 2001; Grytnes and
Vetaas, 2002); monotonically decreasing species
richness with increasing altitude (Ghazanfar, 1991); and
both monotonic and hump-shaped relationships (Gryt-
nes, 2003). The variation in patterns has been reviewed
by Rahbek (1995), and suggested that the differences
between studies could partly be explained by the samp-
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ling design and that the influence of area has often been
ignored. Along Jabal Musa, the trend in species diver-
sity with altitude is unclear; however it does not decree-
se over the whole altitude range and is relatively high at
the upper elevations. A possible explanation can be
attributed to the fluctuation of habitats occurred at high
elevations more than in the lower. According to Mostafa
and Klopatek 1995), these habitats included terraces,
slopes, crevices and gorges; each characterized by a
variety of species which may increase the species richn-
ess at higher altitudes. This finding was also consistent
with those of Wang (2002) and Zhang and Chen (2004)
who found that this pattern is the most common one in a
variety of ecosystems.

Beta diversity defined as the extent of species repla-
cement or biotic change along environmental gradients
(Whittaker, 1972) decreases with altitude. This trend
suggests that species composition is rather variable at
lower elevations, while at higher elevations it tends to
become more uniform. Wang et al. (2002) pointed out
that complicated habitats as well as intensive human
disturbance would give rise to higher species turnover
along an elevation gradient. Our results revealed that -
diversity values peaked at lower elevation as well as
higher elevation. These two peaks appeared to corres-
pond to vegetation extremes from arid lowland with
warm dry climate to semiarid montane with cold and
humid habitats. These changes may be also interpreted
based on the human activity. This long experienced
human activity being an available source of wood for
fuel and heating. Moustafa and Klopatek (1995)
documented that more than 61 rare species in south
Sinai are threatened owing to overcutting and livestock
grazing.

General conclusions

As no demarcation line existed between the plant
communities on Jabal Musa, it was possible in the
present study to identify six significantly different
vegetation groups distributed along an altitudinal
gradient (<1500 m a.sl - >2000 m a.s.l.). Two main
vegetation units can be recognized: low ground and high
ground. The indicator species analysis (ISA) revealed
that the identified groups were partly irrelevant to other
recognized groups from the area. Neither monotonic nor
hump-shaped relationships of species richness with
altitude were indicated. Yet, in certain part of the
gradient, the plant species diversity decreased signifi-
cantly with altitude. Fluctuations of habitats on Jabal
Musa may explain the increased species richness in
higher levels. Statistical analyses proved the significant
variations between the environmental factors (including
altitude) and the vegetation composition. Along the
elevation gradient, the tree line was delimited between
1700 and 1800 m a.s.l., while shrubs and perennial
herbs were the dominant growth forms. This detailed
study contributed to further our knowledge of the
vegetation composition in the region. Future work
should be conducted on the effect of other biotic and
abiotic variations in species diversity.
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APPENDIX (1)

Species distribution (f%) in the 7 elevational belts (L1-L7), together with their growth forms (GF) and chorotypes. NS=not significant, a.s.].= above sea level,

Salama et al.

ME=Mediterranean, SA=Saharo-Arabian, SZ=Sudano-Zambezian, SU=Sudanian, IT=Irano-Turanian. E=Endemic, COSM=Cosmopolitan, PAN=Pantropical.

Species L1 L2 L3 L4 L5 L6 L7 GF Chorotype
Elevation (ma.s.l.) <1500 1500- 1600- 1700- 1800- 1900- >2000
1600 1700 1800 1900 2000

Number of sample plots 7 5 5 6 4 11 6
Total number of species 47 29 26 24 17 36 31
Total number of perennials 38 25 23 19 15 31 29
Total number of annuals 9 4 3 5 2 5 2
Growth forms (p-values)
Trees (T) NS NS NS NS NS NS NS
Shrubs (S) 0.0001 0.0001 0.0001 0.0001 0.001 0.0001 0.0001
Perennial herbs (PH) 0.0004 0.001 NS NS NS 0.003 0.003
Annual herbs (AH) 0.002 NS NS 0.033 NS NS NS
Bray-Curtis dissimilarity coefficients

L1

L2 0.623

L3 0.706 0.518

L4 0.784 0.635 0.528

L5 0.901 0.902 0.639 0.722

L6 0.780 0.609 0.563 0.537 0.655

L7 0.821 0.613 0.611 0.500 0.569 0.284
Families with highest numbers of
species
Asteraceae 9 5 7 10 5 9 10
Lamiaceae 1 3 6 3 3 7 5
Zygophyllaceae 5 3 2 2 1 2 1
Brassicaceae 2 2 1 2 1 2 3
Scrophulariaceae 4 2 0 0 1 3 3
Poaceae 1 1 2 0 0 1 0
Distribution patterns of species
Species recorded in all belts
Seriphidium herba-alba (Asso) Sojak 86 80 80 67 20 82 50 S ME, SA, IT
Zilla spinosa (L.) Prantl 86 100 80 50 20 73 67 S SA
Species recorded in six belts
Ballota undulata (Fresen.) Benth. 0 40 60 83 100 18 50 S ME
Fagonia mollis Delile 57 60 60 50 0 18 17 S SA,IT
Species recorded in five belts
Achillea fragrantissima (Forssk.) Sch. 0 60 80 67 0 18 33 S SA,IT
Bip.
Alkanna orientalis (L.) Boiss. 0 100 60 33 0 27 17 S SA, SZ
Artemisia judaica L. 71 80 60 17 0 0 17 S SA
Centaurea scoparia Sieber ex Spreng. 14 0 60 0 75 45 67 S E
Peganum harmala L. 57 0 60 33 50 9 0 PH ME, IT
Phlomis aurea Decne. 0 80 100 50 0 64 100 PH E
Pulicaria undulata (L.) C. A. Mey. 14 60 0 50 0 45 50 S SA, SZ
Tanacetum sinaicum (Fresen.) Delile ex 0 0 60 100 75 73 100 S IT
Bremer
Teucrium decaisnei C. Pres| 0 40 80 0 75 73 67 S ME, IT
Verbascum sinaiticum Benth. 29 100 0 0 20 64 67 PH ME, IT
Species recorded in four belts
Asclepias sinaica (Boiss.) Muschl. 0 60 80 67 0 0 17 S E
Chiliadenus montanus (Vahl) Brullo 0 0 60 67 0 82 50 S ME
Deverra triradiata Hochst. ex Boiss. 14 0 0 0 75 36 67 S SA, SZ
Echinops spinosus L. 43 0 0 17 0 36 50 PH SA,IT
Galium sinaicum (Delile ex Decne.) 0 0 0 50 75 36 33 PH ME
Boiss.
Matthiola longipetala (Vent.) DC. 0 100 0 33 0 54 50 AH ME, SA, IT
Species recorded in three belts
Aerva javanica (Burm. f.) Juss. ex Schult. 14 20 20 0 0 0 0 S SA, SZ
Centaurea sinaica DC. 0 0 0 0 75 9 50 AH SA
Cynodon dactylon (L.) Pers. 14 80 80 0 0 0 0 PH PAN
Gymnocarpos decandrus Forssk. 0 0 40 0 100 18 0 S ME, SA
Juncus acutus L. 0 40 0 0 0 36 50 PH ME, IT
Launaea capitata (Spreng.) Dandy 0 0 40 33 50 0 0 AH SA, SU
Nepeta septemcrenata Benth. 0 0 0 100 0 27 67 PH E
Plantago amplexicaulis Cav. 0 0 40 17 0 9 0 AH ME, SA, Sz
Polygala sinaica Botsch. 0 0 0 0 75 18 33 S E
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Species L1 L2 L3 L4 L5 L6 L7 GF Chorotype
Portulaca oleracea L. 14 60 80 0 0 0 0 AH COsM
Scrophularia deserti Delile 0 60 0 0 0 45 33 PH SA
Stachys aegyptiaca Pers. 0 0 80 0 75 18 0 S SA, ME
Species recorded in two belts

Anarrhinum pubescens Fresen. 0 0 0 0 0 27 50 PH E
Anchusa hispida Forssk. 14 0 0 17 0 0 0 AH SAIT
Astragalus spinosus (Forssk.) Muschl. 29 0 0 0 0 27 0 S SA, IT
Bufonia multiceps Decne. 0 0 0 0 75 0 50 S ME
Chenopodium murale L. 29 40 0 0 0 0 0 AH COSM
Cleome arabica L. 29 80 0 0 0 0 0 S SA,IT
Crataegus sinaica Boiss. 0 0 0 0 0 36 17 S ME, IT
Erodium glaucophyllum (L.) L’Her. 43 40 0 0 0 0 0 PH ME, IT
Euphorbia helioscopia L. 0 40 0 0 0 9 0 AH COSM
Fagonia arabica L. var. arabica 86 40 0 0 0 0 0 S SA
Fagonia schimperi C. Pres| 29 60 0 0 0 0 0 PH SA
Ficus palmata Forssk. 0 40 40 0 0 0 0 T ME
Forsskaolea tenacissima L. 43 60 0 0 0 0 0 PH SA, SZ
Hyoscyamus muticus L. 14 40 0 0 0 0 0 PH SA,IT
Iphiona scabra DC. 14 0 0 0 0 0 33 S SA
Launaea spinosa (Forssk.) Sch. Bip. ex 29 0 0 0 0 9 0 S SA
Kuntze

Lycium shawii Roem. & Schult. 43 40 0 0 0 0 0 S SA, SZ,IT
Malva parviflora L. 29 0 0 50 0 0 0 AH ME, IT
Ochradenus baccatus Delile 100 0 100 0 0 0 0 S SA
Onopordum ambiguum Fresen. 0 40 0 17 0 0 0 PH SAIT
Origanum syriacum L. 0 0 60 0 0 45 0 S E
Panicum turgidum Forssk. 0 0 60 0 0 9 0 S SA,IT
Plantago sinaica (Barn.) Decne. 0 0 0 0 0 36 50 S ME
Pulicaria incisa (Lam.) DC. 14 0 0 50 0 0 0 S SAIT
Thymus decussatus Benth. 0 0 0 0 0 27 33 S E
Species recorded in one belt

Acacia tortilis (Forssk.) Hayne subsp. 43 0 0 0 0 0 0 T SA, SZ
raddiana (Savi) Brenan

Anabasis articulata (Forssk.) Mog. 71 0 0 0 0 0 0 S SAIT
Caralluma sinaica (Decne.) Benth. & 14 0 0 0 0 PH E
Hook.

Chrozophora oblongifolia (Delile) 29 0 0 0 0 0 0 S SA, SZ
Spreng.

Citrullus colocynthis (L.) Schrad. 71 0 0 0 0 0 0 PH ME, SA, IT
Datura stramonium L. 14 0 0 0 0 0 0 AH PAN
Farsetia aegyptia Turra 29 0 0 0 0 0 0 S SA, SZ
Haloxylon salicornicum (Mog.) Bunge ex 14 0 0 0 0 0 0 S SAIT
Boiss.

Helianthemum kahiricum Delile 14 0 0 0 0 0 0 S SA
Heliotropium bacciferum Forssk. 14 0 0 0 0 0 0 S SA, SU
Hyoscyamus boveanus (Dunal) Asch. & 29 0 0 0 0 PH SA
Schweinf.

Iphiona mucronata (Forssk.) Asch. & 14 0 0 0 0 0 0 S SA, SZ
Schweinf.

Lavandula pubescens Decne. 14 0 0 0 0 0 0 PH SA
Reseda decursiva Forssk. 43 0 0 0 0 0 0 AH SA
Reseda muricata C. Presl. 14 0 0 0 0 0 0 PH SA
Retama raetam (Forssk.) Webb. & 100 0 0 0 0 0 0 S SA,IT
Berthel.

Rumex dentatus L. 29 0 0 0 0 0 0 AH ME, SA, IT
Tribulus terrestris L. 14 0 0 0 0 0 0 AH SA, SZ
Trichodesma Africana (L.) R.Br. 43 0 0 0 0 0 0 AH SA, SZ
Ballota saxatilis C. Pres| 0 0 40 0 0 0 0 S ME
Ephedra alata Decne. 0 0 0 33 0 0 0 S SA
Solanum sinaicum Boiss. 0 0 0 0 75 0 0 S SAIT
Funaria hygrometrica Hedw. 0 0 0 0 0 27 0 AH ME
Diplotaxis harra (Forssk.) Boiss. 0 0 0 0 0 0 17 PH SA, IT
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Summary of indicator species analysis (ISA) showing the most significant indicator species per cluster group. Relative abundance (RA), relative frequencies (RF), indicator values (IV% of perfect
indication) and p-values of most significant indicator species per cluster group. p-value=Monte Carlo test of significance of the observed maximum indicator value for each species, based on 999
randomisations). Highest indicator values are in bold type. Abbreviations in Fig. 5, are the first three letters of the genus and the species.

RA RF v
. Group Group Group p- Species
Species value abbreviations
A B c D E F A B c D E F A B c D E F
Group A (8
significant indicator
species)
Ochradenus baccatus Och bac
Delile 50 0 50 0 0 0 100 0 100 0 0 0 50 0 50 0 0 0 0.004
Retama raetam Retrae
(Forssk.) Webb. & 100 0 0 0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 0.002
Berthel
Fagonia mollis Delile ¢ 2 0 0 0 0 68 2 0 0 0 0 58 130 0 0 0 0.002 Fag mol
Anabasis articulata Ana art
(Forssk.) Mog. 100 0 0 0 0 0 7 0 0 0 0 0 7 0 0 0 0 0 0.002
Citrullus colocynthis Cit col
(L.) Schrad. 100 0 0 0 0 0 71 0 0 0 0 0 71 0 0 0 0 0 0.002
Acacia tortilis subsp. Acarad
raddiana (Savi) 100 0 0 0 0 0 43 0 0 0 0 0 43 0 0 0 0 0 0.020
Brenan
Reseda decursiva Res dec
100 0 0 0 0 0 43 0 0 0 0 0 43 0 0 0 0 0 0.008
Forssk.
Trichodesma Tri afr
africanum (L.) R.Br. 100 0 0 0 0 0 43 0 0 0 0 0 43 0 0 0 0 0 0.010
Group B (9
significant indicator
species)
Forsskaolea For ten
tenacissima L. 42 58 0 0 0 0 43 60 0 0 0 0 18 35 0 0 0 0 0.036
Cleome arabica L. 2% %0 0 0 0 29 80 0 0 0 0 8 59 0 0 0 0 0.002 Cleara
Fagonia schimperi Fag sch
pr e senimpert a2 & 0 0 0 0 2 60 0 0 0 0 0 a0 0 0 0 0012 9
Verbascum sinaiticum Ver sin
Benth. 13 46 0 0 30 1 29 100 0 0 65 25 4 46 0 0 19 3 0.002
Cynodon dactylon (L. Cyn dac
Pgrs. tion (L) 8 46 46 0 0 0 14 80 80 0 0 0 1 37 37 0 0 0 0.030 Y
Hyoscyamus muticus Hyo mut
L.)/ 4 26 74 0 0 0 0 14 40 0 0 0 0 4 29 0 0 0 0 0.046 v
Alkanna orientalis (L. Alk ori
Boiss. ) 0 46 28 15 11 0 0 100 60 33 24 0 0 46 17 5 3 0 0.006
Matthiola longipetala Mat lon
(Vent) DC. 0 54 0 18 2 0 0 100 0 33 53 0 0 54 0 6 15 0 0.002
Scrophularia deserti Scr des
Dapphdlania desertt g 5 0 0 a1 0 0 60 0 0 a0 0 % 0 0 7 o0 0.040
Group C (6
significant indicator
species)
Portulaca oleracea L. Por ole
9 39 52 0 0 0 14 60 80 0 0 0 1 23 41 0 0 0 0.020
. Phl aur
Phlomis aurea Decne. 0 26 33 16 25 0 0 80 100 50 76 0 0 21 33 8 19 0 0.006
Stachys aegyptiaca Sta ae
i ly 0 0 4 0 7 45 0 0 80 0 PR 0 0 B0 1 3 002 9
Origanum syriacum Ori syr
(Boiss.) Greater & 0 0 67 0 33 0 0 0 60 0 29 0 0 0 40 0 10 0 0.012
Burdet.
Panicum turgidum Pan tur
Forssk. 9 0 0 91 0 9 0 0 0 60 0 6 0 0 0 55 0 1 0 0.006
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Species

Ballota saxatilis C.
Presl.

Group D (4
significant indicator
species)

Malva parviflora L.

Pulicaria incisa
(Lam.) DC.
Tanacetum sinaicum
(Fresen.) Delile
Nepeta septemcrenata
Benth.

Group E (2
significant indicator
species)

Plantago sinaica
(Barneoud) Decne.
Anarrhinum pubescens
Fresen.

Group F (8
significant indicator
species)

Deverra triradiata
Poir.

Ballota undulata
(Fresen.) Benth.
Gymnocarpos
decandrus Forssk.
Galium sinaicum
(Delile ex Decne.)
Boiss.

Bufonia multiceps
Decne.

Centaurea sinaica DC.

Polygala sinaica
Botsch.

Solanum sinaicum
Boiss.

RA
Group

36

22

10

13

100

19

19

26

64

78

32

71

27

31

26

29

100

100

35

22

81

100

24

24

55

32

66

47

19

76

100

RF
Group

40

40

60

60

40

50

50

100

100

83

50

82

41

41

35

a7

29

12

35

18

24

24

75

75

100

100

75

75

75

75

75

10

40

11

12

11

32

39

32

41

35

41

32

66

35

61

57

57

75

value

0.042

0.062

0.022

0.022

0.022

0.018

0.034

0.006

0.040

0.002

0.022

0.004

0.002

0.002

0.004

Species
abbreviations

Bal sax

Mal par
Pulinc
Tan sin

Nep sep

Plasin

Ana pub

Dev tri
Bal und
Gym dec

Gal sin

Baf mul
Cen sin
Pol sin

Sol sin
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