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BIOGEOGRAPHY AND DIVERSITY OF THE TUBIFLORAE IN EGYPT

NAHED EL-HUSSEINI, MONIER M. ABD EL-GHANI' & SALAH 1. EL-NAGGAR

Abstract. The species distribution and biogeography of the Egyptian Tubiflorae were examined in detail. We found 284 species
of vascular plants belonging to 96 genera and 12 families. The most species-rich families were Scrophulariaceae, Boraginaceae,
Labitae, Convolvulaceae and Solanaceae, constituting more than 85% of total species in the order. The generic spectrum was
dominated by a suite of species-rich genera (Convolvulus, Heliotropium, Veronica, Solanum, Salvia, Cuscuta, Echium, Ipomoea,
Orobanche). Therophytes were the most dominant life forms among the families, followed by chamaephytes and hemicryptophytes.
Boraginaceae and Scrophulariaceae had the highest share of annuals. Remarkable distribution patterns of the life forms in the
seven studied biogeographic zones were noted. Trees were dominant in the Mediterranean zone, while shrubs, perennial herbs and
therophytes were dominant in the Sinai. Altogether 8 endemic species and 14 near-endemics were included in the Tubiflorae of
Egypt, mostly from southern Sinai. We found that Labiatae and Scrophulariaceae were the families with a higher concentration
of endemics. Notably, Teucrium was among the genera of Mediterranean Africa with the highest endemism. Gamma diversity
varied from 171 in the Sinai Peninsula to 43 and 39 in the oases of the Western Desert and along the Red Sea, respectively.
Interestingly, the highest significant values of similarity and species turnover (beta diversity) were found between the oases and
the Nile lands. We note the combined effect of both temperature and precipitation on the species richness of Tubiflorae in the
seven biogeographic zones. Almost half of the species showed a certain degree of consistency, that is, with narrow geographic
expansion. On the basis of UPGMA clustering and PCoA analysis, 4 floristic groups were recognized, each including one or
more biogeographic zones. The occurrence of the species of Tubiflorae in adjacent regional floras and their phytochorological
affinities are discussed.
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INTRODUCTION

Tubiflorae is by far the largest order of the Egyptian
vascular flora. Generally, Diels (1936) recognized
the order Tubiflorae to be composed of 8 suborders
and 23 families of the flowering plants. Hutch-
inson (1959) organized the families in 5 orders:
Verbenales, Solanales, Personales, Boraginales and
Lamiales. In Egypt it is represented by 5 subor-
ders (Convolvulineae, Boragineae, Verbenineae,
Solanineae, Acanthineae), 96 genera, 12 families
(Convolvulaceae, Boraginaceae, Verbenaceae,
Avicenniaceae, Labiatae, Solanaceae, Scrophu-
lariaceae, Orobanchaceae, Globulariaceae, Acan-
thaceae, Pedaliaceae, Lentibulariaceae) and 284
species comprising 13.7% of the total flora. It is
a group of great importance, not only for its species
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diversity but also for the capacity of their species to
colonize a great variety of environments, the wide
range of life forms, habitats and distribution pat-
terns (Téckholm 1974; Boulos 2000, 2002). A third
of its species have been considered endangered
and vulnerable (El Hadidi 1979). Boulos (1989)
enumerated 14 desert plant species of promising
economic potential. The order also includes shrubs
that present clear adaptations to the arid and semi-
arid environs (e.g., pubescence and spinescence),
which have made them highly diverse in Egypt and
the entire Middle East and Mediterranean North
Africa. The order provides a model system for the
study of arid biogeographical patterns, and could
produce useful information for the conservation of
certain vegetation enclaves inside the country and
the whole region. The Convention on International
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Trade in Endangered Species of Wild Fauna and
Flora (CITES 1990) includes most of the families
of Tubiflorae in its Appendix 2, and a considerable
number of its species are listed in Appendix 1.

Biological diversity, or biodiversity, refers to
the variety of distinct ecosystems or habitats, the
number and variety of species within them, and
the range of genetic diversity within the popula-
tions of these species. Two attributes of biodi-
versity have attracted particular attention from
the international conservation community: species
richness (the total number of species in an area)
and endemism (the number of species in that area
that occur nowhere else). Because these two at-
tributes reflect the complexity, uniqueness and
intactness of natural ecosystems, they are believed
to indicate overall patterns of biodiversity in a
useful manner. Phylogenetic diversity is in part a
function of the size of a flora, and in part a func-
tion of the pattern of distribution of the species
into higher taxa (Fenner et al. 1997). Recently
the pattern of species distribution among higher
taxa has been shown to be an effective indicator
of phylogenetic diversity (Williams & Humphries
1994).

The biogeography of the flora of Egypt is
still poorly documented, and with a few notable
exceptions (El Hadidi ef al. 1996; Abd El-Ghani
& El-Sawaf 2004) there have been few attempts
to analyze the biogeographical implications of
most species distribution patterns. Khedr et al.
(2002) reported that the flora of Egypt contains
many families and genera relative to the number
of species (120 families, 742 genera, 2088 spe-
cies) and a relatively large number of oligotypic
families, each represented by only one or a few
species. They suggested that a flora in which the
species are distributed among numerous genera
or families, or other higher-order ranks, should
contain greater phylogenetic diversity and genomic
information than one in which the same number
of species is concentrated into fewer higher-order
taxa. The high fraction (97%) of native species in
the Egyptian flora may reflect fewer opportunities
to acquire more species per genus or per family,
due to fewer successful biotic invasions as well
as lower speciation rates.

Although some families of Egyptian Tubiflorae
have been taxonomically revised (Boulos 2000,
2002), our basic knowledge of the diversity and
biogeography of this order is still fragmentary. This
paper attempts to analyze and interpret its diversity
in relation to the relative family and genus sizes,
spatial distribution patterns and phytogeography
of the members of Tubiflorae in Egypt. It also
stresses the need to combine taxonomic, floristic
and life form differentiation along with biogeo-
graphical parameters to understand the relationship
between plant habit and speciation propensity in
the Tubiflorae.

MATERIAL AND METHODS

The provisional account presented here was based on
the authors’ experience from field work carried out for
several years at all seasons in different parts of Egypt,
especially those from the oases of the Western Desert,
Sinai and Gebel Elba. In addition, an inventory of all
available herbarium collections from Egypt was compiled,
and taxonomic determinations were revised. Plant ma-
terials assembled during their field work by M. M. Abd
El-Ghani in western Saudi Arabia and S. El-Naggar in
Gebel Akhdar, Libya, were also used. Specimens were
examined from the herbarium of Cairo University (CAI),
the herbarium of the Agriculture Museum (CAIM) and
the Herbarium of Assiut University (AST). Taxonomic
revisions for some families and genera of Egyptian Tubi-
florae were also consulted (El-Husseini 1986; El-Husseini
& Zareh 1989; Hepper 1998; El Hadidi et al. 1999).
Nomenclature and species distribution was based mainly
on Tackholm (1974), Boulos (2000, 2002) for Egypt,
Collenette (1985), Chaudhary and Al-Jowaid (1999) for
Saudi Arabia, and Jafri and El-Gadi (1977-1984) for
Libya. The system of phytogeographical territories of
Egypt proposed by El Hadidi (2000) was adopted in this
study. Each territory will be here referred to as a ‘bio-
geographic zone.” Seven major biogeographic zones were
included in this study: the Mediterranean (M), Nile region
(N), Eastern Desert (De), Sinai Peninsula (S), Red Sea
coastal land (R), Gebel Elba (Ge) and the oases of the
Western Desert (O).

The biogeographical analysis was done down to
species level. The species list that formed the basis of
the analysis was prepared using the authors’ plant col-
lections and field notes, and all relevant references and
floras of Egypt and adjacent countries. Two levels of
biogeographic analysis were considered: genera and
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species. For the analysis, the number of species each
genus possesses weighted the importance of genera.
For each species the following attributes were also re-
corded: life span (annual or perennial), and life form
categories identified according to Raunkiaer’s system
of classification (Raunkiaer 1937). When several life
forms were given for a species, the most representative
species was chosen. The phytogeographical affinity of
each taxon was also included. The latter information
was determined largely from sources such as Wickens
(1976), Zohary (1972) and Feinbrun-Dothan (1978).
When these resources for a single taxon gave more than
one phytogeographical element, the most appropriate
was chosen.

Based on the presence-absence matrix of the 284
species in the seven major biogeographic zones of
Egypt, cluster analysis was performed using the agglom-
erative algorithm UPGMA included in the Multivariate
Statistical Package MVSP for Windows, version 3.1
(Kovach 1999). The obtained groups were represented
in a dendrogram. Principal coordinate analysis (PCoA)
was preferred, using the product-moment correlation
as a coefficient. We preferred PCoA to PCA (principal
component analysis) because it performs better on data
sets with missing data (Rohlf 1972). Gamma diversity
was calculated as the total number of species in each
biogeographic zone. Species turnover (beta diversity)
was calculated using Jaccard’s index of similarity
since it provides a way to measure species turnover
between different areas (Whittaker 1960; Magurran
1988). A value of one represents complete similarity.
Fifty percent turnover of species composition, termed
half change, is used as the unit of beta diversity. All
the statistical analyses employed SPSS for Windows
version 10.0.

RESULTS AND DISCUSSION

TAXONOMIC COMPOSITION

The flora of Egypt is a widespread mid-continental
flora characterized by low mean genus size and
very low endemism (Fenner et al. 1997). It has
a low level of speciation and a high level of mono-
typism, with very few genera having more than
30 species. The continuous geographic distribu-
tion of habitats and relative lack of reproductive
isolation are perhaps the most important factors
influencing the rate of speciation in this country.
Khedr et al. (2002) found that the number of
species per family in Egypt was higher in cos-

Table 1. Summary of systematic diversity of the families of
Tubiflorae in Egypt. S/G — species per genera.

Number Number
Family of species . of genera  S/G
S) species G)

Scrophulariaceae 60 21.1 17 3.5
Boraginaceae 58 20.4 19 3.0
Labiatae 54 19.0 22 2.8
Convolvulaceae 46 16.2 10 4.6
Solanaceae 31 11.0 8 3.8
Orobanchaceae 11 3.9 2 5.5
Verbenaceae 8 2.8 6 1.3
Acanthaceae 8 2.8 6 1.3
Pedaliaceae 3 1.1 3 1.0
Lentibulariaceae 2 0.7 1 2.0
Avicenniaceae 1 0.3 1 1.0
Globulariaceae 2 0.7 1 2.0
Total 284 100 96 3.0

mopolitan families and families whose dominant
mode of dispersal is abiotic and which possess
a herbaceous growth habit. Yet the actual family
speciation rate (i.e., number of varieties per spe-
cies) did not differ in those types of families. Our
results confirm that species diversity was unevenly
distributed between taxonomic groups (Table 1).
Family size in the Egyptian Tubiflorae was rela-
tively high: 5 dominant cosmopolitan families
(Scrophulariaceae, Boraginaceae, Labiatae, Con-
volvulaceae and Solanaceae) had more than 30
species comprising 87.7% (249 species of the total
species in the order), and 6 families had less than
10 species each (Table 1). There were a suite of
species-rich genera, but the majority (50) of the
96 genera were represented by a single species.
The most species-rich genera were Convolvulus
(23), Heliotropium (17), Veronica (13), Solanum
(11), Salvia (9), Cuscuta and Echium (8 each), and
Ipomoea and Orobanche (7 each). Altogether, they
constitute 36.3% of the total number of the order
(284), while monospecific genera (40) accounted
for 14.1%.

The overall lower species/genus ratio (3.0) for
the whole order may explain its higher diversity.
Interestingly, lower S/G ratios (1-2) were estimated
in Lentibulariaceae, Globulariaceae, Verbenaceae,
Acanthaceae, Pedaliaceae and Avicenniaceae, in-
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Fig. 1. Relationships between taxa richness of Egyptian Tubi-
florae at different levels.

dicating higher diversity among families. The re-
lationships among taxonomic ranks of species,
the largest genera and the species-rich families
with respect to their species richness, along with
fitted regression equations (models), are shown in
Figure 1. There was a significantly positive cor-
relation (p<0.005) between species, genera and
family level. Thus, the higher taxonomic units
such as genera or families may be employed as
surrogates for predicting species diversity in the
Egyptian Tubiflorae.

LIFE STRATEGIES OF SPECIES

The life form spectrum within the families of the
order showed dominance of therophytes (annuals),
followed by chamaephytes and hemicryptophytes
(Fig. 2). Non-succulent trees, parasites and peren-
nial herbs (terrestrial or aquatic) were all repre-
sented by fewer species than in other categories.
An overall comparison of frequencies for the dif-
ferent categories of life forms showed significant
variation among families (p<0.001). Boraginaceae
and Scrophulariaceae had the highest share of an-
nuals. The uncontested leader for shrubs and shru-
blets was Labiatae, whereas Orobanchaceae was
strictly for parasites. Notably, Convolvulaceae was
the only family in which all life form categories
were represented. Here we note that most genera of
the Egyptian Tubiflorae had a single characteristic
life form. However, some genera exhibited diver-
sity. Convolvulus had several different life forms,
particularly annual erect herbs, dwarf shrubs and
shrublets, and twiners or climbers. Heliotropium
had both annuals and shrubs, while Nicotiana
was represented by two species, one a tree and
the other an erect annual herb. The wide range
of tolerance of the members of this order enabled
the genera to occupy a wide range of habitats.
For example, Limosella and Bacopa (Scrophu-
lariaceae) were subaquatic in water courses,
Stachys and Thymus (Labiatae) an indicator of
stony ground (Girgis 1972), Lamium, Convolvulus,
Mentha, Veronica and Datura were alien weeds
of the agro-ecosystem, and Trichodesma, Salvia,
Hyoscyamus, Scrophularia, Lavandula and Lycium
were dominants of the Egyptian desert ecosystem.
Though few in number, parasitic genera were of
special interest. Besides Orobanche and Cistanche
(Orobanchaceae), Cuscuta (Convolvulaceae),
Striga (Scrophulariaceae) were encountered in
this study.

The distribution of the life form categories
within the seven biogeographic zones is presented
in Figure 3. The composition of life forms reflects
the response of vegetation to variation of certain
environmental factors. In this study area, the pre-
ponderance of therophytes, chamaephytes and
hemicryptophytes over other life forms is a response
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Fig. 2. Life form spectrum within the species-rich families of Tubiflorac. CH — chamaephytes, CR — cryptophytes, H — hemic-
ryptophytes, NPh — nanophanerophytes, P — parasites, and TH — therophytes.

to the hot dry climate, topographic variations and
human and animal interference (Abd EI-Ghani
1998; Abd El-Ghani & Amer 2003; Salama et al.
2003). The abundance of cryptophytes along the
Nile banks may be related to their rhizomatous
growth habit, which is believed to be more resistant
to decomposition under water submergence. This
detected distribution pattern conforms to previous
studies in this zone, especially those of Shaltout
and Sharaf El-Din (1988). It is of interest to note
that the trees of Tubiflorae grow well in the Medi-
terranean zone, while shrubs, perennial herbs and
therophytes occur in Sinai. The high percentages
of therophytes and hemicryptophytes coincide with
the floristic characters of arid zones in the Mediter-
ranean Basin, and in general the floras of arid and
semi-arid zones (Migahid ef al. 1971; Bornkamm
& Kehl 1985; Pignatti & Pignatti 1989).

ENDEMISM

Studies have focused predominantly on deter-
mining patterns of endemism at global and regional
scales (Cowling 1983; Major 1988). Endemics

are usually rare and restricted to a rather small
geographical region, so they deserve special atten-
tion for their conservation. No endemic families
are known from the Middle East and North Africa
(Boulos 1997). Zohary (1973) suggested that the
source of this poverty lies in the huge stretches
of open and almost plantless desert which pro-
vide no isolating barrier against contact with ad-
jacent countries, themselves part of the extremely
barren Sahara. The major families with the highest
numbers of endemic species in tropical areas are
Asclepiadaceae, Acanthaceae, Liliaceae (sensu
lato) and Euphorbiaceae, and in temperate areas
Labiatae, Compositae, Scrophulariaceae and Cru-
ciferae. Taxa endemic to Egypt are very few: 61
species or 2.9% of the total flora; 60.7% of these
endemics are known from Sinai (Boulos 1995;
Ayyad et al. 2000). The highest endemism within
families of the Egyptian vascular flora is in La-
biatae (10.9%), followed by Liliaceae (10.4%) and
Scrophulariaceae (6.5%).

It has been estimated that 8 endemic and 14
near-endemic species are in taxa of the Egyptian
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Fig. 3. Distribution of life forms in different biogeographic zones of Egypt. De — Eastern Desert, Ge — Gebel Elba, M — Mediterra-
nean, N — Nile region, R — Red Sea coastal land, S — Sinai Peninsula, and O — oases; for abbreviations of life forms see Fig. 2.

Tubiflorae. This study showed that the majority = 1973; Moustafa & Klopatek 1995). Labiatae (4
of the endemic species in the Tubifloraec of Egypt  species) and Scrophulariaceae (3 species) were
were recorded from southern Sinai (Sinai proper  the families with the higher concentration of en-
sensu El Hadidi 2000) in the rugged mountainous  demics. Teucrium and Veronica were endemic-rich
areas that have the highest peaks in Egypt (Zohary  genera. Similarly, Libya and Saudi Arabia have
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most of their endemics in mountainous regions:
Gebel Akhdar in Libya (Boulos 1975), and the
highlands of southwestern Saudi Arabia (Chaud-
hary 1999-2001). Both are considered endemic-
rich areas for vascular plants of the Middle East
(Boulos 1997).

Comparing the level of endemism among the
species of Tubiflorae in the regional floras of Egypt,
Libya and Saudi Arabia, we found that endemic
species (sensu lato) were not very numerous and
can be estimated at 39 taxa (Table 2). The highest
number of endemics was recorded in Libya (13.0
or 7.5% of the total flora), followed by Egypt (8
or 11% of the total flora), and none in the flora of
Saudi Arabia. At the generic level, 6 genera were
restricted or nearly restricted to Libya (Onosma,
Convolvulus, Ballota, Teucrium, Parentucellia,
Orobanche), and three to Egypt (Phlomis, Anar-
rhinum, Hyoscyamus). Among genera of Mediter-
ranean Africa, Teucrium is the one with with the
highest endemism. It is represented by 67 species,
of which 44 or 65.7% are endemic (Greuter et al.
1986). Despite the importance of endemic spe-
cies in their regional floras, they have been poorly
studied. More research is needed on the manage-
ment requirements of the endemic taxa in the
Middle East and Mediterranean North Africa.

VARIATION OF GAMMA AND BETA DIVERSITY

Gamma diversity differed considerably among the
studied biogeographic zones of Egypt (Table 3).
The Sinai Peninsula was the richest in species
(171); the number of species was lowest in the
oases of the Western Desert (43) and along the Red
Sea coastal lands (39). Interestingly, the highest
significant values of Serensen’s coefficient of flo-
ristic similarity (0.4, p = 0.01) and species turnover
(0.6) were found for the oases and the Nile land
(Table 4). Clearly, the floristic composition of these
two zones is closely related, with many species
in common. Fakhry (1973, 1974) reported the
existence of a historical connection between the
two biogeographic zones. Until 1968, all travel-
lers and government officials used an important
ancient caravan route linking the oases with the
Nile Valley (near Minya on the Nile) for oasis
commerce. The low gamma diversity and species

turnover of the Gebel Elba may be related to the
fact that most of its species are highly specific
to the prevailing environmental conditions and
geographic situation. This means that species
replacement or biotic change is low in this area
(Wilson & Shmida 1984). The combined effect of
climate (temperature, rainfall) and human activi-
ties (grazing, building of new settlements, estab-
lishment of summer resorts) along the coasts of
the Mediterranean and the Red Sea substantially
altered the vegetation structure and the floristic
composition of these biogeographic zones, creating
new habitats not found earlier (Ayyad & Fakhry
1996), with reduced gamma and beta diversity.

Climatic zonation is probably the most impor-
tant factor influencing plant distribution, particu-
larly summer heat, winter cold and precipitation
(Zahran & Willis 1992). On the other hand, as
minimal precipitation and frequent droughts char-
acterize arid zones, water availability may be one
of the primary factors controlling the distribution
of species (Yair & Danin 1980; Abd El-Ghani
2000). Table 5 gives some climate data from se-
lected meteorological stations climatic characteris-
tics of selected sites to represent each of the studied
biogeographic zones. The most striking climatic
feature is the precipitation gradient. Temperatures
below zero can be reached in the more continental
parts of the Western Desert, and soil surface frost
is a regular phenomenon in the mid-winter months.
The gamma diversity gradient decreases from the
less arid Sinai Peninsula to the more arid oases
and Red Sea coastal lands.

We studied the combined effect of tempera-
ture and precipitation on gamma diversity of Tu-
biflorae in the seven studied biogeographic zones.
When the correlation analyses were performed
independently for temperature or rainfall at each
zone with gamma diversity, the results showed
weak correlations (Spearman rank correlation
coefficient » = 0.175, p = 0.43 for temperature;
r =0.23, p = 0.27 for rainfall), but gamma di-
versity showed high significant positive correla-
tions with both temperature and rainfall in Sinai
(r=10.39, p=0.01), but not in the Mediterranean
zone (= 0.17, p=0.50), nor in the oases (» = 0.67,
r=0.01). Therefore, colder temperature and rela-
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Table 2. Endemic and near-endemic species in the species-rich families of Tubiflorae of Egypt, Libya and Saudi Arabia.

+ — present.

Taxa

Endemics

Near-Endemics

Libya

Egypt

Saudi
Arabia

Libya

Egypt

Saudi
Arabia

Boraginaceae
Heliotropium longiflorum (A. DC.) Hochst & St. ex Bunge
Nonea viviani A. DC.

Onosma cyrenaica Durand & Barratte

Convolvulaceae
Convolvulus maireanus Pamp.
C. shimperi Boiss.
C. spicatus Hallier.f.

Labiatae

Ballota andreuzziana Pamp.

Marrubium deserti Noe ex Coss.

Micromeria guichardii (Quézel & Zaffran) Brullo & Furnari
M. serbaliana Danin & Hedge

Nepeta cyrenaica Quézel & Zaffran

N. septemcrenata Benth.

N. vivianii (Coss.) Bég. & Vacc.

Origanum cyrenaicum Bég. & Vacc.

O. isthmicum Danin

O. syriacum L. subsp. sinaicum (Boiss.) Greuter & Burdet
Phlomis aurea Decan.

Stachys tournefortii Poiret

Teucrium apollinis Maire & Weiller

T. barbeyanum Ascher. & Taubert

T. davaeanum Cosson

T lini-vaccarii Pamp.

T. zanonii Pamp.

Thymus decussatus Benth.

Orobanchaceae
Orobanche cyrenaica Beck

Scrophulariaceae

Anarrhinum forsskalii (J. E. Gmel.) Cufod. subsp. pubescens
(Fresen.) D. A. Sutton

Kickxia floribunda (Boiss.) Téckh. & Boulos

K. macilenta (Decne.) Danin

K. pseudoscoparia V. W. Smith & D. A. Sutton
Linaria joppensis Bornm.

Parentucellia floribunda Viv.

Verbascum fruticulosum Post

V. letourneuxii Asch.

V. schimperianum Boiss.

Veronica anagallis-aquatica L. var. nilotica R. Uechtr.
V. kaiseri V. Tackh.

V. musa V. Tackh. & Hadidi

Solanaceae

Hyoscyamus boveanus (Dunall) Asch. & Schweinf.
Solanum sinaicum Boiss.

+ 4+ + o+

+

+ o+ o+ o+

+ o+ o+ o+
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Table 3. Gamma diversity of the families of Tubiflorae recorded
in the studied biogeographic zones of Egypt, with their total
numbers and percentages (for abbreviations see Fig. 3).

Biogeographic zone

Family

N M (6] S R GE De
Scrophulariaceae 18 13 9 36 10 12 13
Boraginaceae 27 28 7 39 9 13 19
Labiatae 3 15 3 42 4 8 17
Convolvulaceae 17 17 11 22 5 19 12
Solanaceae 15 10 7 21 4 8 13
Orobanchaceae 6 0 2 6 3 2 4
Verbenaceae 4 3 3 2 1 3 0
Acanthaceae 0 0 0 1 1 8 2
Pedaliaceae 0 0 0 0 0 2 1
Lentibulariaceae 1 0 1 0 0 0 0
Avicenniaceae 0 0 0 1 1 1 0
Globulariaceae 0 2 0 1 1 0 1

Total number of
species
% of the total

91 98 43 171 39 76 82

32 345 15.1 60.2 13.7 26.7 28.9

tively high precipitation may play a major role
in decreasing species richness. The relationship
between climate and species distribution has long
been studied in other parts of the world: among
others, Freitag (1986) in Iran and Afghanistan,
Rahman and Wilcok (1991) in southeast Asia and
the Indian Subcontinent, Cowling et al. (1994) in
arid and semi-arid southern Africa, and Gomez-
Gonzales et al. (2004) in the Iberian Peninsula
and Balearic Islands.

GEOGRAPHICAL EXPANSION
AND LOCAL DISTRIBUTION PATTERN

Our results demonstrated a very strong geograph-
ical pattern in the distribution of the Egyptian spe-
cies of Tubiflorae. There were few highly frequent
species and very many that were infrequent. The
majority of species were narrowly distributed. Al-
most half (48%) of the species showed a certain
degree of consistency, where they were confined
to a single biogeographic zone (Table 6). These
species were distributed as follows: 18 in the Nile
land (e.g., [pomoea carnea, Heliotropium amplexi-
caule, Limosella aquatica, Striga hermonthica,
Lentibularia inflexa), 22 in the Mediterranean (e.g.,

Echium plantagineum, Thymus capitatus, Veronica
persica, Globularia alypum, Cistanche violacea),
2 in the oases (Striga gesnerioides, Utricularia
gibba), 54 in the Sinai Peninsula (e.g., Paracaryum
calathicarpum, Alkanna orientalis, Thymus decus-
satus, Nepeta septemcrenata, Solanum sinaicum,
Verbascum schimperianum, Kickxia macilenta,
Veronica kaiseri), one in the Red Sea (Kickxia
nubica), 34 in Gebel Elba (e.g., Seddera ara-
bica, Heliotropium zeylanicum, Lantana rugosa,
Leucas urticifolia, Barleria hochstetteri, Peris-
trophe paniculata) and 5 in the Eastern Desert
(e.g., Ipomoea pes-caprae, Podonosma galalense,
Lavandula multifida). Only 2 (Trichodesma afvi-
canum, Solanum nigrum) of the 284 species that
have a wide ecological and coenological range of
distribution occur in all 7 studied biogeographic
zones, and 29 species (ca 10% of the total) had
a frequency of more than 50% (i.e., recorded in
4 zones; see Fig. 4).

Figure 5 shows the dendrogram obtained with
UPGMA clustering of species according to geo-
graphical similarity. Four floristic groups (1-4)
of Tubiflorae were detected for Egypt. The PCoA
results support this classification (Fig. 6). Floristic
group 1 includes the species of Tubiflorae in both
the Nile lands and the oases, as these two regions
were closely related either commercially or through
the introduction of field crops. Several common
alien weed species of arable land may grow in
both agro-ecosystems. This is consistent with the
findings of Abd El-Ghani and El-Sawaf (2004)

Total number of species
(<2} ©
o o
T T

o
o
T

N
o
T

0 L L L L L
1 2 3 4 5 6 7

Cumulative number of zones

Fig. 4. Species distribution in the biogeographic zones (cu-
mulative numbers).
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Table 4. Serensen coefficients of floristic similarity (lower half), and beta diversity (upper half) between the seven studied
biogeographic zones of Egypt. * = p<0.05, ** = p<0.01 (for abbreviations see Fig. 3).

Biogeographic zone N (0} S GE De R
N 0.5 0.6 0.4 0.2 0.4 0.1
M 0.3 0.3 0.5 0.1 0.3 0.2
(0] 0.4%* 0.2 0.2 0.2 0.2 0.1
S 0.2 0.3 0.1 0.2 0.5 0.2
GE 0.1 0.07 0.1 0.2 0.3 0.4
De 0.2 0.2 0.1 0.3% 0.2 0.3
R 0.1 0.02 0.04 0.2% 0.3* 0.3*

Gamma diversity 91 98 43 171 76 82 39

in their account of the diversity and distribution
of plant species in the agro-ecosystems of Egypt;
they reported a clearer segregation of the species
composition in both the Nile lands and the oases
biogeographic zones than in the others.

Floristic group 2 characterizes the Mediter-
ranean region, in which 34.5% of the species of

Table 5. Annual means of climatic data of representative me-
teorological stations in each of the studied biogeographic zone
(after Zahran & Willis 1992; Abd El-Ghani 1998, 2000). Max
— maximum, Min — minimum.

) ) Temperature Rainfall | Relative
ZB;gseographlc (°C) (mm hun;ldlty
Max Min year ') (%)

Mediterranean

Sallum 24 14 90 65

Mersa Matruh 24 14 144 66

Alexandria 25 16 192 68

El-Arish 26 12 180 70
Nile land

Menofiya 28 14 3 65

Faiyum 29 14 11 51

Luxor 33 16 <1 35
Oases of the Western Desert

Siwa 30 13 10 41

Bahariya 30 14 4 39

Kharga 32 16 <1 31
Sinai proper (south Sinai)

Saint Catherine 25 5 45 38
Red Sea coastal lands

Suez 31 17 16 53

Hurghada 28 19 4 46

Quseir 28 19 3 50

Tubiflorae were recorded. Certain families showed
higher presence in this zone (e.g., Orobanchaceae,
Globulariaceae). Despite the length of the shores
on the Mediterranean Sea, the gamma diversity of
Tubiflorae ranked second. The primary cause of
the decline of biodiversity is not direct human ex-
ploitation but the habitat destruction that inevitably
results from the expansion of human populations
and human activities (Wilson 1988). The western
Mediterranean coastal strip has been subjected to
ecosystem degradation and species impoverish-
ment due to the way in which man has used and
misused the natural resources of the zone. A variety
of human-induced stresses have already taken their
toll on ecosystems. With so many habitats being
lost, the populations of many species are being
dramatically reduced. Continued uncontrolled
wood-cutting, overgrazing and rain-fed farming
for cultivation of annual crops have dominated the
Mediterranean zone for centuries. More recent land
uses have been even more devastating; these in-
clude intensive irrigated agriculture, excavation of
limestone ridges for brickmaking, which endangers
many chasmophytic species, and the occupation
of large areas of coastal sand dunes by summer
resorts, which endangers many psammophytic spe-
cies. Ayyad and Fakhry (1996) made an overview
of plant biodiversity in the western Mediterranean
desert of Egypt in terms of habitat, community
and species diversity. They concluded that human
impacts on biodiversity may be either sudden and/
or radical (e.g., establishment of new settlements
and summer resorts) or gradual (e.g., grazing of
wild vegetation). Generally, loss of species is the
ultimate result.
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Table 6. Distribution patterns of species of the Egyptian Tubiflorae confined to a certain biogeographic zone. For zone abbrevia-
tions, see Fig. 3. + — recorded.

Biogeographic zone
M O S R GE De

Species

Ipomoea carnea Jacq.

1 eriocarpa R Br.

Dichondra micrantha Urb.

Cuscuta monogyna Vahl

C. epilinum Weihe

Heliotropium curassavicum L.

H. amplexicaule Vahl

Clerodendrum acerbianum (Vis.) Benth. & Hook.f.
Physalis angulata L.

Salpichroa origanifolia (Lam.) Baill.
Nicotiana plumbaginifolia Viv.
Sutera glandulosa Roth

Limosella aquatica L.

Striga hermonthica (Delile) Benth.
S. asiatica (L.) Kuntze
Parentucellia viscosa (L.) Caruel
Lindernia parviflora (Roxb.) Haines

I T S T T T T T S S 7

Utricularia inflexa Forssk.

Convolvulus humilis Jacq.

C. lineatus L.

C. stachydifolius Choisy

Calystegia silvatica (Kit.) Griseb.
Heliotropium hirsutissimum Grauer
Buglossoides incrassata (Guss.) 1. M. Johnst.
Nonea melanocarpa Boiss.

Echium glomeratum Poir.

E. plantagineum L.

E. sabulicola Pomel

Thymus capitatus (L.) Link

Prasium majus L.

Teucrium brevifolium Schreb.

Linaria micrantha (Cav.) Hoffmanns. & Link
Scrophularia canina L.

B T S I S S S

Veronica anagalloides Guss. subsp. taeckholmiorum Chrtek
& Osb.-Kos.

V. persica Poir.
V. syriaca Roem. & Schult.

4L

Globularia alypum L.
Orobanche lavandulacea Rchb.
O. schultzii Mutel

Cistanche violacea (Desf.) Beck
Striga gesnerioides (Willd.) Vatke 4
Utricularia gibba L. +
Convolvulus spicatus Hallier f. e

+ o+ o+ o+ o+

4e

C. schimperi Boiss.

C. scammonia L. +
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Table 6. Continued

Biogeographic zone
N M (0} S R GE De

Species

C. palaestinus Boiss.

Heliotropium bovei Boiss.

H. makallense O. Schwartz

Paracaryum rugulosum (DC.) Boiss.

P. bungei (Boiss.) Brand

P, calathicarpum (Stocks) Boiss.

Lappula sinaica (DC.) Asch. & Schweinf.
Asperugo procumbens L.

Alkanna orientalis (L.) Boiss.

A. strigosa Boiss. & Hohen.

Nonea ventricosa (Sm.) Griseb.

Mentha spicata L.

Origanum syriacum L. subsp. sinaicum (Boiss.) Greuter & Burdet
O. isthmicum Danin

Thymus decussatus Benth.

Satureja serbaliana (Danin & Hedge) Greuter & Burdet
S. myrtifolia (Boiss. & Hohen.) Greuter & Burdet
Ziziphora capitata L.

Z. tenuior L.

Salvia multicaulis Vahl

S. dominica L.

S. sclarea L.

Nepeta septemcrenata Benth.

Stachys nivea Labill.

Ballota saxatilis C. Presl

B. kaiseri Tackh.

Phlomis aurea Decne.

+ + 4+ ++ o+

Eremostachys laciniata (L.) Bunge

Ajuga chamaepitys (L.) Schreb. subsp. tridactylites (Benth.)
P. H. Davis

Solanum sinaicum Boiss.
S. villosum (L.) Mill.
Nicotiana rustica L.

NS

Hyoscyamus reticulatus L.
Verbascum fruticulosum Post

V. schimperianum Boiss.

V. sinaiticum Benth.

V. eremobium Murb.

V. decaisneanum Kuntze
Anarrhinum pubescens Fresen.
Linaria joppensis Bornm.

L. simplex Desf.

Kickxia macilenta (Decne.) Danin
K. scariosepala Tackh. & Boulos
Scrophularia libanotica Boiss.
Veronica kaiseri Téckh.

B T S T e e S e e 2

V. macropoda Boiss.
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Table 6. Continued

Biogeographic zone

Species

N M (0} S R GE De
V. campylopoda Boiss. 4+
Kickxia nubica (Skan) Dandy +

Convolvulus rhyniospermus Choisy
Jacquemontia tamnifolia (L.) Griseb.
Merremia aegyptia (L.) Urb.

M. semisagitata (Peter) Dandy

Ipomoea obscura (L.) Ker Gawl.
Evolvulus alsinoides (L.) L.

E. nummularius (L.) L.

Seddera arabica (Forssk.) Choisy
Cuscuta chinensis Lam.

Heliotropium zeylanicum (Burm.f.) Lam.
H. strigosum Willd.

Brandella erythraea (Brand) R. R. Mill
Lantana viburnoides (Forssk.) Vahl

L. rugosa Thunb.

Priva cordifolia (L.) Greene
Plectranthus hadiensis (Forssk.) Spreng.
Orthosiphon pallidus Royle ex Benth.
Satureja biflora (D. Don) Briq.

Leucas neuflizeana Courbai

L. urticifolia (Vahl) R. Br.

Solanum aethiopicum L.

S. carense Dunal

S. forsskaolii Kotschy ex Dunal

Kickxia hastata (R. Br. ex Benth.) Dandy
Scrophularia arguta Sol.

Schweinfurthia pedicellata (T. Anderson) Balf.f.
Barleria hochstetteri Nees

Ruellia patula Jacq.

Ecbolium viride (Forssk.) Alston
Justicia heterocarpa T. Anderson

J. schimperi (Hochst.) Dandy
Peristrophe paniculata (Forssk.) Brummitt
Pedalium murex L.

T T T i i S e e I i e e =

Rogeria adenophylla J. Gay ex Delile
Ipomoea pes-caprae (L.) R. Br.
Podonosma galalensis Schweinf. ex Boiss.
Lavandula atriplicifolia Benth.

L. multifida L.

Sesamum alatum Thonn.

+ + + + +

Cressa cretica L.

Cuscuta planiflora Ten.

Hyoscyamus muticus L.

Orobanche ramosa L.

Trichodesma afiricanum (L.) var. africanum

+ o+ o+ o+ + o+
+ o+ o+ o+ o+ o+
+ o+ + + + +
+ o+ + + + o+
O S
o+ + + + +

Solanum nigrum L.
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Fig. 5. UPGMA dendrogram of similarity among the analyzed
biogeographic zones. 1-4 — floristic groups (for abbreviations
of zones see Fig. 3).

Floristic group 3 includes three closely related
biogeographic zones; the Eastern Desert, Gebel
Elba and the Red Sea coastal lands. It is not sur-
prising that these three zones form one entity; they
can be called the ‘Eastern Desert complex’ group.
Forty-nine species of the order were found in this
complex of narrowly and widely distributed spe-
cies (Table 6). Podonosma galalensis, Sesamum
alatum, Satureja biflora and Leucas neufliziana
were recorded in the three zones.

Geographical areas with high species richness,
high endemism, and/or a high number of rare or
threatened species have been defined as biodiversity
hotspots, and are considered in setting priorities for
conservation planning (Myers 1990; Reid 1998). In
spite of its interesting biogeographical and botanical
features, the Gebel Elba mountain range has been
overlooked in most global biodiversity assessments
(Heywood & Watson 1995). Of the 142 threatened
woody perennial plant species in The Plant Red
Data Book of Egypt (El Hadidi et al. 1992), 56 or
39.4% are known from the Gebel Elba area. En-
dangered and rare species include Seddera arabica
(Forssk.) Choisy (Convolvulaceae), Cordia sinensis
Lam. (Boraginaceae), Lantana viburnoides (Forssk.)
Vahl (Verbenaceae) and Solanum albicaule Ky. ex
Dun (Solanaceae). Its ecological features, together
with its particular geographic location, seem to have
promoted plant diversity, singularity and endemism
in this biogeographic zone. It comprises elements of
the Sahelian regional transition zone (sensu White
& Léonard 1991) and represents the northern limit
of this geoelement in Africa. A phytogeographical

analysis of some arboreal species in Egypt revealed
that the Red Sea coast represents the main pathway
for penetration of arboreal species to Egypt, together
with the southern border of the Western and Eastern
Deserts (Hassan & Abd El-Ghani 1992).

The Sinai group, group 4, represents the most
diversified and species-rich zone of the Egyptian
Tubiflorae. The natural conditions and geograph-
ical location of the Sinai Peninsula make it a very
distinctive region. The Sinai Desert is a ‘Saharan
type’ desert (Mcginnies ef al. 1968) linking Asia
with Africa, and constitutes a transition between
the Egyptian Deserts and those of the Middle East.
The great diversity of climate (mean annual pre-
cipitation ranges from ca 100 mm in the north
near the Mediterranean to 5-30 mm in the south)
and of rock and soil types provides habitats for
some 900 species and 200-300 associations (Danin
1986). It is also interesting phytogeographically,
as it borders the Mediterranean, Irano-Turanian,
Saharo-Arabian and Sudanian regions (Zohary
1973). Recent studies on plant diversity in southern
Sinai (Moustafa & Klopatek 1995; Moustafa et
al. 2001) reported that many species were now
under threat due to severe human impacts such
as over-cutting for fuel, over-collection, over-
grazing, tourism and urbanization. The Labiatae,
Compositae and Gramineae contribute many of
these species. Threatened endemic species of the
St. Catherine area (southern Sinai) are stressed by
grazing due to their high palatability for domestic
animals (e.g., Anarrhinum pubescens, Veronica
islensis, V. kaiseri) or are used frequently in folk
medicine and gradually are diminishing in cov-
erage and number (e.g., Nepeta septemcrenata,
Ballota kaiseri).

OCCURRENCE OF THE TUBIFLORAE IN ADJACENT
COUNTRIES

The highlands of western Saudi Arabia and Gebel
Akhdar in northeastern Libya are among the major
species-rich and endemite-rich areas in the Middle
East (Boulos 1997). The distribution of species
within the major six families (Boraginaceae, Con-
volvulaceae, Labiatae, Orobanchaceae, Scrophu-
lariaceae, Solanaceae) of the Tubiflorae in Egypt,
Gebel Akhdar (Libya) and western Saudi Arabia,
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Table 7. Occurrence of species (excluding endemics) within the major six families of the Tubiflorae in Egypt, Libya and Saudi
Arabia. + — recorded. Borag. — Boraginaceae, Conv. — Convolvulaceae, Lami — Lamiaceae, Orob. — Orobanchaceae, Scro. —
Scrophulariaceae, Solan. — Solanaceae. ES — Euro-Siberian, M — Mediterranean, IT — Irano-Turanian, SA — Saharo-Arabian,
SZ — Sudano-Zambezian, COSM — cosmopolitan, Nat — naturalized, PAL — palaeotropical, PAN — pantropical. Sources: ' — S. El-

Naggar; unpublished data, > — M. Abd El-Ghani; unpublished data.

Species Family Libya! | Egypt Asr Zl;?;z Chorotype
Borago officinalis L. Borag. 4 M
Cynoglossum cheirifolium L. Borag. + M
Echium arenarium Guss. Borag. 4 M

E. humile Desf. Borag. + M

E. italicum L. Borag. i M

E. parviflorum Moench Borag. + M

E. tuberculatum Hoffmanns & Link Borag. & M
Elizaldia calycina (Roem. & Schultes) Maire Borag. + M
Nonea micrantha Boiss. & Reuter Borag. & M

N. vesicaria (L.) Reichenb. Borag. 4 M
Convolvulus supinus Cosson & Kralik Conv. i M

C. tricolor L. Conv. + M
Ballota hirsute Benth. Lami. i M
Linaria laxiflora Desf. Lami. + M
Micomeria Juliana (L.) Reichenb. Lami. i M
Nepeta scordotis L. Lami. + M
Phlomis floccosa D. Don Lami. i M
Teucrium campanulatum L. Lami. + M
Thymus algeriensis Boiss. & Reut. Lami. i M
Anarrhinum fruticosum Desf. Scro. + M
Antirrhinum siculum Mill. Scro & M
Bellardia trixago (L.) All. Scro, 4 M
Parentucellia latifolia (L.) Caruel Scro. & M
Verbascum balli (Batt.) Qaiser Scro. 4 M

V. blatteria Boiss. Scro. i M

V. tripolitanum Boiss. Scro. + M

V. cymbalaria Bod. Scro. i M
Neatostema apulum (L.) 1. M. Johns. Borag. + M+ SA
Cuscuta epithymum (L.) Murray Conv. i M + SA
C. europaea L. Conv. + M+ SA
Mentha aquatica L. Lami. & M + SA
Veronica hederifolia L. Scro. + M+ SA
Convolvulus cantabaricus L. Conv. i M +IT
Sideritis curvidens Stapf Conv. + M+IT
Scrophularia peregrina L. Scro. i M +IT
Linaria arvensis (L.) Desf. Scro. F M +ES
Veronica agrestis L. Scro. i M +ES
Sideritis romana L. Conv. + IT + Libya
Veronica peregrine L. Scro. 4 ES (Nat.)
Ipomoea cairica (L.) Sweet Conv. + PAL
Ipomoea eriocarpa R. Br. Conv. i PAL
Ipomoea purpurea (L.) Roth. Conv. + PAL
Jacquemontia tamnifolia Choisy Conv. * PAL
Lindernia parviflora (Roxb.) Haines Scro. + PAL
Ipomoea carnea Jacq. Conv. * PAN
Ipomoea obscura (L.) Ker Gawl. Conv. +* PAN
Marremeia aegyptiaca (L.) Urb. Conv. * PAN
Solanum elaeagnifolium Cav. Solan. + PAN
Ballota damascene Boiss. Lami. * M
Micromeria sinaica Benth. Lami. + M
Salvia dominica L. Lami. * M
Veronica scardica Griseb. Scro. + M
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Table 7. Continued

Species Family Libya | Egypt :?;[;ii; Chorotype
Podonosma galalensis Schweinf. & Boiss. Borag. + SA
Convolvulus hystrix Vahl Conv. “F SA
Verbascum eremobium Murb. Scro. * SA
Veronica rubrifolia Boiss. subsp. respectatissima M. A. Fisch. Scro. 4 SA
Nogalia drepanophylla (Baker) Verdc. Borag. + Sz
Evolvulus nummularis (L.) L. Conv. W SZ
Kickxia nubica (Skan) Dandy Conv. 4 Sz
Paracaryum calathicarpum (Stacks) Boiss. Conv. 4 IT
Convolvulus palaestinus Boiss. Conv. + IT
Kickxia gracilis (Benth.) D. A. Sutton Scro. F IT
Echium glomeratum Poiret Borag. 4 M + SA
Alkanna strigosa Boiss. & Hohen. Borag. + M+IT
A. orientalis (L.) Boiss. Borag. * M+IT
Heliotropium bovei Boiss. Borag. * M +IT
H. rotundifolium Lehm. Borag. 3 M +IT
Nonea melanocarpa Boiss. Borag. + M+IT
Convolvulus scammonia L. Conv. + M+IT
Convolvulus stachydifolius Choisy Conv. * M +IT
Cuscuta monogyna Vahl Conv. F M+IT
Cuscuta palaestina Boiss. Conv. + M+IT
Ballota saxatilis C. Presl Lami. A M+IT
Eremostachys laciniata (L.) Bunge Lami. * M +IT
Salvia multicaulis Vahl Lami. A M+IT
Salvia palaestina Benth. Lami. + M+IT
Salvia sclarea L. Lami. * M+IT
Hyoscyamus reticulatus L. Solan. 4 M +IT
Nonea ventricosa (Sm.) Griseb. Borag. 4 M +ES
Kickxia elatine (L.) Dumort. Scro. * M +ES
Veronica catenata Pennell Scro. A M + ES
Lappula sinaica (A. DC.) Asch. & Scweinf. Borag. 3 SA+IT
Cistanche salsa (C. A. Mey.) C. Beck Orob. 4 SA+IT
Anticharis linearis (Benth.) Hochst. & Asch. Scro. * SA+IT
Veronica campylopoda Boiss. Scro. F SA+IT
Striga asiatica (L.) Kuntze Scro. + SA+SZ
Paracaryum intermedium (Fresen.) Lipsky Scro. + M+ SA+IT
Cuscuta approximate Bab. Conv. + M+SA+IT
Scrophularia sinaica Benth. Scro. +* M+SA+IT
Calystegia silvatica (Kit.) Griseb. Conv. e M+IT+ES
Cuscuta epilinum Weihe Conv. + M+IT+ES
Ziziphora capitata L. Lami. A M+IT +ES
Z. tenuior L. Lami. * SA+IT+ES
Dicandra micrantha Urb. Conv. + Nat.
Ipomoea hederacea Jacq. Conv. + Nat.
Ipomoea pes-caprae (L.) R. Br. Conv. A Nat.
Nicotiana plumbaginifolia Viv. Solan. i Nat.
Nicotiana rustica L. Solan. + Nat.
Physalis angulata L. Solan. + Nat.
Physalis ixocarpa Hornem. Solan. = Nat.
Cordia abyssinica R. Br. Borag. I Sz
Ocimum hadinese Forssk. Lami. 4 Sz
Cressa cretica L. Conv. + + + COSM
Convolvulus arvensis L. Conv. + + + COSM
Lamium amplexicaule L. Lami. + + + COSM
Mentha pulegium L. Lami. + + + COSM
Teucrium polium L. Lami. + + + COSM
Datura sramonium L. Solan. + + + COSM
Solanum schimperianum Hochst. & A. Rich Solan. + + + COSM
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Table 7. Continued

Species Family Libya | Egypt :f;[;ii; Chorotype
Ajuga iva (L.) Schreb. Lami. + + + M
Salvia verbenaca L. Lami. + + + M
Arnebia tinctoria Forssk. Borag. + + + SA
Echium longifolium Delile Borag. + + + SA
Ogastema pusillum (Bonett & Barratte) Brummitt Borag. + + + SA
Convolvulus prostrates Forssk. Conv. + + + SA
Teucrium decaisne C. Presl Lami. + + + SA
Misopates orontium (L.) Rafin. Scro. + + + SA
Scrophularia canina L. Scro. + + + SA
Scrophularia hypericifolia WydL. Scro. + + + SA
Scrophularia libanotica Boiss. Scro. + + + SA
Echiochilon fruticosum Desf. Borag. + + + M+ SA
Echium horridum Batt. Borag. + + + M+ SA
Echium rauwolfii Delile Borag. + + + M + SA
Trichodesma africanum (L.) R. Br. Borag. + + + M+ SA
Heliotropium hirsutissimum Grauer Borag. + + + M+ SA
Linaria albifrons (Sm.) Spreng. Scro. + + + M + SA
Linaria haelava (Forssk.) F. Dietr. Scro. + + + M + SA
Linaria simplex Desf. Scro. + + + M + SA
Linaria tenuis (Viv.) Spreng. Scro. + + + M+ SA
Kickxia aegyptiaca Nab&lek Scro. + + + M+ SA
Scrophularia arguta Sol. Scro. + + + M + SA
Cistanche phelypaea (L.) Cout. Orob. + + + M+ SA
Orobanche cernua Loefl. Orob. + + + M+ SA
Hyoscyamus albus L. Solan. + + + M +SA
Lycium europaeum L. Solan. + + + M + SA
Anarrhium forsskahlii (J. E. Gmel.) Cufod. subsp. forsskahli Scro. + + + M+SZ
Moltkiopsis ciliata (Forssk.) 1. M. Johns. Borag. + + + M +IT
Convolvulus siculus L. Conv. + + + M +IT
Mentha longifolia (L.) Huds. subsp typhoides (Briq) Harley Lami. + + + M+IT
Salvia lanigera Poir. Lami. + + + M+IT
Cistanche tubulosa (Schenk) Wight Orob. + + + M +IT
Orobanche mutelii F. W. Schultz Orob. + + + M +IT
Veronica polita Fr. Scro. + + + M+IT
Heliotropium ovalifolium Forssk. Borag. + + + SA+SZ
Salvia aegyptiaca L. Lami. + + + SA+SZ
Kickxia acerbiana (Boiss.) Tackh.& Boulos Scro. + + + SA+SZ
Lycium shawii Roem. & Shult. Solan. + + + SA+SZ
Heliotropium lasiocarpum Fisch. & C. A. Mey. Borag. + + + SA+IT
Heliotropium ramosissimum (Lehm.) Sieb. ex A. DC. Borag. + + + SA+IT
Convolvulus fatmensis Kunze Conv. + + + SA+IT
Verbascum sinuatum L. Scro. + + + SA+IT
Hyoscyamus muticus L. Solan. + + + SA+IT
Heliotropium bacciferum Forssk. var. bacciferum Borag. + + + M+ SA+SZ
Heliotropium supinum L. Borag. + + + M+ SA+SZ
Anchusa aegyptiaca (L.) A. DC. Borag. + + + M+SA+IT
Anchusa hispida Forssk. Borag. + + + M+ SA+IT
Arnebia linearifolia A. DC. Borag. + + + M+SA+IT
Cuscuta planiflora Ten. Conv. + + + M+ SA+IT
Veronica persica Poir. Scro. + + + M+ SA+IT
Withania somnifera (L.) Dunal Solan. + + + M+ SA+IT
Orobanche ramosa L. Orob. + + + M+ SA+ES
Asperugo procumbens L. Borag. + + + M+IT+ES
Marrubium vulgare L. Lami. + + + M+IT+ES
Datura innoxia Mill. Solan. + + + Nat.
Total number of species 152 260 141
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Fig. 6. Scatterplot of the studied biogeographic zones as analyzed by PCoA. 1-4 — floristic groups (for abbreviations of zones

see Fig. 3).

together with their chorology, are shown in Table 7.
The total number of species varied from 260 in
Egypt to 152 in Libya and 141 in Saudi Arabia.
Boraginaceae, Labiatae and Scrophulariaceae were
the species-rich families, while Orobanchaceae was
the poorest. Thirty-nine species were confined to
Libya, 61 to Egypt and 2 to Saudi Arabia. The
prevalence of the Mediterranean geoelement in the
Libyan Tubiflorae was noticeable: 73 species repre-
senting different Mediterranean chorotypes (mono,
bi- and multiregional) were recognized. The pure
Mediterranean geoelement was best represented in
Libya (29), decreasing eastwards in Egypt (6) and
Saudi Arabia (2). Generally there was a remarkable
west-east decrease in the number of Mediterranean
taxa: 65 in Egypt and 38 in Saudi Arabia. Although
the presence of a Mediterranean zone in Egypt has
been well documented since Engler (1882), several
authors (Zohary 1973; Boulos 1975) have stated that
such zone is absent due to the lack of any arboreal
Mediterranean species in Egypt. The annual rainfall
(ca 200 mm) can hardly support the growth of such
species characteristic of the Mediterranean biome.
Wickens (1977) maintained that there was ample ev-
idence to suggest that the apparent increase in desert
conditions since Roman times is due to human ac-
tivities. The Saharo-Arabian geoelement, on the
other hand, attained its highest number of species
in Egypt (28), with fewer in Libya and Saudi Arabia
(18 each). Recently, Salama et al. (2003) reviewed

the chorology of the Sallum area (at the Egyptian-
Libyan border) on the western Mediterranean coast
of Egypt. They concluded that despite its occurrence
within the Mediterranean phytogeographic zone of
Egypt, the monoregional Saharo-Arabian chorotype
overrides the pure Mediterranean. This may be at-
tributed to the fact that plants of the Saharo-Arabian
geoelement are good indicators of harsh desert envi-
ronmental conditions, while Mediterranean species
indicate more mesic conditions.

ACKNOWLEDGEMENTS. We are grateful to the anony-
mous reviewers for helping us improve the manuscript.
The second author (M. M. Abd EI-Ghani) thanks the
Alexander von Humboldt Stiftung (Bonn, Germany)
for all assistance during his stay in Berlin enabling this
work.

REFERENCES

ABD EL-GHANI M. M. 1998. Environmental correlates of spe-
cies distribution in arid desert ecosystems of eastern Egypt.
Journal of Arid Environment 38: 297-313.

ABD EL-GHANI M. M. 2000. Floristics and environmental rela-
tions in two extreme desert zones of western Egypt. Global
Ecology and Biogeography 9: 499-516.

ABD EL-GHANI M. M. & AMER W. M. 2003. Soil-vegetation
relationships in a coastal desert plain of southern Sinai.
Journal of Arid Environment 55: 607-628.

ABD EL-GHANI M. M. & EL-SAWAF N. 2004. Diversity and dis-
tribution of plant species in the agro-ecosystem of Egypt.
Syst. Geogr. Pl. 74: 319-336.



N. EL-HUSSEINI ET AL.: DIVERSITY AND BIOGEOGRAPHY OF TUBIFLORAE 123

AYYAD M. A. & FAKHRY A. 1996. Plant biodiversity in the
Western Mediterranean Desert of Egypt. Verhandlungen
der Gesellschaft fiir Okologie 25: 65-76.

AYYAD M., FAKHRY A. M. & ABDEL-RAOUF A. 2000. Plant
biodiversity in the Saint Catherine area of the Sinai penin-
sula, Egypt. Biodiversity and Conservation 9: 265-281.

BORNKAMM R. & KEHL H. 1985. Pflanzengeographische
zonen in der Marmarika (Nordwest-Agypten). Flora 176:
141-151.

BORNKAMM R. & KEHL H. 1989. Landscape ecology of the
Western Desert of Egypt. Journal of Arid Environment
17: 271-277.

BouLos L. 1975. The mediterranean element in the flora of
Egypt and Libya. La flore du Basin Mediterraneen. Col-
loques Internationaux du CNRS 235: 119-124.

BouLos L. 1989. Egyptian desert plants with promising eco-
nomic potentialities. Arab Gulf J. Sci. Res. 7(2): 91-108.

BouLos L. 1995. Flora of Egypt Checklist. Al Hadara Pub-
lishing, Cairo.

BouLos L. 1997. Endemic flora of the Middle East and North
Africa., In: H. N. BARAKAT & A. K. HEGAZY (eds), Re-
views in Ecology: Desert Conservation and Development,
pp- 229-260. Metropole, Cairo.

BouLos L. 2000. Flora of Egypt. 2. Geraniaceae—Boraginaceae.
Al Hadara Publishing, Cairo.

BouLos L. 2002. Flora of Egypt. 3. Verbenaceae—Compositae.
Al Hadara Publishing, Cairo.

CHAUDHARY S. A. 1999-2001. Flora of the Kingdom of Saudi
Arabia. 1-3. National Agriculture and Water Research
Center, Riyadh.

CHAUDHARY S. A. & AL-JOWAID A. A. 1999. Vegetation of
the Kingdom of Saudi Arabia. Ministry of Agriculture and
Water, Kingdom of Saudi Arabia, Riyadh.

CITES 1990. Appendices I, IT and III to the Convention. US
Fish and Wildlife Service, Washington, DC.

COLLENETTE S. 1985. An illustrated guide to the flowers of
Saudi Arabia. Scorpion Publishing, London.

COWLING R. M. 1983. Phytochorology and vegetation history in
the south-eastern Cape. S. A. J. Biogeogr. 10: 393-419.

COWLING R. M., ESLER K. J., MIDGLEY G. F. & HONIG M. A.
1994. Plant functional diversity, species diversity and cli-
mate in arid and semi-arid southern Africa. Journal of Arid
Environment 27: 141-158.

DANIN A. 1986. Flora and vegetation of Sinai. Proc. Roy. Soc.
Edinburgh, B 89: 159-168.

DIELS F. L. E. 1936. A Engler’s Syllabus der Pflanzenfamilien.
11. Borntraeger, Berlin.

EL HADIDI M. N. 1979. List of threatened plants in the Flora
of Egypt. TPU-IUCN, Royal Botanic Gardens, Kew,
London.

EL HADIDI M. N. 2000. The main features of the natural veg-
etation. In: M. N. EL HADIDI & H. A. HOSNI (eds), Flora
Aegyptiaca. 1(1): 27-105. The Palm Press & Cairo Uni-
versity Herbarium, Cairo.

EL HADIDI M. N., ABD EL-GHANI M. M. & FAHMY A. G. 1992.
The Plant Red Data Book of Egypt. I. Woody perennials.
The Palm Press & Cairo University Herbarium, Cairo.

EL HADIDI M. N., HOSNY A. I. & EL-HUSSEINI N. 1996. Some
aspects of the biodiversity of the weed flora in the farm-
lands of Egypt. In: L. J. G. VAN DER MAESEN, X. M.
VAN DER BURGT & J. M. VAN MADENBACH DE ROVY
(eds), The biodiversity of African plants. Kluwer Academic
Publishers, Dordrecht.

EL HADIDI M. N., HOSNY A. I., EL-HUSSEINI N.M. & SHAMSO E.
1999. Scrophulariaceae in the Flora of Egypt, 1. System-
atic revision of the indigenous taxa. Taeckholmia 19(2):
227-259.

EL-HUSSEINI N. M. 1986. Flora of Egypt. Taxonomic revision
of Labiatae. Ph.D. Thesis, Cairo University, Cairo.

EL-HUSSEINI N. M. & ZAREH M. M. 1989. Annotated list of
the flora of Sinai (Egypt). 7. Angiospermae: Primulaceae—
Plantaginaceae. Taeckholmia 12: 79-85.

ENGLER A. 1882. Versuch einer Entwicklungsgeschichte der
Pflanzenwelt, insbesondere der Florengebiete seit der
Tertidrperiode. 2. Teil. Die extratropischen Gebiete der
Stidlieschen Hemisphire und die Tropischen Gebiete. W.
Englemann, Leipzig.

FAKHRY A. 1973. The oases of Egypt. 1. Siwa Oasis. American
University in Cairo, Cairo.

FAKHRY A. 1974. The oases of Egypt. 2. Bahariyah and Farafra
Oases. American University in Cairo, Cairo.

FEINBRUN-DOTHAN N. 1978. Flora Palestina. 3. The Israel
Academy of Science and Humanities, Jerusalem.

FENNER M., LEE W. G. & WILSON J. B. 1997. A comparative
study of the distribution of genus size in twenty angiosperm
floras. Biol. J. Linn. Soc. 62: 225-237.

FREITAG H. 1986. Notes on the distribution, climate and flora
of the sand deserts of Iran and Afghanistan. Proc. Roy.
Soc. Edinburgh, B 89: 153—164.

GIRGIS W. A. 1972. Plant indicators in the Egyptian deserts.
Bulletin of the Desert Institute, Arab Republic of Egypt
21: 511-515.

GOMEZ-GONZALES S., CAVIERES L. A., TENEB E. A. & ARROYA
J. 2004. Biogeographical analysis of species of the tribe
Cytiseae (Fabaceae) in the Iberian Peninsula and Balearic
Islands. J. Biogeogr. 31: 1659-1671.

GREUTER W., BURDET H. M. & LONG G. 1986. Med-Checklist.
3. Conservation et Jardin Botaniques, Vill. De Geneve
Optima, Genéve.

HASSAN L. M. & ABD EL-GHANI M. M. 1992. Phyto-geograph-
ical analysis of some arboreal species in Egypt. Bulletin



124

POLISH BOTANICAL JOURNAL 53(2). 2008

of the Faculty of Agriculture, University of Cairo 43(3):
841-852.

HEPPER F. N. 1998. Solanaceae. In: M. N. EL HADIDI (ed.),
Flora of Egypt. Taeckholmia, Additional Series 6: 1-68.

HEYwOOD V. H. & WATSON R. T. 1995. Global biodiversity
assessment. Cambridge University Press, Cambridge.

HUTCHINSON J. 1959. The Families of the flowering plants. 1.
Dicotyledones. Clarendon Press, Oxford.

JAFRI S. M. H. & EL-GADI A. 1977-1984. Flora of Libya.
Al-Farteh University, Tripoli.

KHEDR A., CADOTTE M. W., EL-KEBLAWY A. & LOVETT-
DousT J. 2002. Phylogenetic diversity and ecological fea-
tures in the Egyptian flora. Biodiversity and Conservation
11: 1809-1824.

KovacH W. L. 1999. MVSP — a Multivariate Statistical Package
for Windows, Version 3.1. UK.

MAGURRAN A. E. 1988. Ecological diversity and its measure-
ment. Princeton University Press, New Jersey.

MAJOR J. 1988. Endemism: a botanical perspective. In: A. A.
MYERS & P. S. GILLER (eds), Analytical biogeography:
An integrated approach in the study of animal and plant
distributions, pp. 117-146. Chapman & Hall, London and
New York.

MCGINNIES W. G., GOLDMAN B. J. & PAYLORE P. (eds) 1968.
Deserts of the World. University of Arizona Press, Tucson,
Arizona.

MIGAHID A. M., BATANOUNY K. H. & ZAKI M. A. F. 1971.
Phytosociological and ecological study of a sector in the
Mediterranean coastal region in Egypt. Vegetatio 23:
113-134.

MOUSTAFA A. A. & KLOPATEK J. M. 1995. Vegetation and land-
forms of the Saint Catherine area, southern Sinai, Egypt.
Journal of Arid Environments 30: 385-395.

MOUSTAFA A. A., ZAGHLOUL M. S., ABD EL-WAHAB R. H.
& SHAKER M. 2001. Evaluation of plant diversity in Saint
Catherine protectorate, south Sinai, Egypt. Egypt. J. Bot.
41: 121-139.

MYERS N. 1990. The biodiversity challenge: expanded hotspot
analysis. The Environmentalist 10: 243-256.

PIGNATTI E. & PIGNATTI S. 1989. Life forms and phytogeo-
graphical affinities of the Canarian flora. Flora 183:
87-95.

RAHMAN M. A. & WILCOK C. C. 1991. Diversity of life-form
and distribution of the Asclepiadaceae in south-west Asia
and the Indian subcontinent. J. Biogeogr. 18: 51-58.

RAUNKIAER C. 1937. The plant life forms and statistical plant
geography. Oxford University Press, Oxford.

REID W. V. 1998. Biodiversity hotspots. Trends Ecol. Evol.
13: 275-280.

ROHLF F. J. 1972. An empirical comparison of three ordina-
tion techniques in numerical taxonomy. Syst. Zool. 21:
271-280.

SALAMA F. M., ABD EL-GHANI M. M., EL-NAGGAR S. M.
& BAAYO K. A. 2003. Floristic composition and choro-
logical analysis of the Sallum area, west Mediterranean,
Egypt. Journal of Union of Arab Biologists, Cairo 13(B):
27-47.

SHALTOUT K. H. & SHARAF EL-DIN A. 1988. Habitat types
and plant communities along a transect in the Nile Delta
region. Feddes Repert. 99(3—4): 153-162.

TACKHOLM V. 1974. Students’ Flora of Egypt. Cairo University
Press, Cairo.

WHITE F. & LEONARD J. 1991. Phytogeographical links between
Africa and southwest Asia. Fl. Veg. Mundi 9: 229-246.

WHITTAKER R. H. 1960. Vegetation of the Siskiyon Mountains,
Oregon and California. Ecol. Monogr. 30: 279-338.

WICKENS G. E. 1976. The Flora of Jebel Marra (Sudan Re-
public) and its geographical affinities. Kew Bull. Addit.
Ser. 5: 1-368.

WICKENS G. 1977. Some of the phytogeographical problems
associated with Egypt. Publ. Cairo Univ. Herb. 7-8:
223-230.

WILLIAMS P. H. & HUMPHRIES C. J. 1994. Biodiversity, tax-
onomy relatedness and endemism in conservation. In: P.
L. FORTY, C. J. HUMPHRIES & R. I. VANE-WRIGHT (eds),
Systematics and Conservation Evaluation, pp. 269-287.
Oxford University Press, Oxford.

WILSON E. O. (ed.) 1988. Biodiversity. National Academy
Press, Washington, DC.

WILSON M. V. & SHMIDA A. 1984. Measuring beta diversity
with presence-absence data. J. Ecol. 72: 1055-1064.

YAIR A. & DANIN A. 1980. Spatial variation as related to
the soil moisture regime over an arid limestone hillside,
northern Negev, Israel. Oecologia 47: 83-88.

ZAHRAN M. A. & WILLIS A. J. 1992. The vegetation of Egypt.
Chapman & Hall, London.

ZOHARY M. 1972. Flora Palestina. 2. Israel Academy of Science
and Humanities, Jerusalem.

ZOHARY M. 1973. Geobotanical foundations of the Middle
East. Gustav Fischer Verlag, Stuttgart.

Received 23 July 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Europe ISO Coated FOGRA27)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /POL ([Na podstawie 'PBS-kolor-RGB'] )
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


