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ABSTRACT

Endemic taxa are usually rare and restricted to geographical regions, so they deserve special
attention for their conservation. This study revealed that: there are 28 taxa are endemic to Sinai
Peninsula, 17 taxa were occurring in South Sinai, 12 out of these taxa are included in this
study. The 12 studied endemic taxa are growing in four types of habitats: wadi bed, gorge, slope
and basin (farsh). Gorge habitat is the richest (10 taxa from 12 studied taxa) followed by slope (8
taxa), wadi bed (7 taxa) and basins (6 taxa). Phlomis aurea has the highest presence value,
(97.2%), while Silene leucophylla, Ballota kaiseri, Primula boveana and Rosa arabica are the rar-
est endemic species with the lowest presence values (2.7, 2.7, 13.8 and 22.2%), respectively.
Farsh Rummana location contains the highest number of endemic taxa, (9 taxa) representing
(75%) of the studied taxa, followed by Wadi Talla and Wadi Tinya which contain 8 taxa, each rep-
resenting (66.66%). The lowest number of endemic (2 taxa) occurs in four locations namely:
Farsh Safsafa, Kiniset El Homar, Sad Abu Hbeig and Loger representing (16.66%) of the studied
taxa. The recorded endemic species are belonging to three different life forms: hemicryptophyte
(50%), chamaephyte (41.66 %) and Nano-phanerophyte (8.33 %). All of the studied species are
mono-regional elements belonging to the Saharo-Sindian chorotype. The field observation re-
vealed that some of the endemic species confined to Saint Katherine Protectorate (SKP) are char-
acterized by low seed fitting and low seedling’s survival rate and these are the factors that lead to
the disappearance of these species from their natural habitats of SKP and are included among
the threatened species list of SKP.
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INTRODUCTION of the world, where only little attention has

Loss of biodiversity has become an issue of been given to its threatened plant species
great global concern and the identification of (Amer, 2004). These species represent impor-
species status had been recognized as an ur- tant elements in the Egyptian genetic, heri-
gent task. Egypt is among the hot arid regions tage, food, and medicinal potentialities (Carl-
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quist, 1974; Strid, 1986 and Shehata & Kam-
el, 2007). Most of the endemic plants are
treated as: very rare, endangered and severely
threatened affected by several natural and
human factors. The most important natural
threats are the fragmentation inherent to its
habitat and the aridity of the area, with very
scarce precipitation year round. Human im-
pacts, especially water collection for human
consumption, sheep and goat grazing, and
traditional plant collection for medicinal uses,
further intensify the natural threats of aridifi-
cation and fragmentation, thus pushing these
species to the brink of extinction (Zaghloul et
al., 2006 and Mansour et al., 2013).

The number of endemic taxa in the Egyp-
tian flora varied from author to author, it
comprises 69 taxa according to T ckholm
(1974), 53 taxa (El Hadidi & Fayed, 1994/95),
60 taxa (Boulos, 1995 & 2009), 62 taxa (El
Hadidi & Hosni, 2000). Boulos (2009), tabu-
lated 60 plant taxa endemic to Egyptian flora
of which 31 taxa occur in Sinai Peninsula (i.e.
51.66% of the Egyptian endemic taxa). Twenty
four taxa of them are endemic to Sinai and
the rest (7 taxa) are endemic to Sinai and oth-
er mainland regions of Egypt. These endemics
are grouped under 50 genera and 26 families
out of the total, 2145 species, 755 genera
and129 families of the Egyptian flora. The
highest endemics are restricted to family As-
teraceae (8 taxa), Fabaceae (7 taxa), Caryo-
phyllaceae (6 taxa) and each of Brassicaceae,
Lamiaceae, Scrophulariaceae and Hyacintha-
ceae is represented by 4 taxa. Studies of the
endemic taxa in Sinai floristic regions showed
a high degree of habitat specificity. In other
words, Sinai Peninsula is characterized by
high number of regional and local endemism.
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For example the highest concentration of en-
demics is in southern Sinai (Sinai proper) in
the rugged high mountainous districts that
support the highest peaks in Egypt (Zohary,
1973).

The information about endemic species in
Egypt is little including the percentage of spe-
cies loss, taxonomic diversity, genetic diversi-
ty, species exploitation, species threats, spe-
cies potentialities, and biomass productivity.
Investigation and management of the endem-
ics in the SKP need more taxonomic, ecologic
and molecular studies. Out of the 28 endemic
taxa of Sinai Peninsula (Three endemic spe-
cies: Phagnalon nitidum Fresen., Plantago si-
naica (Barn.) Decne., and Silene odontopetala
Fenzl var. congesta Boiss., were exit from en-
demic list of S. Sinai according to Ghaly,
2015; the revision revealed that these species
were traced in other localities out of Sinai), 17
taxa were occurring in South Sinai namely:
Bufonia multiceps Decne., Silene leucophylla
Boiss., Silene schimperiana Boiss., Euphorbia
obovata Decne., Ballota kaiseri T ckh., Origa-
num syriacum L. subsp. sinaicum (Boiss.)
Greuter & Burdet, Phlomis aurea Decne., Pol-
Vgala sinaica Botsch. var. sinaica, Primula bo-
veana Decne. ex Duby, Rosa arabica Cr p.,
Anarrhinum pubescens Fresen., Hyoscyamus
boveanus (Dunal) Asch. & Schweinf., *Silene
oreosinaica Chowdhuri, *Pterocephalus arabi-
cus Boiss., *Micromeria serbaliana Danin &
Hedge, *Astragalus fresenii Decne. and
*Veronica kaiseri T ckh. The first 12 taxa had
been recorded during the present study while
the last five species (with asterisks) had not
been traced living and no specimens were
seen in the Egyptian herbaria (Ghaly, 2015).
The objectives of this study are: verification of
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the location distribution of the 12 endemic
species in SKP; introduction and providing
proposals to protect the endemic taxa of
Egypt against distinction.

MATERIALS AND METHODS

THE STUDY AREA

2.1. Location and Geomorphology

Sinai Peninsula is a triangular plateau,
northeast Egypt with its apex in the south at
Ras Mohammed, where the eastern coast of
Suez Gulf meets the western coast of Aga-
ba Gulf (Lat. 27°45' N). Its base is in the
north along the Mediterranean Sea extending
for about 240 km between Port Said (west)
to Rafah (east) (Lat. 31°12'N) with area about
61,000 km?, comprises 6% of Egypt area.
More than half of the peninsula is between
the Gulfs of Aqaba and Suez (Zahran &
Willis, 2009). The present study had been
carried out in the southern part of Sinai
specifically in Saint Katherine mountainous
area which has been declared as protecto-
rate area in 1996 by the Egyptian Environ-
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mental Affairs Agency (EEAA). It is an elevat-
ed triangular plateau with an approximate
area of 4350 km?. SKP is the fourth largest
protectorate in Egypt located between 33° 55'
to 34° 30' East, and 28° 30' to 28° 35' North
with elevation range of 1300 to 2600 m
(Moustafa & Klopatek, 1995 and Mosallam,
2007). The plateau is composed of igneous
and metamorphic rocks with the highest
peaks of Gebel Saint Katherine (2642 m),
Gebel Um Shomer (2586 m), Gebel
(2285 m) and the adjoining peaks (Said,
1962; Abd EL-Wahab ef al., 2006 and Mo-
sallam, 2007).

Mousa

The present study had been focused on the
distribution of the endemic taxa growing in
the wadis crossing Saint Katherine Mountains
and their tributaries located between
28°31'16.19" to 28°34'56.17" North and
033°51'36.30"to 033°59'45.35" East. Thirty
six wadis and farsh (=open areas) systems
were surveyed as indicated in Table (1) and
Figure (1).



Table (1) : Locations of the 36 surveyed wadis and farshs using GPS.
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location only) in the Saint Katherine Protectorate.

(each is represented by one

No. Locations Habitats
Names Longitude (N) Latitude (E)
1 Wadi El Arbain 28°33'04.3560" 033°56'59.3880" wadi bed, slope, basin
2 Wadi Abu Heiman 28°32'29.3600" 033°56'50.7500" gorge, slope
3 Kahf El Gholah 28°32'44.5600" 033°56'56.2600" gorge
4 Wadi Shagg Musa 28°31'40.0100" 033°57'42.1600" gorge, slope
5 Ein El Shenar 28°31'23.9900" 033°57'32.6200" gorge, slope
6 Wadi Garginya 28°31'45.2640" 033°58'08.8680" wadi bed, gorge, slope
7 Wadi El Dair 28°33'28.0080" 033°58'40.8000" wadi bed, slope
8 Farsh Safsafa 28°33'01.2960" 033°58'30.4680" basin
9 Wadi Sharig 28°33'09.7920" 033°57'13.5000" wadi bed, slope
10 El Freish 28°33'20.9880" 033°57'56.0880" basin
11 Gebel Ahmar 28°31'44.0400" 033°56'24.5400" slope
12 Kiniset El Homar 28°32'47.5080" 033°57'58.1760" basin
13 Ein Shkaya 28°32'33.3240" 033°55'56.6040" basin, slope
14 Farsh Shoeib 28°33'07.5960" 033°58'00.1920" basin
15 Gebel Abbas Basha 28°33'34.9920" 033°54'28.8000" basin, slope
16 Wadi El Meserdy 28°32'43.6560" 033°56'17.6640" wadi bed, slope
17 Islibet 28°32'41.2080" 033°56'02.1120" basin
18 Wadi El Tallaa el kebeera 28°33'14.4000" 033°52'38.3880" wadi bed, slope
19 Wadi Shagg 28°32'27.7400" 033°55'50.1600" gorge, slope
20 Wadi Zuweitin 28°32'21.3000" 033°55'27.4800" wadi bed, slope
21 Abu Gasaba (W. Gibal) 28°31'46.0200" 033°53'53.0880" basin, slope
22 Abu-Walea‘a (W. Gibal) 28°32'03.8400" 033°54'38.8440" basin, slope
23 Rehebit Nada (W. Gibal) 28°32'18.3120" 033°54'42.8040" basin
24 Wadi Ma‘aroffiaa 28°31'24.6000" 033°53'16.6560" wadi bed, slope
25 Farsh Rummana 28°32'08.5200" 033°53'03.6600" wadi bed, gorge, slope, basin
26 Farsh Umm Sila 28°34'19.8120" 033°52'57.6840" basin
27 Wadi Sagr 28°34'37.2000" 033°53'53.3400" gorge, slope
28 Wadi Tinya 28°34'11.3880" 033°54'07.9200" gorge, slope
29 Sad Abu Hbeig 28°33'39.8880" 033°52'21.2880" gorge, slope
30 Wadi Abu Tuweita 28°34'08.6880" 033°53'53.3040" gorge, slope
31 Wadi Talla 28°33'42.3000" 033°56'00.4920" wadi bed, gorge, slope, basin
32 Wadi Itlah 28°34'39.7920" 033°55'34.5360" wadi bed, basin, slope
33 Wadi El Tofaha 28°32'59.4240" 033°56'25.7640" wadi bed, slope
34 Gebel Muneiga 28°32'48.0120" 33°59'04.9920" wadi bed, slope
35 Farsh Loza 28°32'55.2120" 033°58'17.1840" basin
36 Loger 28°34'30.5040" 033°58'51.4200" basin
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Figure (1) : Map showing the locations of the 12 studied endemic taxa in 36 surveyed wadis in Saint Kathe-
rine Protectorate
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2.2. Climate

The climatic factors are the master of all
environmental factors that control not only
the plant growth but also, the development,
distribution and densities of the vegetation on
the earth (Zahran, 1989). According to Ayyad
& Ghabbour (1986), Sinai Peninsula can be
divided into two main climatic zones: arid and
hyperarid. The arid zone includes the north-
ern subregion: summer is hot, winter is mild
and rainfall usually occurs in winter. The hy-
perarid zone covers the central and southern
subregions of the peninsula. Moustafa &
Klopatek (1995) mentioned that SKP is the
coolest area in Sinai owing to its high eleva-
tion. The mean temperatures ranged from
5-4°C to 25-1°C with the lowest temperature
in January and February and the highest
temperature in July and August. At Gebel
Katherina, mean monthly temperature ranges
from -1°C to 2°C in winter and 17°C to 19°C
in summer. Ayyad et al. (2000) stated that
high mountains in the SKP receive higher
amounts of precipitation (100 mm / year) as
rain and snow. The low elevation sites are cli-
matically characterized by very dry summers
with 5-30 mm precipitation per year. On the
other hand, the high elevation district of
South Sinai receives 35-50 mm of precipita-
tion per year (Moustafa & Zayed, 1996 and
Abd EL-Wahab et al., 20086).

During this study the retrieved climatic
data (Table 2), including average air tempera-
ture "°C" wind velocity and rainfall "mm", ob-
tained from SKP weather station during 2010-
2012 indicating that summer months, July
and August are the hottest months, while the
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coldest winter months are January and Feb-
ruary. The mean average temperature ranged
between 7.58°C in January and 25.04°C in
August. Rainfall was irregular and scanty; the
total mean amount of annual rainfall was
18.32 mm during the period from 2010 to
2012. Generally, most of the months are rainy
where the highest monthly mean of rainfall is
concentrated in February 6.70 mm, while the
monthly mean minimum rainfall were zero
mm in June, July, August, October and No-
vember. It is noticed that there is a wide vari-
ation in wind velocity throughout the whole
year where it ranged from 3.26 Km/hour as
mean minimum value in November to 8.26

Km/hour as mean maximum value in March.

2.3. Data collection and analysis

Ecologically, the different habitats of the
studied taxa in SKP were determined during
the first visit of the study area, these are:
wadi bed, gorge, slope and basin or farsh. The
presence values of the 12 studied endemic
species were calculated according to Braun-
Blanquet, (1964), chorology were cited accord-
ing to Wickens (1976), Life forms (Therophy-
tes, Geophytes, Hemicryptophytes, Chamae-
phytes and Phenrophytes) identified
according to Raunkiaer (1934) and Danin
(1983). Location distributions of the studied
species were determined in study area using

were

GPS receiver “Trimble model”. Identification
and nomenclature were conducting according
to: Zohary (1966 & 1972); T ckholm (1974);
Feinbrun (1978 & 1986); Boulos (1995, 1999,
2000, 2002, 2005 & 2009) and El Hadidi &

Hosni (2000).
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Table (2) : Mean monthly values of climatic factors of Saint Katherine Protec-
torate (SKP), during the study period (2010 - 2012), After SKP
weather station: 2010-2012.

Months Average Air Wind Velocity Total Rainfall
Temperature (°C) (Km / hour) (mm)
January 7.58 6.08 2.30
February 9.98 7.66 6.70
March 13.42 8.26 5.50
April 17.60 7.64 1.80
May 20.40 6.80 0.46
June 23.70 6.22 0.00
July 24.14 4.82 0.00
August 25.04 5.42 0.00
September 22.34 5.80 0.16
October 18.70 5.35 0.00
November 13.14 3.26 0.00
December 11.22 4.40 1.40

Total annual rainfall 18.32

RESULTS

1. Habitats and Altitudes:

Data in Table (3) and Figure (2) show that
studied endemic taxa are growing in four
types of habitats these are: wadi bed (includ-
ing terraces), gorge, slope and basin (farsh).
Gorge habitat represents the most suitable
habitat for the growth of endemic species
where it harbors ten of studied species repre-
senting 83.33 % followed by the slope habitat
which harbors eight species representing
66.66% then wadi bed habitat, having seven
species representing 58.33% and finally basin
habitat which comprises six species repre-
senting 50%. All the studied taxa are growing
in gorge habitat except two species namely:
Bufonia multiceps and Silene leucophylla.
Four species namely: Silene schimperiana,
Origanum syriacum subsp. sinaicum, Phlo-
mis aurea and Anarrhinum pubescens are in-
habiting the four habitat types. Some endemic
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species are characterized by specific habitat
as: Silene leucophylla was confined to slope
habitat, Ballota kaiseri and Rosa arabica,
both are restricted only to gorge habitat while
Polygala sinaica var. sinaica and Primula bo-
veana were specific to gorge and slope habi-
tats. On the other hand Bufonia multiceps
and Euphorbia obovata have been recorded in
three types of habitat while Hyoscyamus bo-

veanus grows in wadi bed and gorge habitats.

The altitudinal variations of the studied
species were recorded in the 36 surveyed lo-
calities. Data outlined in Table (3) shows the
maximum, minimum and mean values of alti-
tudes. According to the mean values of eleva-
tions, the studied species could be classified
under three categories these are: species
growing at, relatively, high altitudes (above
2000 m) these are: Silene leucophylla and
Ballota kaiseri; species growing at medium
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altitudes (1750 - 1900 m) these are: Phlomis
aurea, Polygala sinaica var. sinaica, Primula
boveana, Anarrhinum pubescens and Rosa
arabica; and species growing at, relatively, low

altitudes (1600 -1750 m) these are: Bufonia
multiceps, Silene schimperiana, FEuphorbia
obovata, Origanum syriacum subsp. sinaicum
and Hyoscyamus boveanus.

Table (3) : Habitats and Altitudes of the studied endemic species. (W: Wadi Bed, G: Gorge, S:

Slope and B: Basin).

Habitats Altitude (m a.s.])

No. Species
W G S Min. | Max. | Mean
1 | Bufonia multiceps + - + + | 1525 | 1928 | 1726
2 | Silene leucophylla - - + - 2100 | 2100 | 2100
3 | Silene schimperiana + + + 1466 | 2011 1738
4 | Euphorbia obovata + + - + 1448 | 2028 1738
5 | Ballota kaiseri - + - - 2020 | 2020 | 2020
6 | Origanum syriacum subsp. sinaicum + + + + 1483 | 1990 | 1737
7 | Phlomis aurea + + + 1383 | 2140 | 1761
8 | Polygala sinaica var. sinaica - + + - 1505 | 2111 1808
9 | Primula boveana - + + - 1655 | 2052 | 1853
10 | Rosa arabica - + - - 1750 | 1932 1841
11 | Anarrhinum pubescens + + + + | 1500 | 2000 | 1750
12 | Hyoscyamus boveanus + + - - 1385 | 1835 1610

90 83.3
80
70
60
50
40
30
20
10

Presence %

Gorge Slope
Habitats

58.3
50

Wadi bed Basin (farsh)

Figure (2) : Presence value of plant species in the different habitats types.
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2. Geographical Distribution:

The distribution of the studied endemic
taxa in the 36 surveyed different locations in
SKP is shown in (Table 4 and Figure 3). It is
obvious that there is a wide variation in the
occurrence of the studied taxa in these loca-
tions. Phlomis aurea has the highest pres-
ence value, (97.2%) as it occurs in almost all
surveyed locations except Kahf El Gholah,
while Origanum syriacum, Anarrhinum pu-
bescens, Bufonia multiceps and Polygala si-
naica have presence values of 69.4%, 66.6%,
58.3% and 55.5%, respectively. On the other
hand Euphorbia obovata, Silene schimperia-
na and Hyoscyamus boveanus, have pres-
ence values of 44.4%, 41.6% and 25%, re-
spectively. Silene leucophylla, Ballota kaiseri,
Primula boveana and Rosa arabica are the
rarest wild endemic species with the lowest
presence values (2.7, 2.7, 13.8 and 22.2%) re-
spectively. These taxa are growing in restrict-
ed localities, the first two species were re-
corded in one location namely: Ein El Shenar
and Wadi Abu Heiman; respectively. On the
other hand, Primula boveana was restricted
only to five localities namely: Kahf El Gho-
lah, Wadi Shagg Musa, Ein El Shenar, Wadi
Garginya and Sad Abu Hbeig, while Rosa
arabica was traced in eight locations namely:
Wadi El Arbain, Kahf El Gholah, Wadi Shagg
Musa, Gebel Ahmar, Farsh Rummana, Wadi
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Sagr, Wadi Tinya and Wadi Abu Tuweita.

Table (4) clarified that Farsh Rummana
contains the highest number of endemic taxa,
(9 taxa) representing (75 %) from the studied
taxa, followed by Wadi Talla and Wadi Tinya
which contain 8 taxa, each representing
(66.66%). Each of Wadi El Arbain, Gebel Ah-
mar and Wadi El Meserdy contains 7 taxa
representing (58.33%) each, while Wadi Abu
Heiman, Kahf El Gholah, Wadi Shagg Musa,
Wadi Sharig, El Freish, Wadi Shagg, Abu-
Walea'a and Wadi Itlah contains 6 taxa for
each representing (50%) of the studied taxa.
On the other hand, each of Ein El Shenar,
Wadi Garginya, Islibet, Wadi El Tallaa Kebee-
ra, Wadi Zuweitin, Wadi Abu Tuweita, Wadi
El Tofaha, Farsh Loza and Ein Shkaya con-
tains 5 taxa representing (41.66%). Six loca-
tions namely: Farsh Shoeib, Gebel Abbas Ba-
sha, Abu Gasaba, Rehebit Nada, Farsh Umm
Sila and Wadi Sagr containing 4 taxa for each
representing (33.33%) of the studied taxa,
while three locations namely: Wadi El Dair,
Wadi Ma‘aroffiaa and Gebel Muneiga each
contains 3 taxa representing (25%) of the
studied taxa. The lowest number of endemic
(2 taxa) occurs in four locations namely:
Farsh Safsafa, Kiniset El Homar, Sad Abu
Hbeig and Loger representing (16.66%) of the
studied taxa.
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Table (4) : Distribution of the 12 studied endemic taxa in the different locations of Saint Katherine Protec-

torate.
Studied Endemic Species 2

=T ¢] £5

Sle |8 (S |55 slelels | 215|428

No. Locations g § § < § % S E 2 _§ -g B e

S |l |£]|53|S5 |25 12888 [£|35]2:

Sl |2 (S5 & |5 |55 |§]2]E®

2] S § s, =

1 Farsh Rummana + + + — + + + — + + + 9
2 Wadi Talla + - + — + + — — + + 8
3 Wadi Tinya + - + + - - + + - + + + 8
4 Wadi El Arbain + - - - + + + - + + + 7
5 Gebel Ahmar + - + + — + + — — + + 7
6 Wadi El Meserdy + - + + — + + — — — + + 7
7 Wadi Abu Heiman + — + — + + + _ _ _ + _ 6
8 Kahf El Gholah - - + - - + — + + + - 6
9 Wadi Shagg Musa - - + - - + + + + — — 6
10 Wadi Sharig + — + — — + + + _ — + — 6
11 El Freish + — + — + + + — — + — 6
12 | Wadi Shagg - - + — + + + — — + — 6
13 Abu-Walea‘a (W.Gibal) + - — + — + + + — — + - 6
14 Wadi Itlah + — — + — + + — — + + 6
15 Ein El Shenar — + — - — + + + — — 5
16 | Wadi Garginya - - + - - + + - + - 5
17 Islibet - - + + — + + — — _ + _ 5
18 Wadi El Tallaa Kebeera - - + + - + + + — - — — 5
19 Wadi Zuweitin + — — + — + + + — — _ 5
20 | Wadi Abu Tuweita + - - - - - + + - + + - 5
21 Wadi El Tofaha + — - — — + + _ _ _ + 3
22 | Farsh Loza + - - - — + + — — — + T 3
23 Ein Shkaya — — — + — —+ —+ + — — + — 5
24 Farsh Shoeib + — - — — + + _ _ _ + — 4
25 Gebel Abbas Basha - - - + - + + - - - + 4
26 Abu Gasaba (W.Gibal) - - — + — — + + — — + _ 4
27 | Rehebit Nada (W.Gibal) + - - + - + — — — + — 4
28 Farsh Umm Sila + — + - — + _ _ _ + _ 4
29 Wadi Sagr - - — — — - + + _ + + _ 4
30 | Wadi El Dair + — — — — + T _ — — = 3
31 Wadi Ma‘aroffiaa + — — _ _ _ + + — — — 3
32 | Gebel Muneiga + - - — — + + _ _ — — 3
33 Farsh Safsafa — - - — _ _ + + _ — — P
34 | Kiniset El Homar - - - + — — + — _ — — 2
35 Sad Abu Hbeig - — — — — — + — I _ — B
36 Loger — - - _ _ + + _ _ _ — 2

Numbers of taxon in the locations 21 1 15 16 1 25 35 20 5 8 24 9
Presence percentage (P %) of the 58.3 2.7 41.6 | 444 | 27 | 694 | 972 | 555 13.8 222 66.6 | 25
endemic taxa
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Figure (3) : Presence value of plant species in the studied wadis.

3. Life form

Data outlined in Table (5) and Figure (4) in-
dicated that, studied species are belonging to
(3
taxa), Lamiaceae (3 taxa) and each of Euphor-

eight families namely: Caryophyllaceae

biaceae, Polygalaceae, Primulaceae, Scrophu-
lariaceae, Rosaceae and Solanaceae repre-
sented by one species. Three different life
forms were recorded, these are hemicrypto-
phyte (50%) was the dominant life form com-
prises six species namely: Bufonia multiceps,
Silene leucophylla, Silene schimperiana, Eu-
phorbia obovata, Primula boveana and Anar-
rhinum pubescens. On the other hand cha-

maephyte (41.66 %) includes five species: Bal-
lota kaiseri, Origanum syriacum subsp. sinai-
cum, Phlomis aurea, Polygala sinaica var. si-
naica and Hyoscyamus boveanus, while
Nano-phanerophyte (8.33 %) is represented

by one species Rosa arabica.

4. Chorology

Data in Table (5) indicates that, all of the
studied species are mono-regional elements
belonging to the Saharo-Sindian chorotype.
Eleven of these species are endemic and con-
fined to SKP while one species namely: Hyos-
cyamus boveanus is endemic to Egypt.

60

50

Percentage %

Chamaephyte

Hemuiacryptophyte
Life forms

Nano-phanerophyte

Figure (4) : Percentage of life form of plant species in the studied wadis.
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Table (5) : Habitats and Altitudes of the studied endemic species. (W: Wadi Bed, G: Gorge, S:

Slope and B: Basin).

No Species Family Life form Chorology

1 | Bufonia multiceps Caryophyllaceae Hemicryptophyte Endemic to SKP belongs to
Saharo-Sindian region

2 | Silene leucophylla Caryophyllaceae Hemicryptophyte Endemic to SKP belongs to
Saharo-Sindian region

3 | Silene schimperiana Caryophyllaceae Hemicryptophyte Endemic to SKP belongs to
Saharo-Sindian region

4 | Euphorbia obovata Euphorbiaceae Hemicryptophyte Endemic to SKP belongs to
Saharo-Sindian region

5 | Ballota kaiseri Lamiaceae Chamaephyte Endemic to SKP belongs to
Saharo-Sindian region

6 | Origanum syriacum subsp. Lamiaceae Chamaephyte Endemic to SKP belongs to
sinaicum Saharo-Sindian region

7 | Phlomis aurea Lamiaceae Chamaephyte Endemic to SKP belongs to
Saharo-Sindian region

8 | Polygala sinaica var. Polygalaceae Chamaephyte Endemic to SKP belongs to
sinaica Saharo-Sindian region

9 | Primula boveana Primulaceae Hemicryptophyte Endemic to SKP belongs to
Saharo-Sindian region

10 | Rosa arabica Rosaceae Nano-phanerophyte | Endemic to SKP belongs to
Saharo-Sindian region

11 | Anarrhinum pubescens Scrophulariaceae Hemicryptophyte Endemic to SKP belongs to
Saharo-Sindian region

12 | Hyoscyamus boveanus Solanaceae Chamaephyte Endemic to Egypt belongs to
Saharo-Sindian region

DISCUSSION
Biological diversity, or biodiversity, refers
to the variety of distinct ecosystems or habi-
tats, the number and variety of species within
them, and the range of genetic diversity with-
in the populations of these species. Two at-
tributes of biodiversity have attracted particu-
the
species richness

lar attention from international
conservation community:
(the number of species in an area), and en-
demism (the number of species in that area
that occur nowhere else) (Caldecott et al.,
1996 and Ayyad et al., 2000). The plant life of
the Sinai Peninsula has been a subject of in-
terest which attracted many botanists and ex-

plorers (Batanouny, 1985 and Boulos, 2008).
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The Sinai Peninsula, which occupies an area
of 61,000 km?® or 6.1% of the total area of
Egypt, is rich both in the number of species
and the high percentage of endemics. Gaston
(1994) define endemism as the restriction of
the natural range of a taxon to a defined geo-
graphical distribution; taxa with narrow dis-
tributed range are Steno-endemics. Sinai en-
demics are characterized by a high level of
regional and local endemism. The highest
concentration of endemics is in southern Si-
nai (Sinai proper) in the rugged mountainous
districts that support the highest peaks in
Egypt (El Hadidi, 1967; Zohary, 1973; Wick-
ens, 1977; Boulos, 1997 and Abd El-Ghani &
Amer, 2003). Saint Katherine Mountains are a
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centre of endemism (Zohary, 1973 and Shmi-
da, 1984).

There are six habitats in SKP each has its
own specific environmental conditions, land-
scapes and flora rich in medicinal, rare and
Wadi
Beds, 2- Terraces, 3- Slopes, 4- Gorges, 5-
Basins (i.e. farsh) and 6- Caves (Khedr, 2007).
However, the 12 studied endemic taxa are

endemic taxa. These habitats are: 1-

growing in four types of habitats these are:
wadi bed (including terraces), gorge, slope and
basin (farsh). Gorge habitat is the richest (10
taxa from 12 studied taxa) followed by slope
(8 taxa), wadi bed (7 taxa) and basins (6 taxa).
Gorges are characterized by filling materials,
sediments and a highest proportion of gravel
and fine grains between the boulders of soil
pockets which accumulate high quantity of
water. In addition, some gorges originate from
dikes that trap water. This may be related to
the specific needs of many endemic and rare
species to special habitats (Raven, 1964;
Cowling et al, 1992; Linder et al, 1993;

Trinder-Smith et al, 1996 and Ayyad et al,
2000). The slope habitat, especially the slope
that resulted from gullies on the tops of
mountains or the slopes of depressions, has
high species richness and is favourable for
the growth of subshrubs and annual species.
Terraces comprise platforms of bedrock man-
tled whether mantled with a sheet of gravel
and sand or rocky surface which lead to de-
crease individual numbers along terraces.
Terraces with rocky surfaces support poor
species richness; this is due to the shallow
soil cover that is inadequate to support plant
growth. These results agree with the previous
works carried out by Danin et al (1985);

Moustafa & Klopatek (1995); Ayyad et al
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(2000); Abd EL-Wahab et al. (2006); Mosallam
(2007); Danin (2008) and Al-Fiky et al. (2012).
All these studies confirmed that the endemic
taxa in Sinai showed a high degree of habitat
specificity.

Topography and soil type are the principal
controlling factors in vegetation growth (Wood
et al., 1988 and Dawes & Short, 1994), asso-
ciated with local climate (Davies et al., 2007),
elevation, aspect and slope (Titshall et al,
2000). Elevation along with aspect and slope
determines the microclimate and thus large-
scale spatial distribution and patterns of vege-
tation (Allen & Peet, 1990 and Busing et al,
1992). Moustafa (1990), in his study in SKP
reported that the community organization
type is the net result of the behavior of the
species in response to the environmental con-
ditions that prevail in each particular habitat.
However, in this investigation, all studied en-
demic taxa were growing in wide range of ele-
vations, the average altitude ranged from
1610 to 2100 m asl supported the growth of
12 studied endemic species. This results were
supported by the previous work carried out by
Danin et al. (1985) who founded that many
endemic taxa such as: Buffonia multiceps,
Ballota kaiseri, Phlomis aurea, Anarrhinum
pubescens, Silene schimperiana, Euphorbia
obovata and Polygala sinaica occur in both
lower and higher Sinai massif, while Silene
leucophylla, Primula boveana and Rosa arabi-
ca are restricted only to the higher Sinai mas-
sif with 1500-2642 m altitude. Also habitats
of high elevation have special species like Pri-
mula boveana (1655-2052 m asl) and Silene
leucophylla (2100 m asl). Some species like
Phlomis aurea are distributed in wide altitudi-
nal gradient (1383-2140 m asl). The wide alti-
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tudinal variation in south Sinai is related to
its effect on temperature and moisture availa-
bility (Peet, 1988). Among three topographic
factors, elevation is the most important, this
conclusion was supported earlier by Busing et
al. (1992).

The low elevation sites are climatically
characterized by very dry summers with 5 -
30 mm precipitation per year. These low ele-
vations have some special species like Hyos-
cyamus boveanus. On the other hand, the
high elevation district of South Sinai receives
35 - 50 mm of precipitation per year (Shaba-
na, 2013). Zohary (1973) and Moustafa &
Zayed (1996) concluded that moisture, in the
form of rainfall, is the most decisive factor
controlling productivity, plant distribution,
and life form in arid lands. Danin (2008) stat-
ed that elevation of the magmatic metamor-
phic massive of south Sinai is much higher
and there are hard limestone, dolomite, sand-
stone, and granite which constitute, under
certain conditions, smooth-faced outcrops
such as Gebel Serbal and Gebel Musa. This
habitat supports the most rare plant species
in the desert including most of the desert en-
demics of Israel, Sinai, and Jordan. The con-
centration of the endemic species in the SKP
could be due to its peculiar physiographic and
climatic conditions, forming specific micro-
habitats, each with peculiar environmental
conditions, to prevail the growth of the stud-
ied endemic species. These physiographic and
climatic barriers have provided excellent eco-
logical refugia and contributed to restriction
of many endemic taxa (Mosallam, 2007).

The present study revealed that, some en-
demic taxa with high presence values (97.2%)
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as Phlomis aurea (occurs in almost all sur-
veyed locations except Kahf El Gholah) pro-
duce seeds which respond easily to germina-
tion in high percentage at most conditions
and habitats, these species also have high
survival of seedlings, high seed production
and can tolerate drought (field observation).
On the other hand, taxa with low presence
values in the study area have difficult in seed
germination, so they need specific treatments,
for example Rosa arabica (presence value,
22.2%) needs long germination period. Poly-
gala sinaica (presence value, 55.5 %) also
have low survival of seedling and high mortal-
ity of seedlings, through their juvenile stage
and low seed production. These results were
confirmed by workers in Medicinal Plants
Conservation Project (2012). Primula boveana
13.8
moisture habitats near small springs which

(presence value, %) are restricted to
flow throughout the year on red granite as
they cannot tolerant drought. It produces mil-
lions of dust seeds, most of them fail to germi-
nate until it land in the appropriate moist
habitat (Danin, 1983). The rarity of some spe-
cies in SKP as Silene lecophylla, Ballota kaise-
ri (presence values 2.7% and 2.7) may be due
to slow regeneration and climatic aridity. The
causes of mortality in shrub seedlings,
through the early months of life are attributed
to drought (Shaltout & Ayyad, 1988; Mosal-
lam, 2007 and Shabana, 2013). The field ob-
servation during this work revealed that some
of the endemic species confined to SKP (as Si-
lene oreosinaica, Silene leucophylla, Ballota
kaiseri, Rosa arabica, Pterocephalus arabicus,
Micromeria serbaliana, Astragalus fresenii
and Veronica kaiseri) are characterized by low
seed fitting and the low seedling’s survival
rate and these are among factors which lead
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to the disappearance of these species from the
natural habitats of SKP and to be included
among the threatened species list of SKP. This
conclusion was supported earlier by several
authors (El-Demerdash, 2007; El-Mawey,
2008 and Saker et al, 2011). Also environ-
mental factors, climatic factors, over collect-
ing for scientific research, grazing and human
impacts pushing these species to the brink of
extinction or disappearance from their natural
habitats.

The life form patterns of desert plants are
reflected by the rainfall, topography and land
form types (Kassas & Girgis, 1965 and Zo-
hary, 1973). The recorded endemic species
are belonging to three different life forms:
hemicryptophyte (50%), chamaephyte (41.66
%) and Nano-phanerophyte (8.33 %). These
results are in agreed with (Ayaad & El- Kady
1982; Shaltout et al., 1996 and El Bana et al.,
2002) who stated that shrubs and under-
shrubs are the major components of arid and
semi arid rangelands throughout Egypt and
the world. Mosallam (2007) recorded that cha-
maephytes are the most frequent (76.6%) life
(10.6)
phanerophytes (8.5%) in Saint Katherine pro-

form, followed by therophytes and

tectorate.

Eig (1931-1932) identified four phytogeo-
graphical regions in the Sinai Peninsula: the
Mediterranean region, the Saharo-Sindian,
the the
Deccanian which was basically adopted by

Irano-Turanian and Sudano-
most workers for several decades. T ckholm
(1974) recognized three phytogeographical re-
gions in Sinai: the Mediterranean coastal re-
gion, the Isthmic desert (E1-Tih and the region

north of Wadi Tumilat) and Sinai proper (the
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mountainous plateau south of EI-Tih). Howev-
er, according to White (1993), the Sinai Penin-
sula totally lies within the Sahara regional
transition zone. Boulos (1995) treats the en-
tire Sinai Peninsula, including the coastal
Mediterranean strip and EI-Tih Desert east of
Suez Canal, as one unit named Sinai “S”
(Boulos, 2008). All of the studied species are
mono-regional elements belonging to the Sa-
haro-Sindian chorotype. Eleven of these spe-
cies are endemic and confined to SKP while
one species namely: Hyoscyamus boveanus is
endemic to Egypt. However, previous studies
by Danin (1986); Moustafa (1986 & 1990);
Moustafa & Klopatek (1995); Ayyad et al
(2000); Mosallam (2007) and Al-Fiky et al
(2012) mentioned that mountains in south Si-
nai are characterized by Irano-Turanian ele-
ments as Bufonia multiceps, Silene leucophyl-
la, Ballota kaiseri, Phlomis aurea, Primula
boveana, Rosa arabica and Anarrhinum pu-
bescens, this now is not valid based on en-
demism and the distribution map according
(1976),
Sindian region.

to Wickens Sinai lies in Saharo-

CONCLUSIONS

Field observations revealed that most of
endemic taxa in SKP are characterized by
habitat specificity, inappropriate population
size, low seed fitting and low seedling’s survi-
val rate. These are among factors which lead
to the disappearance of these species from the
different habitats of SKP and to be included
among the threatened species list. Also envi-
ronmental factors including, climatic factors,
over collection for scientific research, grazing
and medicinal purposes are the cause of dis-
appearance of these species from its natural
habitats specially, they are habitat specific.
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More studies are essentially needed to explain
physiological drought phenomena in Rosa
arabica and low seed fitting and low seedling’s
survival rate of most endemic taxa.

A proposal aiming at controlling the contin-
uous destruction of the endemic plant species
in SKP by In situ and Ex Situ conservation
and rehabilitation of these plants is a must.
Also management the collection of these
plants for the purposes of; scientific research;
folk medicine; grazing as well as eco-tourism,
which lead to the extinction of the genetic re-
sources of these plants, is essentially needed.

Apart from the studied endemic species of
SKP, both Silene
Ballota kaiseri T ckh., populations could be

leucophylla Boiss., and
included within the proposed wildlife sanc-
tuary at Wadi Shagg Musa and Wadi Abu Hei-
man respectively, to be protected from extinc-
tion.
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