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Biodiversity is a word recently introduced by experts in field of biology, and it is important for
ecosystem health and productivity, biodiversity is one of the primary interests of ecologists, and the
widely used diversity indices are Shannon’s and Simpson’s index. This study aims to characterize
the plant communities and to identify and compare the plant species diversity in the Ras El-
Hekma area and Omayed protectorate. The results of the application of the indices of plant
biodiversity in both the Ras El-Hekma area and the Omayed protectorate showed that the value of
the Shannon index (H') 2.058 and 2. 322, the value of the Simpson index ( D ) 0.85 and 0.92, the
value of the Evenness index ( E) 0.89 and 0.96, the value of Effective Number of Species ( ENSSh
, ENSSI ) 6.66, 7.83 and 12.5, 10.19 respectively. The results demonstrated the highest values were
recorded in the community of Omayed protectorate compared with the Ras El-Hekma area. The
results also revealed that ( H') in the two communities 2 > H' < 3. According to the criteria of
diversity index, they were moderate diversity. As for the Evenness index (E), 0.75 >E < 1. According
to the categorized of the Evenness index, both are stable community. Through the results, diversity
indices indicate that there is a more diverse community in the Omayed protectorate compared with
the Ras El-Hekma area. The reason may be due to the individuals in Omayed was more evenly
distributed among the species than the individuals in Ras EI-Hekma. Based on the interpretation of
the criteria and categories of Shannon, Simpson, Evenness and Effective Number of Species indices,
this meant that the Omayed had high environmental wellness and biodiversity level. Both indices are
more reflective in nature and can predict the ecosystem health. Therefore, it may be good to have
one of these biodiversity indices to be used for plant communities to understand the ecosystem
healthiness in the habitats.
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Introduction:

Diversity is a concept central to ecology, and its measurement is
essential for any study of ecosystem health ™. Biodiversity is
important for ecosystem health and productivity, as will as high
biodiversity makes ecosystems more flexible with increasing threats
to species from global climate change or natural disasters, more
species can mean a greater potential that some organisms will have
the necessary features to survive (2

Habitat diversity is one of the attractive concepts in ecology that
reflects the wellbeing ecological systems Bl In previous decades,
biodiversity prospect largely in terms of species richness, and the
ecosystems supporting these species were seen as static and
predictable M. The composition of plants, animals, and microbes
within an area affects structure of ecosystem and function and,
therefore, the services of ecosystem (e.g., disease resistance,
pollination, and production) upon which humans depend FH€],

Egypt and Libya except EI-Gebel Al-Aghder are the only two
countries in North Africa where desert climate extends to
Mediterranean coast, consequently preventing the development of
any Mediterranean arboreal vegetation 7). The Egyptian coastal and
inland deserts cover more than 96% of its total area.

Due to the very scanty rainfall, most vegetation of Egypt is
concentrated primarily in Wadis and depressions ( contracted
distribution pattern ). Although most of the greater part of Egypt is
desert vegetation, the proportion of desert plants is relatively small
as compared to other phytogeographical regions 1. The deserts in
Egypt are characterized by the growth of a permanent structure of
xerophytic and halophytic vegetation types in seven different
habitats, namely, mangrove swamps, reed swamps, salt marshes,
sand dunes, rocky ridges, desert wadis and mountains. The major
communities forming these vegetation types are described with
regard to their dominance, floristic composition and geographical
distribution in  Egypt 1,

By the middle of the 20th century, ecologists began to process the
problem of describing and comparing community characteristics
such as diversity, especially with increase in human threats to
ecosystems. One of the most important indices used to assess the
sustainability of plant communities is species diversity. In ecology,
this index is used to quantify the biodiversity of a habitat. Diversity
can be used to evaluating of any population in which each member
belongs to a unique species I,

In ecology, diversity index is important parameter intended to
measurement of biodiversity within an ecosystem. Two basic
statistical tools ecologists use to quantify diversity of species,
Shannon’s and Simpson’s diversity indices, Shannon-Wiener
diversity index has been used extensively in environmental studies to
estimate the species richness and ecosystems abundance. The index
works using very well under comparative situations; where one is
comparing two or more environments simultaneously 291,

Aim of study.

The study aims to describe the status of plant communities and
comparing the species diversity on the habitats of rocky ridges
between Ras El-Hekma area and Omayed protectorate.

Material and Methods

Location and general description

The western Mediterranean coastal strip of Egypt extends from
Sollum to Abo Qir, the most noticeable feature of the Mediterranean
coast west of Alexandria is the spread of ridges of soft Oolitic
limestone, the coast land that extends from Alexandria to Sollum is
distinguish a southern plateau more arid and less calcareous and a
northern coastal plain less arid more calcareous with four habitats,
coastal ridges, coastal ridges overlain by dunes, saline depressions,

non-saline depression, and inland ridges 4. This study has been
conducted to survey the plants diversity in Ras El-Hekma and
Omayed protectorate on the western coastal area of Egypt.

Ras El-Hekma is a little village, 5 km long located in western
Mediterranean coast of Egypt, it is lying about 230 km west of
Alexandria (31° 13’ 51.7” Nand 27° 51’ 21.9” E) altitude 20 m.
Ras El-Hekma is characterized by alternating elevations and
depressions. The climate is moderate temperature, high relative
humidities and high wind velocity 2, The habitats at Ras El-Hekma
constitute of rocky calcareous ridges and sandy depressions.
Omayed protectorate is located 80 km west of Alexandria (
30° 44' 45.2” N, and 29° 09' 57.2” E). It extends about 30 km
along the Mediterranean coast from west EI-Hammam to EI-Alamin
with a width of 23.5 km to the south.. The coastal plain is
characterized by alternating ridges and depressions running parallel
to the coast in E-W direction. This physiographic variation leads to
the differentiate of six types of habitats in the following series
arranged from the north to the south. Coastal ridge, Saline
depressions, Non-saline depressions, Inland ridges, Inland plateau,
Inland siliceous deposits 131, ( Fig. 1).

= Mediterranean Sea

>z

Ras El- Hekma

Omayed

Fig. 1. Map of Egypt showingthe study sites atthe
western Mediterranean coast.

Collection sampling

Samples were collected using the randomly quadrats method at a
scale of 5 m x5 m. The number of plant species within each
quadrat, as well the number of individuals of each species
noted. The plant identification were carried out by the
following references: (141, [25-18],

To measurement the plant diversity ( biodiversity) on the rocky
ridges of Ras El- Hekma and Omayed protectorate, the Shannon-
Weiner index ( H') and Simpson's diversity index ( D) and
Evenness index ( E) were used the equations is as the follows:
Shannon-Weiner index ( H'):

H'=— Y%, pi In pi [191120],

Where H' = Shannon-Weiner index, Pi = % ni = Number of

individuals of a species,
N =Total individuals of all species, In is the natural log, X is the
sum of the calculations, and s is the number of species.
The diversity index based on criteria are as follows 2%
H'< 1 =Low diversity
1 <H'< 3 =Moderate diversity
H'> 3 = high diversity %,
(The higher H is the higher is the diversity ).
Simpson's diversity index (D ):
D=1- 222D g

N(N-1)
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Where n = number of individuals of a particular species.
N = total number of individuals of all species.
( D) is usually between 0 and 1. The closer D is to 1, the higher is

diversity ).
Evenness index ( E ):
=M o

Hmax
Where E = Evenness index, H' = is the Shannon diversity index,

Hmax =1In'S, S = Number of species found.

The evenness index value ranges from O - 1. Furthermore, the
evenness index based on categorized as follows 22

0 <E <0.5 = Depressed community.

0.5 <E <0.75 = Unstable community.

0.75 <E <1 = Stable community.

( E is usually between 0 and 1. The closer E to 1, then more Species
in the sample are equally common, diversity is higher).

Effective Number of Species ( ENS ) is measure of true diversity with
Species number as its unit. It is the number of Species in a community
with equal abundances that would give the observed value of a
diversity index, D or H. This is excellent for comparing the diversities
of different samples. This corrects the non-linearity of D and H.
(The higher the ESN the diverse is a community)

Results and Discussion

The present study results highlighted on the biodiversity and were
represent two major habitat of Ras EI-Hekma and Omayed area,

each with unique indicator of ecological conditions. Diversity index
is a quantitative measure that reflects how many different types such
as species that are in a dataset, and simultaneously takes into account
how evenly the basic entities such as individuals are distributed
among these types. Diversity index value increases both when the
number of types increases and when evenness increases [,
Shannon-Wiener Index (H) is like the Simpson’s Index and also
measures the richness and abundances of the species. From the
Shannon-Wiener Index Evenness can be calculated 24,
The results in Table ( 1,3 ) exhibited that the values of Shannon-
Weiner index ( H' ) in the Ras El-Hekma and Omayed areas were
2.058 and 2.322 respectively, the Omayed protectorate reveals
slightly more diverse compared with Ras El-Hekma area. Shannon-
Wiener diversity index ranges from 0 to 5 where zero indicates that
the environment is under severe stress and 5 represents a healthy
environment [, Based on diversity index criteria 2,1 < H' < 3
moderate diversity. Both Ras El-Hekma and

Omayed
areas 2 > H' < 3, thus their considered moderate diversity. In
accordance with Odum's statement(1993),the diversity index 1 < H'
< 3 was in the moderate category, meaning that the ecosystem is still
in a stable condition 2%, The value of H'
appears in the Omayed protectorate is higher than that in the Ras EI-
Hekma, and therefore is considered more diverse.

Table (1). Shows Shannon-Wiener diversity index calculation of the Ras EI-Hekma and Omayed areas.

Ras El-Hekma area

Omayed protectorate area

. . Shannon's Lo Shannon's
Species f of 'er:‘;'d“a's Pi P Pirinpi  -Pi(inpi) O '”?r:;“d“a's Pi InPi  Pi*InPi  -Pi(InPi)
Ebenus armitagei 40 0.202 -1.599 -0.323 0.323 4 0.097 -2.333 -0.226 0.226
Ononis vaginalis 6 0.030 -3.506 -0.105 0.105 - - - - -
Phlomis floccosa - - - - - 4 0.097 -2.333 -0.226 0.226
Crucianella maritima 38 0.191 -1.655 -0.316 0.316 - - - - -
Artemisia monosperma - - - - - 4 0.097 -2.333 -0.226 0.226
Deverra tortuosa 20 0.101 -2.292 -0.231 0.231 7 0.170 -1.771 -0.300 0.300
Zygophyllum album 18 0.090 -2.407 -0.216 0.216 - - - - -
Seriphidium herba-album - - - - - 3 0.073 -2.617 -0.191 0.191
Centaurea pallescens - - - - - 3 0.073 -2.617 -0.191 0.191
Salvia lanigera 7 0.035 -3.352 -0.117 0.117 - - - - -
Echiochilon fruticosum 40 0.202 -1.599 -0.323 0.323 - - - - -
Fumana thymifolia - - - - - 4 0.097 -2.333 -0.226 0.226
Crucianella aegyptiaca - - - - - 3 0.073 -2.617 -0.191 0.191
Helianthemum stipulatum 5 0.025 -3.688 -0.092 0.092 - - - - -
Anabasis articulata - - - - - 5 0.121 -2111 -0.255 0.255
Thymelaea hirsuta - - - - - 2 0.048 -3.036 -0.145 0.145
Gymnocarpos decandrus 14 0.070 -2.659 -0.186 0.186 - - - - -
Lygeum spartum 10 0.050 -2.995 -0.149 0.149 - - - - -
Echinops spinosus - - - - - 2 0.048 -3.036 -0.145 0.145
Total (N) 198 2.058 41 2.322

The results in Table ( 2,3 ) showed that the values of Simpson's
diversity index ( D) for Ras El-Hekma was 0.85 while for Omayed
protectorate was 0.92. D is usually between 0 and 1. The closer D is
to 1, the higher is diversity. In the Omayed protectorate has D 0.92
more closer to 1 than the Ras El-Hekma area was 0.85. Therefore, the

Omayed protectorate is considered more diverse than Ras ElI-Hekma,
and this agree with %1 higher D, the more diverse the community.
Increasing diversity tends to suggest more stable ecosystems with
more connection within them.

Table (2). Shows Simpson's diversity index calculation of the Ras El-Hekma and Omayed areas.

Ras El-Hekma area

Omayed protectorate area

Species
# of individuals (n) n-1 n*(n-1) # of individuals (n) n-1 n*(n-1)
Ebenus armitagei 40 39 1560 4 3 12
Ononis vaginalis 6 5 30 - - -
Phlomis floccosa - - - 4 3 12
Crucianella maritima 38 37 1406 - - -
Artemisia monosperma - - - 4 3 12
Deverra tortuosa 20 19 380 7 6 42
Zygophyllum album 18 17 306 - - -
Seriphidium herba-album - - - 3 2 6
Centaurea pallescens - - - 3 2 6
Salvia lanigera 7 6 42 - - -
Echiochilon fruticosum 40 39 1560 - - -
Fumana thymifolia - - - 4 3 12
Crucianella aegyptiaca - - - 3 2 6
Helianthemum stipulatum 5 4 20 - - -
Anabasis articulata - - - 5 4 20
Thymelaea hirsuta - - - 2 1 2
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Gymnocarpos decandrus 14 13 182 - - -
Lygeum spartum 10 9 90 - - -
Echinops spinosus - - - 2 1 2
Total number of individuals ( N ) 198 197 41 40
> 5576 > 132

The results in Table ( 3) indicated that the evenness index values (
E ) the Ras El-Hekma area was 0.89 while for Omayed protectorate
was 0.96. The evenness index value ranges from 0 - 1. The closer E
is tol, then more species in the sample are equally common, the
diversity is higher. Omayed protectorate has ( E ) 0.96, higher
evenness compared to Ras El-Hekma. In accordance with evenness
index, E value closer to 1. Therefore, community more diverse.
Evenness of species is the degree of equitability in distribution of
individuals among species. Greater evenness signifies less difference
in the numbers of individuals of each species. Maximum evenness
happens when the number of individuals among all species is the
same . The results showed that the ( E ) values in both Ras El-

Hekma and Omayed areas were 0.75 > E < 1. Accordance with
evenness index based on 4, categorized, 0.75 < E < 1, Stable
community. The evenness index describes the individuals number
between species in the community. The more evenly distributed
individuals between species, the more balanced the ecosystem will
be [, Evenness is a measure of the relative abundance of the
different species forming the richness of the area [, Evenness
complements species richness in that it gives a picture of the relative
abundances of the different species represented on the areas.

Table (3). Calculation of values Shannon, Simpson, Evenness indices and Effective number of species for the Ras Al-Hekma and
Omayed areas.

Species Richness ( S)

Index Formula Ras El-Hekma (S) =10 Omayed protectorate (S) =11
S
Shannon-Weiner (H') - Z pi In pi -(-2.058) 2.058 -(-2.322) 2.322
i=1
Yn(n-1)
; . R TIEEY _ 5576 0.85 132
Simpson's (D) N(N-1) 198 (198-197) 41 (41-40) 0.92
H 2.058 0.89 2.322
E E Bl alidaadt .
venness (E) n(s) In(10) In(11) 0.9
Effective Spannon- ! . 6.66 S 125
Number of ENSe, (1-D) (1-085) ' (1 -092) '
Species (ENS) .
Simpsons exp (H) exp ( 2.058 ) 7.83 exp (2.322) 10.19

The result in Table ( 3,4 ) revealed that the Effective Number of
Species ( ENS ), values of ENSsh and ENSs;, in the Ras El-Hekma
were, 6.66 and 7.83 while for Omayed protectorate were 12.5 and
10.19. The results demonstrated the highest value of ENS was
recorded in the Omayed protectorate. The larger differences in S,
ENSsh and ENSsi are the higher the degree of dominance 4. We can
say from the results that the degree of dominance is higher in Omayed
protectorate than in Ras El-Hekma area, or some species in Omayed
area are more dominant than some other species, consequently
considered more diverse and this agrees with the higher the ESN the
more diverse is a community.

Species diversity, both the Shannon-Wiener ( H') and Simpsons (D
) Indices point to the community at Omayed protectorate more
diverse as compared to Ras El-Hekma area ( Table 4 ). The reason
may be consequence the individuals in Omayed were more evenly
distributed among the species than individuals in Ras El-Hekma. In

fact, the individuals Ebenus armitagei and Echiochilon- fruticosum
in Ras El-Hekma occupy a greater proportion of the community than
all other species ( Table 1 ). According to the interpretation of the
criteria and categorises of Shannon, Simpson, Evenness and
Effective Number of Species indices, this meant that the Omayed had
high environmental wellness and biodiversity level.

Simpson’s index is more sensitive to evenness of species than
richness of species. Shannon index in turn, does not provide
information on rare species which are very important in biodiversity
studies. Therefore it is advisable to use more than one indices when
determining the biodiversity of ecosystem 281, Habitat diversity
research is interested in measuring the structural complexity of the
environment or the number of communities present in a specific
geographic area . Habitat diversity measurement has become an

important component of conservation ecology since the eighties
[30],[31]

Table (4). Shows a summary of the values of Shannon, Simpson, Evenness indices andEffective Number of Species (ENS) in Ras Al-
Hekma and Omayed areas.

Index Ras El-Hekma Omayed protectorate
Species Richness (S) 10 11

Shannon-Weiner ( H') 2.058 2.322

Simpson's (D)) 0.85 0.92

Evenness (E) 0.89 0.96

Effective Sha”rl‘zol\r“éwe'”er 6.66 125

Number of Species (ENS) Simpszs):ls

ENSsi 7.83 10.19
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