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Abstract. Recognizing the herbaceous plant species diversity could use as an important
indicator applied for the rangeland and forests management. Considering the presence of
vegetation and animal husbandry in Zagros region, Iran, being aware of the diversity and
richness of plant species is necessary to management or the destructed vegetation
restoration. In order to study the effect of aspect and elevation on species diversity of
herbaceous plants 160 four m? quadrates were sampled via transect method in the Dasht e
Zahab in Kermanshah, Iran. In each quadrate a list herbaceous species plants, altitude and
aspect were recorded. After the inventory, the plant diversity indices were calculated and
compared in three elevation classes (low: <800 m, moderate: 800 to 1200 m and high:
>1200 m) and four aspect classes (North, South, East and West) using Shannon-Wiener
diversity and Margalef richness indices. One-way ANOVA was used to investigate the
effect of independent variables (altitude and aspects) on dependent variable (species
diversity and richness). The results showed a significant effect of aspect and altitude on the
diversity and richness of herbaceous plants (P<0.05). The maximum and minimum
diversity and species richness were observed on the northern aspect coupled with middle
elevation and on the southern aspect with low elevation, respectively.
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Introduction

Biodiversity is defined as the kinds and
numbers of organism and their patterns of
distribution (Barnes et al., 1998).
Moreover, diversity has become an
increasingly popular topic within the
discussion of sustainability in the last
decade (Schuler, 1998). This interesting
topic stressed especially in the Rio
declaration and renewed by the Lisbon
Conference in 1998 (Neumann and
Starlinger, 2001). Generally, biodiversity
measurement typically focuses on the
species level and species diversity is one
of the most important indices which are
used for the evaluation of ecosystems at
different scales (Ardakani, 2004).
Considering the advance of science in the
field of natural resources and needs to
conserve the biodiversity and manage the
precious resources of biodiversity, using
of variety of different indicators to
describe and compare the ecological state
of ecosystems for making decisions for
the natural resources management is
attracted a lot of attention (Pilehvar et al.,
2001). Therefore, vegetation diversity
studies have been conducted in order to
achieve ecological information for
problems solving related to the
management and protection of natural
ecosystems (Mesdaghi, 2001).
Biodiversity guarantees the ecosystem
health and diverse ecosystems leads to be
more stable. Diversity is consisting of
two separate concepts richness and
evenness. Diversity is depending on the
variety of environmental factors such as
rainfall, soil and altitude within the
vegetation regions outside of Northern
Iran (Rahmani, 2009). Intensity of
environmental resources such as light,
soil moisture and nutrients in the region
along with the plants ecological
requirements causes the plant species
habitats (Gray and Spies, 1997).
Researches on biodiversity in the Zagros
vegetation region are scarce, Heydari et
al. (2010) assessing the herbaceous plant
biodiversity in a protected area, located in
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Ilam province, Iran and concluded that
altitude and aspects have a significant
effect on species richness and diversity of
grass cover so that the highest rates of
grass species richness and diversity were
in the lower altitude (less than 1600 m)
and the South direction, and the lowest
diversity and richness level was observed
in the high class of altitude (more than
1800 m) and the North direction. Khani et
al. (2011) in a study for comparison
between plant species richness and
diversity indices along different grazing
intensity in  southern warm arid
rangelands of Fars province, Iran showed
that Margalef richness index had no
significant difference between light and
moderate grazing sites and no significant
difference observed among Menhinick
richness index of different grazing
categories (p<0.05).

Lee (2005) in a study about plant
diversity over the altitude ranges of 287-
1680 m above sea level in southern
Taiwan, illustrated that the most species
richness and diversity was observed in
middle elevations. Grytnes (2006)
comparing the species richness of
vascular plants and lichens along a
altitude gradient (310-1135 m above sea
level) in West Norway and concluded
that most species richness was at
intermediate  elevations than  other
classes. Gracia et al. (2007) investigated
the effect of aspects and altitude on
species composition in  Spain. They
resulted in that aspects and altitude had
no significant effects on species diversity
but changes in altitude and aspects got
species composition differed.

The purpose of this study was investigate
Dasht e Zahab plant diversity in relation
to variables such as altitude and aspect
with respect to contents and the
importance of herbaceous plants diversity
in order to better management of natural
resources.
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Materials and Methods

Study area

The study was conducted in Dasht e
Zahab rangeland which is located in the
Kermanshah province (Iran) and has a
total area of about 13199 ha (latitude
range: 34°33'34" to 34°40'34" N,
longitude range: 07°43'45" to 23°55'45"
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E). Altitudinal range is from 480 m to
1562 m a.s.l. and the climate is semiarid
temperate. Average annual rainfall is
4295 mm and average annual

temperature is 20.7 °C (Fig. 1) (Natural
resource office documents, Anonymous,
2006).

Dasht e Zaheb

Fig. 1. Geographic location of study area in Kermanshah province and Iran

Data collection

In this study in order to investigate the
species diversity of herbaceous plants,
160 four m? quadrate were sampled on
transects from low altitude to high
altitude in different aspects (North,
South, East and West). Within each plot,
the full floristic composition of
herbaceous plants were recorded. Cover
classes for each species (Braun-Blanquet
scale, Dombois and Ellenberg, 1974)
were estimated. Topographic variables
measured using GPS on each plot
included: elevation (m), aspect (degrees
azimuth), slope (%). At the center of each
sample plot, a soil sample was taken from
0-30 cm layers of mineral soil at the same
time as the floristic inventory. Soil
samples were air-dried and sieved with a
2 mm screen. Total Nitrogen (N) was
analyzed by the Kjeldahl method.
Available Phosphorus (P) was
determined by colorimetry according to
Bray-11 method (Bray and Kurtz, 1945)
and organic carbon by the Walkley and

Black (1934) method. Exchangeable
Potassium (K) was extracted with
ammonium acetate (1) N and analyzed by
atomic spectrometry.

Data analysis

The plant diversity indices were
calculated and compared in three
elevation classes (low: <800 m,
moderate: 800 to 1200 and high >1200
m) and four aspect classes (North, South,
East and West) using Shannon-Wiener
diversity index and also Margalef index.

Margalef species richness index was
calculated as following:
S-1

R= Lac) 1)

Where R is Margalef species richness, S
is the number of species, and N is the
number of individuals.

We applied the Shannon index (H') as a
measure of species abundance and
richness to quantify diversity of the plant
species. This index takes both species
abundance and species richness into
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account, is sensitive to changes in the
importance of the rarest classes (Heuserr,
1998). For any sample it is calculated as:

H'= _zi:1 Pi In P (2
Where:

Pi is the proportion of individuals
belonging to the ith species in the dataset
of interest. Where equals the number of
species and equals the ratio of cover of
each species to total cover. In addition,
we consider the Shanon-Winer index
(E=Evenness), a measure for evenness of
spread (Magurran 1988).
The Shannon-Wiener Evenness index (E)
is defined as:

He T2 Rnp
E= =il (3)
H, o Ins
Where:

E = Evenness = H/Hmax

Hmax = In(S) Maximum diversity possible
number of species.

S = number of species = species richness
Data distributions were checked for
normality using the Kolmogorov-
Smirnov (Zar, 1984). All diversity
indices were calculated using PC-ORD
for windows version 4.14 (McCune and
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Mefford, 1999). Regarding to the normal
distribution of the data, a one-way
ANOVA were conducted and DMRT was
used to test the significant differences
among the aspect and elevation classes
for species richness, diversity and
evenness indices. The Statistical tests
were conducted using SPSS 18.0.

Results
Analysis of variance and means
comparisons

ANOVA result showed that aspect and
altitude had a significant impact on
Shannon diversity and evenness indices
(P <0.05) (Tables 1 and 2).

Mean diversity and evenness index of
Shannon-Wiener indices in the northern
aspect values was significantly greater
than those of other aspects (South, East
and West) (Table 1). Also in comparison
of diversity and evenness indices in three
altitude classes, results showed that
Shannon-Weiner diversity and evenness
indices in middle elevation class was
significantly greater than those of low
and high classes (Table 2).

Table 1. Results of one way ANOVA for diversity indices in four aspect and mean + standard error

comparison based on Duncan 5% method

Aspect Classes Shannon Diversity Evenness
North 0.809+0.013° 0.756+0.028 *
South 0.683+0.022° 0.543+0.014 ¢
East 0.726+0.020° 0.621+0.031°
West 0.731+0.010° 0.680+0.250
F Value 12.427 7.45°

“=significant at 5% level
Index with different letters indicates significant differences at 5% level

Table 2. Results of one way ANOVA for diversity indices in three elevation classes and mean *
standard error comparison based on Duncan 5% method

Elevation Classes Shannon — Weiner Evenness
Low <800 m 0.648+0.015 b 0.68+0.035 b
Intermidate (800-1200) 0.734+0.018 a 0.818+0.058 a
High > 1200 m 0.645+0.011b 0.566+0.021 b
F Value 8.93** 10.61**

“=significant at 5% level
Index with different letters indicates significant differences at 5% level
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Result of one way ANOVA for Margalef
index data showed that the aspect had a
significant effect on the on species
richness (P<0.05). However, the effect of
altitude on Margalef index was not
significant (Table 3). Results of Duncan's
comparison test showed that the highest
species richness of the Margalef was
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obtained in the north aspect which is
statistically higher than other aspects
(Fig. 1). Results comparison between
altitude  showed no  significant
differences, however, the higher species
richness was obtained in the middle-
elevation and (Fig. 2).

Table 3. ANOVA results for species richness and range in elevations and aspects

Source of Variation

Margalef Richness Index

df F Value
Aspect 3 4.489"
Altitude 2 1.33™
12 12
><10 ab %< 10 a
) b 3 a
28 £ 8 =+
< T 5o o
36 g ..
5 S
g4 2,
2 0 ; ‘
0 ‘ ‘ ‘ ¢ Class Low Class medium Class high
North South East West

Aspects

Fig. 2. Mean comparison of Margalef index

in the four aspects
Column with different letters indicates significant
differences at 5% level

Correlation between variables

The effect of Nitrogen, organic carbon,
potassium, phosphorous and altitude
above sea level were analyzed on the
different diversity, evenness and richness
indices using Pearson correlation
coefficients. Correlation between soil
properties with diversity indices and
altitude over of all aspects are presented
in (Table 4).

Results showed a positive correlation
between altitude with both organic matter
and potassium (P<0.01). It was also
showed a positive correlation between
altitude and nitrogen and phosphorus

Altitude classes

Fig. 3. Mean comparison of Margalef index

in three altitude classes
Column with different letters indicates significant
differences at 5% level

(P<0.05). So that, with increasing the
elevation the amounts of all of soil
chemical properties was significantly
increased for all of aspects (Table 4).
Correlation coefficients show that there
was no relationship between diversity
index and Shannon evenness index and
potassium, phosphorus, nitrogen and
organic matter in over all of aspects.
However, the correlation between
Margalef Richness and organic matter
was positively significant, indicating that
by increasing soil carbon the Margalef
species Richness will increased (Table 4).
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Table 4. Correlation between diversity indices, evenness, species richness, soil chemical properties
and altitude over of all aspects

Index Nitrogen Organic Matter Potassium Phosphorous Altitude
Shannon Diversity -0.021™ 0.046"™ 0.137™ 0.110"™ 0.026™
Shannon Evenness -0.058"™ 0.041"™ 0.063"™ 0.059" 0.095™
Margalef Richness 0.150" 0.250 0.073"™ 0.133"™ 0.031™
Altitude 0.362" 0.362" 0.336" 0.280" -

™ Correlation significant at the one percent level, ~ Significant correlation at the five percent level
"=Showed no statistical relationship

Correlations coefficients between
diversity indices and soil chemical
properties for each individual aspect are
presented in (Table 5). Correlation
coefficients show that there was no
relationship between diversity index and
Shannon evenness with all of soil
chemical properties in different aspects.
However, in the north aspect there was a
positive correlation between Nitrogen and
margalef richness, indicating that by
increasing soil nitrogen content in

northern aspect, the margalef species
richness will increase (Table 5).
Furthermore, in the same aspect the effect
of altitude was statistically significant on
Shannon Diversity. Indicting that in the
north aspect by increasing elevation, the
margalef richness will be increased.
There was generally no correlation
between soil factors with diversity
indices in south, east and west aspects in
the study area.

Table 5. Correlation between diversity indices, evenness, species richness and soil chemical
properties in the different aspects

Aspect  Soil Properties Shannon Diversity Shannon Evenness Margalef Richness

Nitrogen -0.041"™ -0.034 ™ 0.021™
Organic matter -0.008 "™ -0.006 ™ 0.062 "™
South  Potassium 0.142" 0.002 " -0.004 ™
Phosphorus 0.071™ -0.051"™ -0.012 "™
Altitude -0.013™ -0.007 ™ 0.038™
Nitrogen -0.056 ™ 0.082 ™ 0.251"
Organic matter 0.001™ 0.074™ 0.172™
North  Potassium 0.085" 0.051" 0.072"™
Phosphorus 0.173™ 0.023™ 0.175"™
Altitude 0.245 -0.091 "™ 0.071™
Nitrogen 0.008™ 0.110™ 0.163™
Organic matter -0.009"™ -0.008 ™ 0.103™
East Potassium 0.007" 0.004 " 0.003™
Phosphorus 0.007™ -0.004 ™ 0.003™
Altitude 0.083™ 0.009 ™ 0.021™
Nitrogen -0.013™ 0.021™ 0.195"™
Organic matter -0.021"™ 0.085™ 0.112"™
West  Potassium 0.121™ 0.054 " 0.021™
Phosphorus 0.106" 0.008 " 0.097™
Altitude 0.201™ 0.122"™ 0.023™

=™ Correlation coefficients are significant at 0.05 and 0.01 level, respectively.
" = showed no significant relationships.
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Discussion and Conclusion
Physiographic factors (aspect, slope,
altitude) play an important role in the
presence or absence of species with their
effect on soil moisture, soil chemistry,
and other factors (Enright et al., 2005).
The results of this study indicate that the
aspect had a significant effect on
richness, evenness and species diversity
of plants, in this case, the northern aspect
includes the most species diversity,
evenness and richness indices and the
Southern direction had lowest values. In
agreement with the current study, many
studies showed that aspect was an
important factor in the distribution of
ground flora (Hutchins et al., 1976.
Huebner et al., 1995; Olivero and Hix,
1998; Eshaghi Rad and Shafiei, 2010).
Considering the difference in the amount
of the received solar radiation energy on
the different aspect and also the more the
sun's energy, the more soil moisture
evaporation (Garcia et al., 2007), the soil
moisture in the north aspect is higher than
that of in the South aspect, so it finally
caused to the establishment of herbaceous
species in the north compared to the
southern aspect.

In contrast with our finding, Heidari et al.
(2010) concluded that diversity and
species richness is highest in the south
aspect in the oak forests. Vaseghi et al.
(2011) studied the plant diversity in
relation to the aspect and altitude and
concluded that the aspect and altitude
significantly affected the species diversity
and richness. They reported that the
highest species richness, evenness and
species diversity of herbaceous plants are
in the South aspect.

Hence the results of the present study did
not match with Heidari et al. (2010) and
Vaseghi et al. (2011) results. In addition,
this study results showed that elevation
above sea level significantly affected the
richness, evenness and species diversity,
so that higher diversity indices of
herbaceous plants observed in moderate
altitude and the minimal values occurred
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in low altitude. Hegazy et al. (1998)
studied the elevation gradient of
vegetation in a southwestern Saudi
Arabia, and concluded that there was the
highest amount of richness and diversity
in moderate altitude.

Vaseghi et al. (2011) in their study
concluded that the moderate altitude had
the most diversity and species richness.
Thus, the present study results is
consistent with Hegazy (1998) and
Vaseghi et al. (2011) regarding to
elevation gradient. But it is not match
with the results of Heidari et al. (2010)
who stated that most of the diversity and
richness observed in low altitudes.

The main reason for the low species
richness and diversity in the low altitude
could be justified as this class was more
accessible area for livestock grazing and
man-made disturbance. The results of
north aspect showed that by increasing
organic carbon and phosphorus the
species richness significantly increases
and also we founded that the Simpson
diversity index increases while organic
carbon, phosphorus, potassium, and
altitude increase, but the Shannon
diversity index does not significantly
change (Table 4). Fu et al. (2004) found
that soil organic matter content was a
good index of soil fertility and nutrient
availability. More fertile soils will allow
more vascular species to co-exist at small
scale (Bruno et al., 2002; Hart et al.,
2003). Mahdavi et al. (1389) expressed
that  herbaceous species  diversity
increased significantly with increasing
organic matter in the northern aspect,
which is consistent with the results of the
present study.

They also expressed that the species
diversity is significantly reduced with
increasing altitude. Small and McCarthy,
(2005) reported high amount of soil
nitrogen in northern aspect of low
altitudes and its influence on the
distribution of vegetation types and the
correlation of N and C/N ratio with
vegetation location. In present study, the
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results showed that the low diversity and
species richness at low elevations
compared to other middle and high
classes, which it is due to the pastures
availability human and livestock pressure
on pastures that it can significantly
affected the rate of production and
diversity and species richness.

Therefore, the Range Plan is suggested
by considering the good potential of the
region weather, by drilling and wadding
with the native rangeland pasture species
to revive and strengthen the pastures.
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