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Abstract
Research on species diversity in different gradients of altitudes, aspect and slope is attempting to
understand the interactions of vegetation and the non-living environment. The aim of this study was to
examine the impact of altitude, slope and aspect variation on the woody species diversity in the Oak
forests of Zagros (northern of Iran). 178 samples were taken by using of transect method with a fixed
length of 50 m. Altitude, slope, aspect, woody species and diameter at breast height of all trees was
recorded in each transect. Margalef richness index, Shannon and Simpson diversity indices and
Shannon evenness index were calculated. The Means of the different diversity indices were compared
with Kruskal- Wallis test. Results showed that altitude had significant impact on the diversity, richness
and evenness of woody species and the middle elevation class (1400 - 1600 m) allocated maximum
values of indices. Also, the highest species richness was observed in the (0 - 20%) and (20 - 40%) slope
classes but the slope hadn’t effected on the woody species evenness and diversity. The lowest amount
of species richness was observed in the east aspect than other aspects. In general, it can be concluded
that the altitude had a large proportion of diversity variation than slope and aspect in the research area.
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Introduction
Zagros forest with area of 5 million hectares is one of the largest biome in Iran. The importance of these
forests is not for the production of the industrial woods but also play role in soil and water resources
conservation, production of various by-products and preventing air pollution, so it must be managed and
maintained properly (Bazyar et al. 2013). Since the degradation and destruction of these forests will follow
irrecoverable negative effects, it should be preceded based on a correct and efficient management to the
conservation, restoration and achievement to sustainable development by maintaining the natural diversity,
because decreasing the natural diversity has led to interference in the natural order and reduce the
environmental capacity of these valuable forests. The natural diversity is used as one of the important and
fast indicator for determining ecosystem condition because the distribution of species can be investigated by
measuring diversity and presented the management recommendations needed with an emphasis on the
ecosystem dynamics (Maarel 1988).
The changes of the physiographic factors (altitude, slope and aspect) are parameters affecting the
distribution and variety of plants that cause the different species distribution in ecosystems by affecting the
characteristics of soil and habitat (Solon et al. 2007). Altitude impacts the climate of region, led to the
formation of the climatic areas by affecting the amount and type of precipitation, temperature, evaporation,
transpiration and the solar radiations intensity, and therefore the plant types form with the specific natural
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diversity (Maguran 2004, Abarghuie et al. 2010). Research conducted in Iran and other parts of the world
show that the physiographic factors (especially the altitude factor) will determine the distribution of different
plant species. The scale of diversity in the biological form of plants usually decreases with increasing altitude
and one or two of the biological form leaves in high altitudes (Paven et al. 2000). The slope is also one of the
factors influencing the soil depth and its fertility rate. Soil has greater depth in areas with low slope due to the
accumulation of sediments and is more fertile but drainage is more in the steep areas because of less soil
erosion. So slope has the important role in the presence or absence of species and their coverage rate (ElGhani 1998, Alhamed 2006). The aspect plays the important role on the distribution and transmittal of
species by affecting amount of receiving solar energy, the evaporation rate, precipitation, the soil moisture
and fertility.
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Many researchers have investigated the diversity of the plant species in relation to physiographic factors
(altitude, slope and aspect). Sharma et al. (2009) investigated the altitude effects on the richness, diversity
and the dispersal patterns of different tree species in the temperate forests of the Himalayas concluded that
all richness indices and diversity had the highest values at low altitudes (1850 to 2250 m above sea level).
Furthermore, Kharakwal et al. (2005) have pointed out that the altitude and climatic variables such as
temperature and rainfall determines the richness and diversity of species. Ellu and Obua (2005) have
suggested that the different altitudes and slope affect the richness and spatial patterns of the tree species. Mi
et al. (2012) illustrated that there was a significant relationship between the aspect and slope and changes in
the plant diversity. It was proved by study of Gong et al. (2008) that the aspect was effective on the site
productivity and the species composition and diversity in the way that the northern slopes had higher fertility
and greater diversity in comparison with the southern slopes. Panthi et al. (2007) stated that Betula utilis and
Salix spp distributed in the northern humid aspect with more species richness, but Juniperus indica found in
the southern dry conditions with low species richness. It was also observed that species with different
ecological amplitudes to the physiographic factors did not give the same niche. Aghaei et al. (2009) studied
the effect of altitude factor on plant diversity in temperate forests and concluded that the highest species
richness and diversity were found in the low altitudinal range (100 - 400 m). Shirzad and Tabari (2010)
illustrated that with increasing slope and altitude, the species diversity reduced. It was observed that
physiographic factors directly and indirectly were effective on the distribution and species diversity. Therefore
understanding the relationship between vegetation and physiographic factors for estimating type of species
for ecological management in different ecosystems is essential (Tamartash et al. 2010).
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According to role of physiographic factors in species diversity of woody plants and necessity of investigation
of this issue in the Zagros Oak forests which was rich in diversity of Oak species. The aim of this study is to
investigate effects of aspect, slope and altitude variation on the diversity of woody species in the northern
Zagros forests in Iran.
Materials and Methods
Study area: The studied area is located in the oak forests of Zagros forests (Iran) and in the south western of
°
°
Azerbayjan province with area of 25000 hectares and with the coordinates 45 33′ 25″ longitude and 36 12′
13″ latitude. Altitudinal range of the study area is 1200 - 2000 m above sea level. Parent rock often is the
Cretaceous limestone. Average annual rainfall of this region is 724 mm. Average of the maximum
temperature is 21°C and the average of the minimum temperature is 6°C. The region has the semi-arid and
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Mediterranean climate (Mohajer 2006). Quercus brantii Lindl and Quercus infectoria Oliv and Quercus libani
Oliv and Pyrus communis L. and Pistacia mutica F and M and Crataegus spp. are the tree species in study
area.
Method of research: The total number of 178 sample plots were taken using of transect sampling method
with fixed length of 50 m for sampling of tree and shrub cover (Badano et al. 2005). Altitude, percentage of
slope and azimuth of aspect were measured in each transect. Then type of species and DBH or diameter at
breast height (larger than 5 cm) of all trees and shrubs that somehow the crown or trunk intercepting along
with the sample line were measured. In order to analyze the data, initially the DBH was transformed to basal
area in square meter. Altitude was classified into four categories (1200 - 1400, 1400 - 1600, 1600 - 1800 and
1800 - 2000 m), slope into three level (0 - 20%, 20 - 40% and more than 40%) and aspects (North, South,
East and West). Margalef species richness, Shannon-Wiener evenness, Shannon-Wiener species diversity,
and Simpson species diversity were calculated in each transect according to the following formula in Table 1.
Table1. Biodiversity Indices used in this paper.
Indices

Shannon (H)
Simpson (D)
Evenness of Shannon (E)
Margalef (R)

Equation

H= 
D=1∑
E=
R=

S and Pi refer to total number of species in the sample and proportion of each species to total, respectively.
Normality of the data was examined by using Kolmogorov-Smirnov test and since none of the data did not
follow of the normal distribution, Kruskal- Wallis test was used for comparison of average different species
diversity indices amongst the slope, aspect and altitude categories and to compare pair comparison of
indices in different classes of altitude, slope and aspect, Mann-Whitney test was applied. To calculate
species diversity indices, PC-ORD ver.5 software and for statistical comparisons, SPSS 18 software were
used respectively.
Results
Results of Kruskal-Wallis test represent the different effects of altitude, slope and aspect on diversity,
richness, and evenness. The results showed that the effects of altitude on the diversity, richness and
evenness are significant (p <0/05). While effect of aspect is significant on the richness and evenness but isn’t
meaningful on the diversity. The results also showed that the effect of slope is significant on the richness but
isn’t significant on the evenness and diversity (Table 2).
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Table 2. The result of Kruskal-Wallis test for comparing the mean species diversity indices in altitude, slope
and aspect classes.
Physiographical

Diversity indices

Chi-square

df

Sig.

Shannon (H)

24.24

3

0.000**

Simpson (D)

25.96

3

0.000**

Evenness (E)

31.29

3

0.000**

Margalef (R)

17.54

3

0.001**

Shannon (H)

2.62

2

0.27ns

Simpson (D)

2.61

2

0.27ns

Evenness (E)

3.79

2

0.15ns

Margalef (R)

8.14

2

0.017*

Shannon (H)

3.83

3

0.28ns

Simpson (D)

3.57

3

0.31ns

Evenness (E)

16.61

3

0.001**

Margalef (R)

10.66

3

0.014*

factors

Altitude

Slope

Aspect

*, ** significant differences at 5% and 1% level, respectively.
Effect of altitude on woody species diversity
The species diversity indices initially increase with increasing altitude and then gradually decrease. The
highest values of all calculated indices were observed in the middle altitudinal class (1400 - 1600 m) and
their lowest ones were observed in the high altitudinal class (1800 - 2000 m) (Fig. 1). The pair comparison of
the species diversity indices in different altitudinal classes showed that there was statistically significant
difference between the Shannon-Wiener, Simpson diversity and Margalef indices in altitudinal classes (1200
- 1400 m) with (1400 - 1600 m) and (1600 - 1800 m) with (1800 - 2000 m). There wasn’t significant difference
between (1400 - 1600 m) and (1600 - 1800 m) in none of the indices (Fig. 1).
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Fig.1. Average indices of richness, Shannon and Simpson species diversity and the Shannon evenness in 4
altitudinal classes (different letters indicate significant difference between the averages).
Effect of slope on woody species diversity
The highest species richness were observed in the (0 - 20%) and (20 - 40%) slope classes. This index was
decreased in the upper slope class (40% - 60%). The comparison test of species indices richness means
amongst different slope classes illustrated that there were significant differences between the (0 - 20%) and
(20 - 40%) slope classes and (40% - 60%) but the result was similar between the first and second slope
classes. The results also showed the Shannon and Simpson species diversity and the Shannon evenness
were similar with increasing the slope and there were no significant differences in these indices amongst
different slope classes (Fig. 2).
Effect of aspect on woody species diversity
The lowest amount of species richness was observed in the east aspect. This index was the highest in the
north, south and west aspects. The comparison test results showed that there was significant difference
between east and other aspects in terms of species richness but this index were the same in the north, south
and west aspects. The highest amount of species evenness was observed in the east aspect. The north,
south and west had similar values less that east aspect. The comparison test results depicted that there was
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significant difference between east and other aspects. Furthermore the Shannon and Simpson species
diversity indices were similar in different aspects and there were no significant differences in these indices
amongst different aspects (Fig. 3).

Fig. 3. Average indices of Margalef richness, Shannon and Simpson diversity and Shannon evenness index
in four different geographical aspects (different letters indicate significant differences between the averages).
Discussion
Physiographic factors have caused change in micro-climate and edaphic factors and various ecological
niches provide for plants. In fact, research on species diversity in different gradients of altitudes, aspect and
slope is attempting to understand the interactions of vegetation and the non-living factors of environment
(Hua 2002). Conducted research in the field of vegetation dynamics introduces variation in elevation as one
of effective factors in vegetation structure as obvious role on the presence or absence of plant species
(Aghaei et al. 2009). The results of present study also showed that the altitudes influences on the diversity,
richness and evenness of woody plant species in the region. In this way that the species diversity, richness
and evenness increases till middle elevation and then reduces with increasing altitude. This result
corresponds with Theory's Grime (1973) based on maximizing diversity in terms of average altitude. Hegazy
et al. (1998) also investigated the diversity and abundance of vegetation along the altitudinal gradient dna
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concluded that the middle altitudes were encompassed greater diversity and evenness eras great compared
to other classes. Furthermore, Habib et al. (2011) indicated that the tree species diversity and richness
increased in the middle part of altitudinal gradient and decreases upward and downward, respectively. They
justified this phenomenon because of human activities and deforestation at low altitudes and soil erosion and
extreme climatic conditions at high altitudes. The results of Abarghuie et al. (2010) research also illustrated
that the altitude had a significant influence on diversity, richness and evenness of plant species and middle
altitudinal range had higher diversity, richness and evenness. The present study also is consistent with the
abovementioned research results and its reason might be expressed favorable climatic conditions existence
and lack of human activity. On the other hand, the aspect by affecting the amount of received solar energy
and soil moisture rate always has controlled the type of vegetation (Small et al. 2005, Fontaine et al. 2007).
Based on the present research, the aspect had significant effect on the Margalef's richness and evenness of
the Shannon-Wiener. Quercus infectoria and Quercus brantii and Quercus libani distributed over eastern
aspect while Quercus infectoria, Quercus brantii, Quercus libani, Crataegus spp., Pistacia mutica and Pyrus
communis were present in other aspects. With this reason species richness was decreased in the east
aspect. The aspects had not a significant effect on species diversity calculated based on species basal area.
Shirzad and Tabari (2011) concluded indiscriminate uses and grazing in the past had caused disrupt the
balance of diversity in Juniperus excels habitat of Hezar masjed mountains. In this regard, Saberian (2001)
also showed that the aspect hadn’t a significant relationship with plant diversity and percentage of canopy
cover in Semnan province (Iran). But the research of Maranon et al. (1999) conducted in investigating
biological diversity of woody shrubs species in the genus Quercus in Strait of Gibraltar and illustrated that the
species richness in the southern slope is less than northern slopes. Kabrickt and Shifley (2004) showed that
the species diversity was greater in southern aspects in South East Missouri. A study was conducted by
Shoshany and Strenberg (2001) on the influence of Mediterranean woody formations in the dry and semi-arid
habitats and found that the composition, structure, density and diversity of plant communities alter with the
aspect. It can be regarded that the influence of aspect on species diversity were different because of different
ecological conditions, types of exploitations, grazing, types of damages, etc. Several studies had represented
percentage of slope as one of the effective factors on natural diversity and richness (Maguran 1996, Ellu and
Obua 2005, Sohrabi and Akbarinia 2006). The results of the present study showed that slope had significant
impact on the Margalef natural richness and there was significant difference between slopes of 20 - 40 class
and 40 - 60 class in the study area. Low species richness in the high slopes might be justified by erosion and
reducing depth of soil due to slip and drift, reduction in water and humidity holding capacity and loss of soil
fertility in areas of steep (El-Ghani 1998, Alhamed 2006). Slope hadn’t impact on the diversity and evenness
of woody species in the study area. Mirzaei et al. (2008) also achieved similar results. Proctor (1971) and
Peet (1981) during their investigation have pointed out that richness and plant species diversity reduction in
the steep slope. Takyu et al. (2002) also indicated that the richness and biodiversity rate would increase
significantly in the gentle slopes than steep slopes. In general, it can be concluded that among physiographic
factors, the altitude had a large proportion of diversity variation than slope and aspect in the area studied.
Optimal combination of environmental resources, good thermal conditions and loss human activities had
been provided for occurrence of more species in the middle altitudes. Finally, it can be stated that variety
study of Zagros forest habitats according to ecological and social special limitations governing on it finds dayto-day more important and recognition of the diversity of plant species information in these habitats and its
relation to physiographic factors is issue that requires further investigation and studies.
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