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Aims: This study was conducted to investigate the association between plant species diversity
indices with topographic variables in the rangelands of Hir county, Ardabil Province, Iran.
Materials & Methods: Random-systematic sampling was performed in three elevation
profiles at 11 sites. The elevation was divided into five classes, the slope into three classes,
and the aspectinto four classes. Indices of plant species richness, Margalef’s, Menhinick’s, Hill
evenness, density, and dominance were calculated. Indices in different classes of topographic
variables were analyzed using a one-way analysis of variance (ANOVA) and Duncan’s mean
comparison.

Findings: Results showed that the highest value of the Shannon-Wiener indices was
observed in the elevation class of 1800-2000 meters above sea level (masl). The highest
values of plant species evenness, richness, and diversity of Simpson’s and Shannon-Wiener
were related to the slope of 0-20%. The values of species richness indices and dominance in
the southwest direction, and Menhinick’s richness in the northwest direction, were higher
than in the other directions. At the level of Plant Functional Types (PFTs), the highest amount
of evenness is at the grasses PFT and elevation classes of 1800-2000 and 2400-2600 masl
The maximum amount of Hill evenness at the shrub PFT and slope of 40-60%. The highest
amount of Margalef’s richness and Shannon-Wiener plant diversity was in the forbs PFT and
the southwest direction.

Conclusion: According to the results, elevation, and slope have the greatest effect and the
aspects of the slope have the least effect on the diversity of plant species in the region.

Keywords: Elevation gradient; Physiographic factors: Plant functional types; Richness, Uniformity..
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Introduction

Diversity is a key issue in sustainable
management and nature protection. Nature
protection aims to maintain the largest
possible number of native species in an area,
and this goal can be achieved by recognizing
the diversity and ways to measure it .
Therefore, the study of diversity by providing
basic information about the distribution,
and abundance of species, recognizing
and maximizing the characteristics of
plant society, helps effective management,
sustainable use, and protection of diversity!?..
Since the base of the ecological pyramid is
based on vegetation, the greater the diversity
in this bed, the greater the correlation of the
species to adverse environmental conditions
Bl Plant diversity has been widely used
in vegetation studies and environmental
assessments as one of the important
indicators in determining the managerial
role and assessing the status of ecosystems
451, Plant diversity changes the functioning
of ecosystems and services that are essential
to human well-being as well as endangered
species [°. However, they can be intensely
affected by the high severity of climate
change, soil attributes, nutrient depletion,
fires as well as human activities "\.

The study of plant diversity and the
relationship between richness, diversity,
and physiographic factors has been a
significant topic for researchers around the
world. For example, Jiang et al. ¥ in the study
of topographic effects (elevation, slope, and
aspect) on plant diversity in the east of
Helan Mountain in China showed that with
increasing elevation, species richness has
increased. Chawla et al. B in the study of
plant diversity of woody species along the
elevation gradient in the Western Himalayas
showed that the values of plant diversity
indices with increasing elevation, first had
an upward trend (at middle elevations), then
a downward trend (at high elevations). In
another study, Zhang ! in investigating the
relationship between environmental factors
and plant diversity in the Shanxi, China
loess plateau identified plant communities
with different compositions, structures,
and environments by cluster analysis. Their

results showed that elevation, soil type,
slope, and aspects were important factors in
regenerating loess areas and played a decisive
role in vegetation distribution. Wang et al.
(19 in the study of the relationship between
topographic factors and plant distribution
in the forests of southern China, concluded
that elevation and slope were the first and
second important topographic factors in
plant distribution, respectively. In another
study, Thammanu et al. " investigated
the effect of environmental factors on the
composition and plant diversity of species
in the forests of northern Thailand and
reported that elevation was one of the most
important factors in plant distribution.
Abbasi Kesbi et al. '? in the study of plant
diversity and richness of rangeland species
in the Lashgerdar protected region, Malayer,
[ran stated that there was a significant
relationship between physiographic factors
and species diversity of plants, however,
there was no relationship between evenness
indices and physiographic factors. Ghafari
et al. " in the study of the composition
and structure of species along the Moghan-
Sabalan elevational gradient, in Iran, reported
that elevation was the most important factor
in species distribution. Ghorbani et al. ™ in
the study of the effect of topographic factors
on plant diversity indices in an elevational
gradient of QezelOzan - Kosar, Ardabil
Province, Iran, reported that changes in
elevation, slope, and aspect have a significant
effect on plant diversity, richness, evenness,
and dominance indices.

The plant diversity in the rangeland
ecosystems is directly affected by the
vegetative characteristics and diversity
of its species, which in addition to the
main food chain as a protective shield,
always ensures the sustainability of this
ecosystem [* %, Principled protection and
exploitation of rangeland ecosystems depend
on management based on quantitative
development and maintenance of the highest
number of native species in this ecosystem
(1516 Therefore, one of the ways to identify
and evaluate rangelands is to recognize the
species diversity of plants and measure and
estimate it ™ 4,
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Hir-Neour regions are one of the significant
rangeland ecosystems in Ardabil Province,
which are exploited by rural and nomadic
pastoralists. Limited studies have been
conducted in the field of plant diversity,
therefore, to support, protect and exploit
this ecosystem, it is necessary to have a
proper understanding of the plant diversity
status of this ecosystem. Therefore, the
purpose of this study was to investigate and
evaluate the plant diversity of this ecosystem
concerning changes in elevation, slope, and
aspect factors.

Materials & Methods

Study Area

The study area (Hir-Neour rangelands) is
located 48 km southeast of Ardabil capital
city (Figure 1). Elevation varies from 1400
to 3200 masl. Based on the rainfall gradient
extracted from 25 years of data from

meteorological stations around the study
area, the average annual rainfall is 338 to
390 mm. The soil texture is loamy-clayey
and fertile rangelands and the vegetation
physiognomy of the region is forbs, shrubs,
and grasses [17,

Sampling Method

With the initial survey of the study area
using topographic maps and field visits, three
elevation profiles were selected according
to the road accessibility and in each profile,
three, five, and three (11 in total) sampling
sites were selected, respectively (Figure 1).
At each site, three transects with a distance
of 50 meters from each other were selected.
The location of the first transect was
randomly selected. Subsequent transects
were systematically selected in the direction
perpendicular to the slope. In each transect,
10 plots of one m? (30 plots in each site) were
sampled at intervals of 10 meters (330 plots)
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Figure 1) Location of the study area in Ardabil Province and Iran, three selected profiles (elevation variations

and distance), and sampling sites.
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Table 1) Characteristics of topographic factors.

Topographic Class Code Observations/ Selected Number of Sampling Plots in Each
Factors Sites Class
1 1600-1800 63
2 1800-2000 146
Elevation (masl) 3 2000-2200 61
4 2200-2400 30
5 2400-2600 30
1 0-20 146
Slope (%) 2 20-40 152
3 40-60 32
1 North 84
2 Northwest 71
Aspect
3 West 102
4 Southwest 73

in May 2016. Dimensions and number of plots
were determined according to the structure
of vegetation and the number of samples
required and according to various literature
related to the surrounding areas 11 18 19,
The location of sampling plots was
recorded using a GPS device and, in each
plot, the number of species was recorded,
and unknown species were collected
and transferred to the herbarium of the
University of Mohaghegh Ardabili. The
collected species were identified using
literature such as Flora Iranica, and Iranian
Flora. The biogeographical distribution
of plant species and Plant Functional
Types (PFTs) were determined. Raunkiaer
classification was used to determine the
PFTs of the species 2,

To investigate the relationship between
species diversity of plants with topographic
factors and to investigate their differences
based on selected sampling sites and
taking into account the number of samples,
elevation was classified into five; slope
into three, and aspects into four classes
(Table 1).

Data Analysis

Using data on plant species density, the

normality of the data was first examined
using the Kolmogorov-Smirnov test. By
the equations in Table 2, the indices of
plant species diversity, richness, evenness,
and dominance for the selected sites were
calculated using PAST . software. After
calculating these indices, a one-way analysis
of variance (ANOVA) was used to investigate
the differences between sites with different
elevation, slope, and aspect classes. Duncan'’s
comparison test in SPSS software was

ver.22

used to compare the means.

Findings

Flora at the study area

The results showed that 110 species
from 28 families are distributed at the
selected sites. The most important plant
families are included: Asteraceae with
21 species and Fabaceae with 13 species.
Hemicryptophytes with 55 species and
therophytes with 35 species are the most
prominent PFTs by Raunkiaer’s method. In
terms of general PFTs, 81% of the plants are
forbs, 11% are shrubs, and 8% of grasses.
In terms of biogeographical distribution,
Iran-Turonian species with 51% were the
dominant group.
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N

Table 2) Indices of diversity, richness, evenness, and dominance of plant species.

where H is the Shannon- Wiener diversity indices, Pi is the
Shannon- Wiener ratio of individuals of species i to the total sample, S is the
Diversity number of species, and Ln P is the logarithm of P. The value of
these indices varies from zero to 4.5 23],

Where S is the plot area, N is the number of plant species, and
Menhinick’s Richness N is N squared. The value of these indices varies from zero to
infinity 23}

Where ¢ is the Simpson’s indices and H is the Shannon- Wiener
indices. When the abundance of all species in a sample is
equal, the evenness indices will be maximized. The value of
these indices varies from zero to one 231,

Hill Evenness

Table 3) Effects of elevation classes on plant density and selected indices.

Density 29344+2687° 20123+872" 14675+ 13.00° 86.13+9.85¢ 7550+ 5514  2393"

Simpson’s Diversity 0.69+ 0.01° 0.71+0.01° 0.62+ 0.02° 0.72+0.02? 0.68+ 0.03 460"

Margalef’s Richness 2.14+0.09° 212+ 0.05® 1.61+0.09¢ 1.86+0.11¢ 1.72+0.09¢ 856"

Species Dominance 0.30+ 0.01° 0.28+0.01° 0.37+0.02° 0.27+0.02? 0.31+0.03 4.60™

**Significant effect at the level of 1%; Similar letters had no significant difference at different elevation classes (p<0.05)
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Convolutional Neural Networks (CNN)-Signal ... 29

Table 4) Effects of slope classes on plant density and selected indices.

Density 218.34 £ 13.87a 160.43 £ 9.31b 168.88 + 18.88b 6.64"

Simpson'’s diversity 0.73 + 0.00a 0.66 = 0.01b 0.63 + 0.03b 10.98™

Margalef’s richness 2.02 £ 0.04a 1.89 £ 0.05a 2.10+£0.17a 2.02m

Species dominance 0.26 + 0.00a 0.33+£0.01b 0.36 + 0.03b 10.98™

**Significant effect at the level of 1%; *Significance effect at the level of 5%; " no significance. Similar letters had no significant
difference at different slope classes (p<0.05)

Table 5) Effects of aspects classes on plant density and selected indices.

Density 234.32+20.63* 154.18+16.29> 175.54 +10.26® 192.50 +15.21* 4.63"

Simpson’s diversity 0.72 £ 0.01? 0.66 + 0.01° 0.69 £ 0.01° 0.65 + 0.02? 2.53"

Margalef’s richness 1.91 + 0.05* 1.88 £ 0.07® 2.08 £ 0.07° 2.04 = 0.09° 2.26™

Species dominance 0.27 £0.01* 0.33 £0.01° 0.30 £ 0.01° 0.34 + 0.02? 2.53°

**Significant effect at the level of 1%; *Significance effect at the level of 5%; "™ no significance. Similar letters had
no significant difference in different aspects (p<0.05)

The effect of topographic variables on
plant diversity indices at the level of total
species

Based on the results obtained from the
ANOVA table in different elevation classes
with density and the indices of diversity,
richness, evenness, and dominance of plants
were significant (p<0.01) (Table 3).

The results obtained from the ANOVA

ECOPERSIA

table in different slope classes showed that
density and the indices of plant diversity
and dominance were significant (p<0.01).
However, the indices of richness and
evenness were not significant (Table 4).
The results obtained from the ANOVA
table in different aspect classes showed
that density (p<0.01), and the indices of
Simpson’s diversity (p<0.05), evenness

Fall 2022, Volume 10, Issue 4
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Table 6) Effects of elevation classes on the selected indices.

Indices Elevation (masl)
PFTs F
1600-1800 1800-2000 2000-2200 2200-2400 2400-2600
3}.13““.0“"’\”‘3“” 124+006° 155006  1.17+0.07° 1.10% 0.07% 092+0.08 948"
iversity
Forbs Margalef's 124+0.06° 1.66+011° 1.16+0.10° 1.06 + 0,08 083+0.08 10.56"
richness
Hill evenness 048+ 0.03* 0.58+0.02> 0.63+0.03" 0.74 + 0.03¢ 0.73+0.03¢ 11.58"
gha““."“'Wie“er 058+005  037+006° 046%005°  052+006®  045+007% 154"
iversity
Grasses ~ Margalef’s 038+0.02° 025+0.04° 035005  033+004°  028+0.04 146"
richness
Hill evenness 0.67+0.02° 0.88+0.02° 0.77+0.03¢ 0.87 + 0.02° 0.88+0.02> 11.76"
3}.13““.0“"’\”"“” 044+008  058+009%  0.67+0.08® 0.60  0.07 078+005 262"
iversity
Shrubs  [ESESHIEES 050+0.09° 062+010° 097+0.12° 070007 097+007° 486"
richness
Hill evenness 090+ 0.02®®* 0.83+0.022 093+0.01° 0.86 + 0.03* 0.89 + 0.01% 2.53"

**Significant effect at the level of 1%; *Significance effect at the level of 5%; " no significance. Similar letters had

no significant difference in different aspects (p<0.05)

Table 7) Effects of slope classes on the selected indices.

Slope (%)
PFTs Indices F
0-20 20-40 40-60

SILETIER G s 1.28 + 0.05° 1.12 + 0.06° 1.11 + 0.07° 2.61™
diversity

Forbs  Margalef’s richness 1.32 £ 0.07° 1.07 + 0.06° 1.09 + 0.11° 3.39"
Hill evenness 0.59 + 0.02° 0.66 + 0.03 0.66 + 0.03 2.16™
SO e 0.40 + 0.04° 0.55 + 0.04 0.54 + 0.07 3.74"
diversity

Grasses  yfargalef’s richness 0.27 + 0.02 0.39 + 0.03 0.31 + 0.05® 3.64"
Hill evenness 0.82 +0.02° 0.75 + 0.02° 0.91+0.01° 8.00"
S 0.61 + 0.04° 0.64 + 0.06° 0.57 + 0.09° 0.20
diversity

Shrubs )
Margalef’s richness 0.74 £ 0.06° 0.75 + 0.08? 0.79 £ 0.12° 0.07"s
Hill evenness 0.86 % 0.01° 0.89 + 0.01° 0.95 +0.01° 4.84"

**Significant effect at the level of 1%; *Significance effect at the level of 5%; " no significance. Similar letters had no significant

difference in differentaspects (p<0.05)

(p<0.01), and species dominance (p<0.05)
were significant. However, the indices of
Shannon-Wiener diversity and richness
were not significant (Table 5).

The effect of topographic variables on
plant diversity indices at the level of PFTs
The results of ANOVA of numerical indices

of diversity, richness, and evenness with
elevation classes for forbs and shrubs FTPs
were significant (p<0.01). However, for
grasses PFT only the evenness index was
significant (p<0.01) (Table 6).

The results of ANOVA for forbs FTP, only
richness index with slope classes was
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Table 8) Effects of aspects classes on the selected indices.

Aspects
PFTs Indices F
North Northwest West Southwest
jha““f’“'Wie“er 122+0.06° 098+006° 133+005  179+0.16° 822"
iversity
Forbs Margalef’s richness ~ 1.17 +0.16°  0.94 +0.06°  1.37 +0.08? 2.09 £ 0.02° 8.49"
Hill evenness 0.64+003 0.65+003" 060+002°  054+010° 077"
3}.“"‘““9““""6““ 052+005 051+004° 041+004 045023  1.09%
iversity
Grasses  Margalef’srichness  0.34+0.03* 0.32+0.03°  0.30 + 0.03 0.28 + 0.14° 0.30"
Hill evenness 0.78+0.02° 083+0.02° 082+002°  0.88+009 080"
zha““f)“'Wie“er 054+006° 0.67+0.05 059+006°  121+028 266
iversity
Shrubs  Margalef’s richness ~ 0.64 + 0.07¢ 3317;? 0.75 + 0.08° 1.27 £0.37° 1.640
T 0.89+002° 088+001° 088+001°  081+006° 033"

**Significant effect at the level of 1%; *Significance effect at the level of 5%; " no significance. Similar letters had no

significant difference in different aspects (p<0.05)

significant (p<0.05). For grasses FTP, the
indices of diversity (p<0.05), richness
(p<0.05), and evenness (p<0.01) with slope
classes were significant. For shrubs PFT,
only the evenness index with slope classes
was significant (p<0.01) (Table 7).

The results of ANOVA for forbs FTP, indices
of diversity and richness with aspect classes
were significant. For grasses FTP, only the
richness index with aspect classes was
significant. For shrubs PFT, only the plant
diversity index with aspect classes was
significant (Table 8).

Discussion

Flora of the study area

Among the plant families, Asteraceae has the
highest number of species, which shows the
natural trend of the presence of this family in
most parts of the world ¢}, including other
parts of Ardabil Province, where this family
was dominant 3. The second family in the
study area is Fabaceae, which is considerably
from the palatable species for livestock.
Fabaceae has been reported as the dominant
family from the Northern slopes of the
Sabalan mountains [**, Fandoghlou region [,
and QezelOzan-Kosar elevational gradient
(1416l in some case studies. According to the

results obtained from PFTs, it was found
that hemicryptophytes are dominated,
which is due to the passage of winter by
life-giving buds in such plants from the soil
surface and among the winter snow. This is
consistent with the results of Ghafari et al.
(131 and Taheri Niari et al. *°, who concluded
that the hemicryptophytes were dominant
at the Moghan-Sablan and QezelOzan-Kosar
elevations gradient in Ardabil Province.
Moreover, Ghafari et al. '3 and Taheri Niari
et al. ', have concluded that the abundance
of hemicryptophytes in an area indicates a
cold and mountainous climate. In terms of
geographical distribution studies, the most
vegetative elements of the region were
identified in the Iran-Turonian and Iran-
Turonian,and Euro-Siberianregions.Another
study by Ghorbani et al. 123! on the Asteraceae
family found that the highest frequency of
geographical distribution, as in the present
study, was related to hemicryptophytes and
the Iran-Turonian and Iran-Turonian and
Euro-Siberian vegetation regions.

Effects of topographic factors on species
composition and plant diversity
Elevation at the total species level
According to the results in the whole study
area, elevation had a significant effect on the
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density, diversity, richness, evenness, and
species dominance indices. With increasing
elevation, species density initially increased
to 1800-2000 masl, but then decreased
to 2600 masl. However, there was no
describabletrend forplantdiversity,richness,
evenness, and the dominance of species
with increase or decrease of elevation, and
mostly they fluctuated. Although Fisher and
Fuel ?°! concluded that, due to the favorable
environment in terms of temperature, the
values of species richness were higher at
low elevations in Arizona, there is also the
lower temperature in comparison with the
higher elevation at the study area, however,
our results did not show any considerable
trend in this regard.

Elevation at the PFTs level

At the level of PFTs of plants, the results
showed that in grasses, about the elevation
factor, only the Hill evenness indices were
significant. This result was similar to the
study, conducted by Ming et al > who
reported that the effect of elevation gradients
on plant species diversity in Shennongjia
Mountains, central China, and their results
showed that the diversity of forbs and woody
species decreased with increasing elevation.
Slope

The results of this study showed that with
increasingtheslopeatthetotallevel of plants,
the indices of density, species richness, and
diversity of Simpson’s and Shannon-Wiener
have decreased. The evenness indices in this
category were the lowest (0.47%). In this
regard, it can be concluded that increasing
the slope of the region by reducing soil
nutrients due to high leaching and also
reducing the available plant moisture due to
lack of water penetration into the soil, which
in turn reduces the species diversity. Jahedi
Pour et al. 1?7}, in the study of physiographic
factors on the diversity of plant species in the
Kakhk Gonabad desert ecosystem, reported
that slope had a significant effect on species
diversity and richness, and declared the
slope of 0-20 as the highest species diversity
and richness, which is consistent with the
results of the present study.

On the other hand, the indices of Margalef’s
richness, Menhinick’s, and dominance

increase in the category of 40-60%, which
can be attributed to the impassability of
the land and, as a result, the inaccessibility
of vegetation for livestock due to the slope
of the area. Mohammadzadeh et al. ?* in
the study of the diversity of plant species in
the Arasbaran region reported an increase
in these indicators with increasing slope,
due to the microclimate of the rocks and
retaining moisture below them, less human
degradation, and the difficulty of steep
slopes for livestock grazing.

Aspects

The present study also showed that the
aspects of the range at the total plant
level have a significant effect on density
and evenness. Species richness (p<0.01)
and Simpson’s dominance and diversity
(p<0.05). Thus, the indices of dominance
and species richness in the southwest
slope are the highest value compared to
other aspects. Vaseghi et al. 1>/ also stated
that in Kalat Mountains of Gonabad, South
Khorasan, Iran, reported the highest amount
of species richness on the southern slopes.
Armesto and Martinez 3% stated in the study
of the Mediterranean region of Chile, that the
species richness was higher in the southern
direction.

Simpson’s density, evenness, and diversity
indices in the north direction had the
highest values, which can be attributed to
low sunlight and as a result of increased soil
moisture and subsequent growth conditions
for vegetation in the region. Many studies,
including Badano et al. BY, have reported
significant differences in the northern and
southern slopes by studying areas with a
Mediterranean climate and the reason for
less plant diversity in the southern slopes,
they have stated that these slopes are drier
than the northern slopes and, consequently,
reduced intra-group competition. The study
of species diversity in different gradients of
elevation, aspects, and slope is an attempt
to understand the interactions of vegetation
and inanimate environment 2],

For the PFTs of forbs, Shannon-Wiener
diversity and Margalef’s richness in the
southwest direction have the highest
distribution. Ghorbani et al. 3 compared
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some ecological factors affecting the
distribution of Artemisia fragrans Wild. and
Artemisia austriaca Jacq. in the southeastern
rangelands of Sabalan, Iran, and among the
factors, elevation, and its affected factors,
such as slope and aspects, were introduced
as important factors in the distribution of
these species. Another study by Marsh %
in New York, USA, found that differences in
plant diversity across slopes depended on
differences in soil moisture at these slopes.

Conclusion

According to the obtained results, the factor
of elevation and slope has the greatest effect
and the aspects of the slope have the least
effect on the diversity of plant species in the
region. Therefore, according to the results
of this study, changes in species diversity
indices can be used as a criterion to improve
the condition of rangelands in the region
and to adopt appropriate management
programs. Plant diversity assessment is
considered because of understanding the
structure and function of the ecosystem and
its evolution, conservation of gene resources,
study, and control of environmental changes,
and identification of suitable areas for plant
diversity conservation.
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