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Aims: The present study aimed to investigate beta and alpha diversities in vegetation types
and examine the relationship between the distribution of plant species and environmental
factors in the rangelands of southern Golestan Province, Iran.

Materials & Methods: This study was conducted in four vegetation types, namely Artemisia
aucheri, Festuca ovina - Astragalus gossypinus, Bromus tomentellus, and Bromus tomentellus
- Festuca ovina. The vegetation was sampled using a systematic random sampling approach.
Thirty plots measuring one m? were placed in each plant type along three 50-meter transects
to measure the vegetation. In total, 120 plots were placed across the different plant types. Soil
samples were collected from a depth of 0-30 cm. The soil depth was selected based on the
mountainous terrain and the rooting depth of the plants. The Past software calculated plant
species diversity and similarity indices between vegetation types and beta and alpha diversities.
The Tukey test was used to compare the diversity indices of the plant functional groups.
Findings: The highest alpha diversity among annual plants was observed in the F ovina-A.
gossypinus type with a Shannon-Wiener index of 0.927 and a Simpson index of 0.554. At
the same time, the most remarkable alpha diversity of shrub plants was associated with the
same type with a Shannon-Wiener index of 1.316 and a Simpson index of 0.711. Across all
four studied types, the highest richness of annual and perennial plants was observed in the
A. aucheri type, with a Margalef index of 8.192 and a Menhinick index of 5.774. In contrast,
the greatest richness of shrub species was observed in the E ovina-A. gossypinus type, with
a Margalef index of 3.734 and a Menhinick index of 2.677. In addition, beta diversity was
calculated using the similarity index for vegetation types. The results indicated a Whittaker
similarity index (beta diversity) of 0.3, 0.4, and 0.5 for annual, shrub, and perennial plants,
respectively. Canonical Analysis (CA) was performed using the Canoco 4.5 software to
examine the effect of environmental factors on plant species distribution. The analysis
revealed that soil texture, N, organic carbon, pH, EC, and aspect were the most significant
factors affecting the distribution of plant species.

Conclusion: This research provides valuable information about rangeland plant species for primary
livestock grazing and soil protection in the studied vegetation types for better land management.
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Introduction

Recognizing essential variables such
as climate, soil, vegetation, and biotic
elements is necessary for effective
rangeland management. Knowing the most
important factors affecting the distribution
of vegetation should carry out the best
management measures in Rangelands ™.
Many methods have been proposed to
evaluate diversity. These approaches fall into
two categories: parametric and numerical
indices. Numerical indices are the Margalef,
Simpson, and Shannon-Wiener indices.
These indices reveal the diversity of plant
communities within a particular unit.
However, some studies on beta diversity
have relied too heavily on a single criterion,
whereas others have utilized the Whittaker
index as the primary measure of beta
diversity 2. The diversity of plant species is
a crucial indicator of the health and state of
ecosystems, especially at the local or limited
regional levels B#. Numerous studies have
established a correlation between species
diversity and ecological system stability.
However, disagreement exists regarding
the appropriate use of diversity indices
and models. Sensitive indicators can reveal
damage to an ecological system. Also, they
identify the best practices for restoring
ecological systems 1,

In addition to species diversity, habitat
diversity (beta diversity) is another measure
of biodiversity. Beta diversity assesses
habitat changes and species composition
across environmental gradients and habitat
fragments. It is a benchmark for measuring
such changes 13, Habitat diversity plays a
crucial role in shaping species-specific patterns
and determining changes in competition
among plant communities ¥ #16],

Jouri et al. 7! examined the role of plant
richness and diversity in eco-balancing
upland rangelands in the Alborz Mountains,
located in the north of Iran. The findings

revealed that neither the grassland nor the
shrubland exhibited poor conditions. The
study also established a correlation between
plant diversity and richness, soil erosion,
and rangeland conditions in both types.
Additionally, certain vegetation factors
impact habitat conditions and contribute to
soil erosion.

Plant diversity is a crucial topic of interest
for ecologists involved in applied ecological
sciences. Reducing plant diversity can lead
to ecosystem instability and a decreased
ability to cope with pests and diseases.
Consequently, protecting biodiversity within
rangeland ecosystems is the ultimate goal of
rangeland management.

Choosing the best rangeland management
alternatives that support high plant
diversity requires knowledge of the
ecological conditions and the proper
management techniques. Eventually, this
can result in the development of more
stable natural ecosystems, which will
support and safeguard these ecosystems.
The hazards that habitats face, the loss of
biodiversity, the negative effect on system
stability, the importance of habitat diversity,
and its function in fostering biodiversity
and environmental sustainability are just
a few of the considerations that need to be
considered 9.

Considering the importance of protecting
plant species in the studied rangelands, soil
protection and compliance with the standard
of permissible exploitation limits will also be
influential factors in maintaining vegetation
cover because habitat diversity has been
less studied in rangelands. Therefore,
investigating the diversity and richness of
vegetation in each type can help create the
correct management for improving and
restoring rangelands.

This study aimed to examine the diversity
of plant species (beta diversity) between
vegetation types and investigate the impact
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of environmental factors on vegetation
types in the southern Golestan Province. The
knowledge gathered from this study can be
beneficial in making informed management
decisions that would preserve and restore
rangelands and improve fodder production
on various plant species in the southern
Golestan region.

Materials & methods

Study Area

The study area, located in the Alborz
Mountains, is situated in the northwest of
Shahroud County in Semnan Province and
extended from 40° 00’ N to 28° 04’ E, 40°
50’ N to 27° 45" E in the southern Golestan
Province. The elevation of the study area
ranged from approximately 2208 m to 2327
m. Geologically, the bedrock formations
consist of dark-colored limestone lithology
from the Cretaceous to Quaternary periods
18] (Figure 1.). The study identified four
vegetation typesinthearea,labeled astype 1:
Artimisia aucheri Boiss. type 2: Festuca ovina
sub sp. guestfalica -Astragalus gossypinus
Fisher. type 3: Bromus tomentellus Boiss. and
type 4: Bromus tomentellus Boiss.-Festuca
ovina sub sp. guestfalica.

Vegetation Sampling

The plant species were collected, identified
through flora analysis, and dried and
pressed. Plant species were identified using
Flora Iranica [*), while the Raunkiaer system
was employed to classify their life forms.
Also, its importance in conservation and
medicinal goals.

A systematic random sampling method
was utilized to collect vegetation data.
Specifically, 30 plots measuring one m?
were placed within each vegetation type.
The plots were arranged along three 50 m
transects, extending from the bottom of the
slope to higher altitudes, with a distance
of 5 m between each adjacent plot 8. One
hundred twenty plots were established

across all vegetation types, after which the
density of plant species was determined for
each plot.

Soil Sampling

Soil samples were collected from 0-30 cm
depths based on the mountainous terrain
and the rooting depth of the plants [l
The soil properties that were assessed
included texture (determined using
Bouyoucos hydrometer to measure sand,
silt, and clay content), organic carbon
(determined using Walkley and Black rapid
titration method) ?!1, pH (measured using
a pH meter), electrical conductivity (EC,
determined using a conductivity meter),
lime (quantified using 1N HCI) % and N
(measured through the Kjeldal apparatus
and titration method).

The Past software calculates the similarity
indices, B, and a diversities. Alpha diversity
was estimated using the diversity index,
focusing on the Shannon index. This index
considers the number of individuals and
taxa present, with values ranging from 0 (for
communities consisting of a single taxon) to
high values (for communities with multiple
taxa, each with few individuals).

Shannon Wiener index (H) is calculated
based on Eq. (1):

H= _Z =p;l,p; Eq. (1)

Simpson index (1-D): It measures the 'evenness’
of the community from 0 to 1.

_ s 1 n I’Ii(l’li—l)
1_D_Zizo (p)2 =1 Zi‘O[N(N—I)]

b) Richness index is calculated based on Eq. (2):

H=-3 =plp, Eq. (2)

Menhinick and Margalef indices were used
to assess the plant species richness.
Margalef is calculated based on Eq. (3):
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Figure 1) Location of the study area in the Golestan Province, Iran.

s—1
R = Eq. (3
1 L (N) q. (3)
Menhenink (1999) is calculated based on

Eq. (4):

S
R, N R,
In the above equations, 1-D is the Simpson
index, S is the number of taxa, is the
number of individuals of taxon I, N is the
Total number of individuals, p, is the
Proportion of species I in the community of
I, Lnislog, , R, is Margalef index, and R, is
Menhenink index.

Beta diversity, or habitat diversity, was
calculated using various indices, including
those proposed by Wittaker, Harrison, Cody,
Routledge, Wilson-Shmida, and Mourelle
and Ezcurra 2. The Past software can be
utilized to estimate beta diversity from any
number of samples, not just two.
Wittaker is calculated based on the Eq. (5):

Eq. (4)

-1, Eq. (5)

Harrison is calculated based on the Eq. (6):

b, N-1-1/°% Eq. (6)

Cody is calculated based on the Eq. (7):
g(H)+I(H

% Eq. (7)

Routtledge is calculated based on the Eq. (8):

1 1
b1=log10 a, Zai -[?] .Zei logloT—[?]

Eq. (8)
Wilson-Shmida is calculated based on the

Eq. (9):

b_ £()+1()
20

Eq. (9)

Mourelle & Ezcurra is calculated based on
the Eq. (10):

b w Eq. (10)

e 2g(N-1)

where S is the total number of species, a
is the mean number of species in plots, N
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Table 1) Plant species and flora of the southern rangelands of Golestan Province, Iran.

Asteraceae

Cichorium intybus L. An He Co

Tragopagon pratensis L. An Cr Co

Brassicaceae

Cardaria draba L. An He Co

Acanthophyllum glandulosum Bunge ex Boiss. Sh Ch Co

Chenopodiaceae

Salsola kali L. An Th Co

Colchicum kurdicum Stef. Pe He Me

Convolvulus arvensis L. An Th Me

Helianthemum nummularium Guss. An He Co

Hypericum linoides A.St.-Hil. Pe He Me

Euphorbia rigida Loisel. Pe He Co

Astragalus brevidens Rydb. Pe He Me

Colutea persica Boiss. An Ph Co

Onobrychis cornuta L. Sh Ch Me

Medicago lupulina L. Pe He Co

Bromus tomentellus Boiss. Pe He Co

Festuca ovina L. Pe He Co

Hordeum spontaneum K.Koch Pe Th Co

Lamiaceae He Co

Nepeta persica Boiss. An He Me

Marrubium frasium L. An He Me

Lilliaceae

Plumbaginaceae

Rubiaceae

Cupressaceae

*He: Hemicryptophytes, Th: Therophytes, Cr: Cryptophytes, Ch: Chamaephytes, Ph: Phanerophytes, Co:
Conservation plant species, Me: medicinal plant species

ECOPERSIA Summer 2024, Volume 12, Issue 3
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is the number of samples, g(H) is the total
gain of species along the gradient (samples
ordered along columns), 1(H) is the total
loss of species, e, is the number of samples
containing species I, and T is the total
number of occurrences [l

Diversity indices were compared using the
Tukey test method in the SPSS software.
Data analysis was conducted using the
Canoco 4.5 software to assess the influence
of environmental factors on species
diversity. Given that the gradient in the
Detrended Correspondence Analysis (DCA)
method was equal to 6.013, which is greater
than 4, the Canonical Analysis (CA) method
was employed to establish a relationship
between environmental factors and plant
species diversity and richness 3,

Findings

Identified Plant Life Forms

A total of 40 plant species from 16 families
wereidentified in the study area. The Poaceae
family had the highest species richness,
while the Chenopodiaceae, Euphorbiaceae,

Convolvulaceae, Cistaceae, Colchicaceae,
Lilliaceae, Plumbaginaceae, and Rubiaceae
families had the lowest species richness.
The life form distribution in the region
revealed that hemicryptophytes were the
most abundant, followed by therophytes,
cryptophytes, and chamaephytes, as shown
in Table 1.

Alpha Diversity
Regardingalphadiversity,the B.tomentellus-F
ovina type had the highest perennial plant
species diversity, with a Shannon-Wiener
index of 1.965 and a Simpson index of 0.815.
The E ovina-A. The gossypinus type had the
highest diversity of annual plant species,
with a Shannon-Wiener index of 0.927 and
a Simpson index of 0.554. For shrub species,
the E ovina-A. The gossypinus type had the
highest diversity, with a Shannon-Wiener
index of 1.316 and a Simpson index of 0.711.
Regarding annual plant species richness,
the A. aucheri type had the highest Margalef
index (3.059) and Menhinick index (2.449).
At the same time, the A. aucheri type also
had the highest richness of perennial plant

Number

Similarity index

M Annual Wshurb M perennial

o]

Figure 2) Beta diversity indices in four vegetation types (Type 1: A. aucheri, Type 2: E ovina - A. gossypinus, Type

3: B. tomentellus, Type 4: B. tomentellus - E. ovina).
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Table 2) Levels of species richness and evenness in the vegetation types in the study area.

Type Shannon Wiener

Perennial 1.862
Artemisia aucheri Shrub 0.706
Annual 0.864
Perennial 1.164
Shrub 1.316
Annual 0927
Perennial 1.884
Bromus tomentellus Shrub 0.436
Annual 0.500
Perennial 1.965
Shrub 0.474

Annual 0.668

Festuca ovina - Astragalus
gossypinus

Bromus tomentellus -
Festuca ovina

Simpson Margalef Menhenink
0.803 8.192 2.774
0.403 2.465 2.221
0.477 3.059 2449
0.469 4.505 2.728
0711 3.734 2.677
0.554 1.553 1.199
0.777 3.333 2.149
0.265 1.076 1.257
0.32 0.343 0.476
0.815 4.127 2.898
0.297 0.012 3.303
0.444 0.78 0.833

Table 3) Tukey test results for comparing the averages of diversity and richness indices.

Indices Mean Difference + Std. Error .
Shannon Weiner 0.979*+0.238 11.296
Simpson 0.267+0.114 4.104
Margalef 3.605*+ 1.205 5.394
Menhenink 2.148+0.828 3.367

“The mean difference is statistically significant at the 0.05 level.

species, with a Margalef index of 8.192 and
a Menhinick index of 5.774. Finally, the E
ovina-A. gossypinus type had the highest
shrub species richness, with a Margalef
index of 3.734 and a Menhinick index of
2.677 (Table 2).

Beta Diversity

Beta diversity was estimated using a
similarity index, with the Whittaker
similarity index being employed for annual,
shrub, and perennial plants. The results
indicated that the Whittaker similarity
index was 0.3 for annual plants, 0.4 for
shrub plants, and 0.5 for perennial plants (as
depicted in Figure 2.).

Ordination and Comparison of Diversity
Indices in the Studied Vegetation Types

The gradient value obtained through the
Detrended Correspondence Analysis (DCA)
method was 6.013, indicating that the
Canonical Analysis (CA) method would
be more appropriate for data analysis 23],
Tables 6. and 7. present the eigenvalues
obtained from the DCA and CA methods.
The results, as depicted in Table 4, reveal
that the first axis had a variance of 24.3%,
while the second, third, and fourth axes
had variances of 44%, 59.5%, and 44.6%,
respectively. Specifically, axis 1 accounted
for 80% of the total variance, followed by
the second, third, and fourth axes with
71%, 67%, and 55%, respectively. The first
component was determined by the absolute
values of coefficients for N, organic carbon,
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Table 4) Variance analysis for different diversity and species richness measures.

Sum of

Indices Squares df Mean Square F Sig.
Between Groups 2.574 1.287 11.296 0.004
Shannon Weiner = Within Groups 1.025 0.114
Total 3.599 11
Between Groups 0.214 0.107 4.104 0.049
Simpson Within Groups 0.235 0.026
Total 0.449 11
Between Groups 31.337 15.668 5.394 0.029
Margalef Within Groups 26.143 9 2.905
Total 57.480 11
Between Groups 9.235 4.617 3.367 0.041
Menhenink Within Groups 12.342 1.371
Total 21.577 11

and aspect, while the second component
was influenced by sand, silt, clay, pH, and
EC. Additionally, the third component was
primarily affected by Caco3, while the fourth
component was influenced by slope and
elevation. Figure 3 depicts the plant species
ordination based on these components, and
the correlation between environmental
factors and plant species was determined
along the corresponding axes.

Figure 3) Ordination Diagram of Plant Species
Based on Components Using the CA Method.

Table 2 provides the results of variance
analysis for different indices of plant species
diversity and richness. The significance level
is less than 0.01 and 0.05, indicating a 95%
confidence interval for the entire numerical
index of plant species richness and diversity,
except for the Shannon-Wiener index. The
Tukey method was utilized to compare the
different levels (as shown in Table 3). As per
the data displayed in Table 2. although there
is a significant relationship at the 5% level
between perennial and annual plants using
the Shannon-Wiener index and Margalef
index, there is no significant relationship
between the groups in other indices.
There are significant differences between
annual, perennial, and shrub plants. Shannon
Wiener index is significant differences
(99%) in the vegetation types (Table 4):
Table 5 shows a substantial association at
the 5% level between the Shannon-Wiener
and Margalef indices for perennial and
annual plants. However, the groups have no
significant relationship according to other
indices.

Discussion
It is critical to comprehend the relationship
between diversity and features of plant
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Table 5) Tukey test results to compare the average of the indicators of diversity and richness.

Mean

95% Confidence Interval

Dependent Variable () Fisher (]J) Fisher Difference éﬁior Sig. Lower
(I-) Bound Uigpoe ot
Shannon Dunnett t 1.00 3.00 0.979* 0.238 0.005 0.3552  1.602
Weiner (2-sided)* 2.00 3.00 -0.007 0.238 0.999 -0.630 0.617
_ Dunnett t 1.00 3.00 0.267 0.114 0.077 -0.310 0.565
Simpson : a
(2-sided) 2.00 3.00 -0.029 0.114 0.952 -0.328 0.268
Dunnett t 1.00 3.00 3.605* 1.205 0.027 0.455 6.755
Margalef : .
(2-sided) 2.00 3.00 0.388 1.205 0.928 -2.762 3.538
_ Dunnett t 1.00 3.00 2.148 0.828 0.052 -0.016 4312
Menhenink : a
(2-sided) 2.00 3.00 1.125 0.828 0.337 -1.039 3.289

a. Dunnett t-tests treat one group as a control and compare all other groups against it.

*. The mean difference is significant at the 0.05 level.

Table 6) Eigenvalues for diversity and richness species of plant ordination with environmental factors using

the DCA method.

Axes 1 2 3 4 Total Inertia
Eigenvalues 0.805 0.479 0.423 0.267 8.094
Lengths of Gradient 6.013 3.727 4.643 3.473
Species-Environment Correlations 0.807 0.661 0.673 0.586
Cumulative Percentage Variance:
of Species Data 9.9 159 211 24.4
of Species-Environment Relation 22.1 33.6 0 0
The Sum of All Eigenvalues 8.094
The Sum of All Canonical Eigenvalues 1.965
communities because species diversity 8. The study area's second most prevalent

is lost due to various natural and human
stressors, including severe grazing, drought,
and similar situations.

Based on the findings, the Poaceae, Fabaceae,
and Asteraceae families were dominant
in the southern rangelands of Golestan
Province. The study area's climate is cold
and mountainous, and Hemicyptophytes
dominated the plant life in the rangeland.
Consequently, the study area is well-suited
for hemicryptophyte plants. This plant life
form prefers cold and mountainous climates

plant life form was therophytes, adapted to
various environmental conditions. The third
life form was identified as cryptophytes and
chamaephytes. While the Shannon-Wiener
and Margalef indices showed a significant
relationship at the 5% level, there was no
significant relationship between the groups
in other indices. The similarity of vegetation
type was measured using common plant
species between them. Similar plant species
suggest a lower dissimilarity between the
plant communities and the habitat ?*. Beta
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Table 7) Eigenvalues for diversity and richness species of plant ordination with environmental factors using

the CA method.

Axes 1 2 3 4 Total Inertia
Eigenvalues 0.805 0.713 0.676 0.555 8.094
Species-environment Correlations 0.769 0.738 0.131 0.724

Cumulative Percentage Variance:

of Species Data 9.9
of Species-Environment Relation 24.3
The Sum of All Eigenvalues

The Sum of all Canonical Eigenvalues

18.8 27.1 34

44 44.6 59.5
8.094
1.965

Table 8) The correlation coefficient between the axes of plant species and environmental factors in rangeland

study by the CA method.

Axes1 Axes2 Axes3 Axes4
Sand 0.578 -0.640 0.118 0.173
Clay 0.285 -0.474 -0.058 -0.263
Silt -0.534 0.764 -0.107 -0.092
Caco3 0.125 0.195 -0.545 -0.248
N 0.807 -0.397 -0.36 0.165
C-organic -0.464 -0.230 0.405 0.442
pH 0.176 0.547 -0.531 -0.234
EC 0.463 -0.608 -0.364 0.066
Elevation -0.114 -0.528 0.383 0.816
Slop 0.300 0.340 -0.528 -0.770
Aspect -0.444 -0.049 0.405 -0.109

diversity indices involve arithmetic operations
to combine species richness and evenness
in each community 2> 26!, This study used six
indices to compute beta diversity, and the
Whittaker index [ was employed to measure
beta diversity. The results indicated a low level
of similarity between habitats of vegetation
types, with values of 0.3, 0.4, and 0.5 for annual,
shrub, and perennial plants, respectively.

The present study revealed that soil factors
(such as soil texture, N, organic carbon, pH,
and EC) and physiographic factors (such
as aspect) had the most significant impact
on the distribution of plant species. These

findings are consistent with those reported
in other studies, such as Ayad 1%, He et al. 1%,
and Vasquez et al. 3%, which demonstrated
the significant influence of soil factors on
plant species distribution . According to
the results obtained from this research, soil
texture plays a crucial role in infiltration,
water retention, and plant access to water and
nutrients. In addition to determining plant
groups, soil texture is also a significant factor
in the distribution of plant species 32331, Boer
and Sargeant % established a relationship
between vegetation and soil texture. Nitrogen,
one of the soil factors, played a significant


http://dx.doi.org/10.22034/ECOPERSIA.12.3.205
https://ecopersia.modares.ac.ir/article-24-73523-en.html

[ Downloaded from ecopersiamodares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/ECOPERSIA.12.3.205]

role in the distribution of plant species in
the studied rangelands. Nitrogen is a crucial
element for plant growth, and increased
vegetative growth leads to increased plant
photosynthesis, which produces hydrocarbon
substances [°. Consequently, hydrocarbon
substances also play a significant role in
protein synthesis. Zhao et al. B° analyzed
changes in species diversity and production
concerning soil characteristics in the northern
Tianshan Mountains. The analysis revealed
that soil nutrients are the primary factors
determining the distribution and pattern
of the main plant types in the region. They
also reported that soil nutrients, available
water, pH, and EC influence species diversity
and production changes. The analysis of this
research revealed that organic matter is one
of the soil factors that affect plant species
distribution, and these results are consistent
with those reported in other studies % 2
3137 Organic matter significantly affects
soil-building and soil-holding capacity. The
present study revealed that EC played a
crucial role in the distribution of plant species,
which is consistent with the findings of Zare
Chahouki et al. ¥, Flowers B%, and Zhang
et al. "%, Thus, once the plant species in an
area are identified, it is crucial to understand
their ecological requirements and the
environmental and management factors that
affect their distribution. This understanding
should inform the investigation of all possible
management methods, followed by detailed
planning and integrated use of suitable
methods. Additionally, the aspect was found
to be a significant factor in the distribution
of plant species, which is consistent with
the findings of Fattahi and Ildoromi % and
Jahantab et al. *1,

Conclusions

The results of this study indicate a diverse
range of taxonomic levels, families, and
biological forms in the study area, which

contribute to soil conservation and livestock
forage. It is, therefore, crucial to identify the
most critical environmental factors affecting
the distribution of plant species, as it can
significantly impact plant species diversity
and richness in rangelands. The current
study aids in predicting the existence of
plant species that share traits; put another
way, it makes it feasible to identify which
group of plants is concurrently present
in the monitoring area in the event of any
perturbations in the area. Additionally, by
considering the adaptation and resilience of
plants, we can select suitable plant species
for the improvement and regeneration of the
region.Inconclusion,thefindingsofthisstudy
can aid in the conservation, management,
and rehabilitation of rangeland resources.
Despite the results mentioned above,
the importance of diversity in rangeland
ecosystems is emphasized. Habitat diversity
can be calculated to achieve sustainable
rangeland management, which can help
protect plant species, ensure stability, and
prevent degradation. Ranchers, farmers,
and tourists must care for the rangeland to
ensure its long-term health and productivity.
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