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Rangelands, as one of the vital ecosystems in Iran's arid and semi-arid regions, play a
crucial role in biodiversity conservation, soil erosion prevention, and forage supply. In
recent years, anthropogenic pressures such as overgrazing and climate change have led
to the decline in species diversity and the ecological degradation of rangelands. This
study aimed to investigate the trends of plant species diversity and richness indices from
2021 to 2023 (corresponding to 1400—1402 in the Iranian calendar) in the Jishabad
rangeland site of Tarom County. For this purpose, a systematic sampling design was
applied, in which four main plots (each 10x10 m) were randomly selected within a one-
hectare study site. In each main plot, four subplots of 1x1 m were established. Field
measurements were conducted during the peak growth season (May—June) over three
consecutive years. In each subplot, data on species composition, life form, percentage
cover of vegetation, litter, moss, bare soil, gravels, and erosion intensity were recorded.
Species identification was conducted using reliable floristic references for Iranian flora.
Diversity indices including richness (Margalef and Menhinick), evenness (Pielou), and
diversity (Shannon—Wiener and Simpson) were calculated and analyzed using
appropriate parametric and non-parametric statistical methods. The results revealed that
biodiversity indices varied significantly across the study years. Results showed
significant increases in biodiversity indices over the study period (2021-2023): the mean
number of species per subplot rose from 5.69 in 2021 to 7.75 in 2023 (P < 0.01); the
Shannon—Wiener index increased from 1.62 to 1.96, and the Simpson index from 0.16
to 0.83 These changes, accompanied by a 10% reduction in bare soil cover and increased
perennial plant frequency, were likely driven by grazing management, natural exclosure,
and favorable climatic conditions.
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EXTENDED ABSTRACT

Introduction: Rangelands, especially those situated within the Irano-Turanian region, are among the most critical
ecosystems in Iran’s arid and semi-arid zones. These ecosystems not only sustain a significant portion of the country’s
biodiversity but also provide vital ecological services, including forage production, soil erosion control, and ecosystem
stability. However, over the past decades, intensified anthropogenic pressures such as overgrazing, unsustainable land
use practices, and climate variability have led to degradation of rangeland vegetation and a reduction in biodiversity
indices. Monitoring biodiversity dynamics and understanding the driving factors behind changes in vegetation structure
are thus vital for the long-term sustainability of these ecosystems. Diversity and richness indices, such as Shannon-
Wiener, Simpson, Margalef, Menhinick, and Piclou’s evenness, are widely used to evaluate the ecological health of plant
communities. These indices not only reflect species composition and distribution but are also sensitive indicators of
ecological disturbances and management impacts. Recent studies emphasize the role of conservation practices, especially
livestock exclosure and grazing intensity reduction, in enhancing vegetation diversity in degraded rangelands. Given the
ecological and socioeconomic importance of rangelands in northwestern Iran, the present research was conducted to
assess the temporal changes in species richness and diversity from 2021 to 2023 in the Jishabad rangeland of Tarom
County. This study aims to provide a scientific basis for formulating effective rangeland management strategies tailored
to dryland ecosystems.

Materials and Methods: The study was conducted in the Jishabad rangeland, located in the southern foothills of the
Alborz Mountains, Zanjan Province. The site lies at approximately 36°58'N and 48°44'E with an average elevation of
2100 m above sea level. The climate is classified as cold semi-arid with an annual mean precipitation of 350 mm and a
mean annual temperature of 10°C. Vegetation is dominated by Juniperus excelsa in association with herbaceous and
shrubby species. A systematic-random sampling approach was used over a 1-hectare plot. Four main plots (10x10 m)
were randomly located across the site. Each main plot contained four 1x1 m subplots arranged in a grid pattern. Vegetation
data were collected during the peak growing season (May—June) from 2021 to 2023. The recorded variables included
species composition, plant life forms, percentage cover of green vegetation, litter, moss, bare soil, gravel, and erosion
intensity. Species were identified using standard floristic references (Assadi et al. 1988-2018). Erosion was visually
classified into four categories (none, low, moderate, severe). All fieldwork was conducted by a consistent, trained team
to minimize observer bias. Biodiversity indices were calculated, including species richness using Margalef and Menhinick
indices, species diversity using Shannon—Wiener and Simpson indices, and evenness using Pielou’s index. Data normality
was tested using the Kolmogorov-Smirnov test. Repeated Measures ANOVA was applied to normally distributed data,
while Friedman’s test was used for non-parametric analysis. Statistical analyses were conducted using SPSS; PAST and
Excel were used for diversity computations and graphical visualization.

Results and Discussion: The results revealed significant interannual variations in species diversity and richness indices
between 2021 and 2023. The average number of species per subplot increased from 5.69 in 2021 to 7.75 in 2023. Likewise,
the Margalef and Menhinick indices showed notable upward trends, indicating improved richness. The Shannon—Wiener
index rose from 1.62 in 2021 to 1.96 in 2023, while the Simpson index increased from 0.16 to 0.83, signifying a more
balanced distribution of species and reduced dominance by a few species. These trends were accompanied by a decrease
in bare soil cover and an increase in perennial plant frequency, suggesting ecological recovery facilitated by conservation
practices. The discussion highlights that proper grazing management, including the implementation of natural exclosures,
played a crucial role in enhancing biodiversity. Improved climatic conditions, such as favorable rainfall and temperature
patterns during the growing seasons, likely contributed to the positive vegetation response. The study also supports
previous findings indicating that semi-arid rangelands are responsive to low-impact management interventions.

Ecological interpretation of these findings suggests a shift toward a more stable and resilient vegetation structure, with
increased functional diversity and reduced vulnerability to disturbance. The significance of multi-year monitoring and
appropriate sampling scale (1x1 m) is emphasized for capturing vegetation dynamics accurately.

Conclusion: The findings demonstrate that plant species diversity and richness indices in the Jishabad rangeland
improved over the 2021-2023 period due to the combined effects of management practices and climatic conditions.
Increases in Shannon—Wiener and Menhinick indices, along with the reduced presence of bare soil and dominance of
annual species, signal an ecological shift toward more stable and diverse plant communities. This study highlights the
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effectiveness of livestock exclusion and reduced grazing pressure in restoring degraded rangelands. The use of standard
biodiversity metrics, combined with appropriate statistical methods and long-term monitoring, provides robust data for
evaluating rangeland health. It is recommended that such management practices be adopted widely in arid and semi-arid
regions to promote ecological resilience and biodiversity conservation.

Keywords: Diversity and Richness Indices, Exclosure Management, Long-term Vegetation Monitoring, Plant
Biodiversity, Iranian—Turanian Rangeland.
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* * * Chamaephyte Lamiaceae Stachys lavandulifolia o

* * * Hemicryptophyte Poaceae Elymus hispidus 4
* * * Hemicryptophyte Asteraceae Cousinia calocephala \4
* * * Hemicryptophyte Apocynaceae Vinca herbacea A
* * * Hemicryptophyte Lamiaceae Phlomis olivieri a

* * * Chamaephyte Fabaceae Onobrychis cornuta Ve
* * - Therophyte Asteraceae Xeranthemum squarrsom W
* * * Therophyte Poaceae Heteranthelium piliferum WY
* * * Hemicryptophyte Poaceae Elymus libanoticus VY
* * * Hemicryptophyte Poaceae Festuca ovina A\
* * * Hemicryptophyte Poaceae Agropyron intermedium A\
* * * Hemicryptophyte Asteraceae Centaurea aucheri \Yd
- - # Hemicryptophyte Hypericaceae Hypericum scabrum Y
- - * Geophyte Rubiaceae Galium sp. A
* * * Chamaephyte Fabaceae Astragalus sp. AR
* * * Hemicryptophyte Apiaceae Eryngium bilardieri Y-
* * * Hemicryptophyte Poaceae Stipa hohenackeriana AR
* * * Chamaephyte Plumbaginaceae Acanthalimon festucaceum Yy
* * * Hemicryptophyte Lamiaceae Marrubium cuneatum vy
* * * Hemicryptophyte Asteraceae Echinops pungens Trautv. ¥
- - * Hemicryptophyte Lamiaceae Salvia viridis Yo
* * * Hemicryptophyte Poaceae Stipa barbata \rd
* * * Hemicryptophyte Poaceae Poa bulbosa Yv
% - - Hemicryptophyte Brassicaceae Alyssum sp. YA
* - - Therophyte Brassicaceae Alyssum desertorum ¥4
* - - Phanerophyte Rosaceae Cerasus microcarpa Y.
* * * Phanerophyte Cupressaceae Juniperus excelsa ¥y
® - - Hemicryptophyte Apiaceae Falcaria vulgaris Yy
* * * Chamaephyte Fabaceae Astragalus tricholobus Yy
® # * Hemicryptophyte Fabaceae Astragalus curvirostris Y¥
* - - Geophyte Liliaceae Tulipa humilis Yo
#* * - Hemicryptophyte Poaceae Dactylis glomerata \rd
* * - Therophyte Brassicaceae Sisymbrium officinale Yv
* - - Therophyte Geraniaceae Erodium sp. YA
* * - Hemicryptophyte Lamiaceae Salvia limbata Y4
* * * Therophyte Lamiaceae Ziziphora tenuir ¥
# # # Phanerophyte Berberidaceae Berberis orthobotrys ¥\
- * - Hemicryptophyte Rubiaceae Crucianella gilanica ¥y
® Chamaephyte Caprifoliaceae Lonicera nummulariifolia ¥y
£ £ *® Hemicryptophyte Lamiaceae Salvia sp ¥¥
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