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Article Info Abstract
Article type: Assessing rangeland health is of great importance due to its impact on ecosystem
Research Article sustainability. This study investigated the relationship between evaluation criteria of

rangeland health and functional diversity indices in a part of the Sabzkouh Protected
Area (Chaharmahal va Bakhtiari Province, Iran). For this purpose, four rangeland sites
with different grazing intensities (reference, light, moderate, and heavy grazing) were
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Published online: 23 Sept. 2025 Entropy, and growth forms, were calculated using the FD package in R 4.4.2.

Additionally, three evaluation criteria of rangeland health, including soil/site stability,
hydrologic functions, and biotic integrity, were evaluated. The data were analyzed using
ANOVA, correlation, and univariate regression tests, employing the aov and duncan.test

Keywords: functions and the R packages ggcorrplot, dplyr, reshape2, ggpubr, and ggpmisc for 21
Biodiversity, data pairs. Results revealed that soil/site stability, hydrologic function, and biotic
Rangeland Condition, integrity had significant positive relationships with certain functional traits such as leaf
Hydrologic Function, dry weight (R? = 0.6), leaf area (R? = 0.5), leaf length (R? = 0.5), perennial forb (R? =
Livestock Grazing, 0.3), and perennial grass (R? = 0.5). Conversely, negative correlations were observed
Sabzkouh Protected Area. with other indices, including functional divergence (R? = 0.5), functional dispersion (P

< 0.05), mean crown diameter (P < 0.05), annual grass (P < 0.05), and shrub (R? =0.5).
These findings emphasize the importance of incorporating quantitative biodiversity
indices alongside qualitative assessments to improve rangeland management and to
develop a quantitative evaluation protocol.
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EXTENDED ABSTRACT

Introduction: The evaluation of rangeland condition and health has gained increasing attention due to its critical role in
the sustainability of ecosystems, particularly considering that rangelands cover approximately 50% of the Earth’s
terrestrial surface. The rangeland health model was developed to assess rangeland characteristics an better interpret
current status and ecosystem performance. This model utilizes 17 indicators to evaluate three key ecosystem functions:
soil/site stability, hydrologic function, and biotic integrity. As a qualitative assessment method, it provides an overall
picture of rangeland condition. Biodiversity has been shown to positively influence ecosystem properties and is associated
with key ecosystem services such as carbon sequestration, erosion control, and water quality regulation. Functional
diversity indicators offer a quantitative approach to assess the functional roles of different plant species, helping
researchers understand how biodiversity impacts ecosystem performance and resilience to environmental stressors and
climate variability. Integrating quantitative biodiversity indices alongside traditional qualitative assessments can enhance
understanding of rangeland condition and improve decision-making processes for rangeland managers. This study aimed
to examine the relationship between rangeland health assessment criteria and functional diversity indices across parts of
the Sabzkouh Protected Area in Chaharmahal Va Bakhtiari Province, Iran.

Materials and Methods: Along a grazing intensity gradient, four rangeland sites were selected: reference site, light
grazing, moderate grazing, and heavy grazing. In each grazing class, two representative areas were selected, and three
30x30 m macroplots were established. Within each macroplot, three 2x2 m plots were sampled at peak growing season
in mid-May 2021 to assess canopy cover and functional traits. Measured plant functional traits included plant height (H),
specific leaf area (SLA), leaf area (LA), leaf length (LL), leaf dry weight (LDW), leaf dry matter content (LDMC), mean
crown diameter (MCD), and growth form. Functional diversity indices—including Functional Richness, Functional
Evenness, Functional Divergence, Functional Dispersion, Rao’s Quadratic Entropy, and Community Weighted Means—
were calculated using the FD package in R version 4.4.2. The three rangeland health criteria (soil/site stability, hydrologic
function, and biotic integrity) were derived from field sampling in each macroplot. To compare rangeland health metrics
and functional diversity indices across the four grazing intensities, one-way ANOVA was conducted using the aov and
duncan.test functions in R 4.4.2. Additionally, Pearson correlation and univariate regression analyses were performed on
21 variable pairs using statistical packages including ggcorrplot, dplyr, reshape2, ggpubr, and ggpmisc.

Results and Discussion: Results revealed significant differences among the four grazing treatments in both rangeland
health criteria and functional diversity indices. The reference site showed the highest rangeland health scores, along with
the greatest LDW (63.67) and LL (12.91). Conversely, the heavily grazed site exhibited the highest levels of FDiv (0.84),
FDis (2.17), SLA (10.44), MCD (78.60), and shrub growth form (0.59). The rangeland health metrics—including soil/site
stability, hydrologic function, and biotic integrity—showed strong positive correlations with LDW (R? = 0.6), LL (R? =
0.5), perennial grass growth form (R? = 0.5), LA (R? = 0.5), and perennial forb growth form (R? = 0.3). In contrast,
significant negative correlations were found with shrub growth form (R? = 0.5), FDiv (R? = 0.5), MCD (P < 0.05), FDis
(P <0.05), and annual grass growth form (P < 0.05). Additionally, RaoQ exhibited a significant negative correlation with
total rangeland health score (P < 0.05).

Conclusion: These findings demonstrate the complex yet significant relationships between functional diversity indices
and rangeland health criteria, each reflecting community-level plant responses to environmental pressures and resource
availability. Since plant traits often interact rather than function independently, integrating multiple traits offers a more
accurate assessment of ecosystem performance. The use of machine learning models enables simultaneous analysis of
multiple predictors and reveals complex patterns that traditional statistics may overlook. Ultimately, these approaches
contribute to developing quantitative rangeland health assessment protocols that are accurate, replicable, and
operationally feasible, thereby supporting data-driven and effective rangeland management decisions.

Article Type: Research Article
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