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Objective: Gandoman Wetland, located in Chaharmahal and Bakhtiari Province, Iran, has
increasingly been threatened by anthropogenic activities and climate change. Water extraction,
agricultural runoff, and recurrent droughts have compromised its ecological stability. This study
aimed to analyze changes in climatic variables and vegetation in the Gandoman Wetland and to
assess their effects on bird diversity and abundance from 2011 to 2023, as well as to rank the
factors threatening this wetland.

Method: Winter bird census data from 2011 to 2023 were obtained, and diversity indices—
including Shannon-Wiener, Simpson, and Camargo evenness—were calculated. The Normalized
Difference Vegetation Index (NDVI) was extracted from Landsat 7 and Landsat 8 satellite
images for the study period. The Mann-Kendall test was used to evaluate trends in annual
rainfall, mean annual temperature, SP1, NDVI, and diversity and evenness indices throughout the
study period. To investigate the effects of climatic variables and vegetation on the abundance
and diversity of wetland birds, Pearson correlation analyses were conducted. Threatening factors
to the wetland were identified through field surveys and existing reports, and the Analytic
Hierarchy Process (AHP) was performed to rank these threats.

Results: The results revealed significant fluctuations in migratory bird abundance and species
richness. The total number of species increased from 25 in 2011 to 57 in 2021. The annual mean
temperature showed an increasing trend (Z = 2.0, p = 0.05), while rainfall showed a significant
decreasing trend (Z = -2.2, p = 0.02). The SPI index also demonstrated a significant decline (Z =
-3.7, p = 0.00). Conversely, the NDVI index displayed a significant increasing trend (Z = 2.6, p =
0.02). Additionally, the Simpson, Shannon-Wiener, and evenness indices all showed decreasing
trends, indicating a reduction in diversity and the dominance of certain species. A positive
correlation was observed between the NDVI index and the abundance, species richness,
diversity, and evenness indices of birds. This relationship may reflect the density of aquatic
plants that provide food, nesting sites, and shelter for birds. The positive correlation between
precipitation and SPI with bird abundance and diversity indicates the direct impact of climatic
conditions on the lives of organisms in this region. Hierarchical analysis revealed that four
factors—agricultural water withdrawal (0.30), drought (0.25), sewage inflow (0.13), and
livestock grazing (0.11)—had the greatest influence.

Conclusions: This study demonstrated that Gandoman Wetland has experienced significant
ecological fluctuations, with both biodiversity and vegetation cover showing sensitivity to
climatic and anthropogenic factors. Human activities, particularly uncontrolled water extraction
and agricultural effluents, were identified as the primary threats, while climate change
exacerbated these impacts.
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Introduction

Wetlands are vital ecosystems that support biodiversity conservation, regulate hydrological processes, and
provide essential ecosystem services. These habitats host a diverse array of plants, animals, birds, fish, and
other living organisms. Wetlands are also critically important as biological sites for bird migration and fish
reproduction. Given their ecological significance and biodiversity, proper protection and management of
these areas are essential to preserve their biological diversity. Chaharmahal and Bakhtiari Province of Iran,
characterized by mountainous terrain and abundant water resources—including rivers, streams, and springs-
offers highly suitable conditions for the formation of wetland habitats. Gandoman Wetland, located in
Chaharmahal and Bakhtiari Province, is one of the most important bird habitats in Iran but has increasingly
been threatened by anthropogenic activities and climate change. Water extraction, agricultural runoff, and
recurrent droughts have compromised its ecological stability. Investigating the diversity and abundance of
waterbirds in this wetland serves as an effective indicator for assessing the health, quality, and overall
condition of the ecosystem. Integrating biological data, such as species diversity indices, with remote sensing
metrics like the Normalized Difference Vegetation Index (NDVI) provides reliable measures for evaluating
wetland health. These methods have become widely used to assess the quality and condition of wetland
ecosystems across different time periods and geographic regions. This study aimed to analyze changes in
climatic variables and vegetation in the Gandoman Wetland and to assess their effects on bird diversity and
abundance from 2011 to 2023, as well as to rank the factors threatening this wetland.

Method

Gandoman Wetland is located in Chaharmahal and Bakhtiari Province, Iran, approximately 3 kilometers
southwest of Gandoman city and 18 kilometers south of Borujen city. Covering an area of about 980 hectares
and situated at an average altitude of 2,216 meters above sea level, this freshwater wetland is classified as a
meadow wetland according to the IUCN.

For this study, winter bird census data from 2011 to 2013 were obtained from the Department of
Environmental Protection of Chaharmahal and Bakhtiari Province. During the census, the wetland bird
population was counted on foot using the total count method, employing a Zavorovsky 60 <80 telescope, a
Zavorovsky 10X 42 binocular, and a Zeiss 10X40 binocular from early morning until sunset. To measure
diversity indices, the abundance of all wetland species was recorded. Subsequently, the Simpson diversity
index, Shannon-Wiener diversity index, and Camargo evenness were calculated for the wetland’s migratory
birds. Vegetation cover was analyzed using Landsat 7 and 8 images, from which the Normalized Difference
Vegetation Index (NDVI) was derived for the study period. Climatic data—including precipitation,
temperature, and the standardized precipitation index (SPI)—were obtained from the Borujen station. The
Mann-Kendall test was used to evaluate trends in annual rainfall, mean annual temperature, SPI, NDVI, and
diversity and evenness indices throughout the study period. To investigate the effects of climatic variables
and vegetation on the abundance and diversity of wetland birds, Pearson’s correlation analyses were
conducted. Threatening factors to the wetland were identified through field surveys and existing reports, and
the analytic hierarchy process (AHP) was performed to rank these threats.

Results

The results revealed significant fluctuations in migratory bird abundance and species richness. The total
number of species increased from 25 in 2011 to 57 in 2021. The birds identified in the wetland were
classified as waterbirds or shorebirds based on their ecological and behavioral characteristics. Analyzing the
abundance and species richness within each group over the study period revealed fluctuations and changes.
This indicated that species did not respond uniformly to environmental conditions, with each group reacting
differently to the ecological changes occurring in the wetland. The annual mean temperature showed an
increasing trend (Z = 2.0, p = 0.05), while rainfall showed a significant decreasing trend (Z = -2.2, p = 0.02).
The SPI index also demonstrated a significant decline (Z = -3.7, p = 0.00). Conversely, the NDVI index
displayed a significant increasing trend (Z = 2.6, p = 0.02). The results revealed significant fluctuations in
migratory bird abundance and species richness. The total number of species increased from 35 in 2011 to 81
in 2021. Additionally, the Simpson, Shannon-Wiener, and evenness indices showed decreasing trends,
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indicating a reduction in diversity and the dominance of certain species. This difference clearly depended on
climatic conditions and the quality of the wetland habitat. Improved habitat conditions, resulting from
increased water availability and vegetation cover during wetter years, have enhanced species diversity. A
positive correlation was observed between the NDVI index and the abundance, species richness, diversity,
and evenness indices of birds. This relationship may reflect the density of aquatic plants that provide food,
nesting sites, and shelter for birds. The positive correlation between precipitation and SPI with bird
abundance and diversity indicated the direct impact of climatic conditions on the lives of organisms in this
region. Hierarchical analysis revealed that human activities were the main threats to the wetland, accounting
for about 70% of the total impact. A more precise analysis identified four key factors—agricultural water
withdrawal (0.30), drought (0.25), sewage inflow (0.13), and livestock grazing (0.11)—as having the
strongest influence. In other words, human pressures were clearly identified as the driving forces behind the
degradation of the wetland’s structure and ecological functions. Although natural factors, especially drought,
played a smaller role independently, they could amplify the effects of human activities. By reducing water
availability and stressing the ecosystem, these natural factors exacerbated the consequences of human
interventions. This interaction between natural and human factors highlighted the complexity of wetland
degradation and emphasized the need to consider both types of pressures at the same time.

Conclusions

This study demonstrated that Gandoman Wetland has experienced significant ecological fluctuations, with
both biodiversity and vegetation cover showing sensitivity to climatic and anthropogenic factors. This study
emphasized the critical importance of adequate water resources and ecosystem health as key factors
influencing the population dynamics of various migratory bird species. Human activities, particularly
uncontrolled water extraction and agricultural effluents, were identified as the primary threats, while climate
change exacerbated these impacts. Sustainable management of the wetland requires integrated approaches
that focus on regulating human pressures, revising water resource exploitation, and implementing adaptation
strategies to address climate change. The results confirm that any change in climatic conditions will affect
not only the bird population but also the entire Gandoman wetland ecosystem. Therefore, it is essential to
implement measures to protect this sensitive area and ensure its sustainability. Preserving and restoring this
valuable habitat requires efficient water resource management, the implementation of habitat protection and
restoration programs, and increased public awareness of the ecosystem's importance. The involvement of
government agencies, local communities, and researchers can significantly contribute to preserving this
wetland and ensuring its sustainability for future generations. Reviewing the regional water resources
management system with a focus on ensuring the sustainable supply of water to the wetland and preventing
unauthorized withdrawals, enforcing stricter regulations to control illegal well drilling and alleviate pressure
on groundwater resources, and reevaluating dam construction policies to maintain a balanced inflow of water
to the wetland are some of the important steps in this regard. Also, integrating biodiversity indicators with
remote sensing data, such as the Normalized Difference Vegetation Index (NDVI), has proven to be a
powerful framework for wetland monitoring, early warning, and conservation planning at both national and
international levels.
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