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Abstract

Mangrove forests, as vital coastal ecosystems, play a key role in biodiversity conservation, climate change
mitigation, and supporting the livelihoods of local communities. This study investigated concerning trends in
habitat quality changes and identified key influencing factors, providing insights into the spatial displacement of
high- and low-quality habitat clusters of Avicennia marina (mangrove) within the protected area of Khorkhoran,
Hormozgan Province. To assess habitat quality, the study utilized the Integrated Valuation of Ecosystem Services
and Tradeoffs (INVEST) model. Spatial clustering patterns were analyzed using Global Moran’s I index, and
changes in the extent of hot and cold spots (in hectares) as well as boundary shifts of these clusters between 2019
and 2024 were quantified. Additionally, Pearson correlation, t-test, and Wilcoxon test were employed to evaluate
the influence of environmental variables on mangrove habitat quality and its temporal variation. All environmental
data were sourced from the Google Earth Engine (GEE) platform. The results revealed a statistically significant
clustering pattern in the spatial distribution of habitat quality. A notable decrease in ecological integrity and an
increase in random tree dispersion were observed, with patch sizes expanding from 16.93 hectares in 2019 to
31.55 hectares in 2024. Over the six-year period, the boundary of dense mangrove zones retreated an average of
100 meters toward the central areas of the habitat. Furthermore, the area of highly dense mangrove zones
decreased by 134.6 hectares, while cold spots (areas with low habitat quality) expanded by 326.24 hectares.
Among the environmental drivers, freshwater scarcity in the soil had the most significant impact on habitat quality,
with correlation coefficients of 0.6 in 2019 and 0.8 in 2024. Although the results of the t-test and Wilcoxon test
did not indicate statistically significant overall changes in environmental threats, several critical variables—
particularly freshwater scarcity and aerosol concentration—exhibited alarming trends that call for urgent
management interventions.
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Highlight
- The INVEST model and Moran index were used to assess the habitat quality of the Khorkhoran mangrove forest between
2019 and 2024.
- The border of dense mangrove forests has retreated by about 100 meters between 2019 and 2024.
- The poor quality of the mangrove habitat has increased by 326 hectares, and the lack of fresh water in the soil has been the
main factor in the decline in habitat quality.

Extended Abstract

Introduction

Mangrove forests are vital coastal ecosystems that provide a wide range of ecological, environmental, and socio-
economic benefits. They serve as critical habitats for numerous marine and terrestrial species, thereby playing a
fundamental role in biodiversity conservation. Additionally, mangroves act as natural carbon sinks, sequestering
large amounts of carbon dioxide and helping to mitigate the impacts of climate change. These forests also protect
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coastlines from erosion, storm surges, and rising sea levels, while supporting the livelihoods of local communities
through fisheries, tourism, and traditional practices. Despite their importance, mangrove ecosystems are
increasingly threatened by a combination of natural and anthropogenic pressures. Rising global temperatures, sea-
level rise, and changing precipitation patterns associated with climate change, along with coastal development,
pollution, and unsustainable resource exploitation, contribute to the rapid degradation and loss of mangrove
habitats. This study focused on the Khorkhoran protected area in Hormozgan Province, southern lran—an
ecologically significant site known for its unique mangrove cover. The research aimed to assess spatio-temporal
changes in mangrove habitat quality over recent years and to identify the primary threats contributing to these
shifts. By analyzing patterns of high- and low-quality habitat clusters, the study sought to inform and support
targeted conservation efforts and sustainable management policies for long-term ecosystem resilience.

Methodology

To assess the quality of mangrove habitats and understand their spatial dynamics, this study employed the
Integrated Valuation of Ecosystem Services and Tradeoffs (INVEST) model, a widely recognized tool for mapping
and valuing ecosystem services. The model was utilized to evaluate the habitat quality based on a range of inputs,
including land use and land cover (LULC) data, identified threat factors such as freshwater scarcity and
atmospheric aerosol concentrations, and defined sensitivity parameters for each land cover type. These inputs
enabled the modeling of habitat degradation and the quantification of ecosystem health over time. In addition to
habitat modeling, the study incorporated spatial statistical analysis to detect patterns and trends. Global and Local
Moran’s I indices were calculated to examine spatial autocorrelation, helping to pinpoint hot spots—areas with
concentrated high-quality habitats—and cold spots—areas with declining habitat quality. These spatial clusters
provided crucial insights into localized conservation needs. To further analyze the drivers behind habitat changes,
the study applied statistical tests including Pearson correlation, paired t-tests, and Wilcoxon signed-rank tests.
These methods allowed for a robust evaluation of the relationships between environmental variables and changes
in habitat quality between 2019 and 2024. All geospatial and statistical analyses were conducted using data
retrieved from Google Earth Engine (GEE) and processed through advanced spatial analytical techniques.

Results and discussion

The spatial analysis revealed a pronounced clustering of mangrove habitat quality across the Khorkhoran protected
area, with distinct hot spots located primarily in the central zones and cold spots more prevalent in the peripheral
regions. Between 2019 and 2024, high-density mangrove areas experienced a notable contraction, shrinking by
approximately 134.6 hectares. In contrast, low-quality zones expanded by about 326.24 hectares, signaling a
substantial increase in degraded habitat. Furthermore, the boundary between high- and low-quality habitat zones
exhibited a consistent inward shift, averaging 100 meters per year—an indicator of ongoing ecological
degradation. Among the various environmental threats evaluated, freshwater scarcity emerged as the most critical
factor influencing habitat quality, with Pearson correlation values increasing from 0.6 in 2019 to 0.8 in 2024,
suggesting an intensifying impact over time. Aerosol levels also played a significant role, along with wind speed
and maximum daily temperatures. Although overall changes in threat levels were not statistically significant (p >
0.05), specific variables—particularly freshwater deficit and aerosol concentration—demonstrated alarming
trends. These findings highlight the growing vulnerability of mangrove ecosystems to intensifying environmental
stressors. The spatially explicit patterns of degradation are consistent with global observations but demonstrate
region-specific severity, emphasizing the urgent need for localized conservation strategies and adaptive
management approaches.

Conclusion

The findings of this study illustrated a marked decline in mangrove habitat quality within the Khorkhoran
protected area, primarily driven by increasing freshwater scarcity and mounting anthropogenic pressures. These
results reinforce the critical need for proactive and integrated conservation strategies to safeguard these fragile
ecosystems. Key recommendations derived from the analysis included enhanced management of freshwater
resources to reduce soil salinity and improve overall ecosystem health, particularly in vulnerable areas
experiencing significant degradation. The establishment of windbreaks is also advised to mitigate the impact of
strong coastal winds and prevent further erosion of sensitive habitats. Furthermore, ongoing industrial activities
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contributing to elevated aerosol levels must be closely monitored and regulated to curb atmospheric pollution and
its downstream effects on mangrove ecosystems. Regular spatial assessments are essential for tracking habitat
quality dynamics over time, allowing for timely interventions and the refinement of adaptive management
strategies. By combining geospatial modeling, statistical analysis, and field-based environmental assessment, this
research offered a comprehensive framework for prioritizing conservation interventions. It emphasized the
necessity of addressing both environmental and human-induced stressors in a coordinated manner. Ultimately, the
study contributed to the broader goal of ensuring the long-term resilience and sustainability of mangrove forests,
which are vital for coastal protection, biodiversity, and local livelihoods.
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