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Assessment of Ecological Network Changes in the Study Area of
Mazandaran Province for the Protection of Rural-Urban Lands

Abstract

In recent decades, the rapid expansion of human activities
and accelerated urban development have led to extensive
alterations in natural landscapes and a significant decline in
ecological integrity. These transformations have disrupted the
spatial coherence of ecosystems, reduced habitat connectivity,
and threatened the resilience of ecological networks, which
are essential for maintaining biodiversity, ecosystem servic-
es, and environmental stability. In this context, the landscape
ecology approach, which emphasizes understanding spatial
patterns, analyzing relationships among landscape elements,
and assessing current environmental conditions, has become
a key tool for evaluating environmental changes and guid-
ing sustainable land management. Despite its growing im-
portance, comprehensive assessments of ecological network
changes over time, particularly at regional scales and through
case studies, remain limited in domestic research and rarely
address both structural and functional aspects of ecological
connectivity. The present study aims to fill this gap by focus-
ing on the counties of Mazandaran Province, examining the
temporal dynamics of landscape elements and assessing their
connectivity during three reference years: 1999, 2006, and 2016.
The research integrates remote sensing data with quantitative
landscape metrics to provide a detailed understanding of spa-
tial changes in ecological networks. Key structural metrics,
incuding the Largest Patch Index (LPI), Patch Number (NP),
and Patch Fragmentation Rate (FR), were computed using
Fragstats software, enabling precise evaluation of patch size,
distribution, and fragmentation. These metrics not only cap-
ture the physical characteristics of landscape elements but also
provide insights into their ecological functionality, allowing a
comprehensive assessment of how landscape structure influ-
ences ecological processes and network resilience over time.
The analysis indicates that urban expansion has increased
patch fragmentation, reduced spatial connectivity, and im-
paired ecological network functions. These patterns highlight
adecline in ecosystem resilience and an ongoing disruption of
ecological balance within the study area. The findings under-
score the potential risks associated with uncontrolled urban
growth and the absence of management strategies informed
by ecological principles. Without timely intervention, these
trends could pose serious threats to regional sustainability,
ecosystem services, and the long-term stability of rural-urban
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landscapes, including critical aspects such as soil quality, wa-
ter regulation, and habitat provision. By combining remote
sensing techniques with landscape metrics, this study pro-
vides a robust framework for monitoring ecological network
changes and supports evidence-based decision-making in
land-use planning. The results offer insights for policymakers,
urban planners, and environmental managers, emphasizing
the necessity of interventions to preserve ecological integrity
while accommodating necessary development. Furthermore,
the study highlights the importance of maintaining landscape
connectivity and functional ecological networks as a strategy
to enhance resilience and ensure sustainable regional devel-
opment. In conclusion, this research demonstrates the criti-
cal role of landscape ecology in assessing ecological network
dynamics and informs strategies for conserving rural-urban
lands in Mazandaran Province. The methodology and find-
ings can serve as a model for similar regional assessments,
particularly in areas experiencing rapid urbanization, where
balancing human development with ecological preservation
remains a pressing challenge. Effective planning and conser-
vation measures based on ecological principles are essential to
mitigate urban expansion impacts, maintain ecosystem func-
tionality, and promote the sustainable coexistence of human
and natural systems.
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