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Objective: The aim of this study is to understand the characteristics of urban biotopes in order to
establish an ecological framework for mapping biotopes and creating spatial and biological databases.
Method: Biotope mapping is typically carried out by two main approaches: the comprehensive
mapping method and the selective mapping method. In the comprehensive mapping method, the
entire area is systematically mapped by identifying all biotopes and collecting precise environmental
and biological data, a process that requires considerable time and financial resources. In contrast, the
selective mapping method focuses on a smaller area that represents the main land uses and urban
corridors, primarily emphasizing the recording of biological data for individual biotope units, thus
requiring fewer resources. This research employs the method of selective mapping. Districts 9 and
11 of Mashhad city were chosen as samples for this study. The primary data and information include
land use maps, land use classification in the comprehensive plan of Mashhad city, urban street design
regulations, standards for the creation of urban green spaces, Google Map satellite images, vegetation
cover information, and data obtained from field surveys. The identification of biotopes in the study
area was carried out in six strategic stages, following spatio-temporal guidelines: (1) preparation of
information resources and field surveys (collection of spatial and vegetation data); (2) creation of a
database of the current vegetation cover in each land use; (3) establishment of a biotope classification
framework (biotope identification); (4) data analysis, biotope classification, and segmentation of each
biotope unit; (5) creation of a spatial database of biotopes and urban sub-biotopes in ArcGIS 10.8
software, along with the dominant vegetation cover in them; (6) mapping of the main biotope types
and sub-biotopes.

Results: In this study, spatial information of biotopes, along with the dominant vegetation within
them, reflecting the current ecological and biological characteristics and values in the study area,
were presented. According to the results, 16 main types of biotopes and 44 sub-biotopes were
identified. Of the total dominant plant species identified in the biotopes, 103 species were classified
as trees and shrubs, 19 species as hedges, 51 species as ground cover plants, 41 species as seasonal
plants, and 33 species as other plants.

Conclusions: Based on the information obtained from this study, the groundwork for creating an
ecologically sustainable city was established. This is because identifying urban biotopes as
ecological-spatial units and collecting data on their current vegetation cover provides the necessary
information for ecological reconstruction of cities. Additionally, by establishing an appropriate
framework for categorizing biotopes and sub-biotopes, it enables the biotope map to be updated
according to the defined framework in case of land-use changes.
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Introduction

The pressures resulting from urban expansion and land-use changes have turned cities into new
ecosystems with numerous environmental issues that do not meet the needs of their inhabitants. Therefore,
there is a need for urban planning that takes into account existing land uses, biological data, and ecological
principles. It is evident that decisions in urban ecological planning must be based on comprehensive
information and evaluation of what currently exists. To gather and analyze biological data based on
ecological principles, a framework aligned with ecological units in cities is necessary. These units should
consider land-use changes and be representable by maps, as maps allow for observation, examination,
interpretation, analysis, and editing. Each urban biotope can be considered as an ecological unit with
homogeneous features in structure and biological elements, which can be represented on a map. These
units are formed by the combination of many factors, including architecture and other human activities,
vegetation, animal life, water, and soil resources.

The aim of this research is twofold: first, to provide a framework for identifying and categorizing urban
biotopes from an ecological perspective, and second, to create a spatial database in ArcGIS software by
mapping biotopes and determining their current vegetation cover in districts 9 and 11 of the city of
Mashhad. These objectives are aimed at achieving the strategic policy of establishing ecological
sustainability in Mashhad; a policy that seeks to expand green spaces throughout the city, enhance the
sustainability of green spaces by planting species suitable for the city’s climatic and geographical
conditions, and improve the ecosystem functions and services to enhance the well-being of its residents.

Method

In general, the common methods for mapping biotopes are comprehensive mapping and selective
mapping. In the comprehensive mapping method, an entire area, as large as a city, is considered for
biotope mapping. This approach requires significant time and expense. However, in the selective mapping
method, a smaller area that can reflect most of the existing land uses and corridors in the city is chosen
for urban biotope mapping based on the study's objectives. This method requires less manpower and
material resources, as only the biological information of each biotope unit is recorded. In this study, the
selective mapping method was used. Given the study's objectives, districts 9 and 11 of the city of Mashhad
were selected due to the presence of two of the oldest parks in the city (Mellat Park and Vakilabad Forest
Park), a relatively high green space per capita, large areas, and the existence of various influential land
uses on urban biotopes. The identification of biotopes in the studied areas was carried out in six strategic
stages, following spatio-temporal guidelines: (1) preparation of information resources and field surveys
(collection of spatial and vegetation data); (2) creation of a database of the current vegetation cover in
each land use; (3) establishment of a biotope classification framework (biotope identification); (4) data
analysis, biotope classification, and segmentation of each biotope unit; (5) creation of a spatial database
of biotopes and urban sub-biotopes in ArcGIS 10.8 software, along with the dominant vegetation cover
in them; (6) mapping of the main biotope types and sub-biotopes.

Results
In this study, a classification framework for biotopes and sub- biotopes was developed for the research
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area, followed by data analysis, biotope categorization, and the segmentation of individual biotope units.
The analysis revealed the identification of 16 primary biotope types and 44 sub-biotopes within the study
area. Subsequently, ArcGIS 10.8 software was employed to establish a comprehensive biotope database
for the research area. Of the 120 plant families identified in the study areas, the Rosaceae family, with 30
plant species, the Oleaceae family with 12 plant species, and the Leguminosae family with nine plant
species, are the richest families in the study area. The highest species diversity is associated with the
biotope of public green spaces.

Conclusions

Mapping urban biotopes is a comprehensive interdisciplinary task that provides a new data source for
conducting research aimed at creating an ecologically sustainable city. Given that one of the strategic
policies of the city of Mashhad is to achieve ecological sustainability and address environmental issues
through the expansion of green spaces and enhancing their sustainability by planting species suited to the
city's climatic and geographical conditions, this study is expected to establish a framework for identifying
and categorizing biotopes from an ecological perspective. Ultimately, the goal is to create a biotope map
and develop a spatial database with the dominant vegetation cover, laying the groundwork for future
research aimed at restoring ecological balance in the study area.

The information obtained from this research can serve as a foundation for future studies. These studies
might include exploring the distribution of different types of biotopes and the presence or absence of
vegetation in them to assess the potential for expanding green spaces in cities, evaluating biotopes and
identifying areas that need protection, restoration, and improvement, examining the role of green spaces
in biotopes in providing ecosystem services within each biotope and identifying any deficiencies,
analyzing the plant diversity within biotopes to create and maintain biodiversity in cities, and replacing
non-native species with native ones to ensure the sustainability of green spaces in urban areas. Therefore,
this study, by creating up-to-date spatial and biological information about the biotopes within the study
area, provides the necessary data for planning the development of a sustainable city from an ecological
perspective.
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