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Abstract

Description of the ecosystems’ characteristic and location plays an important role in terrestrial management,
biomes and biodiversity protection. Selection of representative protected areas is possible by identification
and classification of ecosystems and their geographical distribution. Moreover, the arrangement and
adjacency of ecosystems can be useful in adopting appropriate land use patterns that is effective for land use
planning results. In this study, we followed two goals including terrestrial ecosystems identification at
national level and analysis of ecosystem structure indices in provinces for protected areas selection.
Presence, diversity, and evenness indices, also, Jaccard's similarity coefficient were used. Based on land-
climate and vegetation criteria, ecosystems were distinguished. For this purpose, DEM, De Martonne’s
classification and vegetation type layers were used and overlaid in the ArcGIS 10.2. Results showed that 21
ecosystems are distinguishable in the country and then according to provinces' analysis, Isfahan gained the
first, Semnan, Fars, Kerman, and Golestan the second and Ardebil the third priorities in terms of protected
areas selection. Also, based on similarity and dissimilarity indices, the provinces were classified into 12
groups. Patterns of selection of protected areas and capability assessment of ecosystem services for each
group will be considered independently.
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Introduction

Biogeography, encompassing the study of plant and animal distribution, often delves into the intricate
relationships between organisms and their geographical environments. Ecosystems, fundamental units of
biogeography, encompass two primary types: terrestrial and aquatic. These ecosystems are studied,
identified, and classified across varying scales, providing a framework for selecting and establishing a
network of protected areas.

Iran's diverse landscape, characterized by distinct physiographic, geomorphological, and ecological features,
has fostered a remarkable array of terrestrial ecosystems. Conserving this rich biodiversity necessitates a
well- connected network of protected areas, encompassing representative, indicative, and unigue ecosystems
across various protection management levels. Recognizing these terrestrial ecosystems at the national level is
crucial for effective protected areas management. Additionally, considering each province's contribution to
Iran's ecosystem diversity is essential for future conservation planning. The present study, with the two
objectives of identifying the terrestrial ecosystems at national level and analyzing these ecosystems in each
of the provinces of the country, tries to reveal the hidden capacities of the provinces according to the degree
of presence and diversity of the ecosystems in them, the dependence of the provinces in terms of having
similar ecosystems and also their protection priorities in Iran’s conservation planning.

Methodology / Study Area

Iran, covering an approximate land area of 1,632,210 square kilometers, is subdivided into 31 provinces,
each averaging around 52,652 square kilometers. The present study comprises two primary steps, and a
general overview of each is provided below.

e Terrestrial Ecosystem ldentification at the National Level

To ecologically zone Iran's land and identify and map terrestrial ecosystems, the following steps were

undertaken using ArcGIS 10.2 (Singers & Rogers, 2014):

1. Height and slope layers were prepared, and these two layers were overlaid to generate the landform layer.

2. The landform layer was overlaid with climatic layers, resulting in the creation of a layer representing
homogeneous geo-climatic units.

3. The layer of homogeneous geo-climatic units was overlapped with plant type data, facilitating the
preparation of the ecosystem layer.

o Terrestrial Ecosystems Analysis in the Provinces

In this study, a detailed analysis of terrestrial ecosystems within Iran's provinces was conducted. The process

involved overlaying the country's provinces layer with the identified ecosystems layer using ArcGIS 10.2.

The Summary Statistics command was then applied to analyze the ecosystems located in each province,

comprising three key stages:

1. Calculation of Four Parameters: Number, area, percentage of occupied surface of ecosystems, and the
highest percentage of occupied surface in each province were computed; Investigation of the distribution
of ecosystems in all provinces, analyzing the distribution and abundance of ecosystems in each province
using two indices: frequency or percentage of abundance (Bihamta & Zare Chahouki, 2015; Moghaddam,
2008) and presence (Moghaddam, 2008); Measurement of the presence of ecosystems in each province
based on the percentage of abundance of ecosystems in the provinces.

2. Investigating Ecosystem Diversity: Ecosystem diversity in the provinces was examined based on two
indices of diversity and evenness using Patch Analyst 5.2 in ArcMap (McGarigal & Marks, 1995; Karami
& Feghhi, 2012; Nohegar et al., 2015); Prioritization of provinces based on the results and final
prioritization according to the priority group of three indices: presence, diversity, and evenness.

3. Grouping Provinces Based on Dominant Ecosystems: Provinces were grouped based on the dominant
ecosystem and placed in groups with similar ecological conditions. The Jaccard's similarity coefficient and
four clustering methods using PC-ORD 5 were employed for regrouping (Krebs, 1989; Feleming &
Aagaard, 1993). After grouping, the priority of the provinces in each group was analyzed, and based on
that, groups with higher protection priority were determined.



5 New Approach for Protection Prioritization of National ... (Mona Azizi Jalilian et al.,)

Results

1. Atotal of 21 terrestrial ecosystems were identified at the national level, with 11 dominated by vegetation
and the remaining 10 characterized by sparse non-dominant vegetation (Figure 1).

2. The dominant ecosystem in each province held the largest relative share, leading to the classification of
provinces into six distinct groups (Figure 2). The final prioritization of provinces for protection is detailed
in Table 1. The Jaccard coefficient and four clustering methods were employed, with the centralized
clustering method chosen based on the study's objectives and the formed groups (Figure 3).

Discussion and Conclusion

The comprehensive review and analysis of the 21 identified ecosystems reveal that six ecosystems dominate
the provinces, as illustrated in Figure 2. This finding suggests that neighboring provinces sharing a similar
dominant ecosystem could collaboratively designate common representative areas, thereby ensuring the
integrity of protected areas.

The prevalence of the Cold and Arid Semi-Steppe Scrubland and Grasslands, particularly notable in the
northwestern and western provinces, significantly influences the lower protection priority assigned to these
regions. In contrast, provinces such as Hormozgan, Kerman, and Sistan and Baluchistan emerge as
promising options for selecting representative areas due to their substantial coverage of rare ecosystems,
including Warm-Desert Bare Hill Mountains, Moderate and Arid Bare diverse land forms, and Humid and
Moderate Bare Hill Lowlands.

The final prioritization designates Isfahan as the first priority, followed by Semnan, Fars, Kerman, Golestan
(second priority), and Ardabil (third priority). These provinces should receive heightened attention in Iran's
land conservation planning, guiding the selection of representative protection areas.

The similarity index (Figure 3) facilitated the identification of 12 groups, where provinces within each group
share similar ecological conditions. Provinces such as Fars, characterized by the semi-steppe ecosystem, and
Golestan, featuring the Arid Scrubland and Halophytes ecosystem, form distinct groups. The unique
ecosystems present in these provinces underscore their importance and priority in land conservation planning
and management.

To enhance the present study and elevate the quality of conservation planning, it is recommended to
scrutinize the identified ecosystems in terms of content. This examination will help determine whether
representative areas are needed in each province, thereby contributing to more targeted and effective
conservation strategies nationwide.
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Fig. 2. (A) Grouping of provinces based on dominant ecosystem (B) Grouping of provinces based on
the Jaccard coefficient using the centralized clustering method

Table 1. The final protection priority of the provinces based on the priority group of
three indices: presence (1), diversity (2), and evenness (3)

2 -2
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L a L S_
Esfehan 1 1 1 1 Gilan 3 2 2 10
Semnan 1 1 2 2 Lorestan 3 2 2 10
Fars 1 1 2 2 Khorasan-e Jonobi 2 3 3 11
Kerman 1 1 2 2 Khorasan-e Razavi 2 3 3 11
Golestan 2 1 1 2 Qazvin 2 3 3 11
Ardebil 3 1 1 3 Yazd 2 3 3 11
Alborz 4 1 1 4 Markazi 4 3 2 12
Tehran 3 2 1 5 Boushehr 2 4 4 13
Sistan va Balochestan 1 2 3 5  Azarbayjan-e Gharbi 3 3 3 14
Kermanshah 4 2 1 6 Azarbayjan-e Sharghi 3 3 3 14
Chahar Mahal-e 4 3 1 7 Hamedan 4 4 3 15
Hormozgan 1 3 4 7 Zajan 4 4 4 16
Khozestan 1 4 4 8 Qom 4 4 4 16
Mazandaran 2 2 2 9 Kordestan 4 4 4 16
Ilam 3 2 2 10  Kohgiloyeh va Boyer Ahmad 4 4 4 16

Khorasan-e Shomali 2 2 3 10
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