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Spatial assessment of biodiversity and conservation priorities in Hamedan Province, Iran, using a 1 

landscape ecology approach 2 

 3 

Abstract 4 

 5 

Systematic conservation planning is a framework that has been developed over the past decade to prioritize the 6 

management of key habitats and conserve biodiversity values. Artificial intelligence has been proposed to operate 7 

within this framework by using computer algorithms based on an objective function to identify and prioritize protected 8 

area networks. In this context, our objective was to determine the optimal conservation network for biodiversity in the 9 

Hamedan Province of Iran. Using a Tabu search algorithm, we determined which area would accommodate the 10 

greatest number of biodiversity targets within the smallest area possible. The selected conservation patches were 11 

investigated for their connectivity and compactness using landscape composition and configuration metrics. In 12 

addition, we applied Redundancy Analysis (RDA) to determine the relationship between conservation targets and 13 

landscape parameters such as land use/ cover types, and species richness. The results indicated that the existing 14 

protected area network is insufficient to attain conservation goals in Hamedan Province, Iran. The landscape metrics 15 

analysis revealed that patches with more contiguity, compaction, and fractal dimension hold a higher conservation 16 

value and RDA showed a clear relation between landscape metrics and conservation targets. We thus suggest that our 17 

results be used by land managers and land use planners to better align conservation and management strategies in an 18 

effort to maximize biodiversity conservation. 19 
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Introduction 23 

 24 

In an effort to protect biodiversity, delineating protected areas, is a common strategy used by governments and 25 

conservation agencies. With more than 35 million km2 worldwide, these protected areas occupy 17% of the earth's 26 

surface (IUCN 2022) where biodiversity is the focus of numerous conservation strategies (Kearney et al. 2020) making 27 

these protected areas a helpful tool in supporting conservation of targeted taxa (Cox and Underwood 2011; Heringer 28 

et al. 2020). However, globally managed protected areas do not adequately support endangered and rare species 29 

(Rodrigues et al. 2004; Penjor et al. 2021). Economic and political considerations play a fundamental role in the 30 

selection of the protected areas (Margules and Pressey 2000; Mehri et al. 2014), often in conflict with their ecological 31 

values (Margules and Pressey 2000). For establishing conservation actions, there are often a variety of goals and 32 

criteria, such as integrating protected areas into broader land management plan (Topal and Ongen 2006), mitigating 33 

negative impacts on ecosystems (Smith et al. 2022), and connecting several protected areas (Saura et al. 2018). Within 34 

the human dimension, all of these goals and criteria must take into account diverse interests and perspectives (Bennett 35 

et al. 2017). Since protected areas are mostly located in places that do not comprehensively represent biodiversity, 36 

most protected area networks have not successfully preserved essential biodiversity values (Margules and Pressey 37 

2000; Mehri et al. 2014). One potential solution to this issue is systematic conservation planning which has been 38 

applied to protected areas’ prioritization worldwide (Smith et al. 2022). Conservation planning is by nature data-39 

oriented and flexible. As such, systematic conservation planning approaches are based on a matrix of interactions 40 

between environmental features and areas. In addition to a region's biodiversity, its geological and geomorphological 41 

characteristics, as well as its functional characteristics (i.e. ecosystem services), can all be considered features.  In 42 

addition, areas that are evaluated for their contribution to conservation can be continuous (e.g. a whole watershed) or 43 

discontinuous (e.g. parts of a forest ecosystem). The flexibility of conservation planning approaches thus require 44 

flexibility with respect to available data and according to the desired conservation objectives. Ultimately, the 45 

monitoring of conservation goals and the testing of conservation systems can be implemented through conservation 46 

planning approaches (Pressey 1999).  47 

A systematic conservation planning approach includes site selection, design, and management of protected areas 48 

that comprehensively represent biodiversity (Mehri et al. 2014). This approach has contributed to selecting 49 

biodiversity rich protected areas in recent years (Pearce et al. 2008). Artificial intelligence-based methods that include 50 

different computer algorithms to provide optimal solutions based on the definition of an objective function have been 51 

one of the approaches in site selection (Game and Grantham 2008). Tabu search (Fig. 1) is one of the heuristic 52 

algorithms used to optimize conservation area network spatial arrangement (Ciarleglio et al.  2010 a). The Tabu list 53 

and aspiration criteria are two primary components of this algorithm. The former is a tool in the Tabu search algorithm 54 

consisting of a set of rules used to filter the complete solution (Glover et al. 1993; Shadkam et al. 2021) while the 55 

latter is used to override Tabu lists when, as the search progresses, several areas of the search space are listed as Tabu 56 

based on their frequency (Glover et al. 1993; Lin and Miller 2004; Shadkam et al. 2021). 57 

  58 
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Fig. 1 59 

Workflow of the Tabu search algorithm (Adapted from Glover et al., 1993). 60 

 61 

Biodiversity is always region or ecosystem specific, and understanding species diversity requires an 62 

understanding and quantification of the landscape structure (Walz, 2011). To this end, the use of landscape metrics 63 

has been used to understand the relationships between landscape patterns and ecological characteristics (Chefaoui, 64 

2014). Landscape composition and configuration can be quantified using several metrics (Gustafon, 1998; McGarigal 65 

et al. 2012). The selection of appropriate landscape metrics depends on the purpose of the study as well as the 66 

characteristics of the landscape and ecological process (Walz, 2011). In wildlife habitat studies, indicators such as 67 

land use/cover types, and species richness are often applied to identify the most appropriate management practices for 68 

restoring degraded habitats and sites of biodiversity significance (Pflüger and Balkenhol, 2014; Auffret et al. 2015). 69 

However, Tabu's capabilities for optimizing protected areas have not been tested except hypothetically and 70 

experimentally by the developers of the ConsNet software (Ciarleglio et al. 2009, Ciarleglio et al. 2010a, Ciarleglio 71 

et al. 2010b). Moreover, although conservation planning using machine learning algorithms received much attention 72 

in Iran (Mehri et al. 2014; Esfandeh et al. 2017; Nematollahi et al. 2022), the lack of studies on the prioritization of 73 

biodiversity conservation networks based on analyzing landscape composition and configuration is quite apparent and 74 

has affected the effective management of the protected area network. In this context, our study aims were to (1) assess 75 

the capability of the Tabu search algorithm to optimize and prioritize suitable areas for conservation and (2) evaluate 76 

the efficiency of the Hamedan Province protected area network based on landscape structure indicators. Since 77 

conservation planning is flexible and data driven, our approach can be widely used for various conservation purposes 78 

at local, regional, national, and global scales. In addition, several types of data can be used, and experts in different 79 

fields of conservation can thus benefit from this methodology to evaluate the features related to their fields. 80 

 81 

 82 

 83 

 84 

 85 
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Methodology 86 

 87 

Study Area 88 

  89 

Located west of Iran, Hamedan province is bordered by Zanjan, Qazvin, Lorestan, Markazi, Kurdistan, and 90 

Kermanshah provinces. The region stretches between latitudes of 33° 59′ and 35° 48′ N and longitudes of 47° 44′ and 91 

49° 30′ E. Hamedan has a cold and semi-arid climate with an average annual temperature of 11.5 °C and yearly 92 

precipitation of 350 mm (Abdollahi et al. 2021). This region covers an area of 19491 km2 (Fig. 2), of which 93 

approximately 1300 km2 (about 6.5%) includes plains, 5416 km2 (27.8%) consists of plateaus and hills, and 3826 km2 94 

(19.6%) of this region is covered by mountainous areas (Naderi-Mahdei and Bahrami, 2014). Hamedan province has 95 

six protected areas: Golparabad, Khangormaz, Lashgardar, Shara, Almoblagh, Molusan, and nine no hunting areas of 96 

Shirin Su, Alvand, Ghahavand, Abshineh wetland, Karafs, Alavi, Zand, Ekbatan wetland, and Aghogol (Abdollahi et 97 

al., 2021). This province is habitat to more than 34 species of mammals (Karami et al., 2016) including wild sheep 98 

(Ovis orientalis), wild goat (Capra aegagrus), brown bear (Ursus arctos), Eurasian lynx (Lynx lynx), Pale Bent-99 

winged Bat (Miniopterus pallidus), Wolf (Canis lupus), Grey Dwarf Hamster (Cricetulus migratorius) and Eurasian 100 

Water Vole (Arvicola amphibius); 193 species of birds (Kaboli et al., 2016) including Egyptian vulture (Neophron 101 

percnopterus), Eastern imperial eagle (Aquila heliaca), Saker falcon (Falco cherrug), and Eurasian hobby (Falco 102 

subbuteo), White Stork (Ciconia ciconia), Garganey (Anas querquedula), Common Sandpiper (Actitis hypoleucos) 103 

and Common Redshank (Tringa totanus); 45 species of reptiles (Mozaffari et al., 2016) including Asian snake-eyed 104 

skink (Ablepharus pannonicus), mountain racerunner (Eremias montana), Persian toad- headed agama 105 

(Phrynocephalus persicus) and Armenian viper (Montivipera raddei); 4 species of amphibians (Yousefi Siahkalroodi 106 

et al., 2013) including Tree Frog (Hyla savignyi), Transcaucasian Frog (Rana camerani), Eurasian Marsh Frog 107 

(Pelophylax ridibundus) and Common toad (Bufo bufo); and 1673 species of plants (Kolahi and Atari, 2014) including 108 

Wild almond (Amygdalus lycioides), Aleppo oak (Quercus infectoria), Mountain Kakuti (Ziziphora clinopodioides) 109 

and Medusa-head (Taeniatherum crinitum); among which 25 animal species and 34 plant species are endangered 110 

(Abdollahi et al., 2021). In recent years, the province's protected areas have been deteriorating due to anthropogenic 111 

activities such as urban development, conversion of natural lands to agricultural lands, and climate change (Soltani et 112 

al. 2020).  113 

  114 
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Fig. 2 115 

 116 

Geographical location of the research area; A- Land Use/ Land Cover (LULC) map, B- Hamedan protected 117 

areas network.  118 

 119 

Biodiversity Representatives 120 

 121 

The Tabu search algorithm was used to determine the prominent distribution regions for four bird species: the 122 

Egyptian vulture (Neophron percnopterus), Eastern Imperial Eagle (Aquila heliaca), Saker Falcon (Falco cherrug), 123 

and Eurasian Hobby (Falco subbuteo). In addition, the most suitable habitats for four mammal species were selected, 124 

including the Eurasian lynx (Lynx lynx), brown bear (Ursus arctos), wild sheep (Ovis orientalis), and wild goat (Capra 125 

aegagrus) as biodiversity representatives. These species were selected due to their protection status on Iranian hunting 126 

and fishing laws, the International Union for Conservation of Nature (IUCN) Red List, and the CITES database of 127 

species (Table 1). In addition, extensive information is available for them as they are important species in the region. 128 

Habitat quality module in Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST; 129 

https://naturalcapitalproject.stanford.edu) tool was used to generate basic habitat quality maps based on land use/ 130 

land cover (LULC) data and anthropogenic threats (Fig. 3). 131 
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 132 

Table 1. Conservation status of selected biodiversity representatives. 133 

Species 
Conservation Status 

IUCN CITES National Law 
Eurasian lynx  
(Lynx lynx) 

Least Concern 
(LC) 

Appendix II Endangered 

Brown bear  
(Ursus arctos) 

Least Concern 
(LC) 

Appendix II Protected 

Wild sheep 
(Ovis orientalis) 

Vulnerable (VU) Appendix II Protected 

Wild goat 
(Capra aegagrus) 

Vulnerable (VU)  Protected 

Egyptian vulture 
(Neophron percnopterus) 

Endangered (EN)  Protected 

Eastern Imperial Eagle 
(Aquila heliaca) 

Vulnerable (VU) Appendix I Endangered 

Saker Falcon (Falco cherrug) Endangered (EN) Appendix II Endangered (EN) 
Eurasian Hobby  
(Falco subbuteo) 

Least Concern 
(LC) 

Appendix II Protected 

 134 

Fig. 3 135 

 136 

InVEST Habitat Quality model framework (Adapted from Sharp et al. 2014). 137 

 138 

Invest model indicates that habitat quality is related to an ecosystem's ability to maintain an organism's survival; 139 

therefore, a high quality habitat supports greater biodiversity. The quality of the wildlife habitat will be adversely 140 

affected by large scale land use changes caused by human activities. An InVEST assessment of habitat quality is based 141 

on four parameters: the relative impact of threats, the relative sensitivity of each habitat type to a given threat, the 142 

distance between the source of threats and different habitats, and the degree of land protection (Sharp et al. 2014). 143 

Existing information (Asadolahi et al. 2018; Nematollahi et al. 2020; Li et al. 2021), InVEST manual (Sharp et al. 144 
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2014), and expert knowledge of the target area’s characteristics were used to assign these data. We elicited twelve 145 

academics and conservation officers who have good knowledge of wildlife ecology and the study area's characteristics 146 

to score the threat sources from 0 to 1 based on the source’s insensitivity (Supplementary Information, Tables SI 1, 147 

and SI 2). Then, we selected the most suitable habitat zones based on zonal land suitability analysis and suitability 148 

thresholds (Mehri et al. 2014; Mehri et al. 2018). 149 

 150 

Prioritization of Protected Areas 151 

 152 

ConsNet was used to prioritize and select candidate areas for biodiversity conservation (Ciarleglio et al. 2009). In this 153 

software, various algorithms were employed to optimize protected area networks, including Tabu search, rarity search, 154 

and supplemental algorithms. Although Tabu search takes longer to implement than other algorithms, it produces 155 

more accurate and complete results. Providing multiple solutions, Tabu search allows users to search within the 156 

decision space more efficiently (Ciarleglio et al. 2010 b). Here, only the Tabu search algorithm was used and the 157 

search was defined following three conservation scenarios using the ConsNet software. In total, 3 input files were 158 

used, including one mandatory file, one optional file of protected areas, and one optional restriction file. In the first 159 

file, which served as the mandatory representative file, there were four components: the unique IDs of the cells, their 160 

presence/absence data, their geographical location, and their costs. The cost is related to factors such as climate 161 

conditions and geographical features that limit access to desirable habitats (Ciarleglio et al. 2010 b). Costs per cell can 162 

be 0 (no cost) or 1 (a cost is associated with that cell). In this study, the cost was considered 0 because the information 163 

was not accessible to us due to lack of cooperation among the relevant organizations. The second input file was related 164 

to the existing protected areas and included information such as the cells of current protected areas and prohibited 165 

hunting areas. The third file was the restriction file as each region has different restrictions for selecting protected 166 

areas. The Road network was here considered as the restriction for biodiversity. Finally, the satisfaction factor 167 

illustrates the reliability of the chosen solution. A satisfaction percentage is obtained based on the ratio of total 168 

satisfaction to the number of cells indicating the presence of biodiversity representatives multiplied by 100. The higher 169 

this factor is, the more acceptable the proposed solution is (Ciarleglio et al. 2010 b). 170 

 171 

Conservation Scenarios 172 

 173 

ConsNet was applied to generate three conservation scenarios in the study area. For all scenarios, the 174 

conservation targets were to protect 10%, 20%, 25%, and 30% of the area of each biodiversity representative based 175 

on Iran's Environmental Protection Organization, the Convention on Biological Diversity, and the number of 176 

biodiversity representatives (Shams Esfandabad and Kaboli 2018). 500 repeat runs and 15×106 iterations of the Tabu 177 

search for all conservation goals were performed in ConsNet. In scenario 1, only the information included in the 178 

mandatory representative file was used. In scenario 2, the mandatory representative file and the protected area file 179 

were used. In scenario 3, the mandatory representative file and restriction file were used. 180 

 181 
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Evaluation of Conservation Patches Based on Landscape Criteria 182 

 183 

The landscape composition and configuration metrics were selected based on their importance in ecological 184 

processes. The number and density of patches are associated to the terrain's structure without considering its spatial 185 

patterns while the Fractal Dimension Index (FRAC) and Contiguity Index (CONTG) metrics examine the spatial 186 

arrangement of landscape patterns. Therefore, various landscape metrics such as Number of Patches (NP), Patch 187 

Density (PD), Patch Area Distribution (AREA_MN), Contiguity Index, Perimeter Area Ratio Distribution (PARA), 188 

Euclidean Nearest Neighbor Distance (ENN), Landscape Shape Index (LSI), Fractal Dimension Index, and Effective 189 

Mesh Size (MESH) at the class level were calculated to evaluate and compare the shape complexity, and compactness 190 

of the selected conservation patches (Gustafon 1998; McGarigal et al. 2012, Table 2). This was accomplished by 191 

importing the maps produced in the previous step as an input layer into Fragstats software version 4.2 (McGarigal et 192 

al. 2012). 193 

 194 

Table 2. Description of selected landscape metrics at class level which various aspects of landscape 195 

appearance are measured by these metrics, including habitat density, number, and continuity (McGarigal et al. 196 

2012). 197 

 198 

 199 

 200 

 201 

Landscape indices 

(abbreviation) 
Description Unit References 

NP Number of each patch type (class level) No unit 

 

Morelli and 

Tryjanowski (2014) 

PD Length of all patch edges divided by the patch area 
0.01 

km2 

Martínez-Ruiz et al. 

(2020) 

 

AREA_MN The mean area of each patch type (class) Hectare 

Michalski and Peres 

(2017) 

 

CONTIG The degree of each patch type proximity Meter Song and Kim (2016) 

PARA_MN The average ratio of each patch type perimeter to its area No unit Schindler et al. (2013) 

ENN_MN 
The average distance between patches of the same class indicating how 

isolated they are 
Meter 

Pagaldai et al. (2021) 

LSI 

 

The shape index of the land calculated by dividing the total length of the 

patches' borders by the total area of the patches 

No unit 

Moulatlet et al. (2021) 

FRAC The sum of all patches corresponding to the patches’ value divided by the 

number of patches of the same type 
No unit 

Schindler et al. (2013) 

MESH A relative quantity of patch structure based on cell size Hectare Mairota et al. (2013) 
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Data Analysis 202 

 203 

To determine if the variables were normally distributed, a Kolmogorov Smirnov test was performed on all 204 

variables due to the small sample size for some of them (Godinho and Rabaça, 2011). Canoco v.5 was used to 205 

investigate the associations between landscape parameters and conservation targets. Detrended canonical 206 

correspondence analysis (DCCA) was used to recognize the appropriate ordination approach. A linear model was 207 

applied to the measured gradient length and a redundancy analysis (RDA) was conducted to explore the associations 208 

between landscape patterns and conservation targets in the study area. The significance of the DCCA approach was 209 

assessed based on 999 Monte Carlo permutations.  210 

 211 

Results 212 

 213 

Conservation Network Prioritization 214 

 215 

The Tabu search algorithm produced different results for the three defined scenarios, depending on the model 216 

parameters. In scenario 1, the minimum and maximum values for total biodiversity representative were 191772 and 217 

315530 hectares, respectively (Table 3). As conservation targets were set higher, the Tabu search algorithm proposed 218 

a higher level of satisfaction. A maximum of 92% was achieved for the protection of 30% of the area of biodiversity 219 

representatives. The mammal and bird species considered in our study represented a high conservation value at the 220 

national and regional levels. However, the current protected areas represented insufficient habitat for these species 221 

(Fig. 4).  Approximately 19177.2 hectares of the 191882.68 hectares covered habitats of the target species, 222 

representing only 10% of the total area for biodiversity protection (Table 3). 223 

 224 

Table 3. Tabu search for scenario 1. 225 

 226 

 227 

  228 

Conservation 
Targets % 

Number of 
Clusters 

Total Biodiversity 
Representation 
(number of 
solution cells) 

Area (ha) 
Perimeter 
(Km) 

Total 
Satisfied 

10 19 2587200 191772 933.6 0.84 
20 21 2637600 192420 951.6 0.90 
25 30 2787700 197802 1071 0.90 
30 45 3155300 209664 1317.6 0.92 
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Fig. 4 229 

 230 

Recommended conservation networks based on scenario1.The red area represent the current protected areas, 231 

and the green areas represent the supplemental areas recommended for conservation as a result of the ConsNet.  232 

 233 

For scenario 2, the minimum and maximum recorded values for total biodiversity representation comprised 234 

189324, 190035, 195372, and 202716 hectares, representing 9.7, 9.75, 10.024, and 10.4% of the province, for the 235 

different conservation targets respectively (Table 4). The road network constraint reduced the extent needed to achieve 236 

the conservation targets in scenario 3 compared to other scenarios (Fig. 5).  237 

  238 
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Table 4. Tabu search for scenario 2. 239 

 240 

 241 

Fig. 5 242 

 243 

Recommended conservation networks based on scenario 2. The red area represent the current protected areas, 244 

and the green areas represent the supplemental areas recommended for conservation as a result of the ConsNet.  245 

 246 

Under the third scenario, the minimum and maximum recorded values for total biodiversity representation were 247 

45873 hectares and 14617.8 hectares, respectively (Table 5). Compared to the previous two scenarios, the conservation 248 

patches selected according to different conservation objectives were smaller. Of the Hamedan province, 2.3, 4.9, 6.2, 249 

and 7.5% of protected areas have been chosen for the protection of 10, 20, 25, and 30 % of the total area for biodiversity 250 

Conservation Targets 
% 

Number of 
Clusters 

Total Biodiversity 
Representation 

(number of 
solution cells) 

Area (ha) 
Perimeter 

(km) 
Total 

Satisfied 

10 66 2587700 189324 1081.8 0.74 
20 70 2637800 190035 1099.2 0.76 
25 72 2787700 195372 1103.4 0.87 
30 84 3140400 202716 1476.6 0.93 
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representatives (Fig. 6). In scenario 3, the perimeter and area of the selected network increased as the conservation 251 

target increased (Table 5).  252 

 253 

Table 5. Tabu search for scenario 3. 254 

 255 

 256 

Fig. 6  257 

 258 

Recommended conservation networks only based on biodiversity representative’s distribution. The red area 259 

represent the current protected areas, and the green areas represent the supplemental areas recommended for 260 

conservation as a result of the ConsNet.  261 

 262 

Conservation Targets 
% 

Number of 
Clusters 

Total Biodiversity 
Representation 
(number of 
solution cells) 

Area (ha) 
Perimeter 
(km) 

Total 
Satisfied 

10 30 1131600 45873 759.6 0.86 
20 41 2085300 96012 1270.8 0.94 
25 53 2579400 1210.4 1543.2 0.95 
30 55 3133400 14617.8 1895.4 0.93 
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Analyzing Conservation Patches Using Landscape Indices 263 

 264 

With increase of the number of conservation patches (NP) in all three scenarios, the protection of biodiversity 265 

representatives in the target area increased (Table 6). In all three scenarios with increasing conservation targets, patch 266 

density (PD) has also increased, indicating a dispersion of conservation patches. In all scenarios, the LSI index showed 267 

almost the same pattern (Table 6). Although the number and density of patches have increased in both scenarios 1 and 268 

2, the AREA_MN showed a declining trend. However, this index has raised slightly in scenario 3. For all conservation 269 

targets in the first and third scenarios, the value of CONTIG was 0.7 on average, indicating that conservation patches 270 

are relatively close together. The second scenario showed an average continuity of conservation patches of 0.5 for all 271 

conservation targets. In both scenario 1 and 2, the PARA_MN index had the highest values for protection of 10% of 272 

biodiversity representatives, however, in the third scenario, the greatest value was for the protection of 25% of 273 

biodiversity representatives (Table 6). The value of ENN_MN index for the protection of 20% of biodiversity 274 

representatives was greater than other conservation targets in the first and second scenarios, whereas in the third 275 

scenario, it was greater than other conservation targets for the protection of 10% of biodiversity representatives (Table 276 

6). Scenario 1 had an increasing FRAC index. It was observed that scenarios 2 and 3 had a higher index value, with 277 

30% and 25%, respectively, of biodiversity representatives being protected (Table 6). In the first and second scenarios, 278 

MESH was roughly at the same level and very close together with a slight decrease, indicating that the patches were 279 

close together, whereas, in the third scenario, it showed an increasing trend (Table 6).  280 

 281 

Table 6. The result of the landscape metrics analysis in 3 different scenarios. Acronyms are defined in table 2.  282 

 

Landscape 

metrics 

 

Scenario 1 

 

Scenario 2 

 

Scenario 3 

 

10% 

 

20% 

 

25% 

 

30% 

 

10% 

 

20% 

 

25% 

 

30% 

 

10% 

 

20% 

 

25% 

 

30% 

 

NP 

 

16 

 

17 

 

22 

 

31 

 

24 

 

26 

 

26 

 

34 

 

29 

 

37 

 

42 

 

48 

PD 750.82 795.136 1001 1330.7 1140.4 1231.3 1197.7 1476.72 5689.62 3467.9 3121.29 2955.3 

AREA_MN 0.1332 0.1258 0.0999 0.0751 0.0877 0.0812 0.0835 0.0677 0.0176 0.0288 0.032 0.0338 

CONTIG 0.725 0.771 0.745 0.733 0.504 0.524 0.528 0.586 0.763 0.789 0.76 0.764 

PARA_MN  10809.05 8836.46 9699.06 9940.76 19150.6 18285.8 18136.93 15873.04 8268.27 7315.98 8426.32 8194.35 

ENN_ MN 18.065 21.331 17.12 18.019 8.116 14.272 13.67 13.252 29.589 26.157 23.765 13.732 

LSI 5.336 5.413 6.01 7.176 6.196 6.29 6.234 8.095 8.85 10.174 11.09 12.39 

FRAC 1.174 1.18 1.228 1.248 1.121 1.118 1.117 1.200 1.24 1.218 1.26 1.24 

MESH 0.2815 0.2806 0.274 0.261 0.276 0.275 0.275 0.267 0.059 0.095 0.1069 0.1134 

 283 

 284 

Association Evaluation 285 

 286 

 According to the RDA results, there was a correlation between landscape metrics and conservation targets in 287 

the study area (Table 7). The first two axes of this analysis explained 59.71 and 19.94% of total landscape indices 288 
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variation, respectively. The correlation between conservation targets and landscape metrics was 93 and 92% for the 289 

two first axes indicating the effectiveness of landscape parameters on conservation targets variation.  290 

 291 

Table 7. Association results between conservation targets and landscape metrics. 292 

 293 

 294 

Two groups of landscape metrics were distinguished (Fig. 7). The first group included FRAC_MN, CONTIG, 295 

NP, LSI, and MESH and all indices except MESH indicated a positive correlation with the protection of 20% of total 296 

biodiversity representatives, while other conservation targets were negatively correlated with them. The second group 297 

involved ENN_MN, PD, AREA_MN, and PARA. ENN_MN and PD in this group positively correlated with the 298 

protection of 10 and 25% of total biodiversity representatives, while AREA_MN and PARA represented a negative 299 

correlation with these conservation targets. The protection of 30% of total biodiversity representatives showed a 300 

positive correlation with PARA, AREA_MN, and MESH, and a negative correlation with other landscape metrics. 301 

Among all metrics, PD, ENN_MN, and AREA_MN showed the highest correlation with conservation targets.   302 

  303 

Statistic 
Axes Sum 

1 2 3 4 1 
Eigenvalues 0.5971 0.1994 0.0436 0.1225  
Correlation between conservation targets and landscape parameters 0.933 0.919 0.747 0.000  
Cumulative variation for landscape parameters 59.71 79.65 84.01 96.26  
Cumulative variance percentage of the relationship between 
conservation goals and landscape parameters 

71.08 94.81 100.00   

All eigenvalues     1 
Canonical eigenvalues   0.840   
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Fig. 7 304 

 305 

RDA ordination on conservation targets and landscape metrics.  306 

 307 

Discussion 308 

 309 

In this study, ConsNet was used for prioritizing and selecting candidate areas for biodiversity conservation in 310 

Hamedan Province. In considering the efficiency of current protected areas, it was found that these areas are not 311 

sufficient to attain conservation targets and only protect 10% of the total area of each biodiversity representative. Our 312 

results are consistent with previous studies (Jafari et al. 2011; Momeni Dehaghi et al. 2013; Mehri et al. 2014; 313 

Esfandeh et al. 2017; Boulad et al. 2022), describing inadequately protected area networks. According to scenario 1, 314 

the protection network would be substantially increased, along with conservation targets. However, this is not possible 315 

in the short term due to high levels of infrastructure and economic development in Hamedan province, including 316 

mining. Thus, it is recommended that the ConsNet solution for scenario 1 be reviewed as a long term solution to 317 

complete the conservation targets and future strategies of the Environmental Protection Organization of Iran in 318 

Hemadan province. Based on national conservation plans, it should be updated to protect 17% of the total biodiversity 319 

hotspots (Shams esfandabad and Kaboli, 2018). ConsNet solution for scenario 3 is based only on the presence data of 320 
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biodiversity representatives in the target area, and this scenario included less area for different conservation targets 321 

than the two other scenarios to achieve the best solution for protecting the most biodiversity representatives at the 322 

minimum possible area. Furthermore, the selected conservation network has minimal overlap with the current network 323 

of protected areas, which emphasizes the inefficiency of the current protected areas network in protecting biodiversity 324 

representatives in the target area. 325 

Comparing the different scenarios, scenario 1 with 90% representation satisfied protects 25% of total biodiversity 326 

representatives. This is the most effective solution, covering 10.14% of Hamedan province and is an ideal alternative 327 

to achieving global conservation targets (preserving 10% of each region). In addition, the total satisfaction includes 328 

an acceptable result for conservation targets in three scenarios (Tables 2, 3 and 4) to evaluate the selected protected 329 

areas network, indicating that a range of solutions could be used to meet conservation targets (Leslie et al. 2003; Mehri 330 

et al. 2014). Having a variety of solutions allows planners to select the best alternative based on ecological, economic, 331 

social, political, and other factors (Mehri et al. 2014; Possingham et al. 2000). In different scenarios and conservation 332 

targets, the biodiversity representative shows more than 70% of the total satisfied, suggesting that the Tabu search 333 

algorithm is highly accurate in evaluating protected areas. Regardless of the differences in solutions presented in the 334 

studied scenarios, they all highlight the need to expand and alter the boundaries of current protected areas in Hamedan 335 

province to achieve conservation targets (Boulad et al. 2022). In Iran, similar studies have shown that systematic 336 

conservation planning with a high degree of flexibility can help apply scientific principles and criteria at the national 337 

level and be used to adopt conservation criteria at a large scale (Mehri et al. 2014; Jafari et al. 2011; Esfandeh et al. 338 

2017). 339 

The spatial arrangement of a landscape (e.g., the density and cohesion of habitat patches) has significant impacts 340 

on biodiversity. Landscape metrics and can be used in wildlife habitat suitability analyses (Calamari et al. 2018; Reis 341 

et al. 2021), particularly for the distribution of conservation patches for conservation planning and management 342 

(Botequilha et al. 2006). Reduced patches contribute less to biodiversity protection as their density decreases (Norton 343 

et al. 2016; Spiesman et al. 2018) and according to our results, patches with more cohesion and compaction have a 344 

higher conservation value. Increasing the perimeter-to-area ratio for the conservation patches also negatively affects 345 

the species' survival. By increasing habitat edges, biodiversity is more vulnerable to existing threats which, in the long 346 

run, reduces biodiversity levels at protected area borders (Fagan et al. 1999). Based on the evaluation of landscape 347 

metrics, the number and density of conservation patches have increased in Hamedan province. This change is due to 348 

the unbalanced development of industrial and residential areas, indicating a dispersion of landscape patterns in this 349 

province and causing more fragmentation of the selected protected areas (Shayesteh and Mohammadyary, 2018). 350 

Small patches of fragmented conservation indicate the fine scale structure of selected protected patches. A fragmented 351 

landscape tends to be more complex and irregular, exhibiting little structural integrity (Wintle et al. 2019). The 352 

Euclidean Nearest Neighbor Distance index showed that the values of this metric were relatively low for selected 353 

conservation patches in Hemadan province. When a landscape is fragmented, it tends to be complex and irregular, 354 

exhibiting little structural integrity. Hence, the distribution pattern of protected areas in the province is dispersed. The 355 

remoteness of conservation patches increases planning and management costs, and also negatively impacts the region's 356 

ecological sustainability (Sadegh Oghli et al. 2019).  357 
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Results of RDA also confirmed our results of conservation targets based on landscape metrics. ENN_MN, PD, 358 

and AREA_MN involve the highest correlation with conservation targets and indicate the fragmentation of patches. 359 

Existing studies (e.g. Battisti 2003; Chetcuti et al. 2020; Flowers et al. 2020) have highlighted that habitat 360 

fragmentation contributes significantly to biodiversity loss. Therefore, to prevent biodiversity loss and achieve 361 

conservation goals, it is important to manage protected areas so that habitat fragmentation is minimized. 362 

 363 

Conclusion 364 

 365 

In this study, a meta-heuristic algorithm along with a landscape ecology approach were applied to optimize the 366 

conservation network of the Hamedan province in Iran. Accordingly, three scenarios were defined for optimizing the 367 

conservation network of the target area based on protecting 10%, 20%, 25%, and 30% of the area for biodiversity 368 

surrogates. With 90% representation satisfied protecting 25% of total biodiversity representatives, scenario 1 was the 369 

most effective solution, covering 10.14% of Hamedan province and therefore approaching global conservation targets. 370 

The results of this study demonstrate the capability and value of landscape metrics for evaluating and managing 371 

protected areas and identifying conservation patches. Thus, models, tools, and spatial data can assist in assessing, 372 

managing, and planning the protected area network and enhancing biodiversity. Landscape structural changes can be 373 

an effective strategy for conducting more detailed studies and determining practical conservation actions. Therefore, 374 

land use planners and managers can use the results of this study to align conservation and management strategies to 375 

maximize biodiversity conservation. Overall, our conservation planning approach reflects certain quantitative goals 376 

such as the long-term management of protected areas, and thus these approaches can be used indefinitely and at low 377 

cost for the management of different areas with different characteristics. 378 

  379 
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