Research Article

Iranian Journal of Forest and Range Protection Research DOI: 10.22092/ijfrpr.2024.363680.1604
Vol. 22, No. 1, Page 92 -108 (2024)

Prediction the potential distribution of Artemisia chamaemelifoliain Ardabil province

Maryam Molaei!, Ardavan Ghorbani?’, Mehdi Moameri®, Javad Motamedi* and Zeynab Hazbavi’

1- PhD Student of Rangeland Sciences, Department of Range & Watershed Management, Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili, Ardabil, Iran

2"- Corresponding author, Prof., Department of Range & Watershed Management, Faculty of Agriculture and Natural Resources,
Water Management Research Center, University of Mohaghegh Ardabili, Ardabil, Iran. E-mail: a_ghorbani@uma.ac.ir

3- Associate Prof., Department of Plant Sciences and Medicinal Plants, Meshgin Shahr Faculty of Agriculture, Water Management
Research Center, University of Mohaghegh Ardabili, Ardabil, Iran.

4- Associate Prof., Rangeland Research Division, Research Institute of Forests and Rangelands, Agricultural Research Education and
Extension Organization (AREEO), Tehran, Iran.

5- Associate Prof., Department of Range and Watershed Management, Faculty of Agriculture and Natural Resources, Water
Management Research Center, University of Mohaghegh Ardabili, Ardabil, Iran.

Received: 04.10.2023 Accepted: 27.12.2023

Abstract

Background and objectives: Determining the state of distribution of species and the habitats
occupied by them is very important in species protection and management programs. The use of
modeling to predict the distribution of species has increased in recent years. For this purpose, a
wide range of modeling techniques has been developed. In this regard, the present research was
conducted with the aim of evaluating the capability of logistic regression and the maximum
entropy method in preparing a prediction map of the habitat expansion of Artemisia
chamaemelifolia species and determining the factors affecting its distribution in Ardabil
province.

Methodology: In the rangelands of Ardabil province, 449 study sites, including 102 sites of
presence and 347 sites of non-presence of the species, were recorded from 2018 to 2021. Two
categories of environmental factors, including bioclimatic variables (19 cases), three primary
topographic indices (elevation, slope, and aspect), and five secondary topographic indices
(topographic wetness index, topographic position index, topographic roughness index, stream
power index, and plan curvature index), were investigated in relation to the presence of the
species. Bioclimatic variables with a spatial resolution of 2.5 minutes, equivalent to 5 km?, were
downloaded from worldclim.org. The maps of topographical variables were produced using the
maps of the digital elevation model in a geographic information system environment. Maps of
all environmental factors were prepared and overlapped with 70% of the data. Environmental
information was extracted for sample points. Collinearity between independent variables was
checked. In the next step, the regression relationship between species presence and independent
variables was extracted in SPSS software. Then, by combining the maps of factors affecting
species distribution and applying the relevant regression relationship, the distribution map was
predicted through the logistic regression method. To prepare the prediction map of A.
chamaemelifolia habitat through the maximum entropy method in the MaxEnt software
environment, the environmental layers were converted to ASCII format, and the species
presence points were converted to CSV format. The maps prepared in both models were
classified based on the optimal threshold of species presence into two classes: species presence
and non-presence. The Kappa index was used to check the accuracy of prepared maps and
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compare their performance.

Results: The results of the modeling showed that elevation was the most effective
environmental factor in the distribution of the species. The altitude range of presence of A.
chamaemelifolia in Ardabil province was found to be from 2100 to 2900 meters. The Kappa
coefficient obtained from the comparison of the predicted and real maps for the logistic
regression model was 0.962, and for the maximum entropy model, it was 0.871, which are at a
very good to excellent level. The logistic regression model identified slope percentage,
precipitation of the coldest season, precipitation of the driest month, and the average range of
daily temperature as influencing variables in the occurrence of the species in Ardabil province.
Based on the jackknife test resulting from the implementation of maximum entropy in the
MaxEnt environment, the most important variables affecting the suitability of A.
chamaemelifolia habitat were seasonal precipitation and elevation.

Conclusion: The results of the present study have provided key and important information
about the range of tolerance of the A. chamaemelifolia species to the influencing environmental
variables. Relying on the results of the current study, arrangements can be made to protect and
restore habitats with current or potential distribution of A. chamaemelifolia species.

Keywords: Ardabil, Maximum Entropy, Artemisia, Logistic Regression, Species Distribution
Model
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Figure 1. Location of the study area and sampling points of Artemisia chamaemelifolia in rangelands of Ardabil
province
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Table 1. Bioclimatic and Topographical variables
Variable title Code Unit Variable title Code Unit
Annual Mean Temperature BIO1 °C Precipitation Seasonality BI1015 v
(Coefficient of Variation)
Mean Diurnal Range (Mean of monthly (max BIO2 °C Precipitation of Wettest Quarter B1016 mm
temp — min temp))
Isothermality (BIO2/BIO7)(%100) B103 ; Precipitation of Driest Quarter BIO17 mm
Temperature Seasonality (standard deviation x ~ BIO4 °C Precipitation of Warmest Quarter BIO18 mm
100)
Max Temperature of Warmest Month BIO5 °C Precipitation of Coldest Quarter BIO19 mm
Min Temperature of Coldest Month BIO6 °C Elevation Elevation m
Temperature Annual Range (B1O5-B106) BI1O7 °C Slope Slope %
Mean Temperature of Wettest Quarter BIO8 °C Aspect Aspect -
Mean Temperature of Driest Quarter B109 °C Topographic position index TPI -
Mean Temperature of Warmest Quarter B1010 °C Topographic Wetness Index TWI _
Mean Temperature of Coldest Quarter B1O11 °C Plan Curvature Index PCI _
Annual Precipitation B1012 mm Topographic Roughness Index TRI -
Precipitation of Wettest Month B1013 mm Stream Power Index SPI -
Precipitation of Driest Month B1014 mm
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Table 3. Statistics related to the logistic regression model for predicting the presence of Artemisia

chamaemelifolia
Species R’ HL
A. chamaemelifolia 0.99 1
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Figure 2. Jackknife diagram to check the importance of each variable in the validity of the model based on the
AUC index
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Table4. Description, logistic threshold and cumulative threshold in omission/commission analysis for Artemisia

chamaemelifolia

Description (threshold Cumulative) (Logistic threshold)
Fixed cumulative value 1 1 0.016
Fixed cumulative value 5 5 0.079
Fixed cumulative value 10 10 0.135
Minimum training presence 48.986 0.507
Ten percentile training presence 48.986 0.507
Equal training sensitivity and specificity 48.986 0.507
Maximum training sensitivity plus specificity 48.986 0.507
Equal test sensitivity and specificity 91.416 0.874
Maximum test sensitivity plus specificity 91.416 0.874
Balance training omission, predicted area and threshold value 5.006 0.079
Equate entropy of threshold and original distributions 14.182 0.175
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