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Abstract

Background and objectives: Parrotia persica (DC.) C.A. Mey., endemic to the Hyrcanian
forests of Iran, has been classified as Near Threatened in the latest conservation status assessment
by the International Union for Conservation of Nature (IUCN). Given the importance of this
species in preserving genetic diversity, identifying its suitable habitat is a critical first step in the
implementation of conservation and management strategies. As species distribution models are
widely used for predicting and identifying suitable planting habitats, the objective of this study
was to apply such models, based on machine learning algorithms and environmental variables
including topography, soil, and climate, to predict suitable habitats for P. persica.
Methodology: The study was conducted across the entire Hyrcanian forest region in lIran. Forest
inventory data from northern Iran were used, including coordinates, altitude, slope, aspect,
diameter at breast height, species type, and tree height for each sample plot. Meteorological data
(precipitation and temperature) were obtained from the NASA POWER project. Soil variables,
including bulk density, sand, silt, clay percentages, pH, nitrogen content, and organic carbon,
were extracted from SoilGrids 2.0. Topographic indices such as the Topographic Wetness Index
(TWI), Topographic Position Index (TPI), and curvature were derived in a GIS environment.
After compiling presence-absence data and environmental variables, five modeling algorithms
were applied to predict the distribution of P. persica: Random Forest, Support Vector Machine,
k-Nearest Neighbor, Generalized Linear Model, and Maximum Entropy. The Maximum Entropy
model was implemented using the dismo package, and the other models were run using the caret
package in R. Variable importance was assessed using dismotools for Maximum Entropy and
caret for the remaining models. Model performance was evaluated using cross-validation, and the
area under the curve (AUC) statistic was used to assess predictive accuracy.

Results: Among all models, the Random Forest algorithm had the highest AUC value (0.87),
indicating the best performance. Altitude emerged as the most influential factor in predicting P.
persica distribution across all models. The Random Forest and Maximum Entropy models
identified soil sand percentage and precipitation, respectively, as the second most important
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variables. In contrast, Support Vector Machine, k-Nearest Neighbor, and Generalized Linear
Models identified average air temperature as the second most important factor. Interpolated
probability maps indicated a high likelihood of P. persica presence (over 70%) in low-altitude
regions of the eastern and central Hyrcanian forests, while its presence was predicted to be very
low in the western regions.

Conclusion: All models demonstrated acceptable accuracy in predicting P. persica distribution,
with the Random Forest model outperforming the others. Altitude and temperature were the most
critical variables influencing its distribution. The highest presence probability was predicted in
low-altitude, central parts of the Hyrcanian forests. These findings suggest the feasibility of
identifying suitable mother trees and enhancing reproduction success through targeted breeding
and silvicultural practices. Additionally, relatively undisturbed areas within suitable habitats
could be designated as conservation reserves for this species.

Keywords: Maximum entropy model, random forest model, species distribution model,
topographic factors.
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Table 1. Quantitative characteristic of Parrotia persica in Hyrcanian Forest, Iran

Minimum Maximum Mean Standard Error
Density (number per hectare) 10 1020 90.82 3.76
Diameter at breast height (cm) 12 150 27.69 0.44
Total height (m) 10.57 26.57 15.05 0.07
Basal area (m? ha?) 0.11 78.53 6.87 0.32
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Table 2. List, basic descriptive statistics, and abbreviation of environmental variables used in this study

Source Abbreviation Minimum  Maximum Mean Standard Error
Elevation (m.a.s.l.) Inventory Data - -5 2780 940.31 575.44
Slope (%) Inventory Data - 0 110 39.93 21.45
Radiation DEM - 0 1 0.26 0.27
Bulk density (g/cm?®) SoilGrids 2.0 BD 0.38 1.43 1.23 0.09
Sand (%) SoilGrids 2.0 - 0 449 21.99 6.05
Silt (%) SoilGrids 2.0 - 0 66.43 42.83 7.11
Clay (%) SoilGrids 2.0 - 0 48.3 33.66 6.54
pH SoilGrids 2.0 - 2.27 7.8 6.73 0.66
Nitrogen (%) SoilGrids 2.0 N 0.08 0.47 0.3 0.05
Soil organic carbon (%) SoilGrids 2.0 socC 0.41 5.29 2.43 0.74
Precipitation (mm) NASAPOWER Per 204.72 1004.39 576.98 231.34
Temperature (°C) NASAPOWER Temp 8.42 18.14 135 2.69
Distance from valley DEM Distance_Vally 0.46 12486.59 2532.4 1691.26
Topographic position index DEM TPI -361.81 369.43 9.3516 101.304
Curvature DEM - -160E10  1.94E10  1.4228E8 3.46881E9
Topographic wetness index DEM TWI -7.14 8 -4.64 1.804
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Figure 1. The location of sampling points in the Hyrcanian Forest, Iran
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Figure 2. Pearson correlation of the independent studied variables

Red and blue colors indicate significant positive and negative correlation, respectively, and blank squares indicate no significant correlation.
BD: Bulk density; N: Nitrogen; SOC: Soil organic carbon; Temp: Temperature; Per: Precipitation; Distance_Valley: Distance from valley;
TPI: Topographic position index; TWI: Topographic wetness index.
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Figure 3. The AUC values of the models using the cross-validation method
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Table 2. The mean AUC values for studied models for predicting the presence/absence of Parrotia persica

Model AUC

Random forest 0.87
Maximum entropy 0.86
Support vector machine 0.85
k-nearest neighbor 0.82
Generalized linear model 0.85
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Figure 4. The importance of variables for different models to predict the presence/absence of Parrotia persica
RF: Random forest; MaxEnt: Maximum entropy; SVM: Support vector machine; KNN: k-nearest neighbor; GLM: Generalized linear
model; BD: Bulk density; N: Nitrogen; SOC: Soil organic carbon; Temp: Temperature; Per: Precipitation; Distance_Valley: Distance from
valley; TPI: Topographic position index; TWI: Topographic wetness index.
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Figure 5. The presence probability maps of Parrotia persica across Hyrcanian Forest predicted using studied

models

RF: Random forest; MaxEnt: Maximum entropy; SVM: Support vector machine; kKNN: k-nearest neighbor; GLM: Generalized linear

model.
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Figure 6. The suitable habitat maps of Parrotia persica across Hyrcanian Forest predicted using studied models
RF: Random forest; MaxEnt: Maximum entropy; SVM: Support vector machine; kKNN: k-nearest neighbor; GLM: Generalized linear

model.
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Table 3. The total area of suitable and unsuitable habitats for the presence of Parrotia persica across Hyrcanian Forest,
Iran predicted using studied models

Model Area (ha) Percent of total area
Random forest Unsgitable 1283578 66
Suitable 648076 34
Maximum entropy Unsgitable 1305129 67
Suitable 626381 33
Support vector machine Unsyltable 1036150 o4
Suitable 888064 46
k-nearest neighbor Unsyitable 1321860 69
Suitable 600420 31
Generalized linear model Unsyltable 1331439 69
Suitable 598901 31
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