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Abstract
Background and Objectives
Climate change threatens native plant habitats and distribution. These changes can widely affect
plant species distribution. Thymus persicus grows only in certain areas of northwestern Iran and
risks extinction for unknown reasons. This study uses the maximum entropy (MaxEnt) model to
predict climate change on T. persicus distribution in northwestern Iran. We aim to assess climate
change on this species' habitats and identify seriously threatened areas.
Methodology
We selected Mahneshan County in Zanjan Province and Takab County in West Azerbaijan
Province in northwestern Iran as study areas. To locate T. persicus, we randomly classified and
selected 70 presence sites based on the provinces' vegetation typology map, which served as
training data for modeling. To evaluate the model, we collected 70 actual presence sites in the
field using GPS in July 2024 in Mahneshan (around Belghis Peak) and Takab County. To model
species distribution, we used 30 environmental variables: 19 climatic variables across three
periods—present (2024, representing 1990-2020), 2070 (2060-2080), and 2100 (2080-2100)—
under SSP585 and SSP126 scenarios using the IPSL-CM6A-LR general circulation model. We
also included three physiographic variables (elevation, slope, and aspect) and eight soil physical
and chemical variables. We prepared all environmental data using ArcGIS 10.8 at a 30 second
scale (about one km?2) and then used MaxEnt to model T. persicus distribution.
Results
We prepared current distribution maps using climatic data under SSP585 and SSP126 scenarios
alongside soil and physiographic data. Comparing soil and climatic data on distribution prediction
using the AUC index showed that soil data (AUC = 0.85) has less of an effect on species
distribution. This may reflect missing data on lead and zinc contamination in the region, which
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we could not incorporate into the model. However, these elements may greatly influence species
distribution because T. persicus grows near the Angouran lead and zinc mine. We then prepared
future distribution maps for 2070 and 2100 using climatic and physiographic data. The model
results showed that altitude, Biol, Biol0, Bioll, Bio6, Biol2, Biol7, Biol8, Bio5, and slope
most strongly affect species distribution. T. persicus distributed more effectively in areas with
300-500 mm annual rainfall, altitudes above 2500 m, temperatures below 8 °C, and slopes above
20°.

Conclusion

Modeling T. persicus distribution under SSP126 and SSP585 scenarios shows a significant future
reduction in favorable habitat area. Currently, favorable habitat (best threshold of 0.3) covers
about 550.4 km2. By 2070, this will shrink to 377.4 km2 under SSP126 and to 252.2 km?2 under
SSP585. By 2100, this reduction will continue, with favorable habitat reaching 181.2 km?
(SSP126) and 93.9 km?2 (SSP585). These changes reveal climate change's negative effects on
Persian thyme distribution and highlight the urgent need to protect this species from climate
threats.
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Table 1- Environmental variables used in the model
Unit Abbreviation Row Unit Abbreviation Row
mm Biol6 16 °C Biol 1
mm Biol7 17 °C Bio2 2
mm Biol8 18 % Bio3 3
mm Biol9 19 °C Bio4 4
m alt 20 °C Bio5 5
Degree slope 21 °C Bio6 6
- Aspect 22 °C Bio7 7
% Clay 23 °C Bio8 8
% Sand 24 °C Bio9 9
% Silt 25 °C Biol0 10
% Gravel 26 °C Bioll 11
% Om 27 mm Biol2 12
dS/m Ec 28 mm Biol3 13
% 29 mm Biol4 14
% 30 mm Biol5 15
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Table 2- Correlation of environmental variables
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Biol 0.53 1

Bio5 0.54 0.59 1

Bio6 0.37 0.64 0.66 1
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Biol8 0.49 0.76 0.46 0.76 0.64 0.66 0.78 0.63 1

slope 0.36 0.44 0.68 0.41 0.31 0.6 0.53 0.67 0.51 1
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Figure 2-Current distribution map of T. PErSIiCUS species (a: Current distribution of the species using climate
and soil data (AUC=0/85), b: Current distribution of the species using climate data (AUC=0/92), c: Distribution
of the species in 2070 using the ssp126 scenario, (AUC=0/92), d: Distribution of the species in 2070 using the
SSP585 scenario, (AUC=0/91) e: Distribution of the species in 2100 using the SSP126 scenario, (AUC=0/93), f:

Distribution of the species in 2100 using the SSP585 scenario) (AUC=0/90)
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Figure 3-changes in the size of the distribution range of T. persicus species under the effect of climate change
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range of the species under the effect of climate change in the year 2100, scenario ssp126, d: Changes in the size of
the distribution range of the species under the effect of climate change in the year 2100, scenario ssp585)
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Table 3- Extent and Area of Suitable and Unsuitable Habitats for T. persicus under the MaxEnt Model and
Climate Scenarios SSP126 and SSP585

Scenario/ Time

Area (km?)

Unsuitable (0-0.25)

2024Current (bio) 4787.3 350.4
2024Current (soil+bio) 4677.1 427.8
2070 SSP126 4967.1 278.9
2070 SSP585 5087.7 187.3
2100 SSP126 5154.3 124.9
2100 SSP585 5244.1 16

Low (0.25-0.5)

Moderate (0.5-0.75)  High (0.75-1)  Best Threshold (>0.3)
165.1 34.9 550.4
196.5 36.6 660.0
79.1 19.4 3774
45.8 19.1 252.2
39.6 16.7 181.2
60.7 17.2 93.9
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Table 4- Analysis of the contribution of variables and the contribution of each variable in the modeling process

Variable Contribution % Permutation Importance %
Elevation 62.60 69.47
Biol 9.60 4.59
Biol0 9.58 0.60
Bioll 9.60 1.50
Bio6 7.10 4.80
Biol2 7.10 0.06
Bioll 3.30 3.12
Biol8 1.33 0.0072
Biol7 0.61 13.89
Slope 0.29 0
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