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Abstract
Background and Objective
Climate change is increasingly recognized as a significant threat to biodiversity in natural
ecosystems, with profound impacts on the survival, performance, and distribution of plant and
animal species. These changes can lead to shifts in population dynamics, species extinctions, and
alterations in the distribution of plant habitats. Therefore, understanding the climatic niche of
species and predicting their responses to climate change is crucial for effective natural resource
management. Species distribution models (SDMs) are powerful tools for predicting habitat
changes and evaluating the potential future impacts of climate change. In this study, we compare
the performance of three SDMs—Maximum Entropy Model (Maxent), Ecological Niche Factor
Analysis (ENFA), and Non-Parametric Multiplicative Regression (NPMR)—to analyze the effect
of climate change on the habitat distribution of Astragalus adscendens for the years 2050 and
2100 under the HadGEM-RCP 4.5 scenario, using the best-performing model.
Materials and Methods
Isfahan Province, with an area exceeding 107,000 square kilometers, features diverse elevations
(ranging from 707 meters to approximately 4000 meters) and a variety of climatic zones,
including semi-arid, steppe, semi-steppe, dry forests, and high mountains. Astragalus adscendens,
a native and significant species of Iranian rangelands, was selected for this study. To model the
species’ distribution, 70 presence sites and 70 absence sites were randomly selected from the
vegetation type map of Isfahan Province using a stratified sampling method. Additionally, 70 new
sites were sampled through field visits in Semirom and Fereydunshahr towns, using a GPS device
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to collect data for model evaluation. A total of 22 environmental layers were prepared, comprising
three physiographic variables (slope, aspect, and elevation) and nineteen bioclimatic variables for
the present, 2050, and 2100 under the RCP 4.5 climate scenario using the HadGEM2 general
circulation model. These variables were derived from three primary parameters: monthly
precipitation, minimum monthly temperature, and maximum monthly temperature. All
environmental layers were created with a pixel size of one square kilometer. Finally, the three
modeling methods—Maxent, ENFA, and NPMR—were applied to predict the distribution of
Astragalus adscendens.

Results

All three models demonstrated strong performance in predicting the habitat of Astragalus
adscendens (AUC > 0.85). A noticeable reduction in habitat area was observed under the
HadGEM-RCP 4.5 climate change scenario across all models. Annual precipitation emerged as
the most significant environmental factor influencing the species’ distribution. Species response
curves, derived from the Maxent and NPMR models, indicated that Astragalus adscendens thrives
in areas with precipitation exceeding 350 mm and elevations above 2500 meters. The species also
showed a positive relationship with slope, meaning its likelihood of occurrence increases with
steeper gradients. Among the models, Maxent performed the best, exhibiting the highest AUC
index.

Conclusion

Climate change, particularly reductions in precipitation and increases in temperature is expected
to have significant negative effects on the distribution of Astragalus adscendens. By 2100, the
species will likely experience a dramatic decrease in presence in Isfahan Province, particularly in
the Fereydunshahr region (western part of the province). It is expected to survive only in isolated
patches in the high elevations of Padanah in the Semirom region. It is important to note that the
species distribution models in this study focused solely on climatic and topographic factors,
excluding other potential influences such as soil properties, land management practices, and
biological interactions. As such, while these results provide a general estimate of the species’
potential future distribution under the HadGEM-RCP 4.5 climate scenario, more comprehensive
studies incorporating additional environmental and biological variables are needed for more
accurate habitat management and conservation strategies.

Keywords: Astragalus adscendens, climate change, Ecological niche, factor analysis, Isfahan
province, maximum entropy, non-parametric multiplicative regression.
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Figure 1- Study Area (Isfahan Province) with Presence Points of Astragalus adscendens Species
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Table 1- Evaluation of the Models Studied

Classification of Area Under the

SDM CCR Kapp AUC
(Curve (AUC) (Sweet, 1988)

Maxent Very excellent 0.98 0.99 0.983

Npmr Very excellent 0.95 0.97 0.961

Enfa excellent 0.802 0.605 0.864
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Table 2- The Most Important Environmental Variables Identified Using Different Models.

SDM The Most Important Environmental Variables.
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Figure 2- The most important response curves of the species of the genus Gasi to environmental variables (a:
annual precipitation (mm), b: altitude (m), c: average temperature of the warmest season (degrees C), d: average
temperature of the driest season (degrees C) and e: slope (degrees)
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Figure 3- Habitat suitability map for Astragalus adscendence under the RCP 4.5 climate scenario and the
HadGEM2-CC General Circulation Model using MaxEnt (a: current, b: 2050, ¢: 2100), ENFA (d: current, e:
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Table 3- Area and Extent of Suitable and Unsuitable Regions of Astragalus adscendence Habitat Using Different

Models
Time Model Area Type Area (Km?) Area (%)

Maxent Suitable Area 2388.337 1.3

Unsuitable Area 100820.6 98.7

ENFA Suitable Area 2846.99 2.66
current Unsuitable Area 881416.16 97.34
NPMR Suitable Area 3552.54 1.32
Unsuitable Area 100824.72 98.68

Maxent Suitable Area 431.27 0.39
Unsuitable Area 105190.41 99.61

2050 ENFA Suitable Area 473.30 0.40
Unsuitable Area 97000.09 99.6

NPMR Suitable Area 415.52 0.38
Unsuitable Area 1053184.2 99.62
Maxent Suitable Area 20.21 0.073
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Time Model Area Type Area (Km?) Area (%)
Unsuitable Area 110941.55 99.927
ENFA Suitable Area 27.34 0.025
2100 Unsuitable Area 106654.87 99.975
NPMR Suitable Area 18.71 0.017
Unsuitable Area 106842.01 99.983
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