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Predicting the effect of climate change on native ecosystems is one of the longstanding goals of
ecologists and is essential for their conservation and management. Species distribution models
(SDMs) are the most widely used tools to predict the effects of climate change on the geographical
range of plants. In this study, two regression techniques (GLM and MARS) and two machine
learning techniques (ANN and RF), along with environmental factors were used to predict the
distribution of Onobrychis cornuta L. The species response to future climate (2050-2070) was
investigated under optimistic (SSP1-2.6), pessimistic (SSP3-7.0) and very pessimistic (SSP5-8.5)
emission scenarios of the IPSL-CM6A-LR climatic model from CMIP6 models. Based on results,
the ensemble model and then MARS presented the most accurate prediction. ANN had the lowest
prediction accuracy with a significant difference from other models (p<0.05). The sensitivity
analysis revealed altitude (24.64%), maximum temperature of the warmest month (20.31%),
temperature seasonality (16.57%) and diurnal range of mean temperature (16%) as the most
effective variables on the distribution. According to the ensemble model, the suitable habitat
occupies about 27% of the area, but its distribution will be decrease under the future climate. The
SSP5-8.5 scenario will have the greatest impact on the displacement of the species distribution
range. The resulting prediction maps provide valuable information for conservation strategies,
including identifying suitable places for its reintroduction and cultivation in the framework of
rangeland management plans.
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Extended Summary

Introduction

Climate is one of the most important factors in plant species diversity and distribution, which also affects their functional
and phenological characteristics. In this study, the geographical range of Onobrychis cornuta L. in the base period
(present) and future (2040-2070) under the influence of climate change using two regression models including
Generalized Linear Model (GLM) and Multivariate Adaptive Regression Splines (MARS) and two machine learning
models including Artificial Neural Network (ANN) and Random Forest (RF) were investigated in the Hyrcanian
rangelands of Mazandaran province. Since methods integrating multiple single model have the potential to provide more
robust estimations of suitable habitat for a species at a given time, an ensemble approach was used.

Materials and Methods

The study was conducted in rangelands of the Hyrcanian vegetation zone in Mazandaran province. The number of 284
species occurrence points at a distance of at least one kilometer from each other was recorded in a stratified-random
sampling method in different altitude classes. Digital elevation model (DEM) was used to generate the altitude, slope and
aspect layers. Nineteen bioclimatic variables (1979-2013) were downloaded from the CHELSA database, available at 1-
km spatial resolution. The bioclimatic variables related to the period 2014-2019 were derived using mean monthly
precipitation, the maximum and minimum monthly temperature extracted from this database in IDRISI TerrSet software.
Then, the weighted average of these bioclimatic variables was considered for modeling process. The biological data,
together with environmental data selected by Pearson’s correlation test (-0.8<r<0.8), including one physiographic variable
and seven bioclimatic variables, were used in the modeling process. Based on ensemble model, the amount and direction
of the species’ habitat range was determined between two time periods. The relative influence of environmental variables
in modeling was determined using sensitivity analysis and modeling evaluation was done with independent strategy. The
performance of the models was evaluated using the Area under the ROC Curve (AUC), sensitivity, specificity, and True
Skill Statistic (TSS). Using future environmental variables, the output of the IPSL-CM6A-LR climatic model from
CMIP6 models was investigated under optimistic (SSP1-2.6), pessimistic (SSP3-7.0) and very pessimistic (SSP5-8.5)
emission scenarios in the future period.

Discussion of Results

Regression models showed more accuracy than machine learning models. Also, ANN had the lowest prediction accuracy
with a significant difference from other models (p<0.05). Furthermore, MARS outperformed the other SDMs to determine
climatic habitats for the species. The results of the sensitivity analysis based on the ensemble model revealed that among
the physiographic and bioclimatic variables affecting the distribution and habitat suitability of the species, altitude, and
then the temperature-based indicators including the maximum temperature of the warmest month (Bio5), temperature
seasonality (Bio4) and diurnal range of mean temperature (Bio2) have been the most effective variables on the species
distribution, and precipitation-based had negligible effects. The species is homogenously distributed across the western
and southern parts of the province, while it also has small and patchy distribution in the eastern part. According to the
ensemble model, the area of suitable habitat for the species is currently 6428.5 km2, which is about 27% of the entire
area. According to the response curves drawn based on the best performing model, the maximum presence of this species
is observed in the altitude range of 1700-3600 m above sea level. If the maximum temperature of the warmest month
exceeds 22 °C and the temperature seasonality exceeds 65, a dramatic decrease will be observed in species presence.
According to the predictions, under all three scenarios, the probability of the species presence will decrease in the future.
The SSP5-8.5 scenario will have the greatest impact on the displacement of the species distribution range. Due to climate
change, the extent of the species suitable habitat will decrease by 1.41% under the optimistic scenario, 2.46% under the
pessimistic scenario, and 3.01% under the very pessimistic scenario. The low displacement values can be due to the low
sensitivity of this species to climate change.

Conclusions:

The range of species tolerance and effective environmental factors have undergone changes due to climate change, and
as a result, it causes changes in the species distribution range. The studied species will have a reduced response to future
climate changes and will lose areas of its distribution range. It is likely that the habitat of the species will shift to higher
altitudes with lower temperatures in the future. These findings can support the conservation planning and management
efforts in ecological engineering and be used in formulating preventive measures for the species as well as its proposal in
areas with similar ecological conditions.
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