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Abstract

The escalating impacts of global climate change are reshaping the geographic distribu-
tion patterns of plant species, with profound implications for ecosystem stability and
function. This study employs the BIOMOD2 modeling framework to project the spatial
dynamics of suitable habitats for 684 common tree species in eastern China under mul-
tiple future climate scenarios. Results reveal that most species' habitats are expected to
migrate toward higher latitudes and elevations, with the magnitude of this shift directly
proportional to greenhouse gas emission levels. Notably, plant functional traits—includ-
ing life form and morphological characteristics—exert significant regulatory effects on
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) ; these distributional changes. These findings elucidate the adaptive mechanisms of plant
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species in response to climatic shifts, providing critical scientific insights for biodiversity
conservation and ecosystem management strategies. By integrating ecological niche
modeling with climate projections, this research underscores the urgent need for proac-
tive conservation measures to mitigate the ecological disruptions caused by habitat shifts.
These findings underscore the critical role of functional traits in mediating climate re-
sponses, while highlighting the urgency of emission mitigation to reduce biotic homog-
enization risks. The BIOMOD?2 framework proves robust in addressing multi-species
distributional uncertainties under global change scenarios.

Keywords

Climate warming; Species distribution; Species migration

1. Introduction

The impacts of climate change on biodiversity and ecosystem sustainability have become a globally recognized environ-
mental concern. According to the State of the Global Climate 2022 report released by the World Meteorological Organi-
zation, the global average temperature in 2022 was 1.15 °C higher than the 1850-1900 average, posing profound conse-
quences for ecosystems (IPCC, 2021). Plant growth and distribution are primarily governed by climatic factors; specifi-
cally, the water—energy conditions required for plant growth are largely determined by regional temperature and precipi-
tation [1]. With ongoing global warming and increasing human disturbances, tree species diversity faces serious threats—
manifested as habitat loss, fragmentation, degradation, and overexploitation—which together accelerate species extinction
and decline [2].

In recent years, advances in our understanding of ecosystem functioning and community diversity have made predicting
future changes in species diversity under climate change one of the central challenges in biogeography and conservation
ecology. These developments have also driven the emergence of new approaches that incorporate key ecological mecha-
nisms [3].

My focus is on eastern China, particularly the area south of the Hu Huanyong Line. This region is dominated by warm
temperate climates, ranging from dry-warm to hot summers, and is expected to experience significant climatic shifts. For
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many tree species, climate projections for the end of the 21st century suggest substantial geographic shifts in suitable
habitats, with distributions moving toward higher latitudes and elevations [4].

In this study, I developed an integrated habitat suitability model based on natural distribution data of 684 common tree
species in eastern China to predict their potential distributions under future climate scenarios and to analyze elevation
patterns and trends in suitable habitat shifts. Furthermore, I examined the role of plant traits in influencing habitat distri-
bution dynamics. Specifically, I addressed the following questions:

(1) How will the elevational distribution of natural tree habitats respond to climate change?

(2) How do plant types and functional traits affect the trends in suitable habitat shifts for tree species?

2. Methods
2.1 Species Distribution Data

The study area primarily covers regions south of the Hu Huanyong Line and provincial capitals intersecting with it, span-
ning longitudes from 74.91°E to 134.15°E and latitudes from 18.21°N to 53.37°N. To obtain representative species, this
study referred to widely used woody plant lists from Environmental Landscape—Landscape Trees: Northern Edition [5],
and Dendrology: Southern Edition [6]. During species selection, common fruit trees were excluded due to the potential
influence of artificial propagation and human intervention. Instead, the study focused on widely cultivated woody species,
resulting in a total of 684 commonly used tree species [7].

2.2 Species Trait Data

Functional traits of tree species are key indicators for explaining changes in suitable habitats. These traits typically include
physiological characteristics, morphology, and life-history attributes [8]. Trait information determines species—environ-
ment interactions and influences species' responses to climate change. In this study, data on species' Chinese names, Latin
names, family, genus, life form, plant height, leaf texture, leaf length, leaf width, flowering onset, fruiting onset, flowering
duration, fruiting duration, inflorescence type, and fruit type were collected from Trees of China [9], and Flora Reipublicae
Popularis Sinicae [10].

In this study, baseline and future climate data were primarily obtained from the WorldClim database. WorldClim pro-
vides 19 bioclimatic variables. To reduce multicollinearity among environmental variables—which can amplify the influ-
ence of specific environmental gradients and significantly increase model uncertainty [11]—we calculated the correlation
coefficients among the 19 variables using R (version 4.3.2).

2.3 Climatic Variables
Table 1. CMIP6 Data Sources in Climate/Earth System Models

GCM Institution
ACCESS-CM2 Commonwealth Scientific and Industrial gcs)(hu)ihA?IZ%;rlliization (CSIRO) & Bureau of Meteorology
BCC-CSM2-MR Beijing Climate Center (BCC), China
CMCC-ESM2 Euro-Mediterranean Center on Climate Change (CMCC), Italy
EC-Earth3-Veg EC-Earth Consortium, Europe
GISS-E2-1-G NASA Goddard Institute for Space Studies (GISS), USA
INM-CMS5-0 Institute of Numerical Mathematics of the Russian Academy of Sciences (INM RAS), Russia
IPSL-CM6A-LR Institut Pierre-Simon Laplace (IPSL), France
MIROC6 Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan
MPI-ESM1-2-HR Max Planck Institute for Meteorology (MPI-M), Germany
MRI-ESM2-0 Meteorological Research Institute (MRI), Japan Meteorological Agency (JMA), Japan
UKESM1-0-LL UK National Centre for Atmospheric Science (NCAS) & Met Office Hadley Centre (MOHC), UK
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Table 2. Data for 7 bioclimatic variables

Code Climate Variable Unit
BIO1 Annual Mean Tenmperature T
BIO2 Mean Diurnal Range T
BIO3 Isothermality -
BIO7 Temperature Annual Range T
BIO15 Precipitation Seasonality mm
BIO18 Precipitation of Warmest Quarter mm
BIO19 Precipitation of Coldest Quarter mm

2.4 Species Distribution Modeling

Species climatic suitability was modeled using the ensemble modeling framework provided by the "BIOMOD2" package
(ver. 4.2-4) in R. This approach parameterizes models by associating species presence/absence data with current climatic
variables [12].

Only models with TSS scores greater than 0.5 were included in the ensemble predictions. These models were weighted
according to their evaluation scores and averaged to generate a final ensemble model [13].

2.5 Evaluation Index System

2.5.1 Magnitude of Suitable Habitat Change
Following Yalcin and Leroux, the change in suitable habitat for each species was defined by comparing the current and
future distribution maps. Each grid cell was categorized into one of four change types based on the combination of suita-
bility values: "0/1", "1/0", and "1/1", where "0" indicates unsuitable habitat and "1" indicates suitable habitat. The first
position refers to the current period, while the second represents the future period [14].

To evaluate the potential impacts of climate change on the shifts in species' suitable habitats, the magnitude of habitat
change for each species under each SSP scenario and future time period was calculated using the following formula [15].

Ratenet change = Areaexpansion - Areacontraction

Area,,;
gain
Ratecontraction = X 100%
Areastable + Arealoss
Areaygs
Rateexpansion = X 100%

Areastable + Arealoss

Ratejetchanger Ratecontractions Rateexpansion respectively represent the relative change in total suitable area, the con-
traction magnitude, and the expansion magnitude of the suitable habitat. Additionally, the counts of grid cells labeled as
Areag,i,, Areajgss, and Areaggple correspond to the number of habitat grid cells that have increased, decreased, or re-
mained stable, respectively.

2.5.2 Statistical Modeling of Plant Traits and the Magnitude of Suitable Habitat Changes
All explanatory variables were then standardized and centered, transforming them to have a mean of 0 and a standard
deviation of 1, allowing for more comparable estimates [16].

Finally, partial regression plots were generated using the "visreg" R package to validate model assumptions, including
normally distributed errors with constant variance, absence of correlation among residuals, homoscedasticity, and inde-
pendence of residuals. These procedures were performed using the spdep and spatialreg R packages [17].

All analyses in this study were conducted using ArcGIS and R (version 4.3.2).

3. Results
3.1 Distribution Patterns of Tree Species' Natural Suitable Habitats Under Climate Change Scenarios

3.1.1 Spatial Distribution of Tree Species' Natural Suitable Habitats Under Climate Change Scenarios
Currently, under baseline conditions, the average potential natural distribution area of the 684 tree species is 37,681 km?.
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Under future climate change scenarios, by the end of this century, even under the most moderate scenario (SSP1-2.6), the
naturally suitable habitat area of 303 species is projected to decrease, with an average relative change of -15.41% + 19.23%.
Under the most severe warming scenario (SSP5-8.5), the average relative change is expected to reach -35.93% + 29.29%.

3.1.2 Elevational Shifts and Vertical Reorganization of Tree Species Diversity in Response to Climate Change
Predictions based on BIOMOD?2 species distribution models indicate that, under future climate warming scenarios, the
naturally suitable habitats of 684 tree species in the study region are expected to shift markedly toward higher elevations.
Simulation analyses under four different Shared Socioeconomic Pathways (SSPs) reveal that this elevational migration
trend becomes increasingly pronounced with rising greenhouse gas emission levels. Specifically, the modeled centroids of
species' suitable habitats show a stronger upward shift under high-emission scenarios (e.g., SSP5-8.5) compared to low-
emission scenarios (e.g., SSP1-2.6).

3.2 Correlation Between Plant Functional Traits and Changes in Suitable Habitat

3.2.1 Correlation Between Plant Functional Traits and Current Suitable Habitat Area

According to the results of the generalized linear model (GLM) analysis, deciduous species exhibit significantly larger
distribution areas in their naturally suitable habitats compared to evergreen species (deciduous vs. evergreen, regression
coefficient = 15,618; t-value = 9.111; p < 2e-16). This pattern may be attributed to the adaptive advantage of deciduous
species in reducing transpiration through seasonal leaf shedding, thereby minimizing water loss and enhancing tolerance
to seasonal drought and high-temperature stress.

3.2.2 Correlation Between Plant Functional Traits and the Rate of Change in Suitable Habitat Area

Although gymnosperms may exhibit tolerance to cold and drought in certain environments, their relatively narrow ecolog-
ical niches make them more susceptible to habitat loss as suitable conditions become more limited under climate change.
In contrast, taller plants often have greater competitive advantages in acquiring resources, while longer flowering periods
provide extended reproductive windows. These traits may help mitigate the negative impacts associated with habitat con-
traction.

3.3 Changes in Species Richness Between Northern and Southern Regions Under Climate Change Scenarios

Analysis of the natural distribution patterns of tree species across different regions in China reveals a pronounced structural
divergence between southern and northern areas. Current data show that the number of naturally distributed species in
high-latitude (northern) regions is generally lower than in low-latitude (southern) regions, with southern areas exhibiting
significantly higher plant species richness. This spatial pattern is primarily driven by the warm, humid climate and longer
growing seasons in the south. A significant negative correlation was found between species richness and latitude (slope =
-154,p=4.13 x 107).

4. Conclusion

This study systematically assessed the impacts of climate change on the naturally suitable habitats of common tree species
in eastern China. The results indicate that climate warming is driving a general shift of species' suitable habitats toward
higher latitudes and elevations, with this trend being particularly pronounced under high-emission scenarios. Overall, the
study enhances our understanding of plant ecological adaptation and provides theoretical support for developing regional
biodiversity conservation strategies and climate adaptation measures. Future research should integrate ecological processes
and genetic adaptation mechanisms to further uncover the complex dynamics of plant responses to climate change.
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