Integrative Conservation W I L EY

INTEGRATIVE
CONSERVATION xTES

| RESEARCH ARTICLE GEIETED

Different Responses of Two Endangered Sister Tree
Species to Climate Change: A Comparison Between
Island and Continental Populations in Tropical Asia

Ling Hu'***® | Xiao-Yan Zhang® | Yi-Gang Song® | Shook Ling Low’ | Shu-Mei Xiao®® | Shi-Shun Zhou® | Lang Li' |
Yun-Hong Tan’ | Hong-Hu Meng"® | Jie Li'

!Plant Phylogenetics and Conservation Group, Center for Integrative Conservation & Yunnan Key Laboratory for Conservation of Tropical Rainforests and
Asian Elephants, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming, China | *Institute of International Rivers and
Eco-security, Yunnan University, Kunming, China | *University of Chinese Academy of Sciences, Beijing, China | *Southwest United Graduate Schools,
Kunming, China | *College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou, China | ®Eastern China Conservation Centre for Wild
Endangered Plant Resources, Shanghai Chenshan Botanical Garden, Shanghai, China | TInstitute of Botany, Czech Academy of Sciences, Prihonice, Czech
Republic | ®CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla,

China | Southeast Asia Biodiversity Research Institute, Chinese Academy of Sciences, Naypyidaw, Myanmar

Correspondence: Hong-Hu Meng (menghonghu@xtbg.ac.cn) | Jie Li (jieli@xtbg.ac.cn)
Received: 11 September 2024 | Revised: 27 January 2025 | Accepted: 10 February 2025
Editor-in-Chief: Binbin Li | Handling Editor: Eric Ameca

Funding: This research was supported by the Yunnan Fundamental Research Projects (202301AT070341); the Special Fund for Scientific Research of
Shanghai Landscaping & City Appearance Administrative Bureau (G242414 and G242416); the Southeast Asia Biodiversity Research Institute, Chinese
Academy of Sciences (No. Y4ZK111B01); the CAS “Light of West China”; the “Yunnan Revitalization Talent Support Program” in Yunnan Province (XDYC-
QNRC-2022-0028); and the 14th Five-Year Plan of the Xishuangbanna Tropical Botanical Garden, Chinese Academy Sciences (E3ZKFF7B).

Keywords: climate change | continental species | ecological niche modeling | habitat loss | Island species | species conservation | Trigonobalanus

ABSTRACT

Climate change is widely recognized as a major threat to biodiversity and a critical factor contributing to the decline in species and
populations. However, it remains uncertain whether species from continental and island environments, especially endangered ones, will
respond similarly or differently to climate change. The strategies employed by these species to cope with climate change, and the
corresponding conservation management approaches, remain poorly understood. In this study, we employed ecological niche models to
project future shifts in the distribution patterns of two endangered sister species, Trigonobalanus doichangensis and T. vericillata, which
are distributed across continental and island regions of tropical Asia. We analyzed potential changes in their distribution under four
different climate change scenarios for the 2050s and 2070s. Our results indicate that temperature is a significant driver for the
continental species T. doichangensis, whereas precipitation predominantly influences the island species T. vericillata. Moreover, we
found that the potential future distribution range of the continental species 7. doichangensis is likely to exceed that of the island species
T. vericillata, suggesting that the continental species T. doichangensis may have a stronger capacity for adapting to climate change.
We recommend that conservation areas be established to maintain habitat stability in regions most affected by climate change.
A comprehensive assessment of the endangered status of both species is also essential. Overall, this study underscores the distinct
responses of island and continental species to climate change, thereby enhancing our understanding of their adaptive strategies and
informing targeted conservation efforts.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.
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Summary

This study investigates how climate change will impact
endangered species differently, specifically focusing on two
sister species of Trigonobalanus in tropical Asia. Using
ecological niche models, we project how their distribution
may change under various climate scenarios for the 2050s
and the 2070s. Key findings include the following: (1)
Temperature primarily affects the continental species T.
doichangensis, whereas precipitation influences the island
species T. vericillata. (2) The continental species T. doi-
changensis may have a larger future distribution range,
suggesting better adaptability to climate change. This
research emphasizes the need for: (1) The establishment of
conservation areas in regions most affected by climate
change. (2) The reassessment of the endangered status
of both species. This study highlights the importance
of understanding how different species respond to climate
change to develop effective conservation strategies.

« Practitioner Points

° The island species, T. vericillata, is likely to be more
severely affected by future climate change compared
to the continental species, T. doichangensis.

> Temperature is a key factor influencing the conti-
nental species T. doichangensis, while precipitation
plays a more significant role for the island species T.
vericillata.

> The continental species T. doichangensis and island
species T. verticillata are both expected to shift to
higher elevations in the future.

1 | Introduction

In recent decades, the intensification of greenhouse gas emissions
has exacerbated climate change, significantly contributing to bio-
diversity loss (Urban 2024; Iordan et al. 2023; Shin et al. 2022;
Sunday 2020; Bellard et al. 2012; Balint et al. 2011). The Sixth
Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC) indicates that the global surface temperature
between 2011 and 2020 was 1.09°C higher than that observed
between 1850 and 1900, alongside an increasing trend in rainfall
(Eyring et al. 2021). The impacts of climate change on species have
become increasingly evident and complex, driven by various factors
such as invasive species (Chen et al. 2024; Mainka and
Howard 2010), pollution (Yarahmadi 2024; Hernandez-Yanez
et al. 2016), and habitat loss (Exposito-Alonso et al. 2022; Wang
et al. 2022).

Species typically respond to climate change by expanding,
contracting, or migrating their distribution ranges (Manes
et al. 2021; Rather et al. 2021; Meng, Zhou, Jiang, et al. 2019).
Species with wide distributions are more likely to find suitable
refugia in parts of their range, which helps them cope with the
impacts of climate change (Yu et al. 2019). Conversely, nar-
rowly distributed species are more susceptible to accelerated
habitat fragmentation, increasing their risk of extinction (Leimu
et al. 2010; Manes et al. 2021). For example, Tang et al. (2021)
demonstrated that species with broader geographical ranges,
like the widely distributed Ostrya species, can expand their
ranges in response to climate change, whereas narrowly

distributed species face a higher extinction risk due to habitat
loss. Sheth and Angert (2014) found that species with broad
geographical ranges, such as the North American Mimulus,
exhibit greater genetic variation, making them less vulnerable
to climate change. These studies have primarily focused on
continental species, emphasizing the differential impacts of
climate change on species with varying distribution ranges (Xu
et al. 2023; Xu et al. 2019; Yu et al. 2019). However, the
responses of island species to climate change remain compar-
atively understudied. Notably, global surveys across 273 bio-
diversity regions indicate that island species face a 100% risk of
extinction due to climate change, whereas mountain species
face an 84% risk (Manes et al. 2021). Given these findings, it is
crucial to understand whether continental and island species
respond differently to climate change, particularly in terms of
their distribution ranges.

Because of their isolated evolution, island species are often ill-
prepared for changing environments (Matthews and Triantis 2021).
Due to “island syndrome,” which limits the dispersal ability of
many island species, they are more susceptible to disturbance,
especially regional endemics (Carlquist 1974). Furthermore, island
species generally exhibit lower genetic variation than continental
species, which exposes them to more complex and less predictable
temperature and precipitation patterns, such as those caused by the
El Nifio Southern Oscillation or monsoons (Pouteau and
Birnbaum 2016). Importantly, the surrounding ocean restricts the
ability of island species to migrate to more favorable habitats as
environmental conditions deteriorate. This means that these species
must either adapt to changing conditions or retreat to potential
refuges on the island (e.g., high-elevation islands with complex
landscapes that can create microclimates; Pouteau and
Birnbaum 2016; Whittaker and Ferndndez-Palacios 2007). Given
these unique characteristics, we hypothesize that widely distributed
island species may be more vulnerable to future climate change,
whereas narrowly distributed continental species could be less
impacted. However, there is limited literature on this subject, and it
remains unclear whether this conjecture is correct.

The genus Trigonobalanus includes three species, two of which are
found in tropical Asia and one in South America. Specifically,
T. excelsa is distributed in South America, and T. verticillata and
T. doichangensis are distributed in tropical Asia (Sun et al. 2007;
Meng, Zhou, Li, et al. 2019). Interestingly, the two sister species in
tropical Asia exhibit distinct geographic distributions: one occu-
pies an island habitat, while the other occupies a continental
region (Supporting Information S1: Figure Al). T. verticillata is
widely distributed across three biodiversity hotspots in Southeast
Asia and is classified as an island species within the genus
(Zhu and Zhou 2017). In contrast, T. doichangensis is confined
to Yunnan, China, and Thailand, classifying it as a continental
species (Hu et al. 2022; Meng, Zhou, Li, et al. 2019). The unique
distribution pattern of Trigonobalanus in tropical Asia presents a
valuable opportunity to study the differential responses of narrow-
and wide-ranging species to climate change in both island and
continental environments.

Moreover, these two species are vital for timber production and
contribute significantly to local vegetation and related econo-
mies (Meng, Zhou, Li, et al. 2019). Unfortunately, both species
are currently listed as threatened on the TUCN Red List of
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Threatened Species (https://www.iucnredlist.org/). Over-
exploitation driven by the demand for construction materials,
cash crops, and agricultural tools has led to the extensive hab-
itat destruction of these two species (Sun et al. 2006; Zheng
et al. 2009). Broad-leaved trees, such as Trigonobalanus, play a
key role in maintaining ecological balance and preserving
regional species diversity (Ge and Xie 2017). However, the
biodiversity hotspots where these species occur are facing
severe habitat loss due to land-use changes and are highly
susceptible to the impacts of global warming (Costello
et al. 2022). Therefore, predicting the potential effects of climate
change on the distribution of these species is critical. Such
predictions are essential for understanding the adaptive capac-
ities of species to environmental changes and identifying
potential migration corridors. This knowledge will be instru-
mental in developing more effective conservation strategies,
ultimately safeguarding biodiversity, maintaining ecosystem
stability, and ensuring the continued provision of essential
ecological services.

In this study, we sought to predict the current and future
potential distributions of Trigonobalanus species. Our primary
objectives were twofold: first, to identify the key environmental
factors that significantly influence the potential distribution of
Trigonobalanus species across Asia; and second, to predict how
the distribution patterns of species with narrow versus wide
ranges may shift under future climate change scenarios.

2 | Materials and Methods

2.1 | Species Data

We obtained occurrence records from the literature, the Global
Biodiversity Information Facility (https://www.gbif.org/), the
National Specimen Information Infrastructure (http://www.
nsii.org.cn/), the Chinese Virtual Herbarium (http://www.cvh.
ac.cn/), Sichuan University Herbarium (http://mnh.scu.edu.cn/
list/introduction/), New York Botanical Garden (https://sciweb.
nybg.org/science2/hcol/vasc/index.asp.html/), and Kew Royal
Botanic Garden (http://apps.kew.org/herbcat/gotoHomePage.
do), as well as our field surveys conducted in 2017 and 2021.
All occurrence records were reviewed and cross-checked using
Flora of China (http://www.efloras.org/) and The Plant List
(http://www.theplantlist.org/) to ensure accuracy and eliminate
errors or problematic entries. To reduce the potential influences
of overfitting biases, occurrence records for each species were
thinned (10km) using SDMtools in ArcGIS 10.7 (Zhou
et al. 2021). This resulted in a total of 44 occurrence records
selected for our study (20 for T. doichangensis and 24 for
T. verticillata; Supporting Information S1: Table Al; Figure A1).

2.2 | Environmental Data

Environmental data were obtained from the WorldClim
database (https://www.worldclim.org), which includes 19 bio-
climatic variables for the present period (1970-2000) and pro-
jections for the 2050s (2040-2060) and 2070s (2060-2080),
as well as elevation variables (Supporting Information S1:

Table A2). Detailed descriptions of these environmental vari-
ables are provided in Supporting Information S1: Table A2.
Future climate data were based on the Community Climate
System Model (CCSM4), with a total of four representative
concentration pathways (RCPs) considered: RCP2.6, RCP4.5,
RCP6.0, and RCP8.5, which represent low, medium, high, and
highest concentration greenhouse gas emissions scenarios,
respectively (van Vuuren et al. 2011). Map data were sourced
from the Resource and Environment Science and Data Center
(https://www.resdc.cn/Default.aspx).

To avoid the influence of highly correlated variables, Pearson's
correlation analysis was performed to select the final bio-
climatic variables. Using the Band Collection Statistics tool in
ArcGIS, any pair of variables with a correlation coefficient |
r1>0.8 was assessed, and the variable with the lesser contri-
bution to the model was omitted. Variables with minimal effects
on species distribution and growth were removed, while those
with potential ecological relevance to the species were retained
(Supporting Information S1: Figure A2). The elevation factor
was incorporated directly into the analysis and assumed to
remain constant over the coming decades (Zhang et al. 2023).
As a result, nine environmental variables were retained to
simulate the potential distribution of T. doichangensis, and
seven environmental variables were retained for T. verticillata
(Tables 1 and 2).

2.3 | Species Distribution Modeling

Ecological niche models (ENMs) are valuable tools for investi-
gating species distribution patterns (Peterson et al. 2011;
Warren and Seifert 2011). Among various modeling methods,
the MaxEnt model, which is based on maximum entropy the-
ory, is particularly noted for its exceptional performance in
predicting species geographic distribution (Ab Lah et al. 2021;
Zeng et al. 2023; Elith et al. 2011). Numerous studies have
demonstrated the reliability of the MaxEnt model in simulating
potential species distributions (He et al. 2023; Li et al. 2023; Shi
et al. 2023; Gao et al. 2022).

Species distributions were predicted using MaxEnt v3.4.1
(Elith et al. 2011). Twenty percent of occurrence data were
randomly selected as the test data set, while the remaining
80% were used as the training data set (Orefice and
Innocenti 2024). Background points were set to 10,000, with
the maximum number of iterations of the model set to 1000
and the number of repetitions set to 10. Other parameters were
set to default values (i.e., regularization multiplier =1, con-
vergence threshold =107>; Syfert et al. 2013). The jackknife
test was used to identify the most dominant environmental
factors, and the threshold value for each environmental factor
was determined from the response curve. The area under the
receiver operating characteristic curve (AUC) was used to
evaluate the reliability of the model's predictions. The AUC
value ranges from 0 to 1, with higher values indicating greater
reliability in model predictions (Elith et al. 2006; Fielding and
Bell 1997).

The outputs from the Maxent model were converted into raster
format and reclassified to identify potentially suitable areas. The
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TABLE 1 | Present contributions and suitable ranges of the main environmental variables for T. doichangensis.
T. doichangensis
Environmental Present Permutation Suitable Optimum
variables Description contribution/% importance/% ranges peak
Bio2 Mean Diurnal Range (Mean of 64.8 75.2 >11.6 —
monthly (max temp-min temp)) (°C)
Biol8 Precipitation of Warmest 13.2 6.9 613.0-1336.8 809.7
Quarter (mm)
Bio3 Isothermality (BIO2/BIO7) (x100) 9.3 13 48.7-55.8 51.6
Biol3 Precipitation of Wettest Month (mm) 4.5 2.9 247.6-350.5 297.6
Elevation Elevation (m) 3.9 1 778.8-2191.9 1354.7
Bio19 Precipitation of Coldest 2.1 0.4 29.6-67.1 42.1
Quarter (mm)
Biol5 Precipitation Seasonality (Coefficient 1.5 0.3 81.7-92.7 86.6
of Variation)
Biol4 Precipitation of Driest Month (mm) 0.6 0.2 4.6-16.8 10.5
Bio8 Mean Temperature of Wettest 0.1 0 19.3-26.1 23.5
Quarter (°C)
TABLE 2 | Present contributions and suitable ranges of the main environmental variables for T. verticillata.
T. verticillata
Environmental Present Permutation Suitable Optimum
variables Description contribution/% importance/% ranges peak
Biol5 Precipitation Seasonality (Coefficient 32.9 30.3 <2738 15.4
of Variation)
Elevation Elevation (m) 32.3 28.4 667.4-1710.0 1165.7
Bio8 Mean Temperature of Wettest 12 51 9.8-23.8 20.7
Quarter (°C)
Bio4 Temperature Seasonality (standard 11.5 8.9 0.2-0.6 0.3
deviation x100)
Bio2 Mean Diurnal Range (Mean of 6.6 20.8 <9.0 7.4
monthly (max temp — min
temp)) (°C)
Biol8 Precipitation of Warmest 2.9 4.5 536.7-1050.8 700.9
Quarter (mm)
Biol2 Annual Precipitation (mm) 1.9 2 >2057.3 2399.1
cloglog output from MaxEnt represents climate suitability on a 3 | Results
scale from O to 1, with higher values indicating more favorable
conditions for species survival (Lee et al. 2021). A 10% training 3.1 | Maxent Performance and the Importance

presence cloglog threshold was used to classify suitability levels:
unsuitable area (<10% training presence cloglog threshold),
low suitability (10% training presence cloglog threshold-0.6),
medium suitability (0.6-0.8), and high suitability (0.8-1).
In addition, response curves for environmental variables were
used to assess the suitability range of environmental variables
for species growth. A presence probability greater than 0.5
indicates that the corresponding environmental variable range
is suitable for species survival (Zhao et al. 2021).

of Environmental Variables

The results indicated that the AUC values exceeded 0.9 (T. doi-
changensis: 0.984, T. verticillata: 0.974), implying high reliability in
the simulation outcomes, which effectively reflected the responses
of both island and continental species to climate change.

For the continental species T. doichangensis, the analysis
revealed that the mean diurnal range (Bio2), isothermality
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(Bio3), and precipitation of the warmest quarter (Biol8) were
the most influential factors affecting its predicted distribution.
The cumulative contribution of these three variables was
87.3% (Table 1). Other factors, such as precipitation of the
wettest month (Biol3), elevation, and precipitation of the
coldest quarter (Biol9), had a moderate influence, contributing
10.5% to the model (Table 1). In contrast, precipitation sea-
sonality (Biol5), precipitation of the driest month (Biol4), and
mean temperature of the wettest quarter (Bio8) had the least
influence on the predicted distribution of T. doichangensis
(Table 1). Overall, temperature was found to have the greatest
impact on the potential distribution of the continental species,
followed by precipitation and elevation (Table 1).

For the island species T. verticillata, the dominant environ-
mental factors influencing species distribution were precipita-
tion seasonality (Biol5), mean temperature of the wettest
quarter (Bio8), temperature seasonality (Bio4), and elevation.
These four factors collectively contributed 88.7%, with the next
most influential variables being mean diurnal range (Bio2,
6.6%), precipitation in the warmest quarter (Biol8, 2.9%), and
annual precipitation (Biol2, 1.9%). The three highest permu-
tation importance values were precipitation seasonality (Biol5),
mean diurnal range (Bio2), and elevation. In total, precipitation
factors accounted for the greatest cumulative contribution
(37.7%), followed by temperature factors (30.1%), and elevation
(32.3%). Precipitation had the greatest influence on the poten-
tial distribution range of island species, followed by elevation,
while temperature factors had the least influence (Table 2).

3.2 | Present Potential Habitat

The current potential distribution of the continental species
T. doichangnsis is mainly in southwest Yunnan, China, eastern
Myanmar, and some scattered areas in northern Laos and
northern Thailand. Low-, medium-, and high-suitability areas
account for 60.17%, 16.34%, and 23.49%, respectively. Current
high-suitability areas are primarily located in Yunnan, China,
and eastern Myanmar (Figure 1la). The current potential
distribution of the island species T. verticillata includes
Hainan (China), south-central and central Vietnam, Malaysia,
Sulawesi, Sumatra, Java, northeastern Kalimantan, and the
Philippines. The low-, medium-, and high-suitability areas
account for 76.89%, 12.15%, and 10.96%, respectively. Current
high-suitability areas are mainly in northern Sumatra, Sulawesi,
scattered areas in northern Java, northeast Kalimantan, and the
southern Philippines (Figure 1b).

3.3 | Potential Future Distribution Pattern
of the Continental Species T. doichangensis

For the narrowly distributed continental species T. doichangensis,
the potential suitable areas across different periods were primarily
centered in southwest Yunnan, eastern Myanmar, northern Laos,
and northern Thailand, with southwest Yunnan and northern
Laos being the most suitable (Figure 2a-h).

Under different climate scenarios, the potential high- and
medium-suitability areas exhibited significant changes. Under

low-concentration (RCP2.6) and medium-concentration (RCP4.5)
greenhouse gas emissions scenarios, the potential high-suitability
areas initially decreased and then increased. In contrast, under
high-concentration (RCP6.0) and highest-concentration (RCP8.5)
emissions scenarios, the potential high-, medium-, and low-
suitability areas decreased significantly (Figure 2a-h).

Overall, the potential distribution areas of the narrowly dis-
tributed continental species T. doichangensis are expected to
expand significantly, particularly in regions bordering south-
west China, eastern Myanmar, northern Thailand, and north-
ern Laos (Figures 3 and A4).

3.4 | Future Potential Distribution Pattern
of the Island Species T. verticillata

For the widely distributed island species T. verticillata, areas of
high suitability decreased under the four climate scenarios,
especially in Kalimantan. Additionally, some unsuitable habi-
tats in Sulawesi were transformed to low-suitability areas. From
the present to the 2050s, potential high-suitability habitats were
transformed into medium- and low-suitability habitats under all
four climate scenarios (Figures 1b and 4a-d).

Overall, the island species T. verticillata is expected to experi-
ence range contraction in its potential distribution areas (Sup-
porting Information S1: Figure A4). The primary areas of range
contraction are Hainan, China, south-central and central Viet-
nam, and the coastal areas of western Sumatra, Java, northeast
Kalimantan, and Malaysia (Figure 5).

4 | Discussion

4.1 | The Impact of Dominant Environment
Variables on Continental and Island Species

Temperature, precipitation, and elevation are crucial climatic
factors that influence species distribution and ecosystems
(Punyasena et al. 2007). Our study revealed that precipitation
and temperature conditions significantly shape species distri-
bution patterns. Specifically, the cumulative contribution of
temperature factors affecting the potential distribution of the
continental species T. doichangensis was 74.2%, while precipi-
tation factors contributed 37.7% to the potential distribution of
the island species T. verticillata.

For mountain species inhabiting high-elevation areas, low
temperatures limit plant growth and development, thereby in-
fluencing species distribution. Hence, temperature plays a
crucial role in constraining the distribution and development of
mountain species (Dong et al. 2023; Yu et al. 2019). The con-
tinental species T. doichangensis is distributed in lower mon-
tane evergreen broad-leaved forests (Mao et al. 2010; Zhu and
Ashton 2021). The high suitability of T. doichangensis clustered
in high-elevation areas also indicates that species at high
elevations are sensitive to temperature changes. With climate
change, lower temperatures at high elevations are likely to
drive continental species to migrate upward in search of
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suitable habitats. Although precipitation and elevation had The island species in our study predominantly thrives in
less impact on the distribution of continental species in our Southeast Asia, a region characterized by the prevalence of
study, these factors remain important for species growth and monsoons. The Asian monsoon has a direct impact on rainfall
distribution. and temperature patterns in these regions, creating a regular
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seasonal cycle between dry and wet periods (Jiang et al. 2017;
Tan, Malabrigo, et al. 2020). These climatic fluctuations affect
plant growth, development, and reproduction, facilitating better
adaption to seasonal changes (Sun et al. 2020). With climate
change, an increase in extreme weather events, such as
droughts and heavy rainfall can be expected (Reichstein
et al. 2013; Wang et al. 2024), which will likely have significant
consequences for the distribution of island species.

Furthermore, our study highlights the significant impact of topo-
graphic factors on both continental and island species. Interest-
ingly, when excluding other factors (e.g., land-use change, human
activities), the influence of topography on island species is con-
siderably greater than that on continental species. We speculate
that changes in the upper and lower elevation ranges may have
contributed to this result. Affected by climate change, both the
upper and lower limits of the species’ elevation distribution is
expected to shift (Zu and Wang 2022). The elevation range of
island species is lower than that of continental species, meaning
that island species have a greater upward migration potential than
continental species (Tables 1 and 2).

4.2 | Differences in Climate Response Between
Continental and Island Plant Species

Species survival is closely linked to climate change, with some
researchers suggesting that species with narrower thermal
niche breadths, smaller geographic ranges, or smaller body sizes
are at a greater risk of extinction (Malanoski et al. 2024).
However, our study demonstrated an opposite viewpoint: under
scenarios of low and moderate greenhouse gas emissions, the
highly suitable distribution area for the continental species in
this study is expected to first decrease and then increase in the
future. In contrast, under scenarios of high emissions, highly
suitable areas are expected to continue shrinking. This suggests
that continental species with narrow distribution ranges may
not be able to adapt to rapid climate change and migrate to the
most suitable areas quickly (Figure 2).

Additionally, with global warming, temperature restrictions on
vegetation distribution in certain regions may be lifted, facilitating
the further expansion of species (Zhong et al. 2023). Temperatures
increases are driven by rising greenhouse gas concentrations
(Wang et al. 2024). Hence, even if continental species can adapt to
escalating temperature conditions to a certain extent, the decline
in highly suitable habitats remains unavoidable.

Unlike continental species, island species are generally more
sensitive to climate change and often lack the ability to adapt
quickly or migrate to more suitable areas. This is evident in the
study by Tanaka et al. (2012), which predicted that climate
change would reduce the potential habitats of Abies species in
Japan. Our findings support this view, with the suitable area for
the island species T. verticillata predicted to decrease (Figures 4
and A4).

Many species begin migrating to higher latitudes and elevations
in response to climate change, leading to changes in distribu-
tion areas (Meng, Zhou, Jiang, et al. 2019; Zhou et al. 2021). Our
results show that both continental and island species are

forecast to shift towards higher elevations (Figures 2 and 4).
Surveys of natural forest habitats in Southeast Asia have sug-
gested that biodiversity in this region is highly vulnerable to
climate change, especially in the Indo-Burma region and central
Malaysia, where many species are increasingly moving to
higher elevations in response to climate warming, which
increases the risk of habitat loss (Namkhan et al. 2022). Rising
greenhouse gas emissions will accelerate climate change (Tan,
Wu, et al. 2020). Our study indicates that, as greenhouse gas
emissions increase, both island and continental species are ex-
pected to experience varying degrees of contraction in their
potentially highly suitable areas (Figures 1, 2 and 4). Because
habitat availability decreases with elevation, the shift of island
species to higher elevations under climate change poses a sig-
nificant extinction risk (Figure 4). Interestingly, our results also
suggest that continental species may migrate to lower latitudes
(Figure 2). Although there is ample evidence of species mi-
grating to higher latitudes or elevations in response to climate
change, evidence of their migration to lower latitudes is limited
(Franco et al. 2006). We propose that the observed movement
towards lower latitudes is likely attributable to niche conser-
vation, prompting plants to migrate towards habitats that are
more conducive to their survival. It is important to note that in
subtropical and tropical regions, there are no high-elevation
areas acting as buffer zones, such as the high mountain ranges
in the Himalaya-Hengduan Mountains, which can provide
microclimatic refuges and reduce extinction risks (Meng, Zhou,
Jiang, et al. 2019). Therefore, mountaintops in low-latitude
tropical regions are likely to serve as refugia. However, we did
not observe significant low-latitude migration in island species,
leading us to speculate that island species may lack similar
buffer zones.

Based on our analysis of the potential distribution
patterns of continental and island species, our findings
align with our initial hypothesis that widely distributed island
species are likely to be more significantly impacted by
future climate change, while narrowly distributed continental
species may experience fewer effects. Specifically, our
study of the widespread island species T. verticillata in South-
east Asia indicated a less favorable future distribution (Fig-
ures 1, 4 and A4). In contrast, the continental species
T. doichangensis, which currently has a limited distribution in
Yunnan, China, and Thailand, shows promising future
distribution trends (Figures 1, 2 and A4).

One possible explanation for our findings is the role of genetic
diversity, which is critical to the evolutionary history and future
adaptability of species (Jump et al. 2009). Low genetic diversity
can impede a species’ ability to adapt to environmental changes,
and we speculate that the observed distribution patterns in our
study may be influenced by the genetic diversity of the species
involved. In earlier studies, we found that the genetic diversity
and gene flow of the continental species T. doichangensis were
higher than those of the island species T. verticillata (Hu
et al. 2022; unpublished data). Moreover, studies on the genus
Geodorum have shown that narrowly distributed species tend to
have higher genetic diversity (Zhu et al. 2023). Therefore, we
suggest that, in addition to ecological factors, intrinsic char-
acteristics of species, such as genetic diversity, are crucial for
their adaptation to climate change.
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Furthermore, island plant species face greater challenges in
dispersing across geographical barriers than continental species.
There is no evidence to suggest that Trigonobalanus species
possesses the ability to disperse over long distances across
oceans. As a result, island species generally exhibit weaker
resilience to environmental risks than continental species.
Therefore, we propose that continental species are likely to be
more resilient to climate change than island species.

4.3 | Conservation Implications

In Asia, the genus Trigonobalanus plays a crucial role in
maintaining ecological balance and preserving regional bio-
diversity, thereby supporting the rich biodiversity of South-
east Asia. To our knowledge, there are currently no studies
on the future distribution of Trigonobalanus. Therefore, our
study helps fill this gap. Our predictions indicate that
southwest Yunnan, China, and eastern Myanmar are high-
suitability areas for T. doichangensis (Figure 1a). Meanwhile,
northern Sumatra, Sulawesi, scattered areas in northern
Java, northeast Kalimantan, and the southern Philippines
are high-suitability areas for island species of T. verticillata
(Figure 1b). The natural habitats in these areas are optimal
environments for species growth. We found that, except for
Myanmar, Java, and the Philippines, where there was no
population distribution, the remaining areas aligned with the

real distribution areas of T. doichangensis and T. verticillata.
These highly suitable habitats are predicted to experience
varying degrees of fragmentation in the future, particularly
for the island species (Figures 2 and 4). Therefore, we pro-
pose the establishment of protected areas (PAs) to maintain
habitat stability in regions most affected by climate change,
such as Sumatra. Additionally, our results suggest that some
areas where island species are present, such as Hainan,
China, and Vietnam, are at risk of disappearing in the future
because of climate change (Figure 4). These areas, highly
affected by climate change, should be prioritized for conser-
vation, supplemented by ex situ conservation efforts to pre-
vent potential extinction of island species.

High-elevation regions, particularly mountaintops in tropical areas,
are predicted to serve as crucial refuges under climate change,
offering microclimatic conditions that buffer extinction risks.
Furthermore, our study suggests that the continental species
T. doichangensis will likely exhibit greater adaptability to climate
change than the island species T. verticillata. This implies that
conservation efforts for T. doichangensis may yield more significant
results, suggesting that this species should be given priority. Based
on our fieldwork, there is an urgent need for a more comprehensive
assessment of the endangered status of both T. doichangensis and
T. verticillata, especially since the current threat status of
T. verticillata may be more severe than that indicated by the TUCN
(Near Threatened, https://www.iucnredlist.org).
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5 | Conclusions

Based on the present and future potential distribution patterns
of the two sister species distributed on islands and continental
Asia, and by identifying the key factors influencing their dis-
tribution, we suggest that the mean diurnal range, iso-
thermality, and precipitation of the warmest quarter are the
dominant environmental variables affecting the distribution of
the continental species T. doichangensis. For the island species
T. verticillata, the dominant environmental variables are pre-
cipitation seasonality, elevation, mean temperature of the wet-
test quarter, and temperature seasonality.

Overall, temperature emerged as the critical factor influencing
the distribution of the continental species T. doichangensis in
Asia, whereas precipitation was the primary factor affecting the
distribution of the island species T. verticillata. Moreover, our
findings suggest that the potential distribution range of the
narrowly distributed continental species T. doichangensis is
likely to expand, whereas that of the widely distributed island
species T. verticillata is expected to decrease. The potential
distribution areas of both species, particularly higher elevations
and mountaintops in low-latitude tropical regions, are expected
to serve as refuges under climate change. We emphasize that
the widely distributed island species T. verticillata will be more
vulnerable to future climate change, whereas the narrowly
distributed continental species 7. doichangensis will be less
affected. We recommend the establishment of conservation
areas in regions most affected by climate change to maintain
habitat stability and the implementation of comprehensive
assessments of the endangered status of both species. In
summary, our study underscores the distinct responses of
continental and island species to climate change, thereby en-
hancing our understanding of how these species will respond
to future environmental shifts.

Author Contributions

Ling Hu: methodology, conceptualization, data curation, formal anal-
ysis, investigation, software, visualization, writing - original draft,
writing - review and editing. Xiao-Yan Zhang: writing — review and
editing. Yi-Gang Song: writing - review and editing. Shook Ling Low:
writing - review and editing. Shu-Mei Xiao: writing - review and
editing. Shi-Shun Zhou: investigation, writing — review and editing.
Lang Li: investigation, writing - review and editing. Yun-Hong Tan:
investigation, writing - review and editing. Hong-Hu Meng: concep-
tualization, investigation, resource, supervision, project-administration,
data curation, funding acquisition, writing - original draft, writing -
review and editing. Jie Li: conceptualization, resource, supervision,
project-administration, funding acquisition, writing - review and
editing.

Acknowledgments

This research was supported by the Yunnan Fundamental Research
Projects (202301AT070341); the Special Fund for Scientific Research of
Shanghai Landscaping & City Appearance Administrative Bureau
(G242414 and G242416); the Southeast Asia Biodiversity Research
Institute, Chinese Academy of Sciences (No. Y4ZK111B01); the CAS
“Light of West China”; the “Yunnan Revitalization Talent Support
Program” in Yunnan Province (XDYC-QNRC-2022-0028); and the 14th
5-Year Plan of the Xishuangbanna Tropical Botanical Garden, Chinese
Academy Sciences (E3ZKFF7B).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support this study are available in the Supporting material
of this article.

References

Ab Lah, N. Z., Z. Yusop, M. Hashim, J. Mohd Salim, and S. Numata.
2021. “Predicting the Habitat Suitability of Melaleuca cajuputi Based on
the Maxent Species Distribution Model.” Forests 12: 1449. https://doi.
0rg/10.3390/f12111449.

Balint, M., S. Domisch, C. H. M. Engelhardt, et al. 2011. “Cryptic Bio-
diversity Loss Linked to Global Climate Change.” Nature Climate
Change 1: 313-318. https://doi.org/10.1038/nclimate1191.

Bellard, C., C. Bertelsmeier, P. Leadley, W. Thuiller, and F. Courchamp.
2012. “Impacts of Climate Change on the Future of Biodiversity.” Ecology
Letters 15: 365-377. https://doi.org/10.1111/j.1461-0248.2011.01736 x.

Carlquist, S. J. 1974. Island Biology. Columbia University Press.

Chen, P., C. Shen, Z. Tao, W. Qin, W. Huang, and E. Siemann. 2024.
“Deterministic Responses of Biodiversity to Climate Change Through
Exotic Species Invasions.” Nature Plants 10: 1464-1472. https://doi.org/
10.1038/s41477-024-01797-7.

Costello, M. J., M. M. Vale, W. Kiessling, S. Maharaj, J. Price, and
G. H. Talukdar. 2022. “Cross-Chapter Paper 1: Biodiversity Hotspots.”
In Climate Change 2022: Impacts, Adaptation and Vulnerability. Con-
tributi on of Working Group II to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by H. O. Portner, D.
C. Roberts, M. Tignor, E. S. Poloczanska, K. Mintenbeck, A. Alegria, M.
Craig, S. Langsdorf, S. Loschke, V. Méller, A. Okem, and B. Rama,
2123-2161. Cambridge University Press. https://doi.org/10.1017/
9781009325844.018.

Dong, H., N. Zhang, S. Shen, S. Zhu, S. Fan, and Y. Lu. 2023. “Effects of
Climate Change on the Spatial Distribution of the Threatened Species
Rhododendron purdomii in Qinling-Daba Mountains of Central China:
Implications for Conservation.” Sustainability 15: 3181. https://doi.org/
10.3390/su15043181.

Elith, J., C. H. Graham, R. P. Anderson, et al. 2006. “Novel Methods
Improve Prediction of Species’ Distributions From Occurrence Data.”
Ecography 29: 129-151. https://doi.org/10.1111/j.2006.0906-7590.
04596.x.

Elith, J., S. J. Phillips, T. Hastie, M. Dudik, Y. E. Chee, and C. J. Yates.
2011. “A Statistical Explanation of MaxEnt for Ecologists.” Diversity and
Distributions 17: 43-57. https://doi.org/10.1111/j.1472-4642.2010.00725 X.

Exposito-Alonso, M., T. R. Booker, L. Czech, et al. 2022. “Genetic
Diversity Loss in the Anthropocene.” Science 377: 1431-1435. https://
doi.org/10.1126/science.abn5642.

Eyring, V., N. P. Gillett, K. M. Achuta Rao, et al. 2021. “Human
Influence on the Climate System.” In Climate Change 2021: The Phys-
ical Science Basis. Contribution of Working Group I to the Sixth Assess-
ment Report of the Intergovernmental Panel on Climate Change, edited
by V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S.
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K.
Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfield, O.
Yelekei, R. Yu, B. Zhou, 423-552. Cambridge University Press. https://
doi.org/10.1017/9781009157896.005.

Fielding, A. H., and J. F. Bell. 1997. “A Review of Methods for the
Assessment of Prediction Errors in Conservation Presence/Absence
Models.” Environmental Conservation 24: 38-49. https://doi.org/10.
1017/S0376892997000088.

Franco, A. M. A, J. K. Hill, C. Kitschke, et al. 2006. “Impacts of Climate
Warming and Habitat Loss on Extinctions at Species’ Low-Latitude

104 of 112

Integrative Conservation, 2025


https://doi.org/10.3390/f12111449
https://doi.org/10.3390/f12111449
https://doi.org/10.1038/nclimate1191
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1038/s41477-024-01797-7
https://doi.org/10.1038/s41477-024-01797-7
https://doi.org/10.1017/9781009325844.018
https://doi.org/10.1017/9781009325844.018
https://doi.org/10.3390/su15043181
https://doi.org/10.3390/su15043181
https://doi.org/10.1111/j.2006.0906-7590.04596.x
https://doi.org/10.1111/j.2006.0906-7590.04596.x
https://doi.org/10.1111/j.1472-4642.2010.00725.x
https://doi.org/10.1126/science.abn5642
https://doi.org/10.1126/science.abn5642
https://doi.org/10.1017/9781009157896.005
https://doi.org/10.1017/9781009157896.005
https://doi.org/10.1017/S0376892997000088
https://doi.org/10.1017/S0376892997000088

Range Boundaries.” Global Change Biology 12: 1545-1553. https://doi.
0rg/10.1111/j.1365-2486.2006.01180.x.

Gao, X., J. Liu, and Z. Huang. 2022. “The Impact of Climate Change on
the Distribution of Rare and Endangered Tree Firmiana kwangsiensis
Using the Maxent Modeling.” Ecology and Evolution 12: €9165. https://
doi.org/10.1002/ece3.9165.

Ge, J., and Z. Xie. 2017. “Geographical and Climatic Gradients of
Evergreen Versus Deciduous Broad-Leaved Tree Species in Subtropical
China: Implications for the Definition of the Mixed Forest.” Ecology and
Evolution 7: 3636-3644. https://doi.org/10.1002/ece3.2967.

He, Y., J. Ma, and G. Chen. 2023. “Potential Geographical Distribution
and Its Multi-Factor Analysis of Pinus massoniana in China Based on
the Maxent Model.” Ecological Indicators 154: 110790. https://doi.org/
10.1016/j.ecolind.2023.110790.

Herndndez-Yanez, H., J. T. Kos, M. D. Bast, et al. 2016. “A Systematic
Assessment of Threats Affecting the Rare Plants of the United States.”
Biological Conservation 203: 260-267. https://doi.org/10.1016/j.biocon.2016.
10.009.

Hu, L., X. G. Le, S. S. Zhou, et al. 2022. “Conservation Significance of
the Rare and Endangered Tree Species, Trigonobalanus doi-
changensis (Fagaceae).” Diversity 14: 666. https://doi.org/10.3390/
d14080666.

Iordan, C. M., K. J. J. Kuipers, B. Huang, X. Hu, F. Verones, and
F. Cherubini. 2023. “Spatially and Taxonomically Explicit Character-
isation Factors for Greenhouse Gas Emission Impacts on Biodiversity.”
Resources, Conservation and Recycling 198: 107159. https://doi.org/10.
1016/j.resconrec.2023.107159.

Jiang, C., K. Tan, and M. X. Ren. 2017. “Effects of Monsoon on Dis-
tribution Patterns of Tropical Plants in Asia.” Chinese Journal of Plant
Ecology 41: 1103-1112. https://doi.org/10.17521/cjpe.2017.0070.

Jump, A. S., R. Marchant, and J. Pefiuelas. 2009. “Environmental
Change and the Option Value of Genetic Diversity.” Trends in Plant
Science 14: 51-58. https://doi.org/10.1016/j.tplants.2008.10.002.

Lee, C. M., D. S. Lee, T. S. Kwon, M. Athar, and Y. S. Park. 2021.
“Predicting the Global Distribution of Solenopsis geminata (Hymenop-
tera: Formicidae) Under Climate Change Using the MaxEnt Model.”
Insects 12: 229. https://doi.org/10.3390/insects12030229.

Leimu, R., P. Vergeer, F. Angeloni, and N. J. Ouborg. 2010. “Habitat
Fragmentation, Climate Change, and Inbreeding in Plants.” Annals of
the New York Academy of Sciences 1195: 84-98. https://doi.org/10.1111/
j-1749-6632.2010.05450.%.

Li, S., Z. Wang, Z. Zhu, Y. Tao, and J. Xiang. 2023. “Predicting the
Potential Suitable Distribution Area of Emeia pseudosauteri in Zhejiang
Province Based on the MaxEnt Model.” Scientific Reports 13: 1806.
https://doi.org/10.1038/s41598-023-29009-w.

Mainka, S. A., and G. W. Howard. 2010. “Climate Change and Invasive
Species: Double Jeopardy.” Integrative Zoology 5: 102-111. https://doi.
0rg/10.1111/j.1749-4877.2010.00193.x.

Malanoski, C. M., A. Farnsworth, D. J. Lunt, P. J. Valdes, and
E. E. Saupe. 2024. “Climate Change Is an Important Predictor of Ex-
tinction Risk on Macroevolutionary Timescales.” Science 383: 1130-
1134. https://doi.org/10.1126/science.adj5763.

Manes, S., M. J. Costello, H. Beckett, et al. 2021. “Endemism Increases
Species’ Climate Change Risk in Areas of Global Biodiversity Importance.”
Biological Conservation 257: 109070. https://doi.org/10.1016/j.biocon.2021.
109070.

Mao, X., W. Lu, C. Liu, H. Wang, and X. Shi. 2010. “Reproductive
Ecological Characteristics of Endangered Plant Quercus trigonis.”
Jiangsu Agricultural Sciences: 352-354. https://doi.org/10.15889/j.issn.
1002-1302.2010.04.129.

Matthews, T. J., and K. Triantis. 2021. “Island Biogeography.” Current
Biology 31: R1201-R1207. https://doi.org/10.1016/j.cub.2021.07.033.

Meng, H. H., S. S. Zhou, X. L. Jiang, et al. 2019. “Are Mountaintops
Climate Refugia for Plants Under Global Warming? A Lesson From
High-Mountain Oaks in Tropical Rainforest.” Alpine Botany 129: 175-
183. https://doi.org/10.1007/s00035-019-00226-2.

Meng, H. H,, S. S. Zhou, L. Li, Y. H. Tan, J. W. Li, and J. Li. 2019.
“Conflict Between Biodiversity Conservation and Economic Growth:
Insight Into Rare Plants in Tropical China.” Biodiversity and
Conservation 28: 523-537. https://doi.org/10.1007/510531-018-1661-4.

Namkhan, M., N. Sukumal, and T. Savini. 2022. “Impact of Climate
Change on Southeast Asian Natural Habitats, With Focus on Protected
Areas.” Global Ecology and Conservation 39: €02293. https://doi.org/10.
1016/j.gecco.2022.e02293.

Orefice, S., and C. Innocenti. 2024. “Regional Assessment of Coastal Land-
slide Susceptibility in Liguria, Northern Italy, Using Maxent.” Natural
Hazards 121: 2613-2639. https://doi.org/10.1007/s11069-024-06833-5.

Peterson, A. T., J. Sober6n, R. G. Pearson, et al. 2011. Ecological Niches
and Geographic Distributions (MPB-49). Princeton University Press.
https://doi.org/10.1515/9781400840670.

Pouteau, R., and P. Birnbaum. 2016. “Island Biodiversity Hotspots Are
Getting Hotter: Vulnerability of Tree Species to Climate Change in New
Caledonia.” Biological Conservation 201: 111-119. https://doi.org/10.
1016/j.biocon.2016.06.031.

Punyasena, S. W., G. Eshel, and J. C. McElwain. 2007. “The Influence of
Climate on the Spatial Patterning of Neotropical Plant Families.”
Journal of Biogeography 35: 117-130. https://doi.org/10.1111/j.1365-
2699.2007.01773.X.

Rather, Z. A., R. Ahmad, A. R. Dar, T. U. H. Dar, and A. A. Khuroo.
2021. “Predicting Shifts in Distribution Range and Niche Breadth of
Plant Species in Contrasting Arid Environments Under Climate
Change.” Environmental Monitoring and Assessment 193: 427. https://
doi.org/10.1007/s10661-021-09160-5.

Reichstein, M., M. Bahn, P. Ciais, et al. 2013. “Climate Extremes and
the Carbon Cycle.” Nature 500: 287-295. https://doi.org/10.1038/
naturel2350.

Sheth, S. N., and A. L. Angert. 2014. “The Evolution of Environmental
Tolerance and Range Size: A Comparison of Geographically Restricted
and Widespread mimulus.” Evolution 68: 2917-2931. https://doi.org/10.
1111/evo.12494.

Shi, X., J. Wang, L. Zhang, et al. 2023. “Prediction of the Potentially
Suitable Areas of Litsea cubeba in China Based on Future Climate
Change Using the Optimized MaxEnt Model.” Ecological Indicators 148:
110093. https://doi.org/10.1016/j.ecolind.2023.110093.

Shin, Y. J., G. F. Midgley, E. R. M. Archer, et al. 2022. “Actions to Halt
Biodiversity Loss Generally Benefit the Climate.” Global Change Biology
28: 2846-2874. https://doi.org/10.1111/gcb.16109.

Sun, S., Y. Zhang, D. Huang, et al. 2020. “The Effect of Climate Change
on the Richness Distribution Pattern of Oaks (Quercus L.) in China.”
Science of the Total Environment 744: 140786. https://doi.org/10.1016/j.
scitotenv.2020.140786.

Sun, W., C. Han, L. Gao, and C. A. Wilson. 2007. “Genetic Diversity of
the Rare Asian Plant, Trigonobalanus doichangensis (Fagaceae).”
Australian Journal of Botany 55: 10-17. https://doi.org/10.1071/bt05113.

Sun, W., Y. Zhou, C. Han, et al. 2006. “Status and Conservation of
Trigonobalanus ~ doichangensis ~ (Fagaceae)®.”  Biodiversity — and

Conservation 15: 1303-1318. https://doi.org/10.1007/s10531-005-3873-7.

Sunday, J. M. 2020. “The Pace of Biodiversity Change in a Warming Cli-
mate.” Nature 580: 460-461. https://doi.org/10.1038/d41586-020-00975-9.

Syfert, M. M., M. J. Smith, and D. A. Coomes. 2013. “Correction: The
Effects of Sampling Bias and Model Complexity on the Predictive Per-
formance of Maxent Species Distribution Models.” PLoS One 8: €55158.
https://doi.org/10.1371/annotation/35be5dff-7709-4029-8cfa-
f1357e500115.

105 of 112


https://doi.org/10.1111/j.1365-2486.2006.01180.x
https://doi.org/10.1111/j.1365-2486.2006.01180.x
https://doi.org/10.1002/ece3.9165
https://doi.org/10.1002/ece3.9165
https://doi.org/10.1002/ece3.2967
https://doi.org/10.1016/j.ecolind.2023.110790
https://doi.org/10.1016/j.ecolind.2023.110790
https://doi.org/10.1016/j.biocon.2016.10.009
https://doi.org/10.1016/j.biocon.2016.10.009
https://doi.org/10.3390/d14080666
https://doi.org/10.3390/d14080666
https://doi.org/10.1016/j.resconrec.2023.107159
https://doi.org/10.1016/j.resconrec.2023.107159
https://doi.org/10.17521/cjpe.2017.0070
https://doi.org/10.1016/j.tplants.2008.10.002
https://doi.org/10.3390/insects12030229
https://doi.org/10.1111/j.1749-6632.2010.05450.x
https://doi.org/10.1111/j.1749-6632.2010.05450.x
https://doi.org/10.1038/s41598-023-29009-w
https://doi.org/10.1111/j.1749-4877.2010.00193.x
https://doi.org/10.1111/j.1749-4877.2010.00193.x
https://doi.org/10.1126/science.adj5763
https://doi.org/10.1016/j.biocon.2021.109070
https://doi.org/10.1016/j.biocon.2021.109070
https://doi.org/10.15889/j.issn.1002-1302.2010.04.129
https://doi.org/10.15889/j.issn.1002-1302.2010.04.129
https://doi.org/10.1016/j.cub.2021.07.033
https://doi.org/10.1007/s00035-019-00226-2
https://doi.org/10.1007/s10531-018-1661-4
https://doi.org/10.1016/j.gecco.2022.e02293
https://doi.org/10.1016/j.gecco.2022.e02293
https://doi.org/10.1007/s11069-024-06833-5
https://doi.org/10.1515/9781400840670
https://doi.org/10.1016/j.biocon.2016.06.031
https://doi.org/10.1016/j.biocon.2016.06.031
https://doi.org/10.1111/j.1365-2699.2007.01773.x
https://doi.org/10.1111/j.1365-2699.2007.01773.x
https://doi.org/10.1007/s10661-021-09160-5
https://doi.org/10.1007/s10661-021-09160-5
https://doi.org/10.1038/nature12350
https://doi.org/10.1038/nature12350
https://doi.org/10.1111/evo.12494
https://doi.org/10.1111/evo.12494
https://doi.org/10.1016/j.ecolind.2023.110093
https://doi.org/10.1111/gcb.16109
https://doi.org/10.1016/j.scitotenv.2020.140786
https://doi.org/10.1016/j.scitotenv.2020.140786
https://doi.org/10.1071/bt05113
https://doi.org/10.1007/s10531-005-3873-7
https://doi.org/10.1038/d41586-020-00975-9
https://doi.org/10.1371/annotation/35be5dff-7709-4029-8cfa-f1357e5001f5
https://doi.org/10.1371/annotation/35be5dff-7709-4029-8cfa-f1357e5001f5

Tan, K., P. L. Malabrigo, and M. Ren. 2020. “Origin and Evolution of
Biodiversity Hotspots in Southeast Asia.” Acta Ecologica Sinica 40:
3866-3877. https://doi.org/10.5846/stxb201904160762.

Tan, X., Y. Wu, B. Liu, and S. Chen. 2020. “Inconsistent Changes in
Global Precipitation Seasonality in Seven Precipitation Datasets.” Climate
Dynamics 54: 3091-3108. https://doi.org/10.1007/s00382-020-05158-w.

Tanaka, N., K. Nakao, I. Tsuyama, M. Higa, E. Nakazono, and
T. Matsui. 2012. “Predicting the Impact of Climate Change on Potential
Habitats of Fir (Abies) Species in Japan and on the East Asian Conti-
nent.” Procedia Environmental Sciences 13: 455-466. https://doi.org/10.
1016/j.proenv.2012.01.039.

Tang, S. L., Y. B. Song, B. Zeng, and M. Dong. 2021. “Present and Future
Climate-Related Distribution of Narrow- Versus Wide-Ranged Ostrya
Species in China.” Forests 12: 1366. https://doi.org/10.3390/f12101366.

Urban, M. C. 2024. “Climate Change Extinctions.” Science 386: 1123-1128.
https://doi.org/10.1126/science.adp4461.

van Vuuren, D. P., J. Edmonds, M. Kainuma, et al. 2011. “The Repre-
sentative Concentration Pathways: An Overview.” Climatic Change 109:
5-31. https://doi.org/10.1007/s10584-011-0148-z.

Wang, P., W. Luo, Q. Zhang, et al. 2024. “Assessing the Impact of
Climate Change on Three Populus Species in China: Distribution Pat-
terns and Implications.” Global Ecology and Conservation 50: e02853.
https://doi.org/10.1016/j.gecco.2024.02853.

Wang, X., T. Wang, J. Xu, et al. 2022. “Enhanced Habitat Loss of the
Himalayan Endemic Flora Driven by Warming-Forced Upslope Tree
Expansion.” Nature Ecology & Evolution 6: 890-899. https://doi.org/10.
1038/s41559-022-01774-3.

Warren, D. L., and S. N. Seifert. 2011. “Ecological Niche Modeling in
Maxent: The Importance of Model Complexity and the Performance of
Model Selection Criteria.” Ecological Applications 21: 335-342. https://
doi.org/10.1890/10-1171.1.

Whittaker, R. J., and J. M. Fernandez-Palacios. 2007. Island Biogeography:
Ecology, Evolution, and Conservation. Oxford University Press.

Xu, W. B,, S. A. Blowes, V. Brambilla, et al. 2023. “Regional Occupancy
Increases for Widespread Species but Decreases for Narrowly Distrib-
uted Species in Metacommunity Time Series.” Nature Communications
14: 1463. https://doi.org/10.1038/s41467-023-37127-2.

Xu, W. B, J. C. Svenning, G. K. Chen, et al., 2019. “Human Activities
Have Opposing Effects on Distributions of Narrow-Ranged and Wide-
spread Plant Species in China.” Proceedings of the National Academy of
Sciences 116: 26674-26681. https://doi.org/10.1073/pnas.1911851116.

Yarahmadi, H. 2024. “Oil Pollution Threatens Persian Gulf Marine
Life.” Science 383: 599. https://doi.org/10.1126/science.adn5624.

Yu, F., T. Wang, T. A. Groen, et al. 2019. “Climate and Land Use
Changes Will Degrade the Distribution of Rhododendrons in China.”
Science of the Total Environment 659: 515-528. https://doi.org/10.1016/j.
scitotenv.2018.12.223.

Zeng, Q., X. Zhu, and L. Zhou. 2023. “Prediction of Potential Suitable
Region for Emex australis in China Based on the Optimized MaxEnt
Model.” Journal of South China Agricultural University 44: 254-262.
https://doi.org/10.7671/.issn.1001-411X.202203041.

Zhang, X., X. Ci, J. Hu, et al. 2023. “Riparian Areas as a Conservation
Priority Under Climate Change.” Science of the Total Environment 858:
159879. https://doi.org/10.1016/j.scitotenv.2022.159879.

Zhao, Y., X. Deng, W. Xiang, L. Chen, and S. Ouyang. 2021. “Predicting
Potential Suitable Habitats of Chinese Fir Under Current and Future
Climatic Scenarios Based on Maxent Model.” Ecological Informatics 64:
101393. https://doi.org/10.1016/j.ecoinf.2021.101393.

Zheng, Y. L., W. B. Sun, Y. Zhou, and D. Coombs. 2009. “Variation in
Seed and Seedling Traits Among Natural Populations of Trigonobalanus
doichangensis (A. Camus) Forman (Fagaceae), a Rare and Endangered

Plant in Southwest China.” New Forests 37: 285-294. https://doi.org/10.
1007/s11056-008-9124-5.

Zhong, X., L. Zhang, J. Zhang, L. He, and R. Sun. 2023. “Maxent
Modeling for Predicting the Potential Geographical Distribution of
Castanopsis carlesii Under Various Climate Change Scenarios in
China.” Forests 14: 1397. https://doi.org/10.3390/f14071397.

Zhou, R., X. Ci, J. Xiao, G. Cao, and J. Li. 2021. “Effects and Conservation
Assessment of Climate Change on the Dominant Group—The Genus-
cinnamomum of Subtropical Evergreen Broad-Leaved Forests.”
Biodiversity Science 29: 697-711. https://doi.org/10.17520/biods.2020482.

Zhu, H., and P. Ashton. 2021. “Ecotones in the Tropical-Subtropical Veg-
etation Transition at the Tropical Margin of Southern China.” Chinese
Science Bulletin 66: 3732-3743. https://doi.org/10.1360/TB-2021-0231.

Zhu, H., and S. Zhou. 2017. “A Primitive Cupuliferae Plant (Trigono-
balanus verticillata) Found in Xishuangbanna, Yunnan, and Its Bio-
geographical Significance.” Plant Science Journal 35: 205-206. https://
doi.org/10.11913/PSJ.2095-0837.2017.20205.

Zhu, X., J. Tang, H. Jiang, et al. 2023. “Genomic Evidence Reveals High
Genetic Diversity in a Narrowly Distributed Species and Natural
Hybridization Risk With a Widespread Species in the Genus Geodorum.”
BMC Plant Biology 23: 317. https://doi.org/10.1186/512870-023-04285-w.

Zu, K., and Z. Wang. 2022. “Research Progress on the Elevational
Distribution of Mountain Species in Response to Climate Change.”
Biodiversity Science 30: 21451. https://doi.org/10.17520/biods.2021451.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

106 of 112

Integrative Conservation, 2025


https://doi.org/10.5846/stxb201904160762
https://doi.org/10.1007/s00382-020-05158-w
https://doi.org/10.1016/j.proenv.2012.01.039
https://doi.org/10.1016/j.proenv.2012.01.039
https://doi.org/10.3390/f12101366
https://doi.org/10.1126/science.adp4461
https://doi.org/10.1007/s10584-011-0148-z
https://doi.org/10.1016/j.gecco.2024.e02853
https://doi.org/10.1038/s41559-022-01774-3
https://doi.org/10.1038/s41559-022-01774-3
https://doi.org/10.1890/10-1171.1
https://doi.org/10.1890/10-1171.1
https://doi.org/10.1038/s41467-023-37127-2
https://doi.org/10.1073/pnas.1911851116
https://doi.org/10.1126/science.adn5624
https://doi.org/10.1016/j.scitotenv.2018.12.223
https://doi.org/10.1016/j.scitotenv.2018.12.223
https://doi.org/10.7671/j.issn.1001-411X.202203041
https://doi.org/10.1016/j.scitotenv.2022.159879
https://doi.org/10.1016/j.ecoinf.2021.101393
https://doi.org/10.1007/s11056-008-9124-5
https://doi.org/10.1007/s11056-008-9124-5
https://doi.org/10.3390/f14071397
https://doi.org/10.17520/biods.2020482
https://doi.org/10.1360/TB-2021-0231
https://doi.org/10.11913/PSJ.2095-0837.2017.20205
https://doi.org/10.11913/PSJ.2095-0837.2017.20205
https://doi.org/10.1186/s12870-023-04285-w
https://doi.org/10.17520/biods.2021451

	Different Responses of Two Endangered Sister Tree Species to Climate Change: A Comparison Between Island and Continental Populations in Tropical Asia
	1 Introduction
	2 Materials and Methods
	2.1 Species Data
	2.2 Environmental Data
	2.3 Species Distribution Modeling

	3 Results
	3.1 Maxent Performance and the Importance of Environmental Variables
	3.2 Present Potential Habitat
	3.3 Potential Future Distribution Pattern of the Continental Species T. doichangensis
	3.4 Future Potential Distribution Pattern of the Island Species T. verticillata

	4 Discussion
	4.1 The Impact of Dominant Environment Variables on Continental and Island Species
	4.2 Differences in Climate Response Between Continental and Island Plant Species
	4.3 Conservation Implications

	5 Conclusions
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information




