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Quantifying anthropogenic climate change vulnerability is essential for estimating the risk of species extinction
and developing conservation strategies. The Magnolia genus is widespread in the Americas and Asia, with nearly
half of species currently threatened. Here, we used climate-niche factor analysis to study the vulnerability of
Magnolia species to future climate change. We found that the vulnerability of Magnolia species to future climate
change is negatively related to range size. We further identified that narrow-ranged Magnolia species distributed
in Asia are more vulnerable than those distributed in the Americas, with protected area coverage also lower in
Asia than the Americas. Moreover, the conservation status ranking of Magnolia species classified by the IUCN Red
List will likely be changed under climate change, as some Near Threatened and Least Concern species were
estimated to be more vulnerable to climate change than species currently classified as Endangered. Our results
highlight that conservation assessments, policies and actions need to consider spatial vulnerabilities of species to

climate change.

1. Introduction

Anthropogenic climate change is recognized as a major threat to
global biodiversity (Bellard et al., 2012; Dawson et al., 2011; Thuiller
et al., 2005), and has already led to the climate-related local extinction
of hundreds of species (Wiens, 2016). Extinction risk is expected to in-
crease under future climate change, with up to one-sixth of species
threatened under prevailing conservation policies (Urban, 2015).
Generally, dispersal or local adaptation is a common response of species
to climate change (Aitken et al., 2008; Christmas et al., 2016; Huntley
et al., 1995). However, for tree species, dispersal to suitable regions
through propagule might not be fast enough to cope with the rate of
climate change (Dyer, 1994, 1995; Iverson et al., 2004; Liang et al.,
2018; Malanson and Cairns, 1997; Peters, 1990). In addition, tree spe-
cies often have a limited adaptive capacity to changing climate (Du

et al., 2020; Lindner et al., 2010; Petit and Hampe, 2006). Therefore,
many tree species are highly sensitive to climatic changes as illustrated
by massive extinctions among tree taxa during past climatic fluctuations
(e.g., Eiserhardt et al., 2015).

Previous research suggested that regional characteristics caused by
ecological and historical characteristics of flora (e.g., mountain flora
have narrow tolerances of habitat, with marginal habitat for many
species) and/or specific environmental conditions may result in sub-
stantial differences in the response of species to climate change (Thuiller
et al., 2005). Specifically for trees, regional studies have highlighted
high risks from climate change with fast decreasing climate suitability in
British Columbia (Hamann and Wang, 2006), Mediterranean regions
(Serra-Diaz et al., 2014), Europe (Dyderski et al., 2018; Meier et al.,
2012) and North America (McKenney et al., 2007), while assessments
for Asian trees are still largely lacking (but see, e.g., Deb et al., 2017).
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Species diversity in disjunct genera of the contemporary floras in eastern
regions of Asia greatly exceeds that in North America, even though
Eastern Asia and North America have similar latitudes and climates
(Guo, 1999; Latham and Ricklefs, 1993). Therefore, we expect that the
threats of some species distributed in the Americas and Asia under future
climate change will differ. Moreover, the niche breadth of species in-
creases with latitude (Chu et al., 2019), with narrower niches at low
latitudes (Brown, 2014). We hypothesize that species distributed in
high-latitude regions will tolerate greater levels of climate change than
those distributed at low latitudes. In addition, research has shown plant
species with smaller range sizes are generally more vulnerable to climate
change than widespread species (Schwartz et al., 2006; Vincent et al.,
2020).

The Magnolia genus belongs to the ancient family Magnoliaceae,
consisting of 330 species of trees and shrubs (Sanchez-Velasquez et al.,
2016). Due to historical geological and climate-linked extinctions from
western Eurasia and western North America (e.g., Eiserhardt et al.,
2015), the Magnolia genus now has a complex biogeographic pattern,
with intercontinental disjunctions in the Northern Hemisphere. This
genus also has a wide altitudinal distribution range from northern lati-
tudes to tropical ecosystems (Sanchez-Velasquez et al., 2016). In addi-
tion, Magnoliaceae is one of the earliest extant lineages of flowering
plants (Nie et al., 2008a). Therefore, the Magnolia genus has been a
model system in the study of intercontinental disjunctions and the origin
and diversification of angiosperms, attracting research attention from
biogeographers and molecular botanists (Hebda and Irving, 2004; Nie
et al., 2008b; Veltjen et al., 2019; Wang et al., 2020; Ye et al., 2019).
Moreover, the Magnolia genus is culturally important, with some taxa of
high importance in horticulture (Jiang et al., 2005; Seaton et al., 2014;
Watkins et al., 2020) or with potential applications in medicine and
agriculture (Bai et al., 2003; Koo et al., 2001; Martinez et al., 2006;
Ramirez-Reyes et al., 2015; Schiihly et al., 2001). At the same time,
nearly half of Magnolia species are classified as globally threatened with
extinction (Sanchez-Velasquez et al., 2016), with the Botanic Gardens
Conservation International advocating for conservation assessments of
Magnolia to be a global priority (Rivers et al., 2016). The International
Union for Conservation of Nature (IUCN) Red List has conservation as-
sessments for 304 Magnolia species, of which 48% are considered
threatened (Critically Endangered, Endangered, and Vulnerable), 32%
are considered not threatened (Least Concern and Near Threatened),
and the remaining species are Data Deficient (Rivers et al., 2016).

However, the large number of species and the disjunct distribution of
the genus poses challenges to research the risks of climate change from
both ecological and conservation perspectives. Although several studies
have focused on the impact of climate change on the distribution of
individual Magnolia species (Shalisko et al., 2018; Vasquez-Morales
et al., 2014), research on the response of the Magnolia genus to climate
change has not yet been explored. Moreover, existing conservation as-
sessments mainly focuses on current drivers of species decline without
identifying potential future risks, such as the threat posed by climate
change (Akcakaya et al., 2014; Wheatley et al., 2017). Some recent
studies have shown that climate change could affect the ranking of Red
Listed Species (Rinnan and Lawler, 2019; Wang et al., 2021).

Moreover, in order to mitigate the loss of biodiversity, in-situ con-
servation, i.e., protecting species in their natural habitat, is generally
favored (Grenyer et al., 2006; Heywood and Dulloo, 2005). Protected
areas (PAs) have expanded in recent decades (Geldmann et al., 2018;
Ren et al., 2015; Schleicher et al., 2019), with 209,000 PAs worldwide
by 2014 (Juffe-Bignoli et al., 2014). However, half (50.2%) of tree
species' ranges are on average not located in current PAs (Guo et al.,
2020). Additionally, the potential protection provided by PAs needs to
be examined while considering near-future climate change (Halpin,
1997; Hannah et al., 2007; Lawler, 2009). More generally, climate
change needs better integration into conservation strategies. This is true
generally, but also for Magnolia sp. specifically.

In ecology and conservation planning, the vulnerability of species to
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climate change has been used to quantify climate-related threats on
species extinction (Fiissel and Klein, 2006; Serra-Diaz et al., 2014;
Stanton et al., 2015; Summers et al., 2012). Since the Fourth Assessment
Report of the United Nations Intergovernmental Panel on Climate
Change (IPCC), species' vulnerability is generally thought of as a func-
tion of both intrinsic (sensitivity and adaptability) and extrinsic (expo-
sure) traits (Pacifici et al., 2015). Indeed, the impact of climate change
on species is not only related to the magnitude of climate change within
the species' habitat (exposure), but also related to the species' ability to
tolerate climate change (sensitivity) and adjust to those changes
(adaptability) (Turner et al., 2003; Williams et al., 2008). In recent de-
cades, several methods have been developed to assess species' vulnera-
bility to climate change, including correlative, mechanistic and trait-
based approaches (Pacifici et al., 2015). Commonly used correlative
approaches based on species distribution models (also known as
ecological niche models) often emphasize exposure to predict the dis-
tribution changes of species (Butt et al., 2016; Leclerc et al., 2020).
Mechanistic and trait-based approaches, on the other hand, can be
limited by a lack of data on species' physiology and traits and cannot
therefore be used extensively for vulnerability assessment of species
(Pacifici et al., 2015). Recently, Rinnan and Lawler (2019) developed a
new approach named the climate-niche factor analysis (CNFA), which
based on occurrence data and bioclimatic variables infers species
sensitivity and exposure to climate change. This approach can provide
both species vulnerability assessments and spatially explicit insights into
geographic patterns of climate change vulnerability. In this study, we
first assessed the vulnerability of the Magnolia genus to future climate
change. We then examined whether there are differences in vulnera-
bility of Magnolia species in the Americas and Asia to climate change.
Finally, we determined the priority protected species and protected
areas of the Magnolia genus.

2. Materials and methods
2.1. Occurrence data and species ranges

In this study, we used occurrence data for Magnolia from the Tree-
Change dataset compiled and cleaned by Serra-Diaz et al. (2018). This
dataset contains occurrence records for 232 Magnolia species, with the
original species occurrence data being collated from five widely used
and publicly available databases: the Global Biodiversity Information
Facility (GBIF; http://www.gbif.org), the public domain Botanical In-
formation and Ecological Network v.3 (BIEN; http://bien.nceas.ucsb.
edu/bien/), Latin American Seasonally Dry Tropical Forest Floristic
Network (DRYFLOR; http://www.dryflor.info/; Banda-R et al., 2016),
RAINBIO database (http://rainbio.cesab.org/; Dauby et al., 2016) and
the Atlas of Living Australia (ALA; http://www.ala.org.au/). The
cleaning process for the TreeChange dataset relies on a series of tests
ranging from typical coordinate errors that appear in public databases,
cross-checks with country citations, spatial outliers, and environmental
outliers (Serra-Diaz et al., 2018). In the dataset, the average number of
occurrence records across Magnolia species is 130, with the maximum
number being 9023. There are 162 Magnolia species with more than 20
records.

Among the 232 Magnolia species, 127 species are distributed in Asia
and 105 species distributed in the Americas. To examine the climatic
conditions of Magnolia species between Asia and the Americas, we
projected current climatic space for occurrence data of Magnolia species
distributed in Asia and the Americas onto axes of annual mean tem-
perature and precipitation (Fig. S1). Fig. S1 shows that the Magnolia
species share relatively similar climatic conditions between the two
continents, suggesting high similarity in climatic requirements at the
regional level of Magnolia species.

We then estimated the ranges of Magnolia species with >20 occur-
rence records by constructing alpha hulls based on the computational
geometry method by Edelsbrunner et al. (1983), as implemented using
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the “ashape” function of the alphahull package (Pateiro-Lopez and
Rodriguez-Casal, 2010) in R (ver. 3.5.1; R Core Team, 2018). We applied
the most commonly used alpha level (6 degrees) to estimate the range of
each species (Garcia-Rosello et al., 2015; Mauri et al., 2017). For those
disjunct records not included in the alpha-hull range, we calculated a 10
km buffer around each point record and then merged with the alpha hull
range. To avoid overestimating range size for species with less than 20
occurrences, we only made a 10 km buffer around each point record.
This method has recently been used in a study investigating global tree
distributions, where it was found estimates of range size were consistent
with estimates from other external databases (Guo et al., 2020).

2.2. Bioclimatic variables

We downloaded four bioclimatic variables for current (representa-
tive of 1979-2013) and future climate for 2070 (average of 2061-2080)
from the CHELSA dataset at a 30 arc-sec spatial resolution (Karger et al.,
2017, 2018) and resampled to a 5 arc-min spatial resolution. For the
future climate scenario, we used three global climate models (GCMs; i.e.,
CESM1-BGC, IPSL-CM5A-LR, and MPI-ESM-MR) that widely varied in
their projections (Sanderson et al., 2015) to account for uncertainty with
projected climates (Baker et al., 2016). We also used two representative
concentration pathways (RCPs) for prescribed greenhouse gas emis-
sions: (1) RCP 4.5, which represents a medium CO; emissions, where
global temperatures rise 1.8 + 0.7 °C by the late-21st century; and (2)
RCP 8.5, which represents high CO5 emissions, with a global tempera-
ture increase of 3.7 + 1.1 °C by the late-21st century (IPPC, 2013). We
used four important bioclimatic variables for tree species distributions in
our study, namely annual mean temperature (AMT), minimum tem-
perature of the coldest month (Tempp,y), annual precipitation (AP), and
precipitation of the driest quarter (Precq;). AMT and AP are the two
commonly used bioclimatic variables in plant species distribution
modeling and plant physiology studies (Andivia et al., 2018; Gardner
et al., 2019; Song et al., 2021). Moreover, extreme climate events play a
key role in determining biodiversity patterns, which is often different
from the effects of stable climate change (Walther, 2010). Temppi, and
Precy, capture extreme climate conditions, and likely reflect the biocli-
matic variables limiting species distribution (Aratijo and Peterson, 2012;
Zimmermann et al., 2009).

2.3. Climate change vulnerability assessments

For assessing climate change vulnerability of Magnolia species, we
first calculated sensitivity and exposure through CNFA (Rinnan and
Lawler, 2019). Sensitivity was quantified by the marginality, which
reflects the niche centroid distance between the species' habitat and the
global range, and the specialization, which is the ratio of size of the
global niche to that of the species' niche (Hirzel et al., 2002). The habitat
for each species is defined by the climatic conditions of the range where
the species occur, while the global range corresponds to the set of
terrestrial climatic conditions on earth. To quantify marginality and
specialization for each species, we used species' range and the current
climate within the global range before calculating sensitivity. We
calculated marginality, specialization and sensitivity using the “cnfa”
function in the CENFA package (Rinnan, 2018), Exposure was quantified
through a dissimilarity measure of current and future climate within the
species' range (Rinnan and Lawler, 2019). We calculated exposure using
the “departure” function in the CENFA package (Rinnan, 2018) for the
six future climate scenarios (i.e., the three GCMs x two RCPs) for each
species. Considering the long life-span of trees does not allow for rapid
adaptation to climatic variation (Lindner et al., 2010; Petit and Hampe,
2006), vulnerability to climate change for each species was obtained as
the geometric mean of sensitivity and exposure, implemented using the
“vulnerability” function in the CENFA package (Rinnan, 2018). Similar
to exposure, we calculated for each species vulnerability for the six
future climate scenarios. To calculate spatial sensitivity, exposure and
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vulnerability to climate change, we used the “predict” function in the
CENFA package (Rinnan, 2018).

We then tested the agreement of the estimated vulnerability under
the three GCMs (i.e., CESM1-BGC, IPSL-CM5A-LR, and MPI-ESM-MR).
Vulnerability across Magnolia species were highly correlated among
the three GCMs (R? > 0.99, p-value < 0.001; Table S1), and the mean
spatial vulnerabilities of all Magnolia species were also highly correlated
(r > 0.8; Table S2). Therefore, we averaged the exposure and vulnera-
bility of species across GCMs and used it for subsequent analysis.

2.4. Vulnerability analysis across species

We expected vulnerability to change according to species range size.
We therefore identified and analyzed vulnerability for narrow- and
wide- ranged species in Asia and the Americas. We identified these
groups based on the relationship between species range and vulnera-
bility scores using segmented regression in the segmented package
(Muggeo, 2020). This approach fits regression models with segmented
relationships between response (i.e., vulnerability) and explanatory
variables (i.e., species range area), and identifies breakpoints (i.e.,
species range area thresholds) where linear relations change (Muggeo,
2020). Because the explanatory variables (i.e., species range area)
showed different relationships to the response variable (i.e., vulnera-
bility) above and below range area breakpoints, we classified species' as
narrow-ranged or widespread species when they were below or above
the breakpoint, respectively. We additionally performed a t-test on the
significance of the difference on vulnerability of the grouped species.

To study whether Magnolia species in the Americas and Asia have
different vulnerability to climate change, we examined the sensitivity,
exposure, and vulnerability of the grouped narrow-ranged species using
multivariate analysis of variance (MANOVA). At the same time, we
estimated 95% confidence intervals using t-test for the difference of the
mean marginality and specialization between American and Asian
narrow-ranged species, respectively. We performed the same analysis as
above for widespread species.

2.5. Spatial vulnerability analysis

To investigate the spatial vulnerability of Magnolia species, we
summarized the spatial sensitivity, exposure and vulnerability of species
in ~10 x 10-km grid cells using an assemblage-based approach (Xu
et al., 2019), calculating the mean sensitivity, exposure and vulnera-
bility across the species in each grid cell for all, narrow-ranged and
widespread species, respectively. To explore the impact of different
potential future COz emission pathways on the vulnerability of the
Magnolia species, we calculated the difference between the mean spatial
vulnerability under RCP 8.5 and 4.5 for all, narrow-ranged and wide-
spread species, respectively. We used linear regression models to
examine the relationship between latitude and mean spatial vulnera-
bility under RCP 4.5 of narrow-ranged and widespread species, respec-
tively. We also used linear regression models to check the variation of
the increment of vulnerability (i.e., the difference between the mean
spatial vulnerability under RCP 8.5 and 4.5) with latitude for narrow-
ranged and widespread species, respectively.

2.6. Identification of priority protected species and protected areas

In order to detect whether climate change is likely to affect threat
levels of Magnolia species in the IUCN Red List, we started by using the
conservation status of both narrow-ranged and widespread species in
the Americas and Asia according to the IUCN Red List, i.e., Critically
Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened
(NT), Least Concern (LC) or Data Deficient (DD), and then assessed how
vulnerable each group was to climate change vulnerability. Further-
more, we divided the mean spatial vulnerability of all species into the
three levels of high, medium and low, to represent the priority for
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conservation protection. We classified mean spatial vulnerability of all
species into three levels using three quantiles. That is, mean spatial
vulnerability greater than the 2/3 quantile was considered High, mean
spatial vulnerability between the 2/3 and 1/3 quantile was Medium, and
mean spatial vulnerability less than the 1/3 quantiles was Low. In order
to unify the classification standards, we used the same values to divide
mean spatial vulnerability of narrow-ranged and widespread species
into the three levels.

To investigate conservation protection of Magnolia species in the
different vulnerability classes, we used terrestrial PAs from the World
Database on Protected Areas (downloaded July 2020; UNEP-WCMC,
2017), resampled to 5 arc-min spatial resolution. For each of the three
vulnerability levels, we further calculated percentages of PAs for all,
narrow-ranged and widespread species, respectively. For example, the
percentage of PAs on High level for narrow-ranged species = the area of
PAs on the High level for narrow-ranged species/ the area of the High
level for narrow-ranged species. By 2019, China has over 11,800 PAs,
covering 18% of its total land territory (http://www.xinhuanet.
com/english/2019-10/31/c¢_138518505.htm, accessed on 18-10-
2021). We assumed these PAs have a uniform distribution, and then
18% of the Low, Medium and High level areas of Magnolia species in
China would fall into PAs. And then we recalculated the percentages of
PAs for all, narrow-ranged and widespread species in Asia. Due to the
incomplete data of PAs in China in the World Database, we consider this
estimate for the percentages of PAs in Asia to be optimistic.

3. Results
3.1. Vulnerability across species

Magnolia species exhibited a negative relationship between range
size and vulnerability to climate change (RCP 4.5: p-value < 0.001, R% =
0.45; RCP 8.5: p-value < 0.001, R? = 0.45; Figs.1a, S2a). The identified
breakpoint from the segmented regression analyses was 2477.4 km?
(Figs. la, S2a). Vulnerability decreased much more strongly when
increasing area for range sizes less than 2477.4 km? than for larger range
sizes (Figs. 1a, S2a). There was a significant difference in the vulnera-
bility of narrow-ranged and widespread species divided by the identified
breakpoint, with the vulnerability of narrow-ranged species being
higher than that of widespread species (Figs. 1b, S2b).

Magnolia species distributed in the Americas and Asia had different
vulnerabilities to climate change, especially for narrow-ranged species
(widespread species: p-value < 0.01; narrow-ranged species: p-value <

@) 5 (b) hk (c) *
. 6-
Io] :
< 154 10 :
S ; |
x . — 1 < 8
@ = i; e =
el 4 —_— =
g 107 - o) ©
S 109,;Srenze < BP  109,;Suarge> BP [0) 4
2 e log og % 4
8 =
5 N
= 51 &\ 34
g % " 8 e L 8% o
° = @"ao@ o, ™o s =
sl

30 35 40 45 50 55 6.0
10910Srange (kM?)

\Aﬁdeépread

Biological Conservation 265 (2022) 109425

0.001), which has much greater vulnerability in Asia (Fig. 1c). The
overall marginality of Magnolia species in the Americas was slightly
higher than those in Asia (Fig. S3a), with the difference in mean mar-
ginality between the Americas and Asia not exceeding 1.9 (Table S3).
The overall specialization of narrow-ranged species in the Americas was
much lower than in Asia (Fig. S3b), with the 95% confidence interval of
the difference in mean specialization between the Americas and Asia
being between —22.8 and — 1.9 (Table S3). In other words, the overall
niche size of narrow-ranged species in Asia was smaller than in the
Americas. Hence, narrow-ranged species in Asia are likely to be more
sensitive to climate change than narrow-ranged species in the Americas
(Fig. S4a). Consequently, despite lower future climate exposure in Asia
(Fig. S4b), Asian narrow-ranged species are more vulnerable to climate
change (Fig. 1c). For widespread species, sensitivity of Asian species is
slightly lower (Fig. S4a), and the exposure of the Asian species is also
lower (Fig. S4b); hence, the vulnerability of the Asian species to climate
change becomes lower than that of American species, although the
difference is small (Fig. 1c). In addition, the exposure of species under a
high CO; emission scenario (RCP 8.5) is generally higher than for spe-
cies under a low CO5 emission scenario (RCP 4.5) (Fig. S4b). Therefore,
the vulnerability of species to the climate change under high CO,
emissions is also higher (Fig. 1c).

3.2. Spatial patterns of vulnerability

Under RCP 4.5, the mean value of spatial vulnerability for Magnolia
species was relatively high at low latitudes, i.e., between 10°N and 10°S,
while the Magnolia species distributed in highland mountains (such as
Southwest China and Central Mexico) showed low vulnerability
(Fig. 2a). In particular, vulnerability of Magnolia species in Asia
exhibited a decreasing trend with increasing latitude (widespread: RZ=
0.2, p-value < 0.001, Fig. 3a; narrow-ranged: R’2=0.1, p-value < 0.001,
Fig. 3b), while the relationship between latitude and spatial vulnera-
bility in the Americas was much weaker (Fig. 3). Under RCP 8.5, the
vulnerability of Magnolia was higher than that for RCP 4.5, except for
small areas in Central Mexico and Southern Brazil (Fig. 2b). Analyzing
the difference in mean spatial vulnerability between RCPs 8.5 and 4.5,
the increase in the mean spatial vulnerability of narrow-ranged species
and widespread species in Asia decreased with the increase of latitude
(widespread: R? = 0.3, p-value < 0.001, Fig. 4a; narrow-ranged: R? =
0.1, p-value < 0.001, Fig. 4b). However, in the Americas, only the
narrow-ranged species showed a decreasing trend in the mean spatial
vulnerability increase from RCP4.5 to RCP8.5 with latitude (R% = 0.07,

Fig. 1. The vulnerability of Magnolia species
under future climate projections for the year
2070. (a) Relationship between vulnera-
bility and range size. The vulnerability of
each species was the mean of the vulnera-
bility cross three global circulation models
(GCMs; i.e., CESM1-BGC, IPSL-CMS5A-LR,
and MPI-ESM-MR) under the representative
concentration pathway (RCP) 4.5. The
broken line is estimated with segmented

*k |

——

Continent ‘ A - :
& Asla regression and the dashed vertical line

the Amencas shows the breakpoint (BP; x = 3.395). Sange
f‘ii s is the species range area. (b) Comparison of
e 85 vulnerability between narrow-ranged and

widespread species as identified by the
segmented regression shown by the dashed
line in (a). The asterisks represent significant
different in climate change vulnerability
between narrow-ranged and widespread
species: *** is p-value < 0.001. (c) The

Narrom‘/—ranged
Species

average value of vulnerability of widespread and narrow-ranged species distributed in the Americas and Asia, respectively. The vulnerability was the mean of
vulnerability made from three GCMs under RCPs 4.5 and 8.5, respectively. Error bars represent standard errors. The asterisks represent significant different in climate
change vulnerability of Magnolia species distributed in the Americas and Asia: * is p-value < 0.05 and ** is p-value < 0.01.


http://www.xinhuanet.com/english/2019-10/31/c_138518505.htm
http://www.xinhuanet.com/english/2019-10/31/c_138518505.htm

W.-T. Wang et al.

Biological Conservation 265 (2022) 109425

90° E 120°E 150° E 180° 150°wW 120°W  90° W 60° W
:\(’a) ™ T T v T T T =T T S Yaia T
: 30° N
10°N
2>
8 10°S
;o o
y : 1=
. | T i . 30°S
30°N
110° N
Increase
© I .~
(&)
o
2 - {10°S
i . \ o . ' . - Delcrease . i/ 7 7{ {30°s

Fig. 2. (a) Mean spatial vulnerability of Magnolia species under future climate projections for the year 2070 under the representative concentration pathway (RCP)
4.5. The spatial vulnerability of each species was the mean of the spatial vulnerability for three global circulation models (GCMs; i.e., CESM1-BGC, IPSL-CM5A-LR,
and MPI-ESM-MR); (b) The increase in mean spatial vulnerability of Magnolia species from RCP 4.5 to RCP 8.5.
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Fig. 3. Relationship between mean spatial
vulnerability and latitude under future
climate projections for the year 2070 under
the representative concentration pathway
(RCP) 4.5. (a) Mean spatial vulnerability for
widespread species; (b) Mean spatial
vulnerability for narrow-ranged species.
The spatial vulnerability of each species was
the mean of the vulnerability across three
global circulation models (GCMs; i.e.,
CESM1-BGC, IPSL-CM5A-LR, and MPI-ESM-
MR). The vertical axis is the logarithm of
mean spatial vulnerability, and the hori-
zontal axis is the absolute value of latitude.

Fig. 4. Relationship between increase in
mean spatial vulnerability and absolute
value of latitude under future climate for
the year 2070. (a) The increment of mean
spatial vulnerability for widespread species;
(b) The increase in mean spatial vulnera-
bility for narrow-ranged species. The in-
crease in mean spatial vulnerability is the
difference of spatial vulnerability predicted
under the representative concentration
pathway (RCPs) 4.5 and 8.5. The spatial
vulnerability of each species was the mean
of the vulnerability cross three global cir-
culation models (GCMs; i.e., CESM1-BGC,
IPSL-CM5A-LR, and MPI-ESM-MR).
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p-value < 0.001, Fig. 4b). By 2070, Magnolia species distributed in low
latitudes will experience greater climate change, i.e., higher climate
exposure (Fig. S5b). Further, under high carbon emissions (RCP 8.5),
climate exposure of Magnolia species will be strongly increased, espe-
cially at lower latitudes (Fig. S5c).

3.3. Priority protected species and protected areas

The vulnerability of Magnolia species to future climate change does
not closely match their current conservation status in the IUCN Red List,
although CR and EN exhibited relatively high vulnerability, especially
for widespread species. Among the widespread species distributed in the
Americas, the projected vulnerability of LC species is higher than that of
EN and NT species (Figs. 5a, S6a), while in Asia, NT species are the most
vulnerable to climate change among all the conservation status of the
IUCN Red List (Figs. 5b, S6b). For narrow-ranged species, DD species are
more vulnerable to climate change, and their vulnerability exceeds that
of EN species in the Americas (Figs. 5a, S6a). In addition, LC species are
more vulnerable to climate change than NT species among the narrow-
ranged species distributed in Asia (Figs. 5b, S6b).

Under future climate change, the areas where Magnolia species are
most in need of protection occur mainly at low latitudes (between 15°N
and 15°S), and in southeastern China and coastal areas in the southern
United States (Figs. 6, S7). Among these areas, some small areas for
Magnolia species (e.g., in northern South America) are already located in
PAs, while large parts (e.g., Kalimantan and New Guinea) are mostly
unprotected (Figs. 6, S7). The proportion of protected habitats of Asian
Magnolia species is lower than that for species found in the Americas
(Table 1). For example, the proportion of PAs in the areas where narrow-
ranged species are the most in need of protection (high vulnerability) is
ca. 32% in the Americas and is ca. 23% in Asia (Table 1). Even under
optimistic estimates, the proportion of PAs in the areas where narrow-
ranged Magnolia species are the most in need of protection in Asia (ca.
30%) does not exceed that in the Americas.

4. Discussion

Our results show that vulnerability to climate change increases
steeply with declining range size for Magnolia species with a range size
below 2477.4 km?. In other words, narrow-ranged species of Magnolia
are more sensitive to climate change than widespread species. Our
finding supports Schwartz et al. (2006) who showed extinction vulner-
ability of tree species of the eastern United States increases with
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decreasing range size. Species with a narrow distribution may be locally
limited by climate (Collen et al., 2006), even if they are dispersal-limited
at larger scales (Seliger et al., 2021; Svenning and Skov, 2004), and more
likely to be negatively affected by localized stochastic events (Purvis
et al., 2000). Further, across all land plants, narrow-ranged species tend
to be concentrated in areas relatively more exposed to future climate
change and land use intensification (Enquist et al., 2019). Therefore,
narrow-ranged species have a higher risk of extinction caused by climate
change, and our findings show that this is also the case for Magnolia.

On a global scale, Magnolia species distributed in Asia and the
Americas show significant differences in their vulnerability to climate
change, especially for narrow-ranged species. A cross-taxa meta-analysis
(including plants, birds, fish, mammals, invertebrates, reptiles, and
amphibians) showed that extinction risks under climate change vary
among regions, with the highest extinction risk in South America,
Australia, and New Zealand (Urban, 2015). Although these findings
indicated extinction risk in Asia to be lower than in South America, the
author speculates that Asia may face a higher risk of species extinction
from climate change than estimated, due to limited studies. Indeed, the
floras of eastern Asia have been estimated to exhibit higher extinction
risk than eastern North America under future changes in climate and
land cover (Song et al., 2021). For narrow-ranged species of the
Magnolia genus found in the Americas and Asia, our results support this
suggestion, i.e., our estimated climate vulnerability for the narrow-
ranged Magnolia species in Asia were higher than that in the Amer-
icas. Despite Magnolia species in the Americas and Asia having similar
climatic requirements (Fig. S1) and experiencing only small differences
in climate exposure, the relatively narrow niche of most narrow-ranged
Magnolia species in Asia results in greater estimates of climate change
sensitivity for Asian species.

Magnolia species in low latitudes may face greater climate change
and therefore have greater climate-related vulnerability. In particular,
vulnerability of Magnolia species distributed in Asia shows a significant
negative correlation with latitude (Fig. 3). Although dispersal poleward
and upward could be a common response of species to climate change to
avoid extinction (Parmesan and Yohe, 2003), for Magnolia species found
on islands the climate-related extinct risk will increase due to dispersal
constraints, with this particularly pronounced in Southeast Asia (e.g.,
Kalimantan and New Guinea). Our findings also show that Magnolia
species are less vulnerable to climate change in mountainous regions,
such as in southwestern China, the tropical montane cloud forest of
Mexico, and the Parand Plateau in Brazil. For example, in southwestern
China, the large elevation gradient coupled with the influence of the
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Fig. 5. Comparison of vulnerability of Magnolia species grouped by IUCN red list categories under future climate projections for the year 2070 under the repre-
sentative concentration pathway (RCP) 4.5. (a) Magnolia species distributed in the Americas; (b) Magnolia species distributed in Asia. The vulnerability of each
species was the mean of the vulnerability across three global circulation models (GCMs; i.e., CESM1-BGC, IPSL-CM5A-LR, and MPI-ESM-MR). Horizontal axis is the
abbreviations for the IUCN red list categories, CR: Critically Endangered, EN: Endangered, VU: Vulnerable, NT: Near Threatened, LC: Least Concern, and DD: Data
Deficient. The red dashed lines are the horizontal lines passing through the vulnerability of Least Concern species (widespread and narrow-ranged spread). Error bars
represent standard errors. The numbers at the bottom of the bars represents the total number of Magnolia species belonging to each group. For RCP 8.5, see Fig. S6.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. Protected areas (PAs) with three levels of vulnerability for Magnolia
species distributed in the Americas (a) and Asia (b) under future climate for the
year 2070 under the representative concentration pathway (RCP) 8.5, respec-
tively. (c) and (d) are the three levels of vulnerability areas without PAs. The
spatial vulnerability of each species was the mean of the vulnerability across
three global circulation models (GCMs; i.e., CESM1-BGC, IPSL-CM5A-LR, and
MPI-ESM-MR). High, Medium and Low represent high, medium and low
vulnerability areas, and also represent the conservation prioritization order.
The PAs are outlined by red lines. For RCP 4.5, see Fig. S7. (For interpretation
of the references to color in this figure legend, the reader is referred to the web
version of this article.)

East Asian monsoon climate provides complex habitats for tree species
with suitable macroclimatic and topoclimatic conditions (Tang et al.,
2018). Our results also support Tang et al. (2018) that southwestern
China is a long-term climate refuge for relict species, reflecting its
complex habitat that allows for buffering against impacts of future
climate change (cf. Sandel et al., 2011). These results do not suggest that
mountain Magnolia species are safe from future climate change. Some
studies have even suggested that plant species in mountain regions may
be relatively more sensitive to climate change (Beniston et al., 1997;
Messerli and Ives, 1997; Ohmura, 2012), in contrast to our findings. In
any case, future climate change may drive high extirpation rates for
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Table 1

Percentage of protected areas (PAs) with three levels of vulnerability of Magnolia
species distributed in the Americas and Asia under future climate projections for
the year 2070 under the representative concentration pathways (RCPs) 4.5 and
8.5. The vulnerability of each species was the mean of the vulnerability cross
three global circulation models (GCMs; i.e., CESM1-BGC, IPSL-CM5A-LR, and
MPI-ESM-MR). High, Medium and Low represent high, medium and low
vulnerability areas, and also represent the priority protection order. The value in
brackets is a virtual optimistic estimate of the percentage of PAs in Asia.

The Americas Asia
High Medium  Low High Medium Low
RCP 4.5
All species 15.1%  6.5% 9.4% 11.6% 9.1% 9.5%
(18.9%) (20%) (21%)
Widespread 14.8% 6.5% 9.4% 11.4% 9.0% 9.5%
species (18.8%) (19.9%) (21%)
Narrow- 30.7%  32.1% 25% 22.5% 0% 0%
ranged (29.2%) (15.4%) (14.4%)
species
RCP 8.5
All species 16.0%  6.6% 9.4% 8.7% 8.7% 15.0%
(16.9%) (20.2%) (22.8%)
Widespread 15.5%  6.7% 9.4% 8.3% 8.6% 15.0%
species (16.6%) (20.2%) (22.8%)
Narrow- 32.0% 17.5% 21.7%  23.2% 0% 0%
ranged (30%) (17.1%) (10%)
species

mountain plants, notably endemic species (Dullinger et al., 2012). A
recent study comparing the regional disparity in extinction risk of
disjunct plant genera between eastern Asia and eastern North America
pointed out that species in the mountain regions of southern and
southwestern China risk high extinction rates (Song et al., 2021).
Previous studies have shown threat status assessments in the IUCN
Red List of species do not adequately account for threats posed by po-
tential (or future) climate change (Thomas et al., 2004; Thuiller et al.,
2005). We found that the vulnerability of some LC Magnolia species to
future climate change was higher than that of VU Magnolia species,
consistent with the results of Rinnan and Lawler (2019) and Wang et al.
(2021). For example, the widespread species M. equatorialis, distributed
in western Amazonia, is currently considered relatively abundant, with
only minor threats mainly coming from oil extraction and associated
deforestation (Vazquez-Garcia et al., 2012, 2013). However, we found
that the LC species M. equatorialis is more vulnerable to future climate
change than all the VU Magnolia species distributed in the Americas.
Another LC species M. oblonga distributed in high-elevation broadleaved
forest of India and Bangladesh is also highly vulnerable to climate
change. Moreover, its narrow habitat is being destroyed by deforestation
for small-scale agriculture and tea production (IUCN, 2015), with no
conservation actions currently being implemented (Behera et al., 2002;
Rana et al., 2012). The goal of the Red List criteria is to measure the
relative extinction risk of species under prevailing circumstances, but it
does not represent a priority mechanism for species conservation (Collen
etal., 2016). In this case, future climate change may further increase the
extinction risk of LC species of Magnolia species, highlighting the need to
continuously monitor and update the Red List as human-driven climate
change continues to strengthen. In addition, although some Magnolia
species are classified as DD species (e.g., M. pterocarpa), they clearly
have relatively small populations and at least some occur where the
habitat has suffered high rates of deforestation (Kundu, 2009). It is
worth noting that DD represents the inability to distinguish whether the
species is threatened because of limited information about processes
affecting the species, but not a category of threat (Mace et al., 2008). Our
results show five out of the eleven DD species in the Americas and eight
out of the twenty-nine DD species in Asia are more vulnerable to climate
change than currently recognized VU species. Therefore, our findings
support the conservation proposal by Mace et al. (2008) that DD species
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should be protected to the same degree as threatened species, at least
until more information is obtained. In addition, our results provide
important information on which DD species may need most conserva-
tion actions to counteract future pressure from climate change.

Although PAs are important for biodiversity conservation, their
effectiveness is also key to reducing future biodiversity loss (Banjac
etal., 2019; Ervin, 2003; Feng et al., 2021; Hockings and Phillips, 1999).
Our results show that Magnolia species distributed in low-latitude re-
gions will be relatively more threatened by climate change. However,
the corresponding high vulnerability areas located in PAs in low-latitude
regions are scattered across large areas. The high vulnerability areas of
some of the larger islands in Southeast Asia, for example Kalimantan and
New Guinea, have a low percentage of PAs. In general, the distribution
area of narrow-ranged species of Magnolia is better covered by PAs than
that of widespread species for both continents, and the high-
vulnerability areas for narrow-ranged species are protected to a much
higher degree than that of widespread species. However, even the high-
vulnerability areas of narrow-ranged species are less than 32% covered
by PAs. Therefore, the effectiveness of PAs for safeguarding the diversity
of Magnolia species towards future climate pressures should be further
improved. Moreover, our results also show that the vulnerability of
narrow-ranged Magnolia species to climate change is higher in Asia than
in the Americas. Since the data on PAs in China in World Database on
Protected Areas (WDPA) we used is incomplete, we also calculated
another proportion of Asian Magnolia species that are protected under a
more optimistic scenario (i.e., where 18% of Magnolia species habitats in
China fall into PAs). We still observed the same result as using only
WDPA, where the proportion of high-vulnerability narrow-ranged
Magnolia species protected in PAs in Asia is lower than that in the
Americas. Although PAs in China covers 18% of the total land territory,
the distribution of PAs is not uniform and the PAs in southeastern China
still account for less than 18% of this region's area (Bai et al., 2020). In
other words, less than 18% of high-vulnerability narrow-ranged
Magnolia species are protected in China, and the proportion of high-
vulnerability areas for narrow-ranged Magnolia species in PAs in Asia
is still much lower than that in the Americas. The main reasons for this
difference are that there are few PAs in high-vulnerability areas in
Southeast Asia and the coverage of national-level nature reserves in
China are biased towards non-forest areas (Ren et al., 2015; Wu et al.,
2011), e.g., with poor coverage of natural forests in southeastern China
(Wu et al., 2011).

In general, the vulnerability of Magnolia species under the high COy
emission pathway (RCP 8.5) was higher than that under the low CO,
emission pathway (RCP 4.5), with parts of Mexico and Brazil the main
exception. In order to overcome the low statistical power caused by
limited of sampling of narrow-ranged species, we quantified the niche
using the estimated species range instead of occurrence points, i.e., to
limit sampling bias. Despite using this approach, there could still have
been some underestimation of climate change vulnerability for rarer
Magnolia species. Conversely, we note that all niche estimates reflect a
species' realized niche, and especially for small-range species may be
affected by niche truncation (Niichel et al., 2018), i.e., the species'
climate niche is not fully expressed due to, e.g., dispersal constraints or
anthropogenic habitat loss. This could potentially lead to over-estimates
of the climate sensitivity of small-range species (Faurby and Aratjo,
2018). This limitation can only be effectively addressed through
experimental studies, which are not generally practical for long-lived
species such as Magnolia species. Nevertheless, there is evidence that
small-range species are indeed more sensitive to climate change (Vin-
cent et al., 2020). In addition, our research mainly focuses on the
vulnerability of Magnolia species under climate change. Although land
use changes have a great impact as well (e.g., deforestation), it is not
within the scope of this study.

In conclusion, Magnolia species with narrow ranges are estimated to
be much more vulnerable to climate change than widespread species in
the genus. For widespread Magnolia species, the differences in
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vulnerability of Magnolia species distributed in Asia and the Americas
are relatively small. At the same time, the two continents have relatively
small differences in the extent of protected areas for widespread
Magnolia species. For narrow-ranged species, climate change vulnera-
bility is higher and protected area coverage lower for Asian Magnolia
species than American species. Moreover, the conservation status
ranking of Magnolia species classified by the IUCN Red List is likely to
change under future climate change, as some NT and LC species were
estimated to become more vulnerable to climate change than EN species.
Magnolia species classified as DD should be protected to the same degree
as threatened species before obtaining more risk assessment informa-
tion. Our results highlight that conservation assessments, policies and
actions for Magnolia species need to take future climate change into
account. Climate change vulnerability could provide important infor-
mation for conservation prioritization strategies to balance other factors
that influence decisions, such as cost, and chance of success.

Declaration of competing interest
We declare no conflicts of interest.
Acknowledgements

W.T.W. considers this work a contribution to the National Natural
Science Foundation of China (no. 31560127), the Foundation Research
Funds for the Central Universities (no. 31920190053; no. 31920200037;
no. 31920200070), the Gansu Science and Technology Fund (no.
20JR5RA512), the Research Fund for Humanities and social sciences of
the Ministry of Education of China (20XJAZHO006), and the Innovation
Team of Intelligent Computing and Dynamical System Analysis and
Application of Northwest Minzu University. J.-C.S. considers this work a
contribution to his VILLUM Investigator project “Biodiversity Dynamics
in a Changing World” funded by VILLUM FONDEN (grant 16549) and
his Independent Research Fund Denmark | Natural Sciences project
TREECHANGE (grant 6108-00078B). We also thank Prof. Fang Du
working in Beijing Forestry University for comments.

CRediT authorship contribution statement

Wen-Ting Wang: Conceptualization (equal); formal analysis (lead);
writing — original draft preparation (lead); writing — review and editing
(lead); funding acquisition (equal). Wen-Yong Guo: Conceptualization
(equal); formal analysis (supporting); writing — review and editing
(equal). Scott Jarvie: writing — review and editing (equal). Josep M.
Serra-Diaz: Data curation (lead); writing — review and editing (equal).
Jens-Christian Svenning: Conceptualization (equal); formal analysis
(supporting); writing — review and editing (equal); funding acquisition
(equal).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.biocon.2021.109425.

References

Aitken, S.N., Yeaman, S., Holliday, J.A., Wang, T., Curtis-McLane, S., 2008. Adaptation,
migration or extirpation: climate change outcomes for tree populations. Evol. Appl.
1, 95-111.

Akcakaya, H.R., Butchart, S., Watson, J., Pearson, R., 2014. Preventing species
extinctions resulting from climate change. Nat. Clim. Chang. 4, 1048-1049.

Andivia, E., Natalini, F., Fernandez, M., Alejano, R., Vazquez-Piqué, J., 2018. Contrasting
holm oak provenances show different field performance but similar resilience to
drought events eight years after planting in a Mediterranean environment. iForest
11, 259-266.

Aradjo, M.B., Peterson, A.T., 2012. Uses and misuses of bioclimatic envelope modeling.
Ecology 93, 1527-1539.

Bai, X., Cerimele, F., Ushio-Fukai, M., Waqas, M., Campbell, P.M., Govindarajan, B.,
Der, C.J., Battle, T., Frank, D.A., Ye, K., Murad, E., Dubiel, W., Soff, G., Arbiser, J.L.,


https://doi.org/10.1016/j.biocon.2021.109425
https://doi.org/10.1016/j.biocon.2021.109425
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815001892
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815001892
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815001892
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080703412180
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080703412180
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704405241
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704405241
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704405241
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704405241
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815013357
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815013357
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815032316
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815032316

W.-T. Wang et al.

2003. Honokiol, a small molecular weight natural product, inhibits angiogenesis in
vitro and tumor growth in vivo. J. Biol. Chem. 278, 35501-35507.

Bai, Y.H., Zhang, S.Y., Guo, Y., Tang, Z., 2020. Conservation status of primulaceae, a
plant family with high endemism, in China. Biol. Conserv. 248, 108675.

Baker, D.J., Hartley, A.J., Butchart, S.H., Willis, S.G., 2016. Choice of baseline climate
data impacts projected species' responses to climate change. Glob. Chang. Biol. 22,
2392-2404.

Banda-R, K., Delgado-Salinas, A., Dexter, K.G., Linares-Palomino, R., OliveiraFilho, A.,
Prado, D., et al., 2016. Plant diversity patterns in neotropical dry forests and their
conservation implications. Science 353, 1383-1387.

Banjac, N., Maksimovi¢, R., Dragas, K., Iveti¢, J., 2019. Monitoring and assessment of
protected areas' management capacities in the Republic of Serbia. Sustainability 11,
666.

Behera, M.D., Kushwaha, S.P.S., Roy, P.S., 2002. High plant endemism in an Indian
hotspot - eastern Himalaya. Biodivers. Conserv. 11, 669-682.

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., Courchamp, F., 2012. Impacts of
climate change on the future of biodiversity. Ecol. Lett. 15, 365-377.

Beniston, M., Diaz, H., Bradley, R., 1997. Climatic change at high elevation sites: an
overview. Clim. Chang. 36, 233-251.

Brown, J.H., 2014. Why are there so many species in the tropics? J. Biogeogr. 41, 8-22.

Butt, N., Possingham, H.P., De, L.R.C., Maggini, R., Fuller, R.A., Maxwell, S.L., Watson, J.
E.M., 2016. Challenges in assessing the vulnerability of species to climate change to
inform conservation actions. Biological Conservation 199, 10-15.

Christmas, M.J., Breed, M.F., Lowe, A.J., 2016. Constraints to and conservation
implications for climate change adaptation in plants. Conserv. Genet. 17, 305-320.

Chu, C., Lutz, J.A., Krél, K., Vr$ka, T., Yin, X., Myers, J.A., et al., 2019. Direct and indirect
effects of climate on richness drive the latitudinal diversity gradient in forest trees.
Ecol. Lett. 22, 245-255.

Collen, B., Bykova, E., Ling, S., Milner-Gulland, E.J., Purvis, A., 2006. Extinction risk: a
comparative analysis of central Asian vertebrates. Biodivers. Conserv. 15,
1859-1871.

Collen, B., Dulvy, N.K., Gaston, K.J., Gardenfors, U., Keith, D.A., Punt, A.E., Regan, H.M.,
Bohm, M., Hedges, S., Seddon, M., Butchart, S.H.M., Hilton-Taylor, C.,

Hoffmann, M., Bachman, S.P., Ak¢akaya, H.R., 2016. Clarifying misconceptions of
extinction risk assessment with the IUCN red list. Biol. Lett. 12, 20150843.

Dauby, G., Zaiss, R., Blach-Overgaard, A., Catarino, L., Damen, T., Deblauwe, V., et al.,
2016. RAINBIO: a mega-database of tropical African vascular plants distributions.
PhytoKeys 74, 1-18.

Dawson, T.P., Jackson, S.T., House, J.I., Prentice, I.C., Mace, G.M., 2011. Beyond
predictions: biodiversity conservation in a changing climate. Science 332, 53-58.

Deb, J.C., Phinn, S., Butt, N., McAlpine, C.A., 2017. The impact of climate change on the
distribution of two threatened Dipterocarp trees. Ecol. Evol. 7, 2238-2248.

Du, F.K., Wang, T., Wang, Y., Ueno, S., de Lafontaine, G., 2020. Contrasted patterns of
local adaptation to climate change across the range of an evergreen oak, Quercus
aquifolioides. Evol. Appl. 13, 2377-2391.

Dullinger, S., Gattringer, A., Thuiller, W., Moser, D., Zimmermann, N.E., Guisan, A.,
Willner, W., Plutzar, C., Leitner, M., Mang, T., Caccianiga, M., Dirnbock, T., Ertl, S.,
Fischer, A., Lenoir, J., Svenning, J.C., Psomas, A., Schmatz, D.R., Silc, U., Vittoz, P.,
Hiilber, K., 2012. Extinction debt of high-mountain plants under twenty-first-century
climate change. Nat. Clim. Chang. 2, 619-622.

Dyderski, M.K., Paz, S., Frelich, L.E., Jagodzinski, A.M., 2018. How much does climate
change threaten European forest tree species distributions? Glob. Chang. Biol. 24,
1150-1163.

Dyer, J.M., 1994. Land use pattern, forest migration, and global warming. Landsc. Urban
Plan. 29, 77-83.

Dyer, J.M., 1995. Assessment of climatic warming using a model of forest species
migration. Ecol. Model. 79, 199-219.

Edelsbrunner, H., Kirkpatrick, D., Seidel, R., 1983. On the shape of a set of points in the
plane. IEEE Trans. Inf. Theory 29, 551-559.

Eiserhardt, W.L., Borchsenius, F., Plum, C.M., Ordonez, A., Svenning, J.-C., 2015.
Climate-driven extinctions shape the phylogenetic structure of temperate tree floras.
Ecol. Lett. 18, 263-272.

Enquist, B.J., Feng, X., Boyle, B., Maitner, B., Newman, E.A., Jgrgensen, P.M., et al.,
2019. The commonness of rarity: global and future distribution of rarity across land
plants. Science Advances 5, eaaz0414.

Ervin, J., 2003. Protected area assessments in perspective. Bioscience 53, 819-822.

Faurby, S., Aradjo, M.B., 2018. Anthropogenic range contractions bias species climate
change forecasts. Nat. Clim. Chang. 8, 252-256.

Feng, C., Cao, M., Wang, W., Wang, H., Liu, F., Zhang, L., Du, J., Zhou, Y., Huang, W.,
Li, J., 2021. Which management measures lead to better performance of China's
protected areas in reducing forest loss? Sci. Total Environ. 764, 142895.

Fiissel, H.-M., Klein, R.J.T., 2006. Climate change vulnerability assessments: an evolution
of conceptual thinking. Clim. Chang. 75, 301-329.

Garcia-Rosello, E., Guisande, C., Manjarrés-Hernandez, A., Gonzélez-Dacosta, J.,
Heine, J., Pelayo-Villamil, P., Gonzélez-Vilas, L., Vari, R.P., Vaamonde, A., Granado-
Lorencio, C., Lobo, J.M., 2015. Can we derive macroecological patterns from
primary global biodiversity information facility data? Glob. Ecol. Biogeogr. 24,
335-347.

Gardner, A.S., Maclean, I.M.D., Gaston, K.J., 2019. Climatic predictors of species
distributions neglect biophysiologically meaningful variables. Divers. Distrib. 25,
1318-1333.

Geldmann, J., Coad, L., Barnes, M.D., Craigie, I.D., Burgess, N.D., 2018. A global analysis
of management capacity and ecological outcomes in terrestrial protected areas.
Conserv. Lett. 11, e12434.

Grenyer, R., Orme, C.D.L., Jackson, S.F., Thomas, G.H., Davies, R.G., Davies, T.J.,
Jones, K.E., Olson, V.A., Ridgely, R.S., Rasmussen, P.C., Ding, T.S., Bennett, P.M.,

Biological Conservation 265 (2022) 109425

Blackburn, T.M., Gaston, K.J., Gittleman, J.L., Owens, I.P.F., 2006. Global
distribution and conservation of rare and threatened vertebrates. Nature 444, 93-96.

Guo, Q., 1999. Ecological comparisons between eastern Asia and North America:
historical and geographical perspectives. J. Biogeogr. 26, 199-206.

Guo, W.-Y., Serra-Diaz, J.M., Schrodt, F., Eiserhardt, W.L., Maitner, B.S., Merow, C.,
et al., 2020. Half of the World’s tree biodiversity is unprotected and is increasingly
threatened by human activities. bioRxiv, 2020.2004.2021.052464.

Halpin, P.N., 1997. Global climate change and natural-area protection: management
responses and research directions. Ecol. Appl. 7, 828-843.

Hamann, A., Wang, T., 2006. Potential effects of climate change on ecosystem and tree
species distribution in British Columbia. Ecology 87, 2773-2786.

Hannah, L., Midgley, G., Andelman, S., Aratjo, M., Hughes, G., Martinez-Meyer, E.,
Pearson, R., Williams, P., 2007. Protected area needs in a changing climate. Front.
Ecol. Environ. 5, 131-138.

Hebda, R.J., Irving, E., 2004. On the origin and distribution of magnolias: tectonics, DNA
and climate change. In: Paper Presented at the Conference on Timescales of the
Internal Geomagnetic Field.

Heywood, V., Dulloo, M., 2005. In situ Conservation of Wild Plant Species — a Critical
Global Review of Good Practices. IPGRI Technical Bulletin No. 11. IPGRI, Rome.

Hirzel, A., Hausser, J., Chessel, D., Perrin, N., 2002. Ecological-niche factor analysis: how
to compute habitat-suitability maps without absence data? Ecology 83, 2027-2036.

Hockings, M., Phillips, A., 1999. How well are we doing?- some thoughts on the
effectiveness of protected areas. Parks 9, 5-14.

Huntley, B., Berry, P.M., Cramer, W., McDonald, A.P., 1995. Modelling present and
potential future ranges of some European higher plants using climate response
surfaces. J. Biogeogr. 22, 967-1001.

IPPC, 2013. Climate change 2013: The physical science basis. In: Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. USA: Cambridge University Press, Cambridge, United Kingdom and
New York, NY.

TUCN, 2015. The IUCN Red List of Threatened Species. Version 2015.2. Available at:
(Accessed: 23 June 2015). www.iucnredlist.org.

Iverson, L.R., Schwartz, M.W., Prasad, A.M., 2004. How fast and far might tree species
migrate in the eastern United States due to climate change? Glob. Ecol. Biogeogr. 13,
209-219.

Jiang, W., Cao, J., Li, G., Weng, M., 2005. Development of new ornamental tree species
of magnolia family in China and its application in landscaping. Shanghai Nongye
Xuebao 21, 68-73.

Juffe-Bignoli, D., Burgess, N.D., Bingham, H., Belle, E.M.S., de Lima, M.G.,

Deguignet, M., Bertzky, B., Milam, A.N., Martinez-Lopez, J., Lewis, E., et al., 2014.
Protected planet report 2014. UNEP-WCMC, Cambridge, UK.

Karger, D.N., Conrad, O., Bohner, J., Kawohl, T., Kreft, H., Soria-Auza, R.W., et al., 2017.
Climatologies at high resolution for the Earth's land surface areas. Sci. Data 4,
170122.

Karger, D.N., Conrad, O., Bohner, J., Kawohl, T., Kreft, H., Soria-Auza, R.W.,
Zimmermann, N.E., Linder, H.P., Kessler, M., 2018. Data from: Climatologies at high
resolution for the earth's land surface areas. In: Dryad, Dataset. https://doi.org/
10.5061/dryad.kd1d4.

Koo, T.H., Lee, J.H., Park, Y.J., Hong, Y.S., Lee, J.J., 2001. A sesquiterpene lactone,
costunolide, from Magnolia grandiflora inhibits NF-kB by targeting IkB
phosphorylation. Planta Med. 67, 103-107.

Kundu, S., 2009. A synopsis on distribution and endemism of Magnoliaceae s.L. in Indian
subcontinent. Thaiszia J. Bot. 19, 47-60.

Latham, R.E., Ricklefs, R.E., 1993. Continental comparisons of temperate-zone tree
species diversity. In: Ricklefs, R.E., Schulter, D. (Eds.), Species Diversity in Ecological
Communities. University of Chicago Press, Chicago, pp. 294-314.

Lawler, J.J., 2009. Climate change adaptation strategies for resource management and
conservation planning. Ann. N. Y. Acad. Sci. 1162, 79-98.

Leclerc, C., Courchamp, F., Bellard, C., 2020. Future climate change vulnerability of
endemic island mammals. Nat. Commun. 11, 4943.

Liang, Y., Duveneck, M.J., Gustafson, E.J., Serra-Diaz, J.M., Thompson, J.R., 2018. How
disturbance, competition, and dispersal interact to prevent tree range boundaries
from keeping pace with climate change. Glob. Chang. Biol. 24 (1), e335-e351.

Lindner, M., Maroschek, M., Netherer, S., Kremer, A., Barbati, A., Garcia-Gonzalo, J.,
Seidl, R., Delzon, S., Corona, P., Kolstrom, M., Lexer, M.J., Marchetti, M., 2010.
Climate change impacts, adaptive capacity, and vulnerability of European forest
ecosystems. For. Ecol. Manag. 259, 698-709.

Mace, G.M., Collar, N.J., Gaston, K.J., Hilton-Taylor, C., Akcakaya, H.R., Leader-
Williams, N., Milner-Gulland, E.J., Stuart, S.N., 2008. Quantification of extinction
risk: IUCN's system for classifying threatened species. Conserv. Biol. 22, 1424-1442.

Malanson, G.P., Cairns, D.M., 1997. Effects of dispersal, population delays, and forest
fragmentation on tree migration rates. Plant Ecol. 131, 67-79.

Martinez, A.L., Dominguez, F., Orozco, S., Chavez, M., Salgado, H., Gonzalez, M.,
Gonzalez-Trujano, M.E., 2006. Neuropharmacological effects of an ethanol extract of
the Magnolia dealbata Zucc. leaves in mice. J. Ethnopharmacol. 106, 250-255.

Mauri, A., Strona, G., San-Miguel-Ayanz, J., 2017. EU-Forest, a high-resolution tree
occurrence dataset for Europe. Sci. Data 4, 160123.

McKenney, D.W., Pedlar, J.H., Lawrence, K., Campbell, K., Hutchinson, M.F., 2007.
Potential impacts of climate change on the distribution of North American trees.
Bioscience 57, 939-948.

Meier, E., Lischke, H., Schmatz, D., Zimmermann, N., 2012. Climate, competition and
connectivity affect future migration and ranges of European trees. Glob. Ecol.
Biogeogr. 21, 164-178.

Messerli, B., Ives, J.D., 1997. In: Mountain of the world: A global priority. Parthenon,
New York, p. 495.


http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815032316
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815032316
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815054827
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815054827
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704496988
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704496988
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080704496988
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112210857374292
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112210857374292
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112210857374292
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815160338
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815160338
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815160338
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080705071244
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080705071244
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815170141
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815170141
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706247336
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706247336
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815179433
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080741005958
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080741005958
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080741005958
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815190953
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815190953
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815210481
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815210481
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815210481
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706386280
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706386280
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706386280
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815233465
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815233465
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815233465
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815233465
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112210900188902
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112210900188902
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112210900188902
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815240188
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815240188
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815344918
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815344918
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706438629
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706438629
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080706438629
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815372462
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815372462
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815372462
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815372462
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815372462
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815417013
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815417013
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815417013
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815451264
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815451264
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815469463
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815469463
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815495871
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815495871
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815507602
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815507602
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815507602
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708155695
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708155695
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708155695
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708187052
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815520330
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815520330
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815538475
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815538475
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815538475
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815553440
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815553440
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815589777
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815589777
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815589777
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815589777
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080815589777
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708205220
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708205220
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708205220
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708265932
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708265932
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708265932
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816005996
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816005996
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816005996
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816005996
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816132757
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816132757
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080745365475
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080745365475
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080745365475
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816132913
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816132913
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816134785
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816134785
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816134941
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816134941
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816134941
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708383511
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708383511
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708383511
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080747432382
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080747432382
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708416371
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708416371
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708432772
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708432772
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708483728
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708483728
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708483728
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080749068353
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080749068353
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080749068353
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080749068353
http://www.iucnredlist.org
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816136035
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816136035
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816136035
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708540523
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708540523
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080708540523
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080711078621
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080711078621
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080711078621
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816225442
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816225442
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816225442
https://doi.org/10.5061/dryad.kd1d4
https://doi.org/10.5061/dryad.kd1d4
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080713056048
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080713056048
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080713056048
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080714398326
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080714398326
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080715296801
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080715296801
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080715296801
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717211998
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717211998
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816242772
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816242772
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816259161
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816259161
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816259161
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816319913
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816319913
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816319913
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816319913
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816372429
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816372429
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816372429
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717227403
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717227403
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816457275
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816457275
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816457275
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816550839
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080816550839
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817025762
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817025762
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817025762
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717270266
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717270266
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717270266
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717386860
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080717386860

W.-T. Wang et al.

Muggeo, V.M.R., 2020. Regression models with break-points / change-points estimation.
R package version 1.2-0. https://CRAN.R-project.org/package=segmented.

Nie, Z.-L., Wen, J., Azuma, H., Qiu, Y.-L., Sun, H., Meng, Y., Sun, W.B., Zimmer, E.A.,
2008a. Phylogenetic and biogeographic complexity of Magnoliaceae in the Northern
Hemisphere inferred from three nuclear data sets. Mol. Phylogenet. Evol. 48,
1027-1040.

Nie, Z.L., Wen, J., Azuma, H., Qiu, Y.L., Zimmer, E.A., 2008b. Phylogenetic and
biogeographic complexity of Magnoliaceae in Northern Hemisphere inferred from
three nuclear data sets. Mol. Phylogenet. Evol. 48, 1027-1040.

Niichel, J., Bgcher, P.K., Xiao, W., Zhu, A.-X., Svenning, J.-C., 2018. Snub-nosed monkeys
(Rhinopithecus): potential distribution and its implication for conservation.
Biodivers. Conserv. 27, 1517-1538.

Ohmura, A., 2012. Enhanced temperature variability in high-altitude climate change.
Theor. Appl. Climatol. 110, 499-508.

Pacifici, M., Foden, W.B., Visconti, P., Watson, J.E.M., Butchart, S.H.M., Kovacs, K.M.,
et al., 2015. Assessing species vulnerability to climate change. Nat. Clim. Chang. 5,
215.

Parmesan, C., Yohe, G., 2003. A globally coherent fingerprint of climate change impacts
across natural systems. Nature 421, 37-42.

Pateiro-Lopez, B., Rodriguez-Casal, A., 2010. Generalizing the convex hull of a sample:
the R package alphahull. J. Stat. Softw. 34, 1-28.

Peters, R.L., 1990. Effects of global warming on forests. For. Ecol. Manag. 35, 13-33.

Petit, R.J., Hampe, A., 2006. Some evolutionary consequences of being a tree. Annu. Rev.
Ecol. Evol. Syst. 37, 187-214.

Purvis, A., Gittleman, J.L., Cowlishaw, G., Mace, G.M., 2000. Predicting extinction risk in
declining species. Proc. R. Soc. B Biol. Sci. 267, 1947-1952.

R Core Team, 2018. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna.

Ramirez-Reyes, T., Luna-Rodriguez, M., Noa-Carrazana, J.C., Diaz-Fleischer, F., Sanchez-
Velasquez, L.R., Flores-Estévez, N., 2015. Influence of season and organ on
antibacterial activity of Magnolia dealbata Zucc. against two phytopathogenic
bacteria. Chem. Ecol. 31, 47-52.

Rana, T.S., Meena, B., Datt, B., 2012. Diversity and distribution of Magnoliaceae in India.
In: Xia, N., Zeng, Q., Xu, F., Wu, Q. (Eds.), Proceedings of the Second International
Symposium on the Family Magnoliaceae. May 2009, pp. 72-85. Guangzhou, China.

Ren, G., Young, S.S., Wang, L., Wang, W., Long, Y., Wu, R, Li, J., Zhu, J., Yu, D.W., 2015.
Effectiveness of China's national forest protection program and nature reserves.
Conserv. Biol. 29, 1368-1377.

Rinnan, D.S., 2018. CENFA: Climate and ecological niche factor analysis. R package
version 1.0.0. https://CRAN.R-project.org/package=CENFA.

Rinnan, D.S., Lawler, J., 2019. Climate-niche factor analysis: a spatial approach to
quantifying species vulnerability to climate change. Ecography 42, 1494-1503.

Rivers, M., Beech, E., Murphy, L., Oldfield, S., 2016. The Red List of Magnoliaceae -
Revised and Extended. Botanic Gardens Conservation International, Richmond.

Séanchez-Veldsquez, L., Maria del Rosario, P.-L., Vasquez-Morales, S., Avendano-

Yénez, M., 2016. Ecology and conservation of endangered species: the case of
Magnolias. In: Endangered Species, 1a. ed. Nova Science Publishers, Inc., pp. 63-84

Sandel, B., Arge, L., Dalsgaard, B., Davies, R.G., Gaston, K.J., Sutherland, W.J.,
Svenning, J.-C., 2011. The influence of late Quaternary climate-change velocity on
species endemism. Science 334, 660-664.

Sanderson, B.M., Knutti, R., Caldwell, P., 2015. A representative democracy to reduce
interdependency in a multimodel ensemble. J. Clim. 28, 5171-5194.

Schleicher, J., Peres, C.A., Leader-Williams, N., 2019. Conservation performance of
tropical protected areas: how important is management? Conserv. Lett. 12, 1-9.

Schiihly, W., Khan, L., Fischer, N.H., 2001. The ethnomedicinal uses of magnoliaceae
from the southeastern United States as leads in drug discovery. Pharm. Biol. 39,
63-69.

Schwartz, M.W., Iverson, L.R., Prasad, A.M., Matthews, S.N., O'Connor, R.J., 2006.
Predicting exinctions as a result of climate change. Ecology 87, 1611-1615.

Seaton, K., Bettin, A., Griineberg, H., 2014. New ornamental plants for horticulture. In:
Dixon, G., Aldous, D. (Eds.), Horticulture: Plants for People and Places, Volume 1.
Springer, Dordrecht.

Seliger, B.J., McGill, B.J., Svenning, J.-C., Gill, J.L., 2021. Widespread underfilling of the
potential ranges of North American trees. J. Biogeogr. 48, 359-371.

Serra-Diaz, J.M., Franklin, J., Ninyerola, M., Davis, F.W., Syphard, A.D., Regan, H.M.,
Tkegami, M., 2014. Bioclimatic velocity: the pace of species exposure to climate
change. Divers. Distrib. 20, 169-180.

Serra-Diaz, J.M., Enquist, B.J., Maitner, B., Merow, C., Svenning, J.-C., 2018. Big data of
tree species distributions: how big and how good? For. Ecosyst. 4, 30.

Shalisko, V., Vazquez-Garcia, J.A., Villalobos-Arambula, A.R., Muniz-Castro, M.A., 2018.
In: Vulnerability to Climate Change for Narrowly Ranged Species: The Case of
Ecuadorian Endemic Magnolia mercedesiarum. bioRxiv, p. 482000.

Song, H., Ordonez, A., Svenning, J., Qian, H., Yin, X., Mao, L., Deng, T., Zhang, J., 2021.
Regional disparity in extinction risk: comparison of disjunct plant genera between
eastern Asia and eastern North America. Glob. Chang. Biol. 27, 1904-1914.

10

Biological Conservation 265 (2022) 109425

Stanton, J.C., Shoemaker, K.T., Pearson, R.G., Akcakaya, H.R., 2015. Warning times for
species extinctions due to climate change. Glob. Chang. Biol. 21, 1066-1077.

Summers, D.M., Bryan, B.A., Crossman, N.D., Meyer, W.S., 2012. Species vulnerability to
climate change: impacts on spatial conservation priorities and species
representation. Glob. Chang. Biol. 18, 2335-2348.

Svenning, J.-C., Skov, F., 2004. Limited filling of the potential range in european tree
species. Ecol. Lett. 7, 565-573.

Tang, C.Q., Matsui, T., Ohashi, H., Dong, Y.-F., Momohara, A., Herrando-Moraira, S.,
et al., 2018. Identifying long-term stable refugia for relict plant species in East Asia.
Nat. Commun. 9, 4488.

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M., Beaumont, L.J., Collingham, Y.C.,
et al., 2004. Extinction risk from climate change. Nature 427, 145-148.

Thuiller, W., Lavorel, S., Aratijo, M.B., Sykes, M.T., Prentice, I.C., 2005. Climate change
threats to plant diversity in Europe. Proc. Natl. Acad. Sci. 102, 8245-8250.

Turner, B.L., Kasperson, R.E., Matson, P.A., McCarthy, J.J., Corell, R.W., Christensen, L.,
Eckley, N., Kasperson, J.X., Luers, A., Martello, M.L., Polsky, C., Pulsipher, A.,
Schiller, A., 2003. A framework for vulnerability analysis in sustainability science.
Proc. Natl. Acad. Sci. 100, 8074.

UNEP-WCMC, 2017. World Database on Protected Areas User Manual 1.5. Available at:.
UNEP-WCMC, Cambridge, UK http://wemce.io/WDPA_Manual.

Urban, M.C., 2015. Accelerating extinction risk from climate change. Science 348, 571.

Vasquez-Morales, S.G., Téllez-Valdés, O., Sanchez-Veldsquez, L.R., Flores-Estevez, N.,
Viveros-Viveros, H., Pineda-Lopez, M.d.R., 2014. Effect of climate change on the
distribution of Magnolia schiedeana: a threatened species. Botanical Sciences 92,
575-585.

Vazquez-Garcia, J.A., Muniz-Castro, M.A., De Castro-Arce, E., Murguia Araiza, R., Nuno
Rubio, A.T., de J. Chézaro-B, M., 2012. Twenty new neotropical tree species of
Magnolia (Magnoliaceae). In: Salcedo-Pérez, E., Alvarez-H., E., Vazquez-Garcia, J.A.,
Garcia, T. Escoto, Echavarria, N. (Eds.), Recursos Forestales del Occidente de
Meéxico. Universidad de Guadalajara CUCEI-CUCBA.

Vazquez-Garcia, J.A., Muniz-Castro, M.A., Arroyo, F., Pérez, A.J., Serna, M., Cuevas-
Guzman, R., Dominguez-Yescas, R., de Castro-Arce, E., Gurrola-Diaz, C.M., 2013.
Novelties in Neotropical Magnolia and an addendum proposal to the IUCN Red List
of Magnoliaceae. In: Salcedo-Pérez, E., Vazquez-Garcia, J.A., Garcia, T. Escoto,
Echavarria, N., Alvarez-H., E. (Eds.), Recursos Forestales del Occidente de México:
Diversidad, Manejo, Produccion, Aprovechamiento y Conservacion. Universidad de
Guadalajara.

Veltjen, E., Asselman, P., Hernandez Rodriguez, M., Palmarola Bejerano, A., Testé
Lozano, E., Gonzalez Torres, L.R., et al., 2019. Genetic patterns in neotropical
magnolias (Magnoliaceae) using de novo developed microsatellite markers. Heredity
122, 485-500.

Vincent, H., Bornand, C.N., Kempel, A., Fischer, M., 2020. Rare species perform worse
than widespread species under changed climate. Biol. Conserv. 246, 108586.

Walther, G.-R., 2010. Community and ecosystems responses to recent climate change.
Philos. Trans. R. Soc. Lond.B 365, 2019-2024.

Wang, Y.-B., Liu, B.-B., Nie, Z.-L., Chen, H.-F., Chen, F.-J., Figlar, R.B., Wen, J., 2020.
Major clades and a revised classification of Magnolia and Magnoliaceae based on
whole plastid genome sequences via genome skimming. J. Syst. Evol. 58, 673-695.

Wang, W.-T., Guo, W.-Y., Jarvie, S., Svenning, J.-C., 2021. The fate of meconopsis species
in the tibeto-himalayan region under future climate change. Ecol. Evol. 11, 887-899.

Watkins, J.H.R., Cameron, R.W.F., Sjoman, H., Hitchmough, J.D., 2020. Using big data to
improve ecotype matching for Magnolias in urban forestry. Urban For. Urban Green.
48, 126580.

Wheatley, C.J., Beale, C.M., Bradbury, R.B., Pearce-Higgins, J.W., Critchlow, R.,
Thomas, C.D., 2017. Climate change vulnerability for species—assessing the
assessments. Glob. Chang. Biol. 23, 3704-3715.

Wiens, J.J., 2016. Climate-related local extinctions are already widespread among plant
and animal species. PLoS Biol. 14, e2001104.

Williams, S.E., Shoo, L.P., Isaac, J.L., Hoffmann, A.A., Langham, G., 2008. Towards an
integrated framework for assessing the vulnerability of species to climate change.
PLoS Biol. 6, €325.

Wu, R., Zhang, S., Yu, D.W., Zhao, P., Li, X., Wang, L., Yu, Q., Ma, J., Chen, A,, Long, Y.,
2011. Effectiveness of China's nature reserves in representing ecological diversity.
Front. Ecol. Environ. 9, 383-389.

Xu, W.B., Svenning, J.C., Chen, G.K., Zhang, M.G., Huang, J.H., Chen, B., Ordonez, A.,
Ma, K.P., 2019. Human activities have opposing effects on distributions of narrow-
ranged and widespread plant species in China. Proc. Natl. Acad. Sci. 16,
26674-26681.

Ye, J.W., Zhang, Z.K., Wang, H.F., Bao, L., Ge, J.P., 2019. Phylogeography of Schisandra
chinensis (Magnoliaceae) reveal multiple refugia with ample gene flow in northeast
China. Front. Plant Sci. 10, 199.

Zimmermann, N.E., Yoccoz, N.G., Edwards, T.C., Meier, E.S., Thuiller, W., Guisan, A.,
Schmatz, D.R., Pearman, P.B., 2009. Climatic extremes improve predictions of
spatial patterns of tree species. Proceedings of the National Academy of Sciences 106
(Supplement 2), 19723-19728.


https://CRAN.R-project.org/package=segmented
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817123158
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817123158
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817123158
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817123158
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080718242537
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080718242537
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080718242537
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817151290
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817151290
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817151290
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817181460
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817181460
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817205205
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817205205
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817205205
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817229244
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817229244
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080718294765
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080718294765
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817248727
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817267374
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817267374
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817296260
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817296260
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080909033214
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080909033214
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080910122402
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080910122402
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080910122402
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080910122402
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080754484776
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080754484776
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080754484776
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817338387
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817338387
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817338387
https://CRAN.R-project.org/package=CENFA
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817353992
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817353992
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080722057841
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080722057841
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728075022
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728075022
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728075022
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817408119
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817408119
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817408119
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817427132
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817427132
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728097186
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728097186
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728138542
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728138542
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728138542
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817440727
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817440727
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728162456
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728162456
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728162456
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817502895
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817502895
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817510906
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817510906
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817510906
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728243497
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080728243497
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080733594868
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080733594868
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080733594868
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737530522
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737530522
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737530522
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817519955
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817519955
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817535504
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817535504
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817535504
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817543986
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817543986
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817564070
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817564070
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817564070
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817578618
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817578618
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817595597
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080817595597
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737553328
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737553328
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737553328
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080737553328
http://wcmc.io/WDPA_Manual
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818004222
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080808502203
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080808502203
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080808502203
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080808502203
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080804538001
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080804538001
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080804538001
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080804538001
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080804538001
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080800057761
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818026870
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818026870
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818026870
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818026870
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818040854
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818040854
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738180705
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738180705
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818191062
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818191062
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818191062
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818113170
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080818113170
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835452989
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835452989
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835452989
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835502819
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835502819
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835502819
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835537949
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835537949
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835552314
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835552314
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080835552314
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080903202135
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080903202135
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080903202135
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738394759
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738394759
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738394759
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738394759
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738469298
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738469298
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080738469298
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080814584529
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080814584529
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080814584529
http://refhub.elsevier.com/S0006-3207(21)00477-8/rf202112080814584529

	Anthropogenic climate change increases vulnerability of Magnolia species more in Asia than in the Americas
	1 Introduction
	2 Materials and methods
	2.1 Occurrence data and species ranges
	2.2 Bioclimatic variables
	2.3 Climate change vulnerability assessments
	2.4 Vulnerability analysis across species
	2.5 Spatial vulnerability analysis
	2.6 Identification of priority protected species and protected areas

	3 Results
	3.1 Vulnerability across species
	3.2 Spatial patterns of vulnerability
	3.3 Priority protected species and protected areas

	4 Discussion
	Declaration of competing interest
	Acknowledgements
	CRediT authorship contribution statement
	Appendix A Supplementary data
	References


