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ABSTRACT

Aim A wide range of forests distributed across steep environmental gradients

are found in Yunnan, southwest China. Climate change could profoundly

change these forests by affecting species ranges. We produce predictions about

species suitable habitat shifts and use these to (1) evaluate species range size

change, loss and turn-over under no- and full-dispersal and nine climate

change scenarios and (2) identify environmental variables responsible for

current species richness and future local species losses.

Location Yunnan Province, Southwest China.

Methods Using MaxEnt, we modelled current distributions of 2319 woody

plant species, corrected for collecting bias and found that 1996 had significant

spatial association with environmental factors. Using three General Circulation

Models (GCMs: CGCM, CSIRO and HADCM3) for the years 2070–2099

(2080s), based on three emission scenarios for each GCM (A1b, A2a and B2a),

we predicted the future geographic position of suitable habitat for each species.

Results Although most species were predicted to persist within Yunnan, with a

maximum extinction rate of c. 6% under the most extreme climate change sce-

nario, up to 1400 species (of the 1996 tested) are expected to lose more than

30% of their current range under the most extreme climate change scenario.

Assuming no- or unlimited dispersal minimally affected these outcomes. Spe-

cies losses were associated with increasing temperature variability and declining

precipitation during the dry season.

Main conclusions To conserve Yunnan’s woody flora, management efforts

should focus on providing elevational migration routes at local scales, with pri-

ority for those areas located within previously identified conservation hotspots.

As almost all species show range contractions, storage of genetic diversity in

seed banks and botanical gardens would be sensible. A change in Yunnan’s

conservation policy will be needed to counter the predicted negative impacts of

climate change on its flora.

Keywords
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INTRODUCTION

Human-caused climate change has already begun to affect

species distribution patterns (Colwell et al., 2008), as global

warming drives species towards the poles and upslope (Par-

mesan, 2006; Wilson et al., 2007; Roberts & Hamann, 2012).

The effect of climate change on local species distribution pat-

terns is central for developing proactive strategies to reduce

the impact of climate change on biodiversity (Bellard et al.,

2012). Species distribution modelling (SDM) is an effective

means to predict the possible change in species distribution

patterns under different scenarios of climatic change. SDM
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uses current associations between environmental variables

and species occurrence data to derive species niche models

via statistical- or machine-learning procedures (Guisan et al.,

2002; Phillips et al., 2006; Roberts & Hamann, 2012). By

combining these niche models with spatially explicit predic-

tions for future climates, the future geographic distribution

of the suitable habitat for each species can be estimated.

Yunnan province, southwest China, is one of the most

diverse floristic regions on Earth and forms a major part of

the Indo/Burma biodiversity hotspot (Myers et al., 2000).

Yunnan is located at a transitional zone, characterized by

strong environmental gradients. Previously, Yunnan was

divided into five floristic regions based on surveys and expert

opinion (Wu, 1987), but a more recent analysis divided Yun-

nan into seven floristic regions based on the modelled distri-

bution patterns of 1996 woody plant species (Zhang et al.,

2012). The seven regions currently recognized overlap mostly

with the original five regions but identified two further

regions on Yunnan’s central plateau (Fig. 1). The strong

environmental gradients and complex geological history of

Yunnan have resulted in a disproportionate amount of

China’s overall floristic diversity being present in the prov-

ince (Wu, 1987; Yang et al., 2004), including many endem-

ics. Due to rapid climate change, the plants of Yunnan now

face significant environmental changes (Fan & Thomas,

2013). Predicting how the woody flora will respond to these

changes is necessary to adapt regional conservation strategies

so as to minimize or mitigate the climate change impact on

the plant diversity of Yunnan.

Recent reviews on effective conservation strategies under

climate change (Heller & Zavaleta, 2009; Game et al., 2011)

give some sensible recommendations, such as enlarging the

extent of protected areas, designating new natural areas to

incorporate the effects of predicted climate change and add

or protect corridors that could facilitate migration between

regions. In this study, we focus on how climate change will

affect the woody plant species distribution patterns of Yun-

nan in the context of developing conservation strategies. Our

aims are to (1) evaluate species extinction risk and range

change under two extreme assumptions about species

dispersal (no dispersal vs. full dispersal); (2) examine the

vulnerability of the different floristic regions of Yunnan to

climate change; and (3) determine which environmental vari-

ables are responsible for current species richness and future

local extinction. These results can provide a rigorous basis

for regional conservation management of the woody plants

of Yunnan.

METHODS

Species data

Our data included all woody species (except Fagaceae) col-

lected in Yunnan Province that were present in the herbaria

of the Kunming Institute of Botany (KIB), Chinese Academy

of Sciences. Because most of these specimens had no latitude

and longitude data, all collections were georeferenced using

the location descriptions as provided on the labels. Of the

85,289 collections, we were able to georeference 60,552

specimens. Subsequently, species presences were scored in 5

arc-minute grid cells (ca. 10 9 10 km), avoiding duplicate

species records in each grid cell. The 5 arc-minute spatial

resolution matched the environmental data resolution

(WorldClim and FAO soil properties). Species that were

present in fewer than 5 grid cells were removed from the

analysis. Of the 60,552 georeferenced specimens, 42,114

records belonging to 118 plant families representing 2319

species possessed adequate data for further modelling.

Current and future environmental predictors

We initially selected 35 environmental predictors to model

the current and future species distribution patterns. These

included 19 bioclimatic predictors (1950–2000) plus eleva-

tion of the WORLDCLIM dataset (www.worldclim.org) for

Yunnan at 5 arc-minute resolutions, and 15 soil variables

selected from the FAO database for poverty and insecurityFigure 1 The seven major floristic regions of Yunnan.

2 Diversity and Distributions, 1–11, ª 2013 John Wiley & Sons Ltd

M.-G. Zhang et al.



mapping (FAO, 2002). The resolution of 5-arc minutes

resulted in 4936 grid cells covering whole Yunnan.

A problem with species distribution modelling is formed

by multicollinearity of variables that can result in model

over-fitting (Graham, 2003; Pearson et al., 2006). To avoid

this problem, we removed highly correlated environmental

predictors. For both current bio-climatic and soil predictors,

we used Spearman’s rank correlation test to select the least

correlated variables (spearman’s < 0.75) (Tables S1 & S2 in

Supporting Information). From correlated variables with

Spearman rho higher than 0.75, only the ecologically most

important factors were kept. For the current bio-climate pre-

dictors, the following variables were included in the analyses:

(1) Bio01: Annual Mean Temperature; (2) Bio02: Mean

Diurnal Temperature Range; (3) Bio04: Temperature Season-

ality; (4) Bio07: Temperature Annual Range; (5) Bio12:

Annual Precipitation; (6) Bio14; Precipitation of Driest

Month; (7) Bio15: Precipitation Seasonality (Table. S1). Of

the current soil predictors, the following variables were

included in the analysis: (1) CE-T: cation-exchange capacity

(CEC) of clay topsoil; (2) CN-T: C:N-ratio class topsoil; (3)

CP-T: organic carbon pool topsoil; (4) Depth: effective soil

depth; (5) Drain: soil drainage class; (6) NN-T: nitrogen%

topsoil; (7) PH-T: pH top soil; (8) Prod: soil production

index; (9) Text.: textural class subsoil (Fig. S1). In total, 16

of the original 35 predictors were kept to model the species

distributions. Most of the selected variables have repeatedly

been identified as ecologically important in studies across the

tropics (Amazon: Raes, 2012; Sundaland: Raes & terSteege,

2007; Raes et al., 2009, in press; Yunnan: Zhang et al., 2012).

The future climate data were downloaded from the Inter-

national Centre for Tropical Agriculture (CIAT) (www.

ccafs-climate.org) which is based on the Intergovernmental

Panel on Climate Change Fourth Assessment Report (2007).

Our projection included the bioclimatic data created by three

General Circulation Models (CGCM, CSIRO, and HADCM3)

for the years 2070–2099 (2080s). For each GCM, we included

three emission scenarios (A1b, A2a and B2a), A1: Maximum

energy requirements, A2: High-energy requirements, B2:

Lower energy requirements.

Species distribution modelling and significance

testing

To model the current and future species distributions pat-

tern, we used the modelling application Maxent (ver. 3.3.1;

www.cs.princeton.edu/~schapire/maxent/) (Phillips et al.,

2006). Maxent was specifically developed to model species

distributions with presence-only data. Of available species

distribution modelling algorithms, Maxent has been shown

to perform best, especially when few presence records are

available, while it is also the least affected by location errors

in occurrences (Graham et al., 2007). Maxent was run with

the following modelling rules: (1) for species with 5–10 col-

lection records, linear features were applied, (2) for species

with 10–14 records, quadratic features were applied, while

(3) for species with > 15 records, hinge features were applied

(for a detailed explanation for choosing these modelling rules

see Raes & terSteege, 2007).

As a measure of the accuracy of the SDMs, we used the

area under the curve (AUC) of the receiver operating charac-

teristic (ROC) plot produced by Maxent. All measures of

SDM accuracy require absences. When these are lacking, as

is the case here, they are replaced by pseudo-absences or sites

randomly selected at localities where no species presence was

recorded (Phillips et al., 2006). However, when SDM accu-

racy measures are based on presence-only data and pseudo-

absences, the standard measures of accuracy (e.g. the often

used measure AUC > 0.7) do not apply (Raes & terSteege,

2007). Therefore, we applied the bias-corrected null-model

developed by Raes & terSteege (2007) to test the AUC value

of an SDM developed with all presence records against the

AUC values expected by chance. However, this assumes that

collection localities represent a random subset of the study

areas environmental space. In many cases, this is not a valid

assumption due to collecting biases (Kleidon & Mooney,

2000; Tsoar et al., 2007).

To check for collecting bias in our dataset, we tested

whether our 1406 collection localities were random subsam-

ples of the environmental predictor space. To do this, we

divided each of the 16 environmental predictors into 10

equal-interval bins based on the ranges observed for Yunnan

(Loiselle et al., 2008). We then tested whether the observed

frequency distributions represented by the 1406 collection

localities differed from those observed for whole Yunnan

using a Chi-square test. This showed that for 10 of the 16

environmental predictors, our collection locations repre-

sented non-random subsamples of Yunnan’s environmental

predictor space. To correct for this bias, we developed a

bias-corrected null model by testing each species modelled

AUC value against 1000 AUC values that were generated

randomly by subsampling from all the available collection

localities only. When the observed AUC value fell in the top

95% of randomly generated AUC values (for the same sam-

ple size as the observed value), it was considered to have a

significant non-random distribution and was used in our

further analyses. For all the 2319 available species of Yunnan,

1996 species showed a significantly non-random distribution

(AUC value ≥ 95% CI).

Species migration patterns and extinction risk

evaluation

To determine the current and future species distribution

patterns of Yunnan, a threshold is required to convert the

continuous Maxent prediction values to discrete presence or

absence for each grid cell. For SDMs represented by ≥ 10

records, we used the ‘conservative’ fixed ‘10 percentile pres-

ence’ threshold (Raes et al., 2009). For species represented by

5–9 records, we used either the ‘sensitivity specificity equal-

ity’ or the ‘sum maximization’ threshold, whereby the sensi-

tivity specificity equality threshold means that the absolute

Diversity and Distributions, 1–11, ª 2013 John Wiley & Sons Ltd 3
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value of the difference between sensitivity and specificity is

minimized, and the sum maximization means that the sum

of sensitivity and specificity is maximized (Liu et al., 2005,

2011). Once the thresholds were set, the presence/absence of

models of all the significant species became available result-

ing in; (1) a set of presence/absence of models under current

climate conditions, and (2) nine sets of projected the pres-

ence/absence of models under three emissions scenarios

(A1b, A2a and B2a) for each of the three GCMs (CGCM2,

CSIRO and HADCM3) for the years 2070–2099 (2080s).

Using these sets of models, we created 10 presence/absence

matrixes (1 current and 9 future) with the rows representing

the 4936 grid cells covering Yunnan and the columns repre-

senting the presence/absence of the 1996 modelled species.

We used modelled temporal changes in the composition

of species in each grid cell to determine grid cell migration

statistics (Hole et al., 2011). Species that were modelled as

present under current climatic conditions but as absent

under future climate were defined as emigrants; Species that

were modelled as present in grid cells under future climatic

conditions but were absent under present climate were

defined as immigrants; and species that were modelled as

present both under current climate and future climate were

defined as persistent species. The number of immigrants (I),

emigrants (E), persistent species (P) and turnover were cal-

culated for each grid cell (10 9 10 km). Species turnover by

pixel was defined as T = 100 9 (I + E)/(SD + I) (Thuiller

et al., 2005), where SD means the current species diversity in

each grid cell. Grid cells that have a high value of turnover

have a large change in species composition.

Extinction risks were evaluated under two extreme species

dispersal assumptions (no dispersal and full dispersal). We

calculated the percentage of range loss and gain for each spe-

cies under these two dispersal scenarios and then assigned

each species to an International Union for Conservation of

Nature and Natural Resources (IUCN) threat category

(IUCN, 2001; Thuiller et al., 2005) and classified species into

different groups based on the simulated reduction in range

size from present to the 2080s. We used the following rules

to assign a species to a threat category (IUCN, 2001): Extinct

when a species projected loss comprised 100% of its range

size, critically endangered when a species was projected lost

in > 80% of its range size, endangered when a species was

projected lost in > 50% of its range size, vulnerable when a

species was projected lost in > 30% of its range size, and low

risk when a species was projected to lose less than 30% of its

range. Current and future range size (number of grid cells

occupied) for each species was calculated based on the differ-

ences in predicted presences between the current presence/

absence matrix and the 9 future presence/absence matrixes.

The major spatial patterns are similar over all scenarios, but

the scenarios with largest change show the most significant

changes in spatial pattern. The scenarios with largest change

were identified by estimated percentage of emigrants and

turnover by pixel. Under this scenario, we first calculated the

number of immigrants, emigrants, persistent species and the

turnover value of each grid cell (Fig. S2). Subsequently, the

sensitivity to climate change of the different floristic regions

of Yunnan at the species level was determined using the

mean percentage of immigrants, emigrants, persistent species

and species turnover (full dispersal).

Environmental variables responsible for current

species richness and future local extinction

To identify the environmental factors responsible for current

species richness and future local extinction, we explained the

current species diversity and percentage of emigrants using

variation partitioning (Legendre, 2007). This method is use-

ful when two sets (environmental and spatial predictors) of

independent explanatory variables are involved in explaining

the variation of an ecologically dependent variable. Because

environmental gradients are often spatially autocorrelated

spatial predictors alone can explain part of the observed

patterns. The nine terms of the trend-surface analysis regres-

sion equation (b1LAT + b2LON + b3LAT
2 + b4LAT 9 LON +

b5LON2 + b6LAT
3+ b7LAT

2 9 LON + b8LAT 9 LON2 + b9
LON3) were used to describe this spatial pattern in current

species richness and future percentage of emigrants (Lobo &

Martin-Piera, 2002; Legendre, 2007). The variation in current

species richness and future percentage of emigrants was par-

titioned by performing stepwise multiple regressions. For the

current species diversity, we used the current climate and soil

predictors. For the percentage of emigrants under climate

change, we used the combination of current climate predic-

tors and climate anomalies (climate in 2080 – current

climate). Both current climate and climate anomalies were

included because the consequences of climate change are

dependent on where they occur in environmental space

(Ara�ujo et al., 2008; Fitzpatrick et al., 2008).

The stepwise multiple regression analysis, as applied to spa-

tially structured biological processes may result in residual

spatial autocorrelation (RSA). This violates the statistical

independence of observations and may inflate the type I errors

(Dormann et al., 2007; Raes et al., 2009). To test whether

RSA was present, we obtained the Moran’s I values of the

residuals using SAM – spatial analysis in macroecology – soft-

ware (Rangel et al., 2010). Because the current species diver-

sity and future percentage of emigrants was mostly explained

by environmental predictors, we estimated the regression

coefficients for the significant environmental predictors only.

Because of the political, rather than biological boundary in

southern Yunnan, we assume that the number of immigrants

in the southern part of Yunnan will be underestimated

because species south of the border that may move north-

wards under climate change were not included in the analy-

sis. On the other hand, species emigration is a more

trustworthy parameter because it depends on species already

present in Yunnan, so we applied the environmental correla-

tion analysis on the emigrants only. Because the absolute

number of emigrations is strongly linked to overall diversity

of grid cells, we used percentage instead of absolute values.
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RESULTS

Depending on the climate change scenario, between

c. 2–40% of the species will become critically endangered or

extinct in Yunnan by the year 2080, with similar outcomes

for both unlimited and no dispersal (Figs. 2 & 3). The rates

of species emigration and turnover by pixel varied consider-

ably across scenarios (Fig. 4), with the largest change occur-

ring under the CGCM-A2a scenario, with a mean percentage

of species emigrating per grid cell of 62.4% and a turnover

of 70.9%. Turnover in species composition under the

extreme climate change scenario (CGCM-A2a) was greatest

in the central and eastern portions of Yunnan (Fig. 5;

Table 1) mainly because of the high levels of emigrants in

that region. The north and south of Yunnan show the lowest

amounts of immigrant species, the southwest and extreme

northern parts of Yunnan show the lowest number of emi-

grants combined with highest number of persistent species

(Fig. 5; Table 1). Only in floristic region four is the turnover

in species composition mainly driven by immigration, while

in all other regions emigration is the main driver of species

turnover (Table 1).

The current species diversity and future percentage of emi-

grants was best explained by spatially structured environmen-

tal predictors in the variation partitioning analysis (Fig. S3).

The environmental predictors explained 75.9% of the spatial

patterns of current species diversity in Yunnan (Table 2; Fig.

S3), with the most important environmental variables (high-

est b-values) being soil texture (negative, i.e. diversity

declined on finer grained soils) and annual precipitation

(positive). The environmental predictors explained 68% of

the emigration patterns, with the most important factors

being annual mean temperature (negative), increase in tem-

perature annual range (positive) and increase in temperature

seasonality (positive).

DISCUSSION

Spatial patterns in species turnover under climate

change

For species to track climate change, long-distance dispersal

(dispersal distance ≥ 10 km) often plays an important role

(Nathan, 2006; Corlett, 2009; Corlett & Westcott, 2013), even

Table 1 Mean percentage of grid cells with immigrants, emigrants, persistent species and turnover value in each floristic region (Region

code can be found in Fig. 1).

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Region 7

Immigrants (%) 14.9 28.3 28.6 122.1 39.4 33.2 20.3

Emigrants (%) 60.7 44.5 80.9 41.0 78.0 42.0 66.4

Persistent species (%) 39.3 55.5 19.1 58.0 22.0 59.0 33.6

Mean value of turnover (%) 65.7 56.7 85.3 72.6 84.8 55.1 72.1

Figure 2 Extinction threat of the current woody plant species in Yunnan under different climate change and dispersal scenarios for the

year 2080. Species threat classification (proportional) as based on the IUCN guidelines: Extinct (EX) 100% range lost, Critically

endangered (CR) > 80% range lost, Endangered (EN) > 50% range lost, Vulnerable (VU) > 30% range lost, Least concern (LR) not

listed.
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though such long-distance dispersal is generally accidental

and rare for most plants (Cain et al., 2000), especially for

woody species (Corlett, 2009). Therefore, most studies focus-

ing on the mitigation of climate change effects on biodiver-

sity emphasize the importance of landscape connectivity to

enable and enhance species latitudinal dispersal (Heller &

Zavaleta, 2009; Beier et al., 2011; Game et al., 2011). Our

modelling exercise for Yunnan province, however, showed

that species vulnerability to climate change was almost iden-

tical for models with no and unlimited dispersal, indicating

that latitudinal dispersal did not contribute much to species

future persistence. This outcome is for a large part driven by

Yunnan’s peculiar combination of steeply increasing

elevation with increasing latitude leading to limited range

expansion possibilities in northern direction, that is, climate

change results in compressed rather than northwards shifting

vegetation zones. As a result, local loss of species was the

major driver of species turnover in Yunnan province.

The combination of high local species losses (emigration)

with low levels of local species gains (immigration) spells a

rather gloomy future for Yunnan’s flora. Although most

species are predicted to persist within the province, with a

maximum extinction rate of c. 6% under the most extreme

climate change scenario, average predicted species range

losses vary between 55% and 80%, with up to 1400 species

(of the 1996 tested) expected to lose more than 30% of their

(a) (b)

Figure 3 (a) Average range loss of present species in the year 2080 under two dispersal and nine climate change scenarios; (b) Number

of threatened species in the year 2080 (species with a range loss > 30%) under two dispersal and nine climate change scenarios.

Figure 4 Percentage emigrants and species turnover per c. 10 9 10 km pixel in Yunnan in the year 2080 compared with present based

on nine climate change scenarios. The box plots indicate the range of the projected change per pixel, with the lower and the upper

boundary of the box indicating the lower and upper quartile, the line in the middle indicating the median, and the whisker above and

below the box indicating the 95th and 5th percentiles value.
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current range under the most extreme climate change sce-

nario. Such strong range reductions will likely present prob-

lems for the long-term viability of many species populations,

potentially leading to higher extinction rates than predicted

by our models. On the other hand, our models may have

overestimated species losses and range declines because they

were based on environmental data layers with a spatial reso-

lution of ca. 10 9 10 km. Yunnan province has an extremely

rugged topography, with some areas near Tibet showing

elevational gradients of several kilometres over very short

spatial scales. This local scale elevational heterogeneity

(within grid cells) was lost in our modelling approach but

may turn out to be essential for local species persistence

under changing climates (Scherrer et al., 2010; Gillingham

et al., 2012) as species may be able to move upslope, over

relatively short distances of several hundred meters, into suit-

able habitat. However, even under these conditions, the gen-

eral trend of species range decline, as predicted by our

models, will persist as available habitat area also declines

with elevation. Furthermore, the upward migration of species

may eventually result in patchy and genetically isolated spe-

cies populations on mountain slopes, thus changing the pop-

ulation structure of many species which originally formed

continuous populations.

In the southern, tropical regions of Yunnan, the political

rather than biological cut-off of our analysis may have

(a) (b)

(c) (d)

Figure 5 Vulnerability of Yunnan’s seven floristic regions to climate change based on the most severe climate change scenario (CGCM-

A2a) for the year 2080 under full dispersal. (a) Percentage immigrants per grid cell; (b) Percentage emigrants per grid cell; (c)

Percentage persistent species per grid cell; (d) Percentage turnover per grid cell.
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resulted in biased migration estimates. Species gains through

immigration may have been underestimated as species occur-

ring south of Yunnan may migrate north into Yunnan with

changing climate. However, it is likely that this effect is lim-

ited because of the same combination of increasing elevation

with increasing latitude that limits northwards migration of

species within Yunnan itself. A larger effect on our predicted

migration rates in southern Yunnan is related to the exclu-

sion of the southern range extension into Indochina of many

species presently found in southern Yunnan. By not being

able to include these records, a large part of the climate tol-

erance of these species was ignored in our models. This may

have led our models to underestimate the upper temperature

tolerance of these species (Raes, 2012), resulting in inflated

species losses through emigration combined with underesti-

mated species persistence in tropical Yunnan. On the other

hand, many studies suggest that local species populations are

adapted to local environmental conditions and even though

a species range may extend into warmer climates, this does

not automatically mean that local populations can tolerate

increasing temperatures (Aitken et al., 2008; Alberto et al.,

2013). So unless these southern, more heat-tolerant popula-

tions can migrate north into southern Yunnan, our results

may still reflect the future spatial patterns in species turnover

to a reasonable degree.

Environmental factors associated with species

turnover

Current spatial distribution of woody plant diversity was

strongly linked to spatially structured environmental vari-

ables. Our analysis showed that high-diversity areas in Yun-

nan are characterized by stable, but relatively cool annual

temperatures, high annual rainfall and relatively coarse tex-

tured acidic soils. Similar patterns have also been detected in

Borneo (Raes et al., 2009; Slik et al., 2009), and it supports

the hypothesis that climate stability, in combination with

sufficient rainfall and the right soil type can promote high

biodiversity (Jetz et al., 2004; Ara�ujo et al., 2008). At the

same time, the areas that were predicted to lose high

percentages of species (emigrants) due to climate change

were characterized by low current temperatures and increas-

ing temperature instability (annual), combined with declin-

ing driest month precipitation and good soil drainage.

Similar patterns were recently predicted for the western Aus-

tralian flora (Fitzpatrick et al., 2008), suggesting that increas-

ing climate instability and drought stress associated with

climate change will be the main determinants of local species

losses. Most of the area on Yunnan’s central plateau will wit-

ness such changes in climate variability and increased dry

season drought stress, corresponding to highest predicted

species losses and turnover in this region.

CONCLUSIONS

Low impact of latitudinal migration possibility on

species future persistence in Yunnan

This result has important implications for conservation plan-

ning in Yunnan as it implies that establishment of latitudinal

migration corridors would not make a large contribution to

woody plant species conservation into the future under

changing climate. Instead focus will have to be placed on

local scale in situ management of vegetation types. Recently,

Zhang et al. (2012) identified the major woody plant conser-

vation hotspots in Yunnan which can serve as a basis for

such a conservation approach. However, a serious mismatch

persists between the identified conservation hotspots and the

areas in Yunnan that are actually protected (Zhang et al.,

2012), and some urgency is needed in reformulating the con-

servation priorities of Yunnan at the provincial level given

the fast land use changes that are currently taking place out-

side the existing nature reserves.

Almost all species will show range contractions

Our results show that most woody plant species in Yunnan

will lose considerable amounts of their range due to the

Table 2 Result of the stepwise multiple regressions between current species richness and future (the year 2080) percentage of emigrants

(response variables) and environmental predictors.

Species diversity Percentage of emigrants

Pred. R2-adj b t Pred. R2-adj b t

Bio07 0.233 �0.231 �8.528 F-bio14 0.154 �0.178 �18.11

Text. 0.384 �0.500 �33.784 F-bio07 0.312 0.353 13.58

Bio12 0.513 0.541 40.321 Bio01 0.380 �0.566 �31.36

Bio01 0.577 �0.286 �23.595 F-bio04 0.498 0.311 11.58

pH-T 0.759 �0.040 �2.283 Drain 0.681 �0.031 �2.56

Pred: the significant predictors that were included in the regression equations; R2-adj: cumulative amount of explained variation for addition of

each variable in the model; b: standardized coefficient; t: t-value for the full regression model. Bio01: annual mean temperature; Bio07: tempera-

ture annual range; Bio12: Annual precipitation; Bio14: precipitation in driest month; F-Bio04: change in temperature seasonality; F-Bio07: change

in temperature annual range; F-Bio14: change in driest month precipitation; Drain: soil drainage class; pH-T: top soil pH; Text.: subsoil texture

class. Climate anomalies (F-Bio values) are based on change in climate between present and the year 2080.
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difficulty of moving northwards to track climate change. This

may lead to considerable genetic erosion of these plant pop-

ulations over time. Although this will be difficult to counter,

an effort to collect and store specimens from species entire

current ranges in seed banks and living collections could be

sensible as an insurance against such future genetic losses in

the wild populations. Yunnan already has some excellent

research facilities and botanical gardens that could realize

this aim if given priority funding. At the same time, protec-

tion of current conservation hotspots as identified by Zhang

et al. (2012) will be essential for maintaining most of Yun-

nan’s woody plant diversity into the future.

Elevational migration will be key

At the local scale, in those areas that have been identified as

essential for the conservation of Yunnan’s woody plant flora

(the conservation hotspots), conservation efforts should

focus on providing ample elevational migration possibilities.

Elevational migration will be one of the main strategies that

plants can realistically employ to track climate change in

Yunnan, both because migration distances will be relatively

small and thus feasible, and because most regions in Yunnan

are extremely topographically heterogeneous thus providing

elevational escape. Currently, most land use change is taking

place at lower elevations, resulting in severe habitat loss and

fragmentation of lowland vegetation types and associated

species. A serious effort will be needed to slow this lowland

habitat degradation and reconnect lowland vegetations, via

corridors or stepping stones (fragment islands), with forests

at higher elevations.

The main climatic drivers of species loss will be

increasing climate instability and drought

Yunnan’s woody plant flora is already shaped, for a large

part, by climate variability and rainfall regimes due to its

monsoonal climate (Zhang et al., 2012). However, several

regions in Yunnan will see a considerable increase in temper-

ature seasonality and drought stress during the dry season in

the near future. Although these changes will be difficult to

counter, the presence of a continuous vegetation cover gen-

erally helps in mitigating the more extreme impacts of cli-

mate variability (Chazdon, 2008; Sheil & Murdiyarso, 2009).

Strategic reforestation in areas predicted to suffer most from

increasing climate instability should therefore be considered

to prevent a negative feedback between climate change and

habitat degradation as has been observed in many other

regions in the world.
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