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Conservation and protected areas have been recognized as the last shelter for wild animal
and plant species. To understand the Chinese wild Xanthoceras sorbifolium contemporary
and future (next 30-50 years) distribution under the anticipated climate change and to
improve the species’ in situ conservation strategy within China’s National Nature Reserves
network, we used BiodiversityR to predict the species’ distribution utilizing the method’s
“always-suitable” map concept. Then, we delineated the “always-suitable” distribution
areas with the existing China’s National Nature Reserves to identify potential conservation
areas after considering the role of human influence (i.e., utilization) and the anticipated
changes of climate change. Seven bioclimatic variables predictors and 12 Environmental
Niche Modelling sub-models successfully contributed to the final model assembly (AUC =
0.916, kappa = 0.398). The species range delineation indicated that 71 of the 427 National
Nature Reserves were included in the “always-suitable” area, accounting for 26,007 km?
(1.58% of the species total distribution). This mapping endeavour highlighted the
anticipated negative impact of climate change with 15-20% habitat decline and expected
species’ distribution centers shift from the country’s northwest to the southeast. Since
woody plants with bio-energy potential have increased economic values for their
environment-friendly predisposition, our results predicts X. sorbifolium continuous
deterioration. The adoption of flexible management strategy embracing acceptable
tradeoff between conservation and development/utilization within China’s National Nature
Reserves could effectively alleviate the expected species decline.
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ABSTRACT

Conservation and protected areas have been recognized as the last shelter for wild animal and plant
species. To understand the Chinese wild Xanthoceras sorbifolium contemporary and future (next
30-50 years) distribution under the anticipated climate change and to improve the species’ in situ
conservation strategy within China’s National Nature Reserves network, we used BiodiversityR
to predict the species’ distribution utilizing the method’s “always-suitable” map concept. Then,
we delineated the “always-suitable” distribution areas with the existing China’s National Nature
Reserves to identify potential conservation areas after considering the role of human influence
(i.e., utilization) and the anticipated changes of climate change. Seven bioclimatic variables
predictors and 12 Environmental Niche Modelling sub-models successfully contributed to the final
model assembly (AUC = 0.916, kappa = 0.398). The species range delineation indicated that 71 of
the 427 National Nature Reserves were included in the “always-suitable” area, accounting for
26,007 km? (1.58% of the species total distribution). This mapping endeavour highlighted the
anticipated negative impact of climate change with 15-20% habitat decline and expected species’
distribution centers shift from the country’s northwest to the southeast. Since woody plants with
bio-energy potential have increased economic values for their environment-friendly
predisposition, our results predicts X. sorbifolium continuous deterioration. The adoption of
flexible management strategy embracing acceptable tradeoff between conservation and
development/utilization within China’s National Nature Reserves could effectively alleviate the
expected species decline.

Subjects Conservation Biology, Ecology

Keywords Bioenergy, species distribution model, climate change, GAP analysis, China’s National

Nature Reserves, Utilization-conservation tradeoff
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INTRODUCTION

Decreasing greenhouse gas emission is an effective method for ameliorating the negative
effects of climate change, hence the worldwide increased attention (Rogelj et al., 2016). The
positive effect of forests contribution to decreasing greenhouse gas emission was prominently
recognized in the United Nations Framework Convention on Climate Change
(http://unfccc.int/paris_agreement/items/9485.php (The Paris Agreement)). Bioenergy crops such
as woody plants offer a “win-win scenario” for both eco-society and environment (Li et al., 2010).
Bioenergy crops benefits are multifaceted as they offer opportunities for decreasing greenhouse
gas emission, protecting against water, soil, and wind erosion, and increasing employment and the
economic vitality in mountain area.

As a relic oil woody plants, Xanthoceras sorbifolium Bunge (yellowhorn or Wenguanguo) is
the only species in this genus that is endemic to China (Yang et al., 2005). Due to its high seed oil
content (60%), X. sorbifolium is recognized as one of the most important economic species in
Northern China and the species has been earmarked as one of the next-generation alternative
biofuel crop (Zhou & Zheng, 2015). However, it should be recognized that a tradeoff between the
resource utilization and conservation is a precondition for effective management, specifically for
those species that are under constant threat due to their substantial economic value.

Conservation of yellowhorn wild populations should be based on basic biological attributes
and inventory information of the species’ natural distribution. Prior research was mainly focused
on the chemical and medicinal properties of the species’ oil and its cultivation and growth with
limited studies dedicated to its range distribution (Yang et al., 2005).

In situ conservation is effective in maintaining species’ genetic diversity (Iriondo et al., 2008);

however, the development of sound in sifu conservation strategy requires in-depth gap analysis to
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identify areas of high biological importance to highlight their conservation priority consideration.
Constructing species’ temporal and spatial distribution is the first step of gap analysis (Hochman
et al., 2016); unfortunately for most species, the lack of available reliable records often hampers
conservation efforts. Species distribution modeling (SDMs, ecological niche or habitat suitability
models) has rapidly progressed in recent years (Elith & Leathwick, 2009; Franklin, 2010; Rovzar
et al., 2016) and became an informative tool for understanding major habitat requirements for
endangered species contemporary distribution and the projected changes under globe warming
(Franga & Cabral, 2015). SDMs results can help ecologists prioritizing conservation areas through
the identification of suitable habitats and, in turn, provide relevant information to policy makers
(Franklin, 2010; Vroh et al., 2016). Biodiversity and ecological communities assessments have
benefited from the recently developed Graphical User Interface computer package named
“BiodiversityR” (Kindt & Coe 2005). This program is specifically designed for analyzing
biodiversity and ecological communities utilizing general linear models and machine learning
algorithms for assessing, among other things, species presence-absence as well as species
abundance (Kindt, 2014; Ranjitkar et al., 2016). BiodiversityR incorporates 19 Environmental
Niche Modelling (ENM) algorithms that are proven to produce more robust results than those
relying on a single algorithm, thus delivers greater confidence regarding the species in question
(Kindt, 2014; Ranjitkar et al., 2016). Then the gaps can be identified after comparing with the
distribution of existing protected areas (in the present study our focus is directed towards China’s
National Nature Reserves). In order to conduct an effective X. sorbifolium in situ conservation,
information generated from the gap analysis should be considered along with the social-economy
of the species. Here, based on the gap analysis results, we will attempt to provide a new

conservation approach whereby the species’ biologically important areas are identified and
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extending our work through proposing alternative management/utilization objectives.

By elucidating wild X. Sorbifolium contemporary and future distribution, we conducted this
reserach to meet the following objectives: 1) illustrate the anticipated future range change (30-50
years) and 2) identify the most effective in situ conservation plans utilizing the existing China’s

National Nature Reserves.
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MATERIALS AND METHODS
Study area

Xanthoceras sorbifolium, yellowhorn, is native and widely distributed species in northern
China. For the purpose of this study, we divided the species’ range into 4 regions; namely, Xibei
(Shaanxi, Gansu, Qinghai, and Ningxia), Huabei (Beijing, Tianjin, Hebei, Shanxi, and Inner
Mongolia), Dongbei (Shandong, Henan, Jilin, and Liaoning), and Tibet A.P. (exclude Lingzhi
area). These four regions including 14 provinces, Autonomous Prefectures, and cities (Wang et
al., 2009), covering 4,858,271 km? and accounting for more than 50% of the terrestrial area of the
People's Republic of China (Fig 1). The research area has a complex landform and vast range

extending between 75.14°~132.58°E and 26.50°~53.28°N, with high (>4000 m asl) and low

(<100 m asl) elevations in the southeast and northeast, respectively. This region is relatively dry,
belonging to a typical arid to the semiarid region on China, representing a suitable habitat for X.

sorbifolium due to its drought tolerance (Xia & Gadeek, 2007).
Data collection
Distribution data

Species occurrence data of X. sorbifolium natural populations were collected from the
following three sources:
1) New gazetteers, such as recent research highlights with valuable information for conservation
(Turvey et al., 2015; Yang et al., 2016; Zhang et al., 2016). New gazetteers have been recognized
as a reliable resource of information for ecologists specifically in situations where data shortage is
prevalent (Guisan et al., 2013). More than 2,800 of new gazetteers have been published (2000 -

2016) and all were accessed from the National Library of China (http://www.nlc.gov.cn/) of which
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57 recorded the occurrence of X. sorbifolium (Table S1),

2) Specimens from Chinese Virtual Herbarium database (http://www.cvh.ac.cn), and

3) Online publications from the China National Knowledge Internet (CNKI http://www.cnki.net/).

We compiled the species location data from the above sources for a period spanning 2000 to 2016.

Climate data

Biologically significant climatic variables, land cover, and elevation were combined to predict
X. sorbifolium potential distribution in the next 30-50 years. Current and future (2050 - 2070)

bioclimatic variables data were download from WorldClim Version 1 (http://worldclim.org/).

There were 19 GCMs (Global Climate Models, also known as General Circulation Models), and
each has four Representative Concentration Pathways (RCPs: RCP 2.6, 4.5, 6.0, and 8.5),
representing the greenhouse concentration trajectories following the IPCC 5t Assessment Report
(Intergovernmental Panel on Climate Change 2015 Report (https://www.ipcc.ch/report/ar5/)).
Generalized Variance Inflation Factors (GVIF) were used to select the least correlated predictor
variables and GVIFs with more than ten were removed (Guisan et al., 2013). High correlated GVIF
variables were also removed (Table S2), and 7 out of the 19 bioclimatic variables (bio 1, 2, 4, 13,

14, 15, and 19) were selected for producing the species distribution model.
Protected area and human influence data

China’s National Nature Reserves and Human Influence data from 427 Reserves were
acquired for 2015 from the School of Nature Conservation, Beijing Forestry University (Zhang et
al., 2016). Human influence data included human population pressure (population density), human
land use and infrastructure (built-up areas, nighttime lights, land use/land cover), and human
access (coastlines, roads, railroads, navigable rivers) were download from Socioeconomic data and

applications center (WCSP, 2005).
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Data analysis

Species occurrence data

Species occurrence data were assembled, overlaid by their representing land cover (The
United States Geological Survey; http://landcover.usgs.gov/landcoverdata.php), elevation (The
CGIAR Consortium for Spatial Information (GIAR-CSI); http://srtm.csi.cgiar.org/), and
administrative regions. Species occurrence data were done at the county level with a spatial
resolution of about 10 km, to reduce spatial auto-correlation. Species occurrence in the same grid
with a spatial resolution of about 10 km or duplicate recordings were removed (Ranjitkar et al.,
2014). After data mining, the three data resources produced a total of 269 species occurrence
points.

Modelling

The “BiodiversityR” computer program was used to predict yellowhorn suitability map and
understand its future distribution (Ranjitkar et al., 2016). The analysis was conducted using four
steps modelling method: 1) “ensemble-test-splits” function to calibrate the ENM sub-models,
“ensemble-best” parameter to select 9-12 best models according to each model’s AUC (Area
Under the Curve); 2) “ensemble-test” function to exclude those sub-models with weight below
0.05 and obtain consensus map using the “ensemble-raster” function; 3) models within each RCP
(Representative Concentration Pathways) were combined into a majority ensemble result and the
ensemble models’ performance were evaluated using the threshold-independent AUC value and
threshold-dependent (kappa) (Zomer et al., 2014); and 4) “ensemble-Habitat-change” function was
carried out to determine habitat change (Ranjitkar et al., 2016). Area change includes the
percentage of predicted range gain or loss (RGL), and range turnover (RT). The percentage of

predicted range gain or loss (RGL) was calculated as follows: RGL = 100(RG — RL)/CR with RGL

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017




164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

divided into two modes: dispersed and undispersed (without area gain). The range turnover (RT)

was estimated by RT = 100*(RL + RG) / (CR + RG) (Potts et al., 2013).

GAP analysis

The first step of GAP analysis is mapping the contemporary spatial distribution data (Hochman et
al., 2016). Based on the “biodiversityR” analysis result of the distribution map of current, 2050
(RCP 2.6, 4.5, 6.0, and 8.5), and 2070 (RCP 2.6, 4.5, 6.0, and 8.5) were overlaid to obtain the
“always-suitable” area distribution map. The second step is to examine the existing Chinese
National Nature Reserves System using the “always-suitable” distribution map for inclusion in the
analysis. These National Nature Reserves are reclassified into four levels based on the Importance-
Performance Analysis (IPA; Sever, 2015). Based on the presence of yellowhorn in each of the
National Nature Reserves, the yellowhorn protected areas are classified as either large (= 50%;
occupancy of more than or equal to the median value) or small (< 50%; occupancy of less than the
median value). Based on the size of the protected area and the yellowhorn percent presence, this
classification resulted in four scenarios: 1) large protected area with large yellowhorn percent
presence (Quadrant 1); small protected area with large yellowhorn percent presence (Quadrant 2);
small protected area with small yellowhorn percent presence (Quadrant 3); and large protected
area with small yellowhorn percent presence (Quadrant 4) (Sever, 2015). Since the human
influence index on these National Nature Reserves ranges from 4 to 27 (average value of each
Nature Reserve), with the high value representing high influence, the human influence impact was
grouped in three levels; namely, 0, 1 and 2 with human influence values under 10, between 10 -

20, and more than 20, respectively (SEDAC, http://sedac.ciesin.columbia.edu/).
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RESULTS
Ensemble model performance and habitat change

A total of 12 sub-models (MAXENT, GBM, GBMSTEP, GLM, GLMSTEP, MGCYV,
MGCVFIX, RPART, NNET, SVME, BIOCLIM, and DOMAIN) contributed to building the final
ensemble model (AUC = 0.916, kappa = 0.398). Comparison among current and future ensemble
model of Representative Concentration Pathways (RCP: 2.6, 4.5, 6.0 and 8.5) scenarios for 2050
and 2070, showed a substantial change in range suitability according to the predicted climate
change (Fig 2). The yellowhorn distribution areas showed significant change among current, 2050,
and 2070 with total distribution area declining with the different scenarios from 1 to 17% and 14
to 20% under with and without habitat gain, respectively (Table 1). Habitat gain ranged from 3 to
11% while the turnover area was around 20% (Table 1). The species’ distribution center has
changed slightly from northwest to southeast without any appreciable change in elevation (in 40

m, Fig 3).

China’s National Nature Reserves based GAP analysis

The GAP analysis identified 71 of the 427 National Nature Reserves to be included in the
“always-suitable” area and, counting only for 1.58% of the total area (26,007 out of 3,662,958
km?) (Fig 4 and Table S3) and permitted their classification to forest (45), inland wetlands and
water (4), desert (2), and grassland and meadow (1) ecosystems, with additional 19 in wild animals
(18) and plants (1) territories (Table S3). According to the Importance-Performance Analysis
(IPA), 44 Nature Reserves were included in quadrant 1 (Table S3), with total areas ranging from
94 to 2,131 km? with protected area ratios between 63.79 to 100% and human influence value
ranging from 14 to 25. Quadrant 2 included 3 Nature Reserves (Table S3) with total areas ranging

from 46 to 67 km? with protected area ratios ranging between 68.66 to 98.00% and human
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influence value ranging from 16 to 17. Quadrant 3, accommodated 10 Nature Reserves (Table S3)
with total areas ranging from 82 to 445 km? with protected area ratios ranging between 0.11 to
9.57% and human influence values between 4 and 18. Finally, quadrant 4 included 14 Nature
Reserves (Table S3) with total areas ranging from 241 to 240,394 km? with protected area ratios

between 0.45 to 49.04 %, and human influence values from 4 to 19 (Table S3, Fig 3).
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DISCUSSION

The present study represents the first attempt of assessing the distribution of wild yellowhorn
populations and its predicted range change under globe climate warming scenarios. While the wild
yellowhorn contemporary range is large and extending from Northeastern China to the Tibetan
Plateau, this range is anticipated to decrease in the coming 30-50 years due to climate change,
along with expected distribution center shift from the northwest to southeast coupled with
elevational increase. The change of the species distribution center could be accelerated by the
intensified acidification in northwestern China which is expected to force the species shift to more
humid regions (Coleman, 1989; Du et al., 2016). This anticipated range shift could be further
accentuated by the species’ heat resistance as it belongs to the pantropical distribution family -
Sapindaceae (Nianhe & Xianrui, 1995). Furthermore, the projected elevational increase is in line
with previous globe warming projections (Pauli et al., 2012; Priti et al., 2016).

Yellowhorn, is a species with economic value, thus it is under constant utilization and this
poses a potential threat from overutilization (biological resource use). The size of yellowhorn seed
is large, thus opportunities for range expansion through seed dispersal are limited (Zhou & Zheng,
2015). While our analyses show a steady decrease of about 5 to 7% per 10-year period without
habitat gain, the authentic decrease may be even greater than the model’s predictions and this could
be caused by the effects of habitat fragmentation and overutilization. Additionally, our result
indicated the presence of a substantial gap accounting for 1.58% of the total 71 National Nature
Reserves’ area and this could exasperate the species conservation efforts as yellowhorn
management is not considered as high priority.

Yellowhorn in situ conservation within the China’s National Nature Reserve Network can be
effectively and easily accomplished through wild populations maintenance. Based on the concept

of GAP and Importance-Performance Analysis framework (IPA), we classified the National
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Nature Reserves into four quadrants (Sever, 2015). Reserves present in Quadrant 1 (large protected
area with large yellowhorn percent presence) should receive the highest priority as protected areas
accompanied with dedicated research and management plans that accommodate human influence
values of >20 (e.g., the Yellow River Wetland Birds National Nature Reserve of Xinxiang Henan
that showed the highest human influence in this quadrant) (Fig. 5). Additionally, National Nature
Reserves with human influence value of <20 should be considered as a future conservation priority
with considerations of establishing yellowhorn genetic reserves (e.g., Habahu National Nature
Reserve) (Maxted et al., 1997).

Combining utilization and conservation should be considered as a fundamental forest
management goal (Davidson & El-Kassaby, 1997). So, for National Nature Reserves included in
Quadrant 2 (small protected area with large yellowhorn percent presence), conservation and
research plan are urgently needed and efforts such as wild species genetic reserves should be
considered (Maxted et al., 1997). Reserves present in Quadrant 3 (small protected area with small
yellowhorn percent presence), could be defined as reserves border areas and are most likely
considered as population sinks lead by edge effects (Woodroffe et al., 2017). In these areas, a
yellowhorn seed production populations (i.e., seed orchards) could be established for industrial
managed seed production (Wang et al., unpublished paper). Finally, Reserves included in Quadrant
4 (large protected area with small yellowhorn percent presence) represent the greatest conservation
challenge as the cost and efforts dedicated to conservation will not yield appreciable return on the
investment; however, these populations offer an ideal opportunity for ex situ conservation as their
genetic sources could act as a supplementary means to maintaining their genetic legacy. In general,
our aim is to balance the conservation and utilization efforts with high value populations receiving

the most conservation resources within the Chinese National Nature Reserves Network.
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Several plant species’ life-history attributes are associated with their geographic distributions
(e.g., Pseudotsuga menziesii (El-Kassaby & Ritland, 1996), Picea sitchensis (Chaisurisri & El-
Kassaby, 1994), Collinsia heterophylla (Lankinen & Armbruster, 2007)), therefore, studying the
various attributes of X. sorbifolium populations in their natural habitat should provide fundamental
information for conservation efforts as well as the raw-material for effective selection and breeding
programs.

Although we used 12 sub-models to produce the final ensemble model and species occurred
utilizing data collected from three sources to produce the most “relatively” reliable suitability
habitat, we should highlight the fact that other important policy, local economy, and biological
(e.g., self-incompatible, male and female reproductive success and recruitment, inbreeding
depression) factors were not considered and all independently or in concert could also lead to the
projected distribution uncertainty. In the present study, we highlighted the importance and value
of the Chinese National Nature Reserves Network as a reliable source for yellowhorn wild
populations’ conservation. We also highlighted the fact that future yellowhorn research should be
consider including: 1) mapping artificial populations’ distribution; 2) uncovering the species wild
populations range change utilizing long-term ecological data; 3) considering the completion of the
International Union for Conservation of Nature (IUCN) assessment; and 4) auditing in situ and ex

situ conservation performance.

ACKNOWLEDGEMENTS

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017



https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjj3Ni1wovTAhUNxmMKHRv4A0QQFggaMAA&url=https%3A%2F%2Fwww.iucn.org%2F&usg=AFQjCNH_Zr38lNdJaA4OJ6b8ByyDoP5Uow&sig2=IOBj0_xMwKrApLlTGGHG3Q

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

W Guan is funded by Ministry of Science and Technology of the People’s Republic of China (NO.
2013GA105004). QW is supported by Chinese Scholarship Council (CSC). The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Competing Interests

The authors declare there are no competing interests.

Author Contributions

Author contributions: Q.W., L.Y., Y.A.E. and W.G. conceived the study; Q.W.,L.Y., J.W., X.W.,
D.Z.,ZW., Y.Z., Z.Q. and L.B. collected material and data; S.R. provided coding script; Q.W.,
L.Y., S.R. and X.W. analyzed the data; Q.W., L.Y. and Y.A.E. wrote the manuscript; S.R., X.L.,
Y.A.E. and W.G. read and corrected the manuscript.

Data Accessibility

The following information was supplied regarding data availability:

The research in this article did not generate any raw data. We used a previously published papers
and other publications. The raw data has been supplied as Supplemental Files. R script for this
analysis is available on GitHub: https://github.com/cran/BiodiversityR.

Supporting information

Additional supporting Information may be found in the online version of this article:

Table S1 Occurrence data of X. sorbifolium from different resources.

Table S2 Generalized Variance Inflation Factor (VIF) used for final calibration and prediction of
climatic space.

Table S3 The distribution of China’s 71 National Nature Reserves or portions distributed in the

always-suitable area of X. sorbifolium.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017




307
308
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370

REFERENCE

1 L IR AL LI
WY

Aitken, S.N. & Bemmels, J .B.(06 Time ogetn: assis‘%iad gene flow of forest trees.
Evolutionary Applications, 9, 271-290. DOI/10.1111/eva.12293/full

Allen, C.D., Macalady, A.K., Chenchouni, H., Bachelet, D., McDowell, N., Vennetier, M.,
Kitzberger, T., Rigling, A., Breshears, D.D. & Hogg, E.T. (2010) A global overview of
drought and heat-induced tree mortality reveals emerging climate change risks for forests.
Forest Ecology and Management, 259, 660-684. doi.org/10.1016/j.foreco.2009.09.001

Chaisurisri, K. & El-Kassaby, Y.A. (1994) Genetic diversity in a seed production population vs.
natural populations of Sitka spruce. Biodiversity and Conservation, 3, 512-523.

Coleman, R.G. (1989) Continental growth of northwest China. Tectonics, 8, 621-635. DOI:
10.1029/TC0081003p00621

Davidson, R. & El-Kassaby, Y.A. (1997) Genetic diversity and gene conservation of pacific silver
fir (Abies Amabilis) on Vancouver Island, British Columbia. Forest Genetics, 4, 85-98.

Du, S., Kang, S., Li, F. & Du, T. (2016) Water use efficiency is improved by alternate partial root-
zone irrigation of apple in arid northwest China. Agricultural Water Management, 179,
184-192. doi.org/10.1016/j.agwat.2016.05.011

El-Kassaby, Y.A. & Ritland, K. (1996) Impact of selection and breeding on the genetic diversity
in Douglas-fir. Biodiversity and Conservation, 5, 795-813. DOI: 10.1007/BF00051787

Elith, J. & Leathwick, J.R. (2009) Species distribution models: ecological explanation and
prediction across space and time. Annual Review of Ecology, Evolution, and Systematics,
40, 677-697. doi/abs/10.1146/annurev.ecolsys.110308.120159

Flannigan, M.D., Logan, K.A., Amiro, B.D., Skinner, W.R. & Stocks, B. (2005) Future area
burned in Canada. Climatic change, 72, 1-16. DOI: 10.1007/s10584-005-5935-y

Franca, S. & Cabral, H.N. (2015) Predicting fish species richness in estuaries: Which modelling
technique to use? Envirommental Modelling &  Software, 66, 17-26.
doi.org/10.1016/j.envsoft.2014.12.010

Franklin, J. (2010) Mapping species distributions: spatial inference and prediction. Cambridge
University Press.

Guisan, A., Tingley, R., Baumgartner, J.B., Naujokaitis-Lewis, 1., Sutcliffe, P.R., Tulloch, A.L.,
Regan, T.J., Brotons, L., McDonald-Madden, E. & Mantyka-Pringle, C. (2013) Predicting
species distributions for conservation decisions. Ecology Letters, 16, 1424-1435. DOI:
10.1111/ele. 12189

Guo, Z., Miao, Q. & Li, X. (2005) Variation characteristics of temperature over northern China in
recent 50 years. Scientia Geographica Sinica, 25, 448.

Hochman, Z., Gobbett, D., Horan, H. & Garcia, J.N. (2016) Data rich yield gap analysis of wheat
in Australia. Field Crops Research, 197, 97-106. doi.org/10.1016/j.fcr.2016.08.017
Hopfensperger, K.N. (2007) A review of similarity between seed bank and standing vegetation

across ecosystems. Oikos, 116, 1438-1448. DOI: 10.1111/5.0030-1299.2007.15818.x

Iriondo, J.M., Maxted, N. & Dulloo, M.E. (2008) Conserving plant genetic diversity in protected
areas: population management of crop wild relatives. Typeset by Spi, Pondicherry, India.
ISBN: 9781845932824.

Kindt, R. (2014) BiodiversityR: GUI for biodiversity, suitability and community ecology analysis.
R package BiodiversityR version.

Kindt, R. & Coe, R. (2005) Tree diversity analysis. A manual and software for common statistical
methods for ecological and biodiversity studies. World Agroforestry Centre (ICRAF),

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017




371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

Nairobi. ISBN 92-9059-179-X.

Knight, A.T., Cowling, R.M., Rouget, M., Balmford, A., Lombard, A.T. & Campbell, B.M. (2008)
Knowing but not doing: selecting priority conservation areas and the research—
implementation gap. Conservation Biology, 22, 610-617. DOI: 10.1111/j.1523-
1739.2008.00914.x

Kurz, W.A., Dymond, C., Stinson, G., Rampley, G., Neilson, E., Carroll, A., Ebata, T. &
Safranyik, L. (2008) Mountain pine beetle and forest carbon feedback to climate change.
Nature, 452, 987-990. doi:10.1038/nature06777

Lankinen, A. & Armbruster, W. (2007) Pollen competition reduces inbreeding depression in
Collinsia heterophylla (Plantaginaceae). Journal of Evolutionary Biology, 20, 737-749.
doi/10.1111/j.1420-9101.2006.01233.x/full

Li, X., Huang, Y., Gong, J. & Zhang, X. (2010) A study of the development of bio-energy
resources and the status of eco-society in China. Energy, 35, 4451-4456.
doi.org/10.1016/j.energy.2009.04.018

Maxted, N., Hawkes, J., Guarino, L. & Sawkins, M. (1997) Towards the selection of taxa for plant
genetic conservation. Genetic Resources and Crop Evolution, 44, 337-348.
doi:10.1023/A:1008643206054

Nianhe, X. & Xianrui, L. (1995) Geographical distribution of Sapindaceae in China. Journal of
Tropical and Subtropical Botany, 3, 13-28 (in Chinese).

Pauli, H., Gottfried, M., Dullinger, S., Abdaladze, O., Akhalkatsi, M., Alonso, J.L.B., Coldea, G.,
Dick, J., Erschbamer, B. & Calzado, R.F. (2012) Recent plant diversity changes on
Europe’s mountain summits. Science, 336, 353-355. DOI: 10.1126/science.1219033

Potts, A.J., Hedderson, T.A., Franklin, J. & Cowling, R.M. (2013) The Last Glacial Maximum
distribution of South African subtropical thicket inferred from community distribution
modelling. Journal of Biogeography, 40, 310-322. DOI: 10.1111/5.1365-
2699.2012.02788.x

Priti, H., Aravind, N., Shaanker, R.U. & Ravikanth, G. (2016) Modeling impacts of future climate
on the distribution of Myristicaceae species in the Western Ghats, India. Ecological
Engineering, 89, 14-23. doi.org/10.1016/j.ecoleng.2016.01.006

Questad, E.J., Kellner, J.R., Kinney, K., Cordell, S., Asner, G.P., Thaxton, J., Diep, J., Uowolo,
A., Brooks, S. & Inman-Narahari, N. (2014) Mapping habitat suitability for at-risk plant
species and its implications for restoration and reintroduction. Ecological Applications, 24,
385-395. DOI: 10.1890/13-0775.1

Ranjitkar, S., Xu, J., Shrestha, K.K. & Kindt, R. (2014) Ensemble forecast of climate suitability
for the Trans-Himalayan Nyctaginaceae species. Ecological Modelling, 282, 18-24.
doi.org/10.1016/j.ecolmodel.2014.03.003

Ranjitkar, S., Sujakhu, N.M., Lu, Y., Wang, Q., Wang, M., He, J., Mortimer, P.E., Xu, J., Kindt,
R. & Zomer, R.J. (2016) Climate modelling for agroforestry species selection in Yunnan
Province, China. Environmental  Modelling &  Software, 75, 263-272.
doi.org/10.1016/j.envsoft.2015.10.027

Rogelj, J., Den Elzen, M., Hohne, N., Fransen, T., Fekete, H., Winkler, H., Schaeffer, R., Sha, F.,
Riahi, K. & Meinshausen, M. (2016) Paris Agreement climate proposals need a boost to
keep warming well below 2 °C. Nature, 534, 631-639. doi:10.1038/nature18307

Rovzar, C., Gillespie, T.W. & Kawelo, K. (2016) Landscape to site variations in species
distribution models for endangered plants. Forest Ecology and Management, 369, 20-28.
doi.org/10.1016/j.foreco.2016.03.030

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017




417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

Scott, J.M., Davis, F., Csuti, B., Noss, R., Butterfield, B., Groves, C., Anderson, H., Caicco, S.,
D'Erchia, F. & Edwards Jr, T.C. (1993) Gap analysis: a geographic approach to protection
of biological diversity. Wildlife Monographs, 3-41.

Sever, I. (2015) Importance-performance analysis: A valid management tool? Tourism
Management, 48, 43-53. doi.org/10.1016/j.tourman.2014.10.022

Turvey, S.T., Crees, J.J. & Di Fonzo, M.M. (2015) Historical data as a baseline for conservation:
reconstructing long-term faunal extinction dynamics in Late Imperial-modern China. The
Royal Society, DOI: 10.1098/rspb.2015.1299.

Vroh, B.T.A., Yao, C.Y.A., Kpangui, K.B., Bi, Z.B.G., Kouamé¢, D., Koffi, K.J., Koffi, B.J.C. &
Guessan, K.E.N. (2016) Comparing Suitable Habitat Models to Predict Rare and Endemic
Plant Species Distributions: What are the Limits of the Niche of Cola lorougnonis
(Malvaceae) in Cote d'Ivoire? Environment and Natural Resources Research, 6, 1-17.
doi.org/10.5539/enrr.von3pl

Wang, H., Zhang, B., Zhao, C., Jin, X., Wang, X., Dai, S., Wang, Y., Kang, S., Liu, Y. & Li, D.
(2009) The spatio-temporal characteristics of temperature change in recent 57 years in
northern China. Progress in Geography, 28, 643-650. (in Chinese)

Woodroffe, R., Donnelly, C.A., Ham, C., Jackson, S.Y., Moyes, K., Chapman, K., Stratton, N.G.
& Cartwright, S.J. (2017) Use of farm buildings by wild badgers: implications for the
transmission of bovine tuberculosis. European Journal of Wildlife Research, 63, 6. DOI:
10.1007/s10344-016-1065-2

WCSP (2014) Last of the Wild Project, Version 2, 2005, (LWP-2): Global Human Footprint
Dataset (Geographic). Palisades, New York: NASA Socioeconomic Data and Applications
Center (SEDAC), Available at: https://doi.org/10.7927/HAM61HSF. (Accessed 10 August
2016).

Xia, N. & Gadek, P. (2007) Sapindaceae In ZY Wu & PH Raven (eds.): Flora of China, 12
(Hippocastanaceae to Theaceae): 5-24.

Yang, L., Huang, M., Zhang, R., Jiang, L., Ren, Y., Jiang, Z., Zhang, W. & Luan, X. (2016)
Reconstructing the historical distribution of the Amur Leopard (Panthera pardus
orientalis) in Northeast China based on historical records. ZooKeys, 592, 143. doi:
10.3897/zookeys.592.6912

Yang, Q.-e., Zhu, G., Hong, D., Wu, Z. & Raven, P.H. (2005) World's largest flora completed.
Science, 309, 2163-2163. DOI: 10.1126/science.309.5744.2163b

Zhang, R., Yang, L., Laguardia, A., Jiang, Z., Huang, M., Lv, J., Ren, Y., Zhang, W. & Luan, X.
(2016) Historical distribution of the otter (Lutra lutra) in north-east China according to
historical records (1950-2014). Aquatic Conservation: Marine and Freshwater
Ecosystems, 26, 602-606. DOI: 10.1002/aqc.2624

Zhang, S., Zu, Y.-G., Fu, Y.-J., Luo, M., Liu, W, Li, J. & Efferth, T. (2010) Supercritical carbon
dioxide extraction of seed oil from yellow horn (Xanthoceras sorbifolia Bunge.) and its
anti-oxidant activity. Bioresource Technology, 101, 2537-2544.
doi.org/10.1016/j.biortech.2009.11.082

Zhao, G., Tian, Y., Tang, Z., Li, J. & Zeng, H. (2013) Distribution of terrestrial national nature
reserves in relation to human activities and natural environments in China. Biodivers. Sci,
21, 658-665.

Zhou, Q. & Zheng, Y. (2015) Comparative de novo transcriptome analysis of fertilized ovules in
Xanthoceras sorbifolium uncovered a pool of genes expressed specifically or preferentially
in the selfed ovule that are potentially involved in late-acting self-incompatibility. PLoS

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017




463
464
465
466
467
468

ONE, 10, e0140507. doi.org/10.1371/journal.pone.0140507

Zomer, R.J., Trabucco, A., Wang, M., Lang, R., Chen, H., Metzger, M.J., Smajgl, A., Beckschéfer,
P. & Xu, J. (2014) Environmental stratification to model climate change impacts on
biodiversity and rubber production in Xishuangbanna, Yunnan, China. Biological
Conservation, 170, 264-273. doi.org/10.1016/j.biocon.2013.11.028

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.2965v1 | CC BY 4.0 Open Access | rec: 5 May 2017, publ: 5 May 2017




NOT PEER-REVIEWED

469
470
Tibetan Plateau
14
Legend
. Note:
Elevation i 1. Jilin Province; 2. Liaoning Province; 3. Inner Mongolia Autonomous Region;
- High : 8141 4. Hebei Province; 5. Beijing; 6. Tianjin; 7. Shandong Province;
8. Shanxi Province; 9. Henan Province; 10. Shaanxi Province;
Low : -94 11. Gansu Province; 12.Ningxia Province; 13. Qinghai Province; 0 250 500 1,000
14. Tibet Autonomous Region. EEEN Km
471

472  Figure 1 Study area of X. sorbifolium covering 14 Chinese provinces.
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474  Figure 2 Current and future distribution maps of Representative Concentration Pathways (RCP:

475 2.6,4.5, 6.0, 8.5) scenarios for 2050 and 2070; “always-suitable” map was overlaid on all maps
476 above.
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487 Figure 4 GAP based on China’s National Nature Reserves.
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492 Table 1 Habit change in different Representative Concentration Pathways (RCP: 2.6, 4.5, 6.0, 8.5) scenarios for 2050 and 2070 (areas
493  are in km?).

NS AL RL RG PH AL% RL% RG% RGL % RT%

Current 4886765 NA NA NA 2056188

2050RCP2.6 4883566 1693076 363112 132121 1057754 83.29%  17.66% 6.42% -11.24%  22.63%
2505RCP4.5 4817008 1684890 371298 69757 1754647 81.94%  18.06% 339% -14.67%  20.75%
2050RCP6.0 4662175 1828256 227932 224590 2052846 88.91% 11.09% 10.92%  -0.16%  19.84%
2050RCP8.5 4751863 1712997 343170 134902 1847899 83.31%  16.69% 6.56% -10.13%  21.82%
2070RCP2.6 4807574 1638842 417346 79191 1718033  79.70%  20.30% 3.85% -16.45%  23.25%
2070RCP4.5 4811105 1628653 427535 75660 1704313  79.21%  20.79% 3.68% -17.11%  23.60%
2070RCP6.0 4756416 1708714 347474 130349 1839063 83.10% 16.90% 6.34% -10.56%  21.85%
2070RCP8.5 4794783 1747801 308387 91982 1839783  85.00%  15.00% 4.47% -10.52%  18.64%

494  NS: never suitable; AL: always suitable; RL: range loss; RG: range gain; PH: habit %; RGL: % of predicted range gain/loss; RT:

495  range turnover.
496

497

498
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