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Abstract

How and why species range size varies along spatial gradients is fundamental yet controversial topics in biogeography. To
advance our understanding on these questions and to provide insight into biological conservation, we assessed the elevational
variations in vascular plants range size for different life form and biogeographical affinities, and explored the main drivers
underlying above variations in the longest valley in China’s Himalayas—the Gyirong Valley. Elevational range sizes of vascular
plants were documented by 96 sampling plots along 12 elevational bands of 300-m ranging from 1800 to 5400 m above sea
level. We assessed the elevational variations in range size by averaging the range size of all species within each elevational band.
We then related range size to climate, disturbance, competition factors and the mid-domain effect, and explored the relative
importance of aforementioned factors in explaining the range size variations using the Random Forest model. Total 545 vascular
plants were documented by our sampling plots along the elevational gradient. Out of 545 plants, 158, 387, 337 and 112 were
woody, herbaceous, temperate and tropical species respectively. Range size of each groups of vascular plants shown uniform
increasing trends along the elevational gradient which are in accordance with the prediction of Rapoport’s rule. Climate was
the main driver for the increasing trends of vascular plants range size in the Gyirong Valley. Climate variability hypothesis
and mean climate condition hypothesis were both supported to jointly explain such climate-range size relationship. Our results
reinforce previous notion that Rapoport’s rule applies to where the influence of climate is most pronounced, and call for close
attention to the impact of climate change in order to prevent range contraction and even extinction under global warming.

Introduction

The species range size is a fundamental unit in macroecology (Böhm et al., 2017). Understanding variation
of species range size along spatial gradients is of primary importance in study of climate change, biodiversity
pattern, gene flow and extinct mechanism. A well-known theory about spatial variation in species range
size is the Rapoport’s rule, which proposed that species range size correlates positively with latitude and
elevation (Stevens, 1989). However, despite of multiple early evidences from the Northern Hemisphere (e.g.,
Letcher & Harvey, 1994; Blackburn & Gaston, 1996; Arita et al., 2005), further study from other regions have
found complex and partial support for the rule (e.g., Hawkins et al., 2006; Whitton et al., 2011; Feng et al.,
2016), suggesting that the rule might be a regional phenomenon hinge on local environment (Whitton et al.,
2011). Therefore, recent attention has shifted from simply documenting variation in range size to exploring
drivers for the variation.

Various studies have been conducted to understand the association between variation in range size and
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environment factors such as climate (e.g., Whitton et al., 2011; Sheldon & Tewksbury, 2014), disturbance
(e.g., Lozada et al., 2008; Borkowski et al., 2016), competition (e.g., Glazier & Eckert, 2002; Grigione et al.,
2010), and the mid-domain effect (e.g., Luo et al., 2011). Climate factor is the most widely supported driver
in terms of both latitudinal and elevational variation in range size. Several hypotheses have been proposed to
explain the climate-range size relationship, among which the climate variability hypothesis is most commonly
accepted (Whitton et al., 2011; Pintor et al., 2015). This hypothesis was first proposed by Stevens at 1989,
and was believed to be the underlying mechanism of Rapoport’s rule (Stevens, 1989,1992). Stevens stated
that climate specifically temperature is more variable at higher latitudes and elevations. Such greater climate
variability favor species with wider tolerances and larger ranges, and thus leading to a positive relationship
between range size and latitude and elevation. The mean climate condition hypothesis is another prominent
explanation for climate-range size relationship, which are supposed to cooperate with climate variability to
generate increasing trends of range size along latitude and elevation (Luo et al., 2011). The mean climate
condition hypothesis proposes that species living at higher latitude or elevation are not only subject to
greater climate variation but also lower mean climate condition, and thus tend to be geographically widely
distributed (Luo et al., 2011; Jiang & Ma, 2014). Besides contemporary climate, the historical climate such
as Quaternary climate has also been proposed as explanation for range size variations based on the premise
that historical climate oscillations select for species with wider physiological tolerance and adaption (Jansson,
2003; Araújo et al., 2008).

Apart from climate factors, disturbance and competition are also considered to have impacts on species range
size. The disturbance hypothesis proposes that anthropogenic threats might constrains species distribution
due to the consequent population declines and extinctions (Whitton et al., 2011). The competition hypothesis
proposes that species in rich communities would face intense competitive pressure which might limit their
range size (Stevens, 1996; Gaston et al., 1998). In addition, patterns of range size variation might be subjected
to the mid-domain effect (MDE), as large range species necessarily overlap in domain center due to the limit
of geometric constraints on species geographical ranges, leading to a mid-domain peak in species range size
regardless of ecological factors (Colwell et al., 2004; Moreno et al., 2008).

In addition to environment factors, variations in species range size might also be associated with life-form
and biogeographical affinities. This is because, species’ life form and biogeographical affinities reflect their
ecophysiological traits and evolutionary history, and hence affect their response to environmental variation.
For example, compared with herbaceous plants, woody plants tend to have narrower adaptability for their
longer reproductive cycles and slower accumulation rate of genetic changes (Smith & Beaulieu, 2009), and
thus might more sensitive to the environmental gradient. Similarly, tropical taxa, which experienced more
stable climatic environment in their evolutionary history, may be hence more susceptible to climate variation
and were prone to increase their range size to adapt to increasing latitude and elevation (McCain, 2009).
However, little work has been done to examine variations in species range size in terms of the influence of
life-form and biogeographical affinities (but see Fend et al., 2016 and Zhou et al., 2019).

As one of the world’s 34 biodiversity hotspots, the Himalayas contain a diverse range of eco-climate zones,
and have been receiving much attention from various ecological and biogeographical studies. Especially in
the central Himalayas, where the towering mountains block the moisture from the Indian Ocean, a series
of north-south valleys contain rich biodiversity and conspicuous elevational environmental gradient in small
spatial scale, making them ideal place for uncovering the underlying mechanisms of the spatial variation
in species range size and examining the validity of Rapoport’s rule. However, while a number of studies
exploring the elevational variation and its drivers for species richness in the Himalayas (e.g., Acharya et al.,
2011; Manish et al., 2017; Kluge et al., 2017; Yang et al., 2018; Sun et al., 2020), corresponding studies for
species range size are limited. Since understanding range size variations are a prelude to effective biodiversity
conservation (Luo et al., 2011), filling up such a research gap will not only help address the theoretical issue
but also contribute to the conservation practice in this high-profile region.

Since long, vascular plants have been considered as an excellent matter of study for the spatial variation
in range size, because of their wide distribution and easy observation. In this study, we aim to examine
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elevational variations in vascular plants range size for different life form and biogeographical affinities, and
to explore the role of climate, disturbance, competition and the mid-domain effect on above variations, based
on a detailed field survey in the Gyirong Valley, the longest valley in China’s central Himalayas. Since species
range size is considered to be closely associated with species richness (Stevens, 1992), and climate has been
found to be the primary determinant for species richness in the Himalayas (Bhattarai and Vetaas 2003;
Manish et al., 2017; Sun et al., 2020; Liang et al., 2020), we expect that climate factors are also played a
greater role than other factors in explaining the elevational variations in vascular plants range size in the
Gyirong Valley. If that is the case, considering Rapoport’s rule gets supported in regions where the influence
of climate is most pronounced (Pintor et al., 2015), we also expect the vascular plants range size increases
with elevation as the rule predicted, especially for woody and tropical species which are supposed to be more
sensitive to climate variation.

2. Methods

2.1 Study area

The Gyirong Valley (28°16’-29deg 00’ N, 84deg56’-85deg24’ E) is located in the southern part of the Tibetan
Plateau of China, and border with northern part of Nepal (Fig. 1). The valley is expanded over 90 km, and
spans an elevational range from 1,840 to 7,341 m above sea level (a.s.l.). Due to the influence of the Indian
Ocean monsoon, the valley contain steep environmental gradients and distinct elevational vegetation zones
which can be divided into evergreen broadleaf forest (1,800-2,500 m a.s.l.), coniferous and broadleaf mixed
forest (2,500-3,300 m a.s.l.), subalpine coniferous forest (3,300-3,900 m a.s.l.), alpine bush and coryphilum
(3,900-4,700 m a.s.l.) and alpine tundra with sparse herbs (4,700-5,400 m a.s.l.). Above 5,400 m a.s.l. there
is the scree and nival zone where very few creatures can survive.

Our study was conducted along an elevation gradient from Resuo village at 1,800 m a.s.l. to Mt. Kong-
tanglamu and Mt. Mala at 5,400 m a.s.l.. We divided the gradient into 12 elevational bands of 300-m.
Elevation lower than 1800 m a.s.l. and high than 5400 m a.s.l. were excluded from the study due to the
geopolitical restrictions and scree and nival zone where very few creatures can survive.

2.2 Species sampling

Field study was carried out by 96 sampling plots along the 12 elevational bands from 1800 to 5400 m a.s.l.
in July and August 2018. For each band, 8 sampling plots were placed depending upon the most common
physiognomic vegetation and the topographic accessibility. In each plot, the vascular plant inventories were
conducted exhaustively (2-4 hours by 5 persons) with a quadrat of 400 m2following Fang et al. (2009).
Species that could not be identified in the field were taken to the Museum of Beijing Forestry University for
identification.

2.3 Species grouping

To assess the influence of life form and biogeographical affinities on range size variation, we classified the
vascular plants into four groups: (1) woody species, including trees and shrubs, (2) herbaceous species,
including herbs and climber, (3) temperate species, whose distribution centers located in north temperate
regions, and (4) tropical species, whose distribution centers located in pantropic regions. Life form and bio-
geographical affinities were determined referring to Flora of China (www.efloras.org), Flora of Pan-Himalayas
(www.flph.org), Flora Xizangica (Wu, 1983) and Floristics of Seed Plants from China (Wu et al., 2010).
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2.4 Species range size

For each species, elevational range size was estimated as the difference between maximum and minimum
elevational band that it occurred. Following Steven’s method (Steven, 1992), we average species range size
for all groups of vascular plants within each elevational band.

2.5 Environmental variables

Ten environmental variables which were divide into six groups were used to examine the role of mean climate
condition, climate variability, historical climate change, disturbance, competition and the mid-domain effect
on the elevational variation in vascular plants range size.

The mean climate condition variables include annual temperature (MAT) and mean annual precipitation
(MAP). The climate variability variables include temperature seasonality (TS) and annual temperature range
(MATR). MAT, MAP, TS, and MATR were derived from six mini weather stations establishing along the
Gyirong Valley from 2016 to 2018 (2,457, 2,792, 3,368, 3,740, 4,140, and 5,230 m a.s.l., Fig. 1). We averaged
three years’ data of the four variables for each station and extrapolated them for the entire study area using
Kriging interpolation in a GIS environment (Hu et al., 2018), and then used the average of 8 grid cells
corresponding to the sampling plots at each elevational band.

The variables of historical climate change included change in mean annual temperature (TC) and precipi-
tation (PC) between present and the Last Glacial Maximum (LGM, about 22,000 years ago). The annual
temperature and precipitation of the LGM were derived from the average of three Global Climate Mod-
els (GCMs), namely, CCSM4, MIROC-ESM, and MPI-ESM-P, which were obtained from the WorldClim
dataset (www.worldclim.org).

Variables related disturbance factors included the population (POP) and area of anthropogenic land use
(AALU). The POP data was provided by the authority of Mount Qomolangma National Nature Reserve.
The AALU was calculated as the area of artificial surfaces and cultivated land (Zhang et al., 2013) extracted
from the GlobeLand30 land cover data (http://www.globallandcover.com).

Since the direct measurement of competition is difficult to achieve, we used the interpolated species richness
as an indirect reflection (Stevens, 1996). The MDE were tested using the predicted average range size under
geometric constraints, which were computed by randomizing the empirical species range size within the
bounded domain using 1000 Monte Carlo simulations in the modules Mid-Domain Null (MaCain, 2004; Luo
et al., 2011).

2.6 Statistical analysis

For each elevational band, we calculated the species accumulation curve to assess the sampling adequacy.
Sampling in a band was considered adequate when the species accumulation curve reaches a plateau (Magur-
ran and McGill, 2011). Additionally, we computed non-parametric estimated species richness (Chao2 and
Jackknife2) for each band, and then performed regression of the observed species richness against the non-
parametric estimated species richness (Colwell & Coddington, 1994; Rowe, 2009).

Linear regressions were calculated to assess the relationship between elevation and range size for all groups
of vascular plants. Rapoport’s rule is supported where the relationship is positive (Moreno et al., 2008).

Relationships between species range size and elevation and each environmental variable were assessed using
ordinary least squares (OLS) models. Simultaneous autoregressive (SAR) model was also performed in
supplement to take account for the spatial autocorrelation in variables. All variables were standardized
(mean = 0 and standard deviation = 1) to make the regression coefficients comparable in OLS and SAR.

Random Forests model was used to explore the relative importance of each environmental variable in explain-
ing the range size variations for each species group. We chose the Random Forests model because it does not
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require strict assumptions in data and can better handle multicollinearity and non-linear relationships which
perplexed most traditional methods like GLMs (Breiman, 2001; Feng et al., 2016). We run the Random
Forests model 1000 times, and assessed the relative importance of each environmental variable based on the
average of the percentage increase in mean squared error (%IncMSE) from the models. The %IncMSE was
calculated by repeated permutation of each regression variable, which represents the increase in prediction
error caused by each individual variable.

Species accumulation curve and estimated species richness were calculated by EstimateS 9.10 (Colwell, 2013).
linear regression, OLS, SAR, and the Random Forest models as well as the bivariate model were conducted
in R 3.5.1 using vegan, spdep, and randomForest package.

3. Results

3.1 Sampling effort

Total 545 vascular plants belonging to 106 families and 339 genera were recorded from 96 sampling plots along
the elevational gradient in the Gyirong Valley. Out of all the vascular plants, 158 were woody (28.99%) and
387 were herbaceous (71.01%), 337 were temperate (61.83%) and 112 were tropical (20.55%) species. For each
of 300-m elevational band, the species accumulation curves reached plateau (Fig. 2), and the non-parametric
estimated species richness were highly correlated with the observed species richness (Choa2, R2=0.974,p
<0.01; Jackknife2, R2=0.988,p <0.01; Table S2), suggesting that the sampling effort was adequate.

3.2 Elevational trends of species range size and environmental variables

For all groups of vascular plants, species range size correlated positively with elevation (β¿0.7, p <0.01), and
shown uniform increasing trends along the elevational gradient as predicted by Rapoport’s rule (Fig. 3).
Woody species and tropical species were found having relatively stronger range size-elevation relationship
with higher regression coefficient.

With increasing elevation, MAT and MAP decreased steeply whereas MATR and TS increased monotonically,
TC and PC showed a similar pattern which generally decreased with an intermediate trough at 2400 m a.s.l.,
POP and AALU showed a similar bimodal pattern with peaks at 2700 and 4200 m a.s.l. corresponding to
the Gyirong town and Zongga town, SR showed a left-skewed hump-shaped pattern with peak at 3000 m
a.s.l. (Fig. 4). MDE of all groups of vascular plants showed a mid-peak pattern (Fig. 4, Fig. S1).

3.3 Relationship between species range size and environmental variables

OLS models and SAR models showed similar results about the relationship between species range size and
environmental variables, though the correlation would decrease when the spatial autocorrelation was taken
into account (Table 1). For all groups of vascular plants, almost all environmental variables were significantly
correlated with species range size along the elevational gradient, except for MDE, POP, and AALU. Among
them, MAT, MAP, TC, PC, and SR showed negative relationship with species range size, whereas MATR
and TS showed positive relationship with species range size.

3.4 Relative importance of each environmental variables

The Random Forest models explained 58.09%, 60.24%, 51.86%, 52.05%, and 41.93% of the variation of
range size in overall species, woody species, herbaceous species, temperate species, and tropical species,
respectively. Generally, MATR, TS, MAT and MAP are the most important variables in explaining the
elevational variation of range size across all groups of vascular plants (Fig. 5). SR, TC, and PC also play
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supplementary roles in determining the range size of vascular plants, whereas MDE, POP, and AALU appear
to be weak explanations of range size.

Discussion

The range size of all groups of vascular plants shown uniform increasing trends along the elevational gradient
of the Gyirong Valley. As our prediction, climate factors did play a greater role than other factors in shaping
above trends. Both of the climate variability hypothesis and the mean climate condition hypothesis were
supported to explain such climate-range size relationship. Therefore, it is not surprising that Rapoport’s
rule was supported regardless of life form and biogeographical affinities.

4.1 The influence of life form and biogeographical affinities

Life form and biogeographical affinities have been considered to cause differences in the response of species
to environmental gradient, but studies about how they influence the elevational variations in species range
size are relatively scarce (but see Feng et al., 2016 and Zhou et al., 2019). In Mount Kenya, Zhou et al.
(2018) observed a monotonic increasing trend for herbaceous species but an obvious right skewed unimodal
trend for woody species, whereas in Nepal, Feng et al. (2016) reported that the tropical species shown partial
support for Rapoport’s rule, while temperate species opposed the rule. However, in the Gyirong Valley of the
central Himalayas, range size of vascular plants across different life form and biogeographical affinities showed
uniform increasing trends, though woody species and tropical species did have relatively stronger range size-
elevation relationship as they are supposed to be more sensitive to environmental gradient. Zhou et al.
(2018) attributed the decrease of woody species range size at the higher elevation of Mount Kenya to higher
proportion of endemic species. But in the Gyirong Valley, both richness and proportion of endemic species
shown a left skewed unimodal pattern (Fig. S2), higher elevation was characterized by widely distributed
nonendemic species such asSpiraea alpine , Potentilla parvifolia , Lonicera spinosa , which might account for
above difference in elevational trends of woody species range size. On the other hand, it must be noted that
none of the climatic variability variables in Nepal shown increase trends with elevation (Feng et al., 2016),
whereas all climatic variability variables in the Gyirong Valley increased monotonically along elevational
gradient. Given that the increasing climatic variability gradient is indispensable for Rapoport’s rule, it’s
thus the rule got equivocal supported in Feng’s study but got strong supported in our study. Taken together,
we have reasons to contend that the influence of life form and biogeographical affinities on the range size
variation may be context-dependent.

4.2 The role of different environmental factors

Climate, especially contemporary climate, played a greater role than other environmental factors in shaping
the increasing trends of vascular plants range size in the Gyirong Valley. This result echo the predominance
of climate in determining elevational gradient of plants richness in the Himalayas (Bhattarai and Vetaas
2003; Manish et al., 2017; Sun et al., 2020; Liang et al., 2020), which could be attribute to the fact that the
Himalayas have a more distinct and complete vertical climatic gradient compare to that of most mountains at
the same latitude due to its unparalleled elevational range. For example, all contemporary climate variables
including MAT, MAP, TS, and MATR shown monotonic trends along the elevational gradient in the Gyirong
Valley. TS and MATR are the most important variables for range size of all groups of vascular plants and
showed significant positive relationship with range size. Higher elevations where climate is more variable
did indeed harbor more large range species, which provide a supporting evidence for the climate variability
hypothesis. In addition, the mean climate condition hypothesis was also supported as MAT and MAP shown
great importance and significant negative relationship with range size, suggesting that the impacts of climate
variability and mean climate condition on range size variation are inseparable.
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Beyond the primary importance of contemporary climate, competition and historical climate also play sup-
plementary roles in shaping the elevational trends of range size. Competition could constrain species dispersal
(Jiang & Ma, 2014). Species in communities with high species richness tend to have narrow distribution,
and vice versa (Jiang & Ma, 2014). Thus, it is not surprising that species range size was correlated nega-
tively with SR along the elevational gradient in the Gyirong Valley. What’s surprising is that, species range
size also showed negative relationships with TC and PC. It is possible that historical climate oscillations
could promote speciation (Hewitt, 1996, 2004; Leprieur et al., 2011; Zhao et al., 2016), resulting in higher
proportion of narrowly distributed endemic species at the lower elevations of the Gyirong Valley.

Disturbance factors and MDE pose minimal contribution to the elevational variation in range size. Since
the Gyirong Valley is located within the Mount Qomolangma National Nature Reserve (Fig. 1), human
activities are restricted in the vicinity of Gyirong town and Zongga town, and hence has less impact on the
distribution of vascular plants. The influence of the MDE was affected by the range size of species, species
with large range are more sensitive to MDE (Colwell et al., 2004). In the Gyirong Valley, over 90% of the
vascular plant has small range less than 1800 m (half of the sampling gradient), which could account for
weak explanation power of MDE.

4.3 The applicability of Rapoport’ rule

Since its formulation, the validity of Rapoport’s rule has been controversial. The applicability of the rule
varies greatly in different region around the world. In general, the rule appears to be more well-defined
in Northern Hemisphere and higher latitude than in Southern Hemisphere and lower latitude (Böhm et
al., 2017). It is important to remember that, when Stevens first introduced the Rapoport’s rule in 1989,
he emphasized the rule should apply to species that live in regions with conspicuous gradient of climate
variability (Stevens 1989). Further studies have been also confirmed the necessity of climate variability to
the validity of Rapoport’s rule. For example, Whitton (2011) suggested that the primary importance of
climate variability may explain why Rapoport’s rule is largely restricted to northern latitudes, as this is
where temperature seasonality is most pronounced. Similarly, Pintor et al. (2015) attributed the absence
of Rapoport’s rule in Australia to the complex climate pattern across the whole continent with minimum
and maximum temperatures varying considerably at any given latitude. In our study, climate variability
showed monotonical increasing pattern along the elevational gradient in Gyirong Valley, and was the most
influential factor behind the elevational variation in range size of all groups of vascular plants. Therefore,
it’s not surprising that Rapoport’s rule was supported regardless of life form and biogeographical affinities.
Our results challenge previous argument that life form and biogeographical affinities may influence the
applicability of Rapoport’ rule, and support that climate variability are the ultimate determinant for the
validity of Rapoport’s rule.

4.4 Conservation implication

Since climate plays a large role in determining species range, there is urgent need to keep eyes on the impact of
climate change. It has been widely reported that climate change will force species to shift their distribution
upward in mountains (Feeley et al., 2010, 2011; Rehm, 2014), and lead to the movement of elevational
biodiversity hotspot (Wu et al., 2016). On the other hand, climate change has been also implicated in species
range contractions at many mountains. For example, Engler et al. (2011) assess the impacts of climate change
on 2632 plant species across all major European mountain ranges, and found that 36-55% of alpine species,
31-51% of subalpine species and 19-46% of montane species lose more than 80% of their suitable habitat by
2070-2100. Since the Himalayas are among the most sensitive region to climate change (Xu et al., 2009), we
have reasons for concerns about the susceptibility and adaption of plants to the impact of climate change.
Specifically, given the extreme environmental condition and geographic constraints at the high elevation of
the Gyirong Valley, plants might fail to expand their upper limit while their lower range limit rise with their
upward range shift under climate change, leading to range contraction, and even extinction of narrow range
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species. Considering the response to climate change are species-specific, therefore, long-term monitoring is
imperative for understanding the impact of climate change on local biodiversity.

Conclusions

In the Gyirong Valley of the central Himalayas, range size of vascular plants across different life form and
biogeographical affinities were found increasing uniformly along the elevational gradient, which were in
accordance with the prediction of Rapoport’s rule. Climate, especially contemporary climate, was the main
driver for the increasing trends of vascular plants range. Both the climate variability hypothesis and the mean
climate condition hypothesis were supported in explaining the elevational variation of range size. Our results
reinforce previous notion that Rapoport’s rule applies to where the influence of climate is most pronounced.
Such a climate-driven variations of range size call for close attention to the impact of climate change, which
has been implicated in range contractions and even extinction of many taxa.
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Table 1 The ordinary least squares (OLS) models for each environmental variable and species range size of
all group of vascular plants. Coefficients (coef) were given as a measure of the strength of the correlation.
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Overall species Overall species Woody species Woody species Herbaceous species Herbaceous species Temperate species Temperate species Tropical species Tropical species

Overall species Overall species Woody species Woody species Herbaceous species Herbaceous species Temperate species Temperate species Tropical species Tropical species

CoefOLS CoefSAR CoefOLS CoefSAR CoefOLS CoefSAR CoefOLS CoefSAR CoefOLS CoefSAR

MAT -0.853*** -0.594*** -0.941*** -0.815*** -0.775** -0.523** -0.747** -0.412** -0.937** -0.802***

MAP -0.913*** -0.742*** -0.922*** -0.550*** -0.857*** -0.674*** -0.757** -0.421** -0.954** -0.708
TS 0.810** 0.524** 0.935*** 0.863*** 0.722** 0.457** 0.737** 0.400** 0.916* 0.800**

MATR 0.830*** 0.556*** 0.940*** 0.853*** 0.747** 0.486** 0.738** 0.402** 0.911* 0.801**

MDE 0.344 0.341 0.074 0.045 0.438 0.425 0.267 0.234 0.341 0172
TC -0.723** -0.489** -0.911*** -0.464*** -0.633* -0.455* -0.635* -0.293* -0.635* -0.420**

PC -0.693* -0.340* -0.863*** -0.358*** -0.588* -0.300* -0.597* -0.240* -0.592* -0.415***

POP 0.341 0.251 0.083 0.037 0.436 0.321 0.378 0.348 0.079 0.059
AALU 0.356 0.236 0.078 0.073 0.445 0.308 0.454 0.320 0.095 0.045
SR -0.681* -0.312* -0.835*** -0.525*** -0.568* -0.240* -0.757** -0.444** -0.551** -0.235**

*P < 0.05, **P < 0.01, ***P < 0.001.

Figures

Fig. 1 Map of the study area showing the 96 sampling sites and the 6 mini weather stations along the
Gyirong Valley. The letters correspond to the vegetation zones showing in the lower left corner of the map:
(a) evergreen broadleaf forest; (b) subalpine coniferous forest; (c) alpine bush and coryphilum; (d) alpine
tundra with sparse herbs.
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Fig. 2 Species accumulation curves for each 300-m elevational band in the Gyirong Valley.

Fig. 3 Elevational trends of range size of (a) overall species, (b) woody species, (c) herbaceous species, (d)
temperate species, and (e) tropical species in the Gyirong Valley.

Fig. 4 Elevational variations of (a) mean annual temperature, MAT; (b) mean annual precipitation, MAP;
(c) temperature seasonality, TS; (d) mean annual temperature range, MATR; (e) mid-domain effect, MDE;
(f) temperature change between present and the last glacial maximum, TC; (g) precipitation change between
present and the last glacial maximum, PC; (h) population, POP; (i) area of anthropogenic land use, AALU;
(j) species richness, SR.
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Fig. 5 The average of percentage increase in mean squared error of each environmental variable in 1000
Random Forest models for (a) overall species, (b) woody species, (c) herbaceous species, (d) temperate
species, and (e) tropical species.
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