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Introduction

Redistribution of species across space in response to climate change may significantly influence the structures and functions of ecosystems, including the mismatch between pollinators and host plants [START_REF] Inouye | The effects of climate change on the phenological interactions of plants and pollinators[END_REF], biological invasions [START_REF] Hulme | Climate change and biological invasions: evidence, expectations, and response options[END_REF] and local biodiversity loss [START_REF] Mantyka-Pringle | Climate change modifies risk of global biodiversity loss due to land-cover change[END_REF]. Although it has been assumed that climate warming could push the distributions of animal and plant species upslope along the elevational gradient and poleward along the latitudinal gradient to track isotherms [START_REF] Lenoir | Latitudinal and Elevational Range Shifts under Contemporary Climate Change[END_REF], recent studies have indicated controversial evidence on species redistributions in the last a few decades both at the global (Guo et al., 2017) and regional scales [START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF][START_REF] Crimmins | Changes in climatic water balance drive downhill shifts in plant species' optimum elevations[END_REF].

Since the beginning of the Quaternary, mountains have acted as refugia for species during climatic oscillations [START_REF] Loarie | The velocity of climate change[END_REF][START_REF] Sandel | The influence of late Quaternary climate-change velocity on species endemism[END_REF][START_REF] Tang | Identifying long-term stable refugia for relict plant species in East Asia[END_REF], and their roles as refugia will likely be strengthened during the Anthropocene as strong anthropogenic disturbances are wiping out many species from lowlands [START_REF] Nogué S-Bravo | Scale effects and human impact on the elevational species richness gradients[END_REF]Rahbek et al., 2019). Studies indicate that temperature in mountainous regions have increased faster than the average across the Northern Hemisphere [START_REF] Rebetez | Monthly air temperature trends in Switzerland 1901-2000 and 1975-2004[END_REF] or at lowlands [START_REF] Pepin | Elevation-dependent warming in mountain regions of the world[END_REF], which may have led to significant shifts in elevational distributions of mountain species and hence aggravated the extinction risk of mountain biodiversity [START_REF] Moritz | Impact of a century of climate change on small-mammal communities in Yosemite national park, USA[END_REF][START_REF] Mené Ndez | Climate change and elevational range shifts: evidence from dung beetles in two European mountain ranges[END_REF][START_REF] Rowe | Spatially heterogeneous impact of climate change on small mammals of montane California[END_REF]. Evaluation of the elevational redistributions of species and the drivers of these changes will help forecast the fate of mountain biodiversity under future climate change (Freeman et al., 2018b). However, little consensus has been reached on elevational redistribution of species in response to climate change in the past decades. For instance, several studies have indicated that plant species in the Alps have shifted upslope in response to climate change in the last century [START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF][START_REF] Rumpf | Range dynamics of mountain plants decrease with elevation[END_REF]. In the GLORIA network of Europe's major mountains, plant species shifted their elevational distributions to higher altitudes by 2.7 m/year on average between 2001 and 2008 [START_REF] Pauli | Recent plant diversity changes on europe's mountain summits[END_REF]. The warming-induced shifts to higher altitudes increased the competition of cold-adapted alpine plants, which may then cause the decline of some high altitude species [START_REF] Pauli | Signals of range expansions and contractions of vascular plants in the high Alps: observations (1994-2004) at the GLORIA master site Schrankogel, Tyrol, Austria[END_REF][START_REF] Gottfried | Continent-wide response of mountain vegetation to climate change Nature[END_REF]. Similarly, Mené ndez et al. (2014) found that 49 dung beetle species have shifted upward in South-western Alps (France) and Sierra Nevada (Spain), mostly through expansions at the upper range limits. In contrast, plant species in California have shifted their elevations downhill [START_REF] Crimmins | Changes in climatic water balance drive downhill shifts in plant species' optimum elevations[END_REF]. These contrasting findings suggest that elevational changes of mountain species in response to climate change may differ across different regions. Previous evaluations have been conducted mainly in temperate or Mediterranean mountains [START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF][START_REF] Pauli | Recent plant diversity changes on europe's mountain summits[END_REF][START_REF] Mené Ndez | Climate change and elevational range shifts: evidence from dung beetles in two European mountain ranges[END_REF]. However, relatively few tropical mountains and almost no subtropical mountains have been evaluated due to the lack of historical data on species distributions in these regions [START_REF] Chen | Elevation increases in moth assemblages over 42 years on a tropical mountain[END_REF][START_REF] Yasmeen | Climate-induced elevational range shifts and increase in plant species richness in a himalayan biodiversity epicentre[END_REF][START_REF] Lenoir | Climate-related range shifts -a global multidimensional synthesis and new research directions[END_REF]Moruetaholme et al., 2015;[START_REF] Feeley | Most 'global' reviews of species' responses to climate change are not truly global[END_REF]Freeman et al., 2018b).

Climate change may not only cause elevational shifts of mountain species [START_REF] Rowe | Spatially heterogeneous impact of climate change on small mammals of montane California[END_REF], but also contraction of their elevational ranges, which may increase the risk of local extinctions of endemic alpine species [START_REF] Manne | Relative risk of extinction of passerine birds on continents and islands[END_REF]Pound et al., 2006;[START_REF] Sorte | Projected range contractions of montane biodiversity under global warming[END_REF]Freeman et al., 2018b). Therefore, understanding whether climate change is altering the elevational ranges of mountains species is a pressing question. The contraction of elevational ranges may be due to the upslope movement of lower limits or downhill movement of upper limits or both. For instance, Freeman et al. (2018a) reviewed the recent studies on changes of species elevational ranges and found that elevational ranges of mountaintop species from several plant and animal groups significantly contracted (Freeman et al., 2018a). [START_REF] Rowe | Spatially heterogeneous impact of climate change on small mammals of montane California[END_REF] found that lower limits of the elevational ranges of small mammals in California shifted upslope, leading to range contractions. These findings suggest that evaluating the relative contributions of upper and lower limits to changes in species elevational ranges is critical to understand future impacts of climate change on range sizes and to evaluate the extinction risks of mountains species.

Identifying the main confounding factors that significantly influence species redistributions in response to climate change is critical for comprehensive evaluations on the impacts of future climate change [START_REF] Grytnes | Identifying the driving factors behind observed elevational range shifts on European mountains[END_REF][START_REF] Serra-Diaz | What's hot in conservation biogeography in a changing climate? Going beyond species range dynamics[END_REF]) and yet remains a challenge in global change ecology (Freeman et al., 2018a;[START_REF] Yalcin | An empirical test of the relative and combined effects of land-cover and climate change on local colonization and extinction[END_REF]. Studies in the Alps found that climate warming was the major driver of upslope elevational shifts of species, and species were able to track their climatic niche as the global temperatures increased [START_REF] Gaston | The Structure and Dynamics of Geographic Ranges[END_REF][START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF][START_REF] Mené Ndez | Climate change and elevational range shifts: evidence from dung beetles in two European mountain ranges[END_REF]Rowe et al., 2014). In contrast, studies in Mediterranean mountains of southern Europe [START_REF] Pauli | Recent plant diversity changes on europe's mountain summits[END_REF] and California [START_REF] Crimmins | Changes in climatic water balance drive downhill shifts in plant species' optimum elevations[END_REF] found that the changes in precipitation regime rather than temperature increase dominated the elevational shifts of plant species. In addition, the elevational ranges of cold-adapted alpine plant species contracted, while those of warm-adapted lowland species expanded in response to climate warming [START_REF] Rumpf | Range dynamics of mountain plants decrease with elevation[END_REF]. These inconsistencies on the drivers of species redistribution in response to climate change may be partly due to the fact that different species have different climate adaptions, which may lead to different responses of elevational ranges to climate change.

Moreover, species' functional traits may also influence the redistribution of species in response to climate change. For example, [START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF] found that the elevational centroids of 115 herbaceous species in the French Alps shifted 85 m upslope on average between 1905 -1985 and 1986 -2005, while those of woody species (trees and shrubs) did not change during the same time period. Besides, the ability of seed dispersal determined the elevational and geographical range shifts of species in response to climate change [START_REF] Corlett | Will plant movements keep up with climate change?[END_REF]. However, how differences in climate adaptations and functional traits of species may influence species redistribution under climate change remains largely unknown.

Here, using species distribution data obtained from historical herbarium records and recently conducted field resurveys in Mt. Gongga, the highest mountain in the Hengduan Mountains located in one of the global biodiversity hotspot [START_REF] Myers | Biodiversity hotspots for conservation priorities[END_REF][START_REF] Zu | Altitudinal biodiversity patterns of seed plants along Gongga Mountain in the southeastern Qinghai-Tibetan Plateau[END_REF], we aim to 1) estimate species redistributions along the elevational gradient of Mt. Gongga since the 1950s; and 2) explore how climate adaptions and functional traits of species influence their redistributions in response to climate change.

Materials and methods

Study area and climate change

Mt. Gongga, the highest mountain in the Hengduan Mountains, is located in the transitional zone between the eastern edge of the Qinghai-Tibet Plateau and the Sichuan Basin (29°21′N -29°54′N and 101°44′ -102°10′E) (Fig. 1a). The elevational gradient of Mt. Gongga ranges from ca. 1000 m to 7556 m above sea level (a.s.l.) and extends from the bank of Dadu River to the summit of Mt. Gongga [START_REF] Zu | Altitudinal biodiversity patterns of seed plants along Gongga Mountain in the southeastern Qinghai-Tibetan Plateau[END_REF]. Because this mountain is affected by subtropical monsoon climate at low elevation and alpine climate at high elevation, it has a striking vertical vegetation zonation, ranging from subtropical to alpine vegetations [START_REF] Liu | Vegetation in the Gongga mountain[END_REF][START_REF] Wu | Explaining the species richness of birds along a subtropical elevational gradient in the Hengduan mountains[END_REF].

There are four standard national meteorological stations in Mt. Gongga region, i.e. Jiulong (2925 m a.s.l.), Kangding (2615.7 m a.s.l.), Luding (1403.2 m a.s.l.), and Shimian (890.7 m a.s.l.), which could well represent the climate there. The average adiabatic lapse rate of mean annual temperature in Mt. Gongga is -0.49 °C per 100 m increase in elevation. The climatic records at these four meteorological stations show a clear trend of climate warming and precipitation fluctuations during the last 70 years (see Fig. 1b and Fig. 1c). The average warming trend in these four meteorological stations during our study period (ca. 1950 -2018) is 0.013 ± 0.003 °C/yr (Fig. 1a).

However, it was noteworthy that both the previous study in China's mountains [START_REF] Wang | Regional differences in the timing of recent air warming during the past four decades in China[END_REF] and the climate data of the four climate stations in Mt. Gongga region (Fig. 1) indicated that the major climate warming in this region started since 1985 -1990. The mean annual temperature fluctuated before this period, but significantly increased after it. As a result, the mean annual temperature increased from 12.08°C before 1985 -1990 to 12.48°C after it. Temporal fluctuations in precipitation varied across the four meteorological stations but the overall tendency was a decrease in annual precipitations (drying trend) throughout the study period, with a decreasing trend of -1.368 ± 0.98 mm/yr on average (Fig. 1b).

We tested whether the overall warming and drying trends observed across the four studied meteorological stations were constant throughout the entire studied elevational gradient or more pronounced at one end of it. Because four meteorological stations are rather a small sample size, we obtained a larger climatic dataset from the
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(http://www.resdc.cn/). This dataset provides spatial interpolations (at 30 arc-second resolution, about 1-km at the equator) of annual climatic conditions across China throughout the period of 1980 -2015 based on more than 2400 Chinese meteorological stations [START_REF] Hutchinson | Interpolation of rainfall data with thin plate smoothing splines-Part I: two dimensional smoothing of data with short range correlation[END_REF]. Based on these national annual gridded layers, we first estimated the long-term averages in mean annual temperature and total annual precipitation during two different time periods (1980 -1988 vs. 2007 -2015) and for each 1-km pixel unit across our study area (see Fig. 1a). Then, we estimated the differences in both mean annual temperature (MAT,℃) and total annual precipitation (AP, mm) between 2007(AP, mm) between -2015(AP, mm) between and 1980(AP, mm) between -1988. . Then we tested whether these differences over time varied along the elevational gradient. Besides, we also extracted the human footprint (HF) data during the period of 1995-2004 from the Last of the Wild (v2; https://sedac.ciesin.columbia.edu), and analyzed the elevational changes in human footprint in Mt. Gongga (see Fig. S1). To account for the effect of spatial autocorrelation on model significance, we tested the significance of the regression models by modified t-test [START_REF] Dutilleul | Modifying the t test for assessing the correlation between two spatial processes[END_REF]. Preliminary results indicated that the warming and drying trends since 1980 and human footprint were higher at low elevations than at high elevations across the entire study area (Fig. 1e,f). Based on this, we expected greater changes at the lower elevational margins of species distributions.

Elevational distributions of seed plants in Mt. Gongga

Plant distribution data in Mt. Gongga was obtained from both historical specimen collections and recent field surveys. Historical data on plant species occurrences were obtained from the National Specimen Information Infrastructure (NSII: http://www.nsii.org.cn) and the Chinese Virtual Herbarium (CVH: http://www. cvh.org.cn/cms/). After excluding specimens with incomplete information on geographical locations and elevations of the collection site and excluding duplicated specimens collected at the same site, we finally obtained a total of 23,044 occurrences for 3,519 seed plant species collected between 1950 and 2017. Species names of all records were standardized following the Taxonomic Name Resolution Service (TRNS, http://tnrs.iplantcollaborative.org /TNRSapp.html) and the Asian Plant Synonym Lookup (APSL, phylodiversity.net/fslik/synonym_ lookup.htm).

We conducted three comprehensive field surveys covering 191 sites along the elevational gradient ranging from ca. 1000 to 4600 m a.s.l in May 2018, July 2018 and July 2019. The field surveys covered the same elevational gradient as the herbarium records. The coordinates of specimen collections were recorded using GPS. From these surveys, we collected 4,625 new occurrence records for 1701 seed plant species, accounting for 85% of the plant species recorded in the historical specimens. The specimens collected are stored in the herbarium of the Institute of Botany, Chinese Academy of Sciences (PE), and identified by plant experts. The species names of all newly collected specimens were also standardized following the TRNS and the APSL websites.

To assess changes in species elevational distributions over time, we splitted collections into two time periods : 1950 -1988 vs. 1989 -2018 because the rapid climate warming in this area started during [START_REF] Liu | Vegetation in the Gongga mountain[END_REF]-1990[START_REF] Wang | Regional differences in the timing of recent air warming during the past four decades in China[END_REF]. In total, there were 19,313 occurrence records for 3,519 seed plant species during the first time period (1950 -1988), and 8,356 records for 2,310 species during the second period (1989 -2018) (see Fig. S2a). To reduce the potential influences of small sample size on the estimation of elevation changes between the two time periods, we selected species that 1) occurred during both time periods, and 2) included at least 10 occurrence points at each time periods. In total, 83 species, and 2,173 and 898 occurrence records in Mt.

Gongga during the two time periods respectively were obtained (see Fig. S2b).

Changes in species elevational ranges

We estimated the centroid elevations and the lower and higher elevational limits of 83 species in each time period separately (1950 -1988 vs. 1989 -2018). Specifically, the centroid elevation per species in each time period was calculated as the average elevation of all sampled occurrences of it during that time period. The lower and upper elevational limits of a species were calculated as the minimum and maximum elevations of its occurrence records, respectively. The elevational change of a species was measured as the differences in its centroid elevation and lower and upper elevational limits between the two time periods [START_REF] Mené Ndez | Climate change and elevational range shifts: evidence from dung beetles in two European mountain ranges[END_REF]. Pairwise t tests were used to test the significance of overall elevation changes for all species between the two periods.

Preliminary results suggest that the average elevation of all occurrence records was higher during the recent (3193 m a.s.l.) than the historical period (2983 m a.s.l.) (see Fig. S2). To test whether this reflects a real trend, suggesting that species move upslope over time, or if this reflects a sampling bias caused by a tendency that current researchers tend to sample at higher elevations, we developed a null model to estimate the null expectation of the elevation change of a species while keeping the actual structure of the dataset. 1) We permuted species names of all occurrence records within each time period separately. This process would not change the total number of occurrences sampled for each species in a given period, but just how the occurrence records were distributed along the elevational gradient. 2) We estimated the elevation changes for each species using this randomized dataset. 3) We repeated step 1 and 2 for 1000 times. 4) We tested the significance of the observed elevation changes of each species using paired t-tests.

Functional traits of species

To explore whether species functional traits influenced their elevation changes, we compiled several functional traits for the studied species. Specifically, data on plant lifeforms, mature height, flowering time, and fruiting time were obtained from Flora of China (http://foc.eflora.cn/), Flora Reipublicae Popularis Bulgaricae (http://frps. https://bien.nceas.ucsb.edu/bien/). The seed dispersal type of each species was compiled from Royal Botanic Gardens (http://data. kew. org/sid/). We classified the 83 studied species into three dispersal categories: biotically dispersed species (dispersed by humans and animals), abiotically dispersed species (dispersed by water and wind) and autochory. We discarded the records for untrusted and undetermined species, and for numerical traits, we calculated the mean value for a certain species when more than one data point was available. Then Kruskal-Wallis test was used to test the effects of species' functional traits on elevation changes [START_REF] Crimmins | Changes in climatic water balance drive downhill shifts in plant species' optimum elevations[END_REF].

Global distributions and climatic adaptations of the studied species

To evaluate whether and how climatic adaptations of the studied species influence their elevation changes along Mt. Gongga, we also compiled their global distributions and identified the dominant factors constraining their distributions using species distribution models (SDMs). The global distributions of the studied species were obtained from several mega online databases containing most specimen records in different regions, including Global Biodiversity Information Facility (GBIF: http://www.gbif.org/), the Chinese Virtual Herbarium (CVH: http://www. cvh.org.cn/cms/), the National Specimen Information Infrastructure (NSII: http://www.nsii.org.cn), and RAINBIO [START_REF] Dauby | RAINBIO: a mega-database of tropical African vascular plants distributions[END_REF], Botanical Information and Ecology Network (BIEN, http://bien.nceas.ucsb.edu/bien/biendata/), etc. Distribution records with longitude and latitude coordinates were selected, and cultivated and introduced records were excluded. Finally, a total of 38,739 distribution records were obtained for the 83 studied species. We thinned the occurrence records of each species to a spatial resolution of 2.5 arc minutes using the 'thin' function in the "spThin" R package in order to reduce the potential influences of spatial biases in species distribution records (Aiello-Lammens, et al., 2015).

Data of current climate (19 climate factors) with a spatial resolution of 2.5 arc minutes were obtained from the WorldClim database (http://www.worldclim.org). In order to eliminate the collinearity between climatic variables, the correlation coefficient of each variable pair was screened [START_REF] Liang | Shifts in plant distributions in response to climate warming in a biodiversity hotspot, the Hengduan Mountains[END_REF], and 6 major bioclimatic variables with correlation coefficients < 0.75 were finally selected [START_REF] Graham | Confronting multicollinearity in ecological multiple regression[END_REF] (see Table S1 for the list of retained variables).

We used MaxEnt to predict the probability of climatically suitable habitats of each species [START_REF] Kumar | Maxent modelling for predicting suitable habitat for threatened and endangered tree Canacomyrica monticola in New Caledonia[END_REF]. MaxEnt has been widely used to predict species distributions under different climate conditions and to evaluate relative contributions of different factors in constraining species distributions [START_REF] Merow | A practical guide to Maxent for modeling species' distributions: what it does, and why inputs and settings matter[END_REF][START_REF] Fourcade | Mapping species distributions with MAXENT using a geographically biased sample of presence data: a performance assessment of methods for correcting sampling bias[END_REF]. For each species, 75% of the distribution records were used for model training and 25% for model testing. The maximum iterations were set to 5000, and the maximum number of background points was set to 10,000 [START_REF] Tingley | Realized niche shift during a global biological invasion[END_REF]. Default settings were used for the rest parameters. Model performance was evaluated by the area under the ROC curve (AUC). In general, AUC values of 0.6 -0.7 were considered as poor, 0.7 -0.9 as good, and 0.9 -1.0 as very good [START_REF] Elith | A statistical explanation of MaxEnt for ecologists[END_REF][START_REF] Merow | A practical guide to Maxent for modeling species' distributions: what it does, and why inputs and settings matter[END_REF]. Here, we only included models with AUC values > 0.7.

The relative importance of each climate factor in constraining species distributions was obtained from the MaxEnt models and was used to identify the dominant factors of the distribution range of each species (Table S2). Based on the dominant factors of each species, we divided all species into two groups: species dominated by temperature and those by precipitation. Student t tests were used to verify whether there is any significant difference in elevation changes between the two groups.

Lastly, generalized linear models (GLMs) were used to test the relationships between elevation changes of species and different climatic factors constraining the global distributions of the corresponding species. All analyses were conducted in R version 3.5.3 (R Core Team, 2019).

Results

Changes in elevation centroids and limits

Among the 83 studied species, 53 species (63.9%) showed a significant upslope shift in the centroids of their elevational ranges, while only 19 species (22.9%) showed a significant downslope shift. Specifically, 72.4% of herbaceous species (21 species; +179 m) and 59.3% of woody species (32 species; +112 m) showed significant upslope shifts in their centroid elevations (Fig. 2). After resampling, the species' elevational distributions, the change in centroids of the upshift species and downshift species followed the same trend (Table S3). These results indicate that most plant species in Mt. Gongga have shifted upward in their altitudinal distributions during the past 70 years.

Moreover, the distances of centroid elevation shifts were negatively related to their historical centroid elevations (Fig. 3a; R 2 = 0.04, p < 0.05). Specifically, lowland species (e.g. species living below 2000 m) moved 249 ± 231 m upwards on average, while alpine species living above 3600 m did not significantly move upwards on average, and six alpine species among them moved downhill.

The upper range limits of 56 species (67.5%) shifted downhill, and the distances of shifts in the upper range limits of species were not significantly correlated with historical centroid elevation of species (Fig. 3b). In contrast, the lower range limits of most species (61 species; 73.5%) moved upward, and the distances of shifts in the lower range limits were negatively related to historical centroid elevation of species (Fig. 3; R 2 = 0.08, p < 0.01). After resampling, the species had significant differences in the historical and current survey records of the lower range limits, but not for the upper range limits (see Table S4).

Changes in elevational range size of species

The elevational range size of most species decreased in the past 70 years.

Moreover, the changes in elevational range size of species were positively correlated with their historical centroid elevations (R 2 = 0.03, p = 0.05, Fig. 3c). The decrease in elevational range size was more pronounced in lowland species compared to alpine species.

Although changes in centroid elevations of species were all positively correlated with the changes in upper/lower range limits, the correlations between centroid elevation changes and lower limit changes were consistently stronger than those between centroid elevation changes and upper limit changes (Fig. 4a). Changes in elevational range size had a positive correlation with the changes in upper range limits (R 2 = 0.37, p < 0.001), but a negative correlation with the changes in lower range limits for all species (R 2 = 0.58, p < 0.001, Fig. 4a). For woody plants, the change in upper/lower range limits significantly explained the elevational range size changes.

Importantly, changes in lower ranges limits had higher explanatory power than changes in upper ranges limits for herbs (Fig. 4b,c).

Relationship between climate suitability and elevational range shifts

The results of species distribution model showed that the importance of several climate factors in determining the global distribution ranges of the studied species were significantly correlated with their elevational changes and changes in range size (Table S2). Specifically, the shifts in centroid elevation of species were negatively correlated with the importance of mean temperature of coldest quarter (MTCQ) and mean temperature of warmest quarter (MTWQ), but positively correlated with the importance of precipitation of warmest quarter (PWQ) (Fig. 5). The changes in upper range limit of species were negatively correlated with the importance of precipitation seasonality (PS), but positively correlated with the importance of precipitation of coldest quarter (PCQ). The change in range size of species were mainly negatively corrected with the importance of temperature seasonality (TS) and PS, while positively correlated with the importance of PCQ (Fig. 5).

Relationship between functional traits and elevational range shifts

The centroid elevation changes of species varied across families, which may reflect differences in functional traits of different families (Fig. 6). First, there were strong associations between the centroid elevation changes and fruit type of species. Specifically, species with capsule, achene, follicle, berry and nut fruits shifted their centroid elevations upward. In contrast, the species with legume and drupe fruits type tended to move downhill (Fig. 6a). Second, the centroid elevation changes also had a close relationship with seed dispersal type. The centroid elevation changes of abiotically-dispersed species were no significantly different from those of bioticallydispersed species, though they all shifted upward. In contrast, the autochory species had a significant shifted downhill (Fig. 6b). Third, the centroid elevation changes were correlated with lifeforms. Particularly, the herbaceous plants migrated farther than the woody plants (Fig. 6c). Among the changes in the upper/lower limits, only the upper limit changes were significantly associated with life form (Fig. 6e). Other traits had no significant relationships with the centroid elevation changes and changes in their upper and lower limits (Table S5; Fig. 6).

Multiple regressions analyses showed that the climatic suitability (i.e. the importance of MTCQ and MTWQ in determining the global distribution ranges of species), elevation, functional traits (i.e. dispersal types, lifeforms, fruit types) and the relatedness of species (i.e. families) all significantly contributed to changes in the centroid elevations. Among these variables, the climatic suitability (i.e. the importance of MTCQ and MTWQ in determining the global distribution ranges of species), elevation and species lifeforms had the highest contribution (Table 1).

Discussion

Why do species move in different directions along elevational gradients?

Our results indicated that most of the studied species migrated upward along the elevational gradient in Mt. Gongga. This result is consistent with previous studies on the elevational redistribution of species in different regions, e.g. the Alps, Mt. Kinabalu in Borneo, GLORIA network across Europe's major mountains, and Mt. Chimborazo in Ecuador [START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF][START_REF] Chen | Elevation increases in moth assemblages over 42 years on a tropical mountain[END_REF][START_REF] Pauli | Recent plant diversity changes on europe's mountain summits[END_REF][START_REF] Gottfried | Continent-wide response of mountain vegetation to climate change Nature[END_REF][START_REF] Morueta-Holme | Strong upslope shifts in Chimborazo's vegetation over two centuries since Humboldt[END_REF][START_REF] Lamprecht | Climate change leads to accelerated transformation of high-elevation vegetation in the central Alps[END_REF], but differs from the finding in California [START_REF] Crimmins | Changes in climatic water balance drive downhill shifts in plant species' optimum elevations[END_REF]. We also calculated the average rate of change in plant species optimum elevations (3.9 ± 1.0 m per year) during the past and present times. This is close to the annual rate of elevational shifts of plant species in the Alps (i.e. 29.4 ± 10.9 m per decade) [START_REF] Lenoir | A significant upward shift in plant species optimum elevation during the 20th century[END_REF] and across the mountains of the GLORIA network (i.e. 2.7 m per year on average) [START_REF] Pauli | Recent plant diversity changes on europe's mountain summits[END_REF].

Four plausible reasons may explain the upward shift of species along elevational gradients. Firstly, the species with distribution ranges dominated by PWQ mainly shifted their distributions upward, which suggests that precipitation is one of the likely drivers of species range shifts. The increase in summer precipitation in Mt. Gongga (Fig. 1b) might have facilitated range shifts of precipitation dependent species. For example, the global distribution range of Aletris spicata (Thunb.) Franch. was dominated by precipitation, and its elevation range shifted upward by 370 m in the last decades. Similarly, two high elevation species, Ranunculus tanguticus (Maxim.) Ovcz. and Rhododendron nitidulum Rehd. et Wils. shifted 190 m and 145 m upslope, respectively, as their global distribution ranges were also strongly influenced by precipitation. This finding does not support the growing literature that identifies rapid warming as the likely cause of upward shifts of high elevations species [START_REF] Jump | Rapid altitudinal migration of mountain plants in Taiwan and its implications for high altitude biodiversity[END_REF]. In other words, our finding indicates that rising temperature is not the only determinant of species upward migration along elevational gradient [START_REF] Chen | Rapid range shifts of species associated with high levels of climate warming[END_REF][START_REF] Wisz | The role of biotic interactions in shaping distributions and realized assemblages of species: Implications for species distribution modelling[END_REF][START_REF] Grytnes | Identifying the driving factors behind observed elevational range shifts on European mountains[END_REF], and precipitation could also be a major factor pushing species upward. Secondly, the average annual temperature increase and total annual precipitation decrease were relatively stronger in lowland areas than at high elevations in Mt. Gongga since the 1980s (Fig. 1e,f). Previous studies suggest that warming and precipitation decrease have negative effects on plant nutrient use and resorption efficiencies [START_REF] Xu | Experimental evidence for weakened tree nutrient use and resorption efficiencies under severe drought in a subtropical monsoon forest[END_REF], which might be one of the reasons for the stronger upward shifts of lowland species. Thirdly, the functional traits of plant species might influence the upward shifts of species. Studies have indicated that species with certain functional traits, such as an ability to effectively disperse and colonize new regions, have a significant effect on the migration rates of species. These species are, therefore, able to track climate change more easily and move upward (Holzinger et al., 2008;[START_REF] Angert | Do species' traits predict recent shifts at expanding range edges?[END_REF]Felde et al., 2012;Matteodo et al., 2013;[START_REF] Alexander | Lags in the response of mountain plant communities to climate change[END_REF]. In this study, we found that the species with small nut fruits (e.g., Alnus cremastogyne Burk.) shifted their centroid elevations upward the furthest compared to species with other fruit types. This is because small nuts are easily dispersed by both wind and animals. Fourth, human disturbances may also influence the changes in species elevational distributions [START_REF] O'sullivan | Onward but not always upward: individualistic elevational shifts of tree species in subtropical montane forests[END_REF]. Across the globe, nearly 60% of mountainous regions are exposed to intensive human pressure, predominantly at lowland areas [START_REF] Elsen | Topography and human pressure in mountain ranges alter expected species responses to climate change[END_REF]. In recent decades, tourism and recreation in Mt.

Gongga have increased in lower regions, and expanded the associated development along roads [START_REF] Zu | Altitudinal biodiversity patterns of seed plants along Gongga Mountain in the southeastern Qinghai-Tibetan Plateau[END_REF]. So we speculate that strong anthropogenic disturbance in lower regions of Mt. Gongga may have also contributed to the upward migration of lowland species. Some species migrated downhill though most species moved upward. Similar results have been found in other regions, such as birds in the Sierra Nevada Mountains [START_REF] Tingley | The push and pull of climate change causes heterogeneous shifts in avian elevational ranges[END_REF] and plants in California [START_REF] Crimmins | Changes in climatic water balance drive downhill shifts in plant species' optimum elevations[END_REF]. In our study, 19 species (22.9%) moved downhill. The downhill-migrating species were mainly dominated by MTCQ, which indicates that winter coldness might have constrained the uphill movement of species (Fig. 5). Moreover, the warming-induced migration to higher elevations may cause changes in species compositions and species interrelationships of the communities at high altitudes, forcing smaller populations of species to move downhill [START_REF] Lenoir | Going against the flow: Potential mechanisms for unexpected downslope range shifts in a warming climate[END_REF]. For instance, Rhododendron trichanthum Rehder shifted its elevation downhill likely due to the species interrelationships in high-altitude areas. Similarly, certain functional traits, such as legume fruits and the autochory dispersal type, may facilitate species migration from mid-altitude to low-altitude areas. For instance, Bauhinia brachycarpa Wall. ex Benth., Campylotropis polyantha (Franch.) Schindl., and Trifolium repens L. (generalized Fabaceae) shifted downhill due to their ability of autochory dispersal. In addition, the disappearance of species from lowlands may alleviate interspecific competition, enabling downward-shifting species to better survive in the lowlands [START_REF] Mené Ndez | Climate change and elevational range shifts: evidence from dung beetles in two European mountain ranges[END_REF].

Other environmental factors may also affect the changes in plant species' distribution. For example, carbon dioxide concentration and ultraviolet radiation affect photosynthesis in plants, thus affecting their physiological and ecological adaptability (Krupa and Kickert, 1993). Whether these factors directly affect the migration of plants along altitudinal gradient should be further evaluated.

Contraction in elevational ranges and implications for conservation

Our results also provide strong evidence on significant upward movement of the lower limit of lowland species, and a similar pattern that the upward shifts of lowland species is much more prominent in Europe [START_REF] Gottfried | Continent-wide response of mountain vegetation to climate change Nature[END_REF]. The upward shifts of lowland species lead to significant contraction in the elevational ranges of many species (Fig. 3c). Previous studies have also demonstrated contraction of species' elevational ranges in response to climate change in the past few decades in other regions [START_REF] Parmesan | Ecological and evolutionary responses to recent climate change[END_REF]. In Mt. Gongga, the increase in mean annual temperature and decrease in total annual precipitation were stronger in lowland than in alpine areas since the 1980s (Fig. 1e,f), which may be one of the reasons for the upward shifts of lower elevational range limits of many species. Moreover, anthropogenic disturbance is also stronger in lowland than in alpine areas, and hence may also contribute to the upward shifts of lower elevational range limits and the contraction in the range size. Specifically, land-use change in lowlands would likely shift species' lower range limits upwards, and thereby influence their elevational range size. Tourism and recreation in lowlands have also influenced species' habitat in most mountains [START_REF] Nogué S-Bravo | Scale effects and human impact on the elevational species richness gradients[END_REF], which in turn, might have changed the lower limits of lowland species.

Range size has been widely used as a proxy of species extinction risk because it is related to the vulnerability and population size of a species. Species with small geographic ranges are mostly identified as threatened with extinction in the IUCN Red

List [START_REF] Purvis | Predicting extinction risk in declining species[END_REF][START_REF] Marco | Human pressures predict species' geographic range size better than biological traits[END_REF]. If the range size of species decreases, its population size also tends to decrease and these species may become endangered [START_REF] Memmott | Global warming and the disruption of plantpollinator interactions[END_REF]. The loss of natural habitats of species in lowlands due to climate change and human pressures may lead to high risks of local extinction of species in lowlands (Di [START_REF] Marco | Human pressures predict species' geographic range size better than biological traits[END_REF][START_REF] Urban | Accelerating extinction risk from climate change[END_REF]. Our findings suggest that both climate and human pressure have important effects on the contraction of elevational range sizes of species and these factors should be fully considered in the future conservation planning in this area. Our study provides an important scientific references for developing management plans for protected areas in Mt. Gongga. 
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 1 Fig. 1. Location of the study area (Mt. Gongga) and observed changes in climatic conditions from 1960 to 2015 across the study region. Temporal changes in mean annual temperature (MAT) anomalies (a) and annual precipitation (AP) anomalies (b) relative to the average conditions at each of the four meteorological stations across the period 1960 -2015. Seasonal changes in MAT (c); Seasonal changes in AP (d); The changes in mean annual temperature (e) and annual precipitation (f) between 1980 -1988 and 2007 -2015 along the elevation gradients. Each dot in (e) (or f) represents temperature (or precipitation) changes within each 1 × 1 km grid cell at different elevations between the two studied periods.

Fig. 2 .

 2 Fig. 2. The historical (1950 -1988) and recent (1989 -2018) optimum elevations of 83 seed plant species in Mt. Gongga. (a) All species; (b) Woody species; (c) Herbaceous species.

Fig. 3 .

 3 Fig. 3. The elevational gradients of the changes in the optimum elevations (a), range sizes (c) and upper (b) and lower (d) elevational limits of the 83 seed plant species in Mt.Gongga from 1950Gongga from -1988Gongga from to 1989Gongga from -2018. . 

Fig. 4 .

 4 Fig. 4. Relationships of the changes in the optimum elevations (a -c) and range sizes (d -f) with the changes in the upper/lower range limits of the 83 seed plant species in Mt. Gongga from 1950 -1988 to 1989 -2018. The x-axes represent the changes in upper (red points with red line) or lower (blue points with blue line) range limits. The 95% confidence intervals of the regression lines are shown in grey.

Fig. 5 .

 5 Fig. 5. Relationships of the changes in optimum elevations (first row), upper range limits (second row), lower range limits (third row) and range sizes (fourth row) with the importance of climate factors in explaining their global distributions (i.e. climatic suitability of species). TS, temperature seasonality; MTWQ, mean temperature of the warmest quarter; MTCQ, mean temperature of the coldest quarter; PS, precipitation seasonality; PWQ, precipitation of the warmest quarter; PCQ precipitation of the coldest quarter.

Fig. 6 .

 6 Fig. 6. Relationships of the changes in optimum elevations (a-d) and upper range limits (e) with the functional traits and families of species. The functional traits included fruit types (a), seed dispersal types (b) and life forms (c, e). (d) The changes in optimum elevations vs. families.
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