Earth Syst. Sci. Data, 17, 5601-5613, 2025
https://doi.org/10.5194/essd-17-5601-2025

© Author(s) 2025. This work is distributed under
the Creative Commons Attribution 4.0 License.

Earth System
Science

Data

Open Access

Introduction

Modern pollen dataset of the Tibetan Plateau

Mengna Liao!, Kai Li', Yili Jin', Lina Liu', Xianyong Cao?, and Jian Ni!

ICollege of Life Sciences, Zhejiang Normal University, Jinhua 321004, China
2Group of Alpine Paleoecology and Human Adaptation (ALPHA), State Key Laboratory of Tibetan Plateau
Earth System, Environment and Resources (TPESER), Institute of Tibetan Plateau Research,
Chinese Academy of Sciences, Beijing 100101, China

Correspondence: Jian Ni (nijian@zjnu.edu.cn)

Received: 9 February 2025 — Discussion started: 18 February 2025
Revised: 7 July 2025 — Accepted: 18 September 2025 — Published: 22 October 2025

Abstract. Modern pollen datasets can provide invaluable data for interpreting temporal variations in climate,
vegetation, land cover, and plant diversity from fossil pollen. Here we present 555 pollen count data, identified
from topsoil collected within plant plots across a vast area of the Tibetan Plateau (TP) and along the southern
margin of Xinjiang that borders the TP. This dataset fills a geographical gap in the published datasets that offer
pollen count data for this area. Ordination analysis and multiple regression reveal that precipitation is the pri-
mary factor influencing the spatial distribution of pollen assemblages across the entire study area. Furthermore,
ordination analysis indicates that pollen assemblages can be used to distinguish vegetation types in the south-
eastern TP, such as coniferous forest, alpine shrubland, and alpine meadow, from vegetation types found in other
regions of TP. Additionally, it is possible to distinguish vegetation types that have low precipitation or moisture
requirements based on pollen assemblages. Generalized additive models demonstrate that six commonly used
pollen ratios, involving taxa such as Artemisia, Amaranthaceae, Cyperaceae, and Poaceae, are not sufficiently
reliable for reflecting changes in annual precipitation. Nevertheless, they can provide some indication of changes
in vegetation or landscape. This dataset holds various potential applications in paleoecological and paleoclimatic
research. It not only offers a scientific foundation for reconstructing changes in climate and vegetation over
time, but also enables the assessment of the reliability of pollen assemblages in representing the dynamics of
vegetation cover, functional traits, and plant diversity, by integrating data on simultaneously measured plot-level
plant communities and functional traits. Data from this study, including pollen count data for each sample and
site, alongside the geographical coordinates, altitude, local vegetation type of each sampling site, dry weight
of each sample used for pollen extraction, Lycopodium (marker) grains per tablet, and the identified number of
Lycopodium spores, are available at https://doi.org/10.11888/Paleoenv.tpdc.302015 (Liao and Ni, 2025).

Eurasian Modern Pollen Database (Davis et al., 2020), East

Modern pollen samples, cross-referenced with current distri-
butions of climate and vegetation, provide invaluable data for
interpreting temporal variations in climate, terrestrial veg-
etation, and land cover from fossil pollen data (Prentice
et al., 1996; Zhu et al., 2010; Fyfe et al., 2015; Kaufman
and Broadman, 2023; Liu et al., 2024). Over the past four
decades, modern pollen datasets have been progressively
established at continental or subcontinental scales, such as
the European Modern Pollen Database (Davis et al., 2013),
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Asian Pollen Database (Zheng et al., 2014), Modern Pollen
Dataset of China (Chen et al., 2021), modern pollen data
from North America and Greenland (Whitmore et al., 2005),
and Latin American pollen database (Flantua et al., 2015).
Public availability of these modern pollen data can facili-
tate quantitative reconstructions of past climate, biomes, land
cover, and plant diversity, and additionally aid in creating
benchmarks for evaluating vegetation and climate simula-
tions.


https://doi.org/10.11888/Paleoenv.tpdc.302015

5602

Tibetan Plateau (TP), known as the world’s “Third Pole”
and the cradle of East Asian flora, constitutes the largest area
of uplifted crust on Earth. It plays a pivotal role in the for-
mation of the climate pattern and hydrological system in
East Asia (Yao et al., 2012), as well as in the evolution of
flora, fauna and biodiversity (Ding et al., 2020). Besides, TP
is highly sensitive to global climate change, and its land-
scapes are fragile (Chen et al., 2015; Ehlers et al., 2022).
Due to its unique environment, TP has been a hotspot for
studying present and past changes in climate and vegetation
(Herzschuh et al., 2009; Li et al., 2022; Zhou et al., 2024),
and for investigating interactions between human and envi-
ronmental change (Gao et al., 2022; Zhang et al., 2022). Over
the past two decades, modern pollen datasets from TP (Yu et
al., 2001; Herzschuh et al., 2010; Lu et al., 2011; Cao et al.,
2014; Cao et al., 2021; Wang et al., 2022; Ma et al., 2024b) or
those from China or the world that include a substantial num-
ber of modern pollen samples collected from TP have been
published (Zheng et al., 2014; Davis et al., 2020; Chen et al.,
2021; Cui et al., 2024). Some of these datasets are publicly
accessible, including lake surface sediment pollen datasets
on the eastern, central, and western TP (Cao et al., 2021; Ma
et al., 2024b), the Modern Pollen Dataset of China (Chen et
al., 2021), and the Eurasian Modern Pollen Database (Davis
et al., 2020). However, most of these data have either been
digitized or converted into percentages, and collected from
multiple sources, making it difficult to evaluate their quality
and potentially introduce additional bias or uncertainties into
the results of further analysis.

Here we present modern pollen count data identified by the
team from 555 topsoil samples collected within plant plots
on TP and in the southern margin of Xinjiang bordering the
northern plateau. We aim to: (i) fill a geographical gap left
by previous datasets that provided pollen count data from the
TP, and (ii) propose potential uses of this dataset and nec-
essary considerations for its application. This modern pollen
dataset not only provides a probability to comprehensively
dissect the linkages between pollen assemblage and climatic
variables, as well as vegetation, across large gradients of cli-
mate and vegetation, but also helps improve the accuracy
of reconstructions of regional climate, vegetation, and land
cover.

2 Study area

The study area covers a wide geographical range from 28
to 40° N latitude and from 75 to 103° E longitude, including
large areas of the TP and the southern margin of Xinjiang,
which borders the northern plateau (Fig. 1). Due to the syn-
thetic effects of various factors such as altitude, topography,
and atmospheric circulation, TP shows a prominent gradi-
ent in climate (China Meteorological Data Service Centre,
https://data.cma.cn, last access: 6 November 2024). The TP
is characterized by a thermal deficiency, with mean annual
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temperature (MAT) across the surface plateau almost below
0°C. The MAT decreases from eastern to western TP, where
the MAT on the northern and eastern parts of the TP ranges
from 0 to 10 °C but decreases to about —10°C in western
TP. The precipitation generally decreases from the southeast,
which is impacted by the Indian Summer Monsoon, to the
northwest, which is influenced by dry westerly. The mean
annual precipitation reaches several hundred to even over a
thousand millimetres on the southeastern TP, but decreases
to below 50 mm on the northwestern TP. Additionally, pre-
cipitation on TP exhibits distinct seasonal variations, with
the majority of the annual precipitation occurring during the
summer. Due to the pronounced climate gradients, the veg-
etation on the plateau transitions successively from montane
forest in the southeast to alpine shrub and meadow, followed
by alpine steppe in the middle, and finally alpine desert in
the northwest. In the northeastern TP and the southern mar-
gin of Xinjiang, where the altitude is relatively low, the veg-
etation is predominantly temperate and consists primarily of
meadow, steppe, and desert.

3 Materials and methods

3.1 Sample collection

A total of 664 topsoil samples were collected from 307 sites
across the study area between 2018 and 2022 (Fig. 1). The
sampling sites cover diverse vegetation types and span a
broad altitude range. The sample sites in alpine vegetation
are generally located above 3000 m a.s.1., while those in tem-
perate vegetation are located between 800 and 3000 ma.s.l.
(Jin et al., 2022). Based on the local vegetation surround-
ing the sampling sites (Jin et al., 2022), the samples can
be classified into eight groups: coniferous forest (3 samples
from 3 sites), alpine shrubland (54 samples from 35 sites),
alpine meadow (136 samples from 80 sites), alpine steppe
(191 samples from 89 sites), alpine desert (38 samples from
15 sites), temperate meadow (21 samples from 15 sites), tem-
perate steppe (18 samples from 9 sites), and temperate desert
(94 samples from 61 sites). It should be noted that the geo-
graphical coverage of the samples collected in 2018 for this
dataset overlaps with that of the dataset published by Cao et
al. (2021). However, the geographical locations of the sam-
ples in the two datasets are different. Additionally, the sam-
ples collected by our team are topsoil samples, whereas those
collected by Cao et al. (2021) are from lake/pond surface sed-
iments.

3.2 Pollen analysis

The samples were pretreated using the heavy liquid flotation
method (Moore et al., 1991; Nakagawa et al., 1998) involv-
ing five main steps: removing carbonate with 10 % HCI, re-
moving humic substances with 10 % KOH, sieving through a
125 ym mesh to remove gravels and plant roots, performing
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Figure 1. Geographical location of the Tibetan Plateau (TP) and spatial distribution of modern pollen samples (white dots: samples from our
dataset; yellow triangles: lake surface sediment samples in the dataset of Cao et al., 2021; blue triangles: lake surface sediment samples in
the dataset of Ma et al., 2024b). The background map shows the distribution of modern vegetation across the TP and its surrounding regions
in China (Zhang, 2007). The boundary of the TP was obtained from Zhang et al. (2021).

heavy liquid flotation with a zinc bromide solution (ZnBr,
at approximately 2.2 gmL~!), and removing cellulose with
acetolysis. Lycopodium spores (27 560 grains per tablet for
samples collected in 2018, and 10315 grains per tablet for
samples collected in 2019, 2020, 2021) were added to each
sample prior to the pretreatment. Pollen identification re-
ferred to the Chinese pollen books (Wang et al., 1995; Tang
et al., 2016). It is noted that for the samples collected in 2018,
those obtained from different plots within the same site were
thoroughly mixed prior to being used for pollen extraction.
Therefore, despite having collected 664 topsoil samples, a to-
tal of 555 pretreated samples were ultimately used for pollen
identification. In the dataset, sample identities that differ only
in their suffix letters indicate that they were collected from
different quadrats within the same site.

3.3 Numerical analyses

When performing numerical analyses, we considered only
terrestrial pollen types. Additionally, we used pollen data ag-
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gregated per sampling site rather than per individual sample
for the analyses. Pollen percentages were determined by cal-
culating the proportion of each pollen type relative to the to-
tal number of terrestrial pollen grains identified in each site,
and these percentages were subsequently utilized for numer-
ical analyses. To explore the similarities among pollen as-
semblages, we performed non-metric multidimensional scal-
ing (NMDS) using Bray-Curtis distance as the distance mea-
sure between different pollen assemblages. Additionally, to
assess the relations of bioclimatic variables and the inten-
sity of human disturbance to the first two ordination axes of
the NMDS, we conducted multiple regression analysis with
bioclimatic variables as explanatory and the ordination axes
as dependent variables. The statistical significance of the re-
lationships was assessed using a permutation test (with 999
iterations). There are 23 bioclimatic variables that can be ex-
tracted from a 1km resolution climate dataset over China
(Hu et al., 2024). To avoid the collinearity among different
bioclimatic variables, a threshold-based (Pearson’s pairwise
correlation coefficient) approach was used in this study to re-
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move highly correlated variables (R > 0.8). Finally, 7 biocli-
matic variables were selected, including BIO1 (Annual Mean
Temperature), BIO2 (Mean Diurnal Range), BIO3 (Isother-
mality), BIO4 (Temperature Seasonality), BIO12 (Annual
Precipitation), BIO14 (Precipitation of Driest Month), and
BIO23 (Moisture Index). The intensity of human disturbance
estimated for each sampling site was extracted from the
published plot-level vegetation dataset (Jin et al., 2022). In
the vegetation dataset, the intensity of human disturbance
was classified into three levels: “weak”, “moderate”, and
“strong”. For the regression analysis, we converted these lev-
els into dummy variables, assigning values of 1, 2, and 3
to represent “weak”, “moderate”, and “strong”, respectively.
NMDS and multiple regression analysis were conducted us-
ing the R package “vegan” (Oksanen et al., 2022).

Six commonly used pollen ratios, in-
cluding Artemisia / Amaranthaceae (A / Am),
Artemisia / Cyperaceae (A /Cy),  Poaceae / Artemisia
(Po/A), Cyperaceae / Poaceae (Cy / Po), Cyper-
aceae / (Poaceae+Artemisia) (Cy / (Po+A)), and
Poaceae / (Artemisia+Amaranthaceae) (Po / (A4+Am)),
were selected to investigate their relationships with annual
precipitation. Given that the relationships between these
pollen ratios and annual precipitation may be nonlinear, we
applied generalized additive models (GAMs) to uncover
these relationships. GAMs are nonparametric data-driven
regression models that can effectively assess nonlinear rela-
tionships between response and predictor variables without
any restrictive assumptions (Hastie and Tibshirani, 1987).
When performing GAMs, only sites (n = 298) with pollen
counts exceeding 200 grains were retained to ensure the
reliability of the data. The significance of these relationships
was tested using F-tests, and a significance level <0.05
was considered significant. The R package “mgcv”’ (Wood,
2011) was used for performing the GAMs.

4 Data description

4.1 Pollen count and taxa

The number of identified pollen grains in this dataset varies
greatly, with a minimum of 6 grains per sample (or 10 grains
per site) and a maximum of 1331 grains per sample (or 2626
grains per site). Samples or sites with relatively low pollen
count are mainly from some plots on hillside distributed in
the southwestern and northeastern TP (Fig. 2). Therefore, we
strongly recommend performing data filtering before using
this dataset in reflecting vegetation composition. According
to the frequency distributions of the pollen counts, samples
with pollen counts exceeding 300 grains constitute approx-
imately 56 % of the total samples, while those with counts
between 200 and 300 grains account for approximately 31 %
(Fig. 2). Samples with pollen counts below 100 grains com-
prise about 6 % of the total samples. When taking into ac-
count the total counts at each sampling site, approximately
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88 % of the sites contain pollen counts exceeding 300 grains,
while less than 1% (n = 3) of the sites have counts below
100 grains (Fig. 2).

A total of 145 identified pollen types have been recorded in
the dataset. Based on the distribution of median values across
different vegetation types, samples collected from conifer-
ous forest, alpine shrubland, alpine meadow, and temper-
ate steppe contain a relatively large number of pollen taxa
(Fig. 3). When considering the total number of identified
pollen types at each sampling site, sites in temperate steppe
generally contain a distinctly larger number of pollen taxa
compared to those in other vegetation types, whereas sites
in temperate meadow and desert contain the fewest pollen
taxa (Fig. 3). It should be noted that, due to the limited sam-
ple size (n = 3) from coniferous forest, the observed abun-
dance of pollen taxa for this vegetation type may be sub-
ject to underestimation. Additionally, issues related to dif-
ferences in pollen production and dispersal capacity may
also influence the abundance of identified pollen taxa. Pollen
types with a high pollen production and wide dispersal com-
monly dominate a pollen assemblage, thereby reducing the
probability of detecting pollen types with a poorer repre-
sentation and/or a low production in the pollen source area
(Odgaard, 1999; Weng et al., 2006). Since the pollen sam-
ples collected annually between 2018 and 2021 were iden-
tified by different individuals, there are minor discrepancies
in taxonomic resolution among the data. For example, Abies
and Picea were not differentiated in the samples collected in
2018, whereas they were taxonomically resolved in the sam-
ples collected during 2019-2021. Given that this dataset may
be used by researchers with varying data processing require-
ments, we opted to maintain the original integrity of the data
without standardizing it. Specifically, we refrained from ho-
mogenizing taxonomy at the family or genus level and re-
tain counts for unidentified pollen types (marked as “Un-
known” in the dataset). The nomenclature of pollen types
in our dataset generally follows the conventions outlined
in the Flora of China (https://www.iplant.cn/, last access:
7 November 2024). However, we have retained the pollen
type Chenopodiaceae despite its current taxonomic replace-
ment within the family Amaranthaceae as per the latest An-
giosperm Phylogeny Group (APG) classification. Therefore,
if researchers intend to integrate our dataset with others, they
should pay particular attention to standardizing the nomen-
clature of pollen types.

4.2 Distributions of major pollen taxa

The percentage abundance of the main pollen types exhibits
different spatial distribution patterns (Fig. 4). Pinus reaches
a maximum percentage of approximately 47 %, with per-
centages between 20% and 30% and between 30 % and
50 % primarily observed in the northeastern and southwest-
ern TP, respectively. Ephedra has a relatively high percentage
(> 30 %) in the central and eastern parts of the southern mar-
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Figure 2. Spatial distributions of the number of pollen grains identified from each sample (upper panel) and from each site (lower panel).
The inserted histograms show the frequency distributions of the pollen count.

o 9+ o 3 [
=3 o
g, o 4 2
& o o - g o | T 8 -
[} -~ 4 s ¥ ' '
> 8 T g .
X - o s T o
Ry I T o _| - .
5 Q : B L P 8 ° : I
2 : : BH Lo ° T : H Lo
<] 4 : . a 1 : I
a = T H 5 E H
s 1 T o _| H
8 i o v L 5 N = o BE
e - [ -g [
£ - T 5 - il
e e s 2 - Lo
3 St S & &L F S
@ b@QQb @ ,bb o 6&0@0@1@&?&9‘\@»6& Ko

TS 00 o \db <8 o€ 5@ EIEN 06\, & @

o q,\Q« Qe} \OV\Q va \e, q}Qe,« Qe},\(\vb\-\ﬁ\?\Q »
O° 6\Q & &z@v Iy @Q‘@&‘\@?\ v

Figure 3. Boxplots showing the distribution of the number of iden-
tified pollen taxa from different vegetation types.
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gin of Xinjiang. Amaranthaceae displays relatively high per-
centages primarily in the northeastern and southwestern TP,
as well as along the southern margin of Xinjiang. Artemisia is
relatively abundant in the central part of the southern margin
of Xinjiang, as well as in the northeastern, northwestern, and
southern regions of TP. Cyperaceae exhibits a distinct spatial
pattern, with high percentages observed in the eastern, south-
eastern, and southern areas of TP. Ranunculaceae has notable
high percentages at a few sites along the southern margin of
Xinjiang. A few sampling sites with relatively high percent-
ages of Tamarix are located in the Qaidam Basin, a relatively
low-altitude area in the northeastern TP. For the remaining
pollen taxa, most of them are below 10 %, and there is no
obvious difference in their spatial distributions.

5 Potential usage of the dataset

The modern pollen dataset of TP has several potential uses,
particularly for assessing the reliability of the pollen assem-
blages in reflecting climatic and vegetation changes (in terms
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Figure 4. Spatial distribution patterns of seventeen major pollen taxa (maximum percentage > 10% and > 3 samples with percentage
>10 %). The background map illustrates the distribution of annual precipitation (mm) across the study area (Hu et al., 2024).
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of composition, vegetation coverage, functional traits, and
biodiversity). Based on the distribution patterns of the main
pollen taxa (Fig. 4) and the NMDS results (Fig. 5), it is
possible to distinguish between sites with temperate vege-
tation and those with alpine vegetation, except for alpine
deserts. Additionally, vegetation types with low precipita-
tion or moisture requirements and high temperature season-
ality can likely be distinguished, as indicated by the sites
that score relatively high on the first axis (NMDS1) (Fig. 5).
Pollen assemblages of these sites are characterized by rel-
atively high percentages of Amaranthaceae, Ephedra, Ni-
traria, Aster, Tamarix, Pinus, Crassulaceae (Figs. 4, 5). How-
ever, sites representing different vegetation types within the
alpine zone or within the temperate zone cannot be distin-
guished along the first two NMDS axes. Furthermore, even
after the exclusion of arboreal pollen taxa and forested sam-
pling sites from the dataset, distinguishing between these
vegetation types remains impossible (Fig. 5). One potential
cause is that in open landscapes, the pollen-source area ex-
pands and the proportion of long-distance dispersal pollen
increases, leading to overlap between pollen assemblages
among distinct vegetation types. Therefore, caution is war-
ranted when using this pollen dataset to infer vegetation
types. It should be noted that the first two NMDS axes can-
not distinguish between samples collected from forested and
non-forested areas (Fig. 5). This limitation may stem from
several factors, including the partially nested distributions of
these vegetation types, the long-distance dispersal of arbo-
real pollen taxa, and/or the limited sample size, which col-
lectively reduce the accuracy of the pollen composition in
representing forests.

Multiple regression analyses reveal that all selected biocli-
matic variables exhibit significant correlations (p < 0.001)
with the first two axes of the NMDS. These results support
the findings from previous studies (Lu et al., 2011; Ma et al.,
2024a), confirming that pollen assemblages on the TP can re-
liably estimate climatic parameters. Based on coefficient of
determination (R? values), BIO12 shows the strongest rela-
tionship with pollen composition across the study area, fol-
lowed by BIO23 and BIO4, then BIO1 and BIO3 (Fig. 5).
There are nine sites in our pollen dataset with pollen counts
of fewer than 200 grains each. Additionally, samples col-
lected from open landscapes, especially those originating
from desert regions, contain a certain proportion of long-
distance arboreal pollen taxa. These factors may adversely
affect the accuracy of pollen assemblages in reflecting the
surrounding vegetation, subsequently undermining the reli-
ability of the relationship between pollen composition and
climate. However, the results obtained using data that include
only non-forest sampling sites, exclude arboreal pollen taxa,
and have pollen counts exceeding 200 grains resemble those
based on all data in the dataset (Fig. 5). This demonstrates
that differences in the sampling density and pollen counts in
our dataset have limited impact on the pollen-climate rela-
tionships. In addition, regression analysis indicates that HD
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explains a certain proportion of the variation in pollen com-
position (Fig. 5). This suggests that the signal of human dis-
turbance may potentially be deciphered from the pollen data.

Pollen ratios have commonly been used to indicate
changes in landscape and climate. GAMs reveal that the rela-
tionships of pollen ratios (except for Po / A) with annual pre-
cipitation exhibit significant but weak correlations for each
pair (Fig. 6). This demonstrates that, across the entire study
area, none of these ratios are reliable indicators of annual pre-
cipitation changes (Fig. 6). However, when comparing these
ratios across different vegetation types, it is evident that they
can reflect changes in vegetation or landscape to some extent
(Fig. 6). Specifically, the A / Am ratio shows relatively high
values in alpine shrubland, alpine desert, and alpine steppe.
The A / Cy ratio in alpine steppe, temperate steppe, and tem-
perate desert displays distinctly high values compared to that
in other vegetation types. The Po / A ratio and Po / (A+Am)
ratio of samples from temperate steppe and temperate desert
are notably low compared to samples from other vegetation
types. The Cy / Po ratio and Cy / (Po+A) ratio reflect a sim-
ilar pattern across vegetation types, showing relatively high
values in alpine shrubland and alpine desert.

A current theme in pollen analysis research is the quantita-
tive reconstruction of land cover using models of the relation-
ships between pollen assemblages and the surrounding veg-
etation (Sugita, 2007a, b; Xu et al., 2016; Liu et al., 2023).
Previous studies have demonstrated the potential of pollen
assemblages to reflect dynamics of vegetation cover on the
central and eastern TP (Liu et al., 2023) and on the north-
eastern TP (Wang et al., 2023). The samples recorded in our
dataset distribute across a wide spatial range, spanning from
the southwest to the northeast of TP, and are accompanied
by the published plot-level vegetation data, which includes
species identities, the abundance and/or cover degree of each
species (Jin et al., 2022). Therefore, we believe that the com-
bination of our dataset with the published plant community
dataset will undoubtedly benefit relevant research conducted
on a broader scale. Besides, Liu et al. (2023) proposed that
pollen concentration is superior to pollen percentage for the
quantitative reconstruction of vegetation cover. Our dataset
includes the dry weight of each sample alongside the counted
numbers of Lycopodium spores in each sample, which allows
the estimation of the pollen concentration for each sample
or site. Consequently, we believe that this dataset holds the
potential to improve the accuracy of vegetation cover recon-
struction on TP.

Pollen-assemblage diversity has been extensively applied
to reconstruct variations in floristic diversity over time,
although the reliability of the modern pollen-plant diver-
sity relationship varies considerably among different regions
(Meltsov et al., 2011; Goring et al., 2013; Felde et al., 2016;
Reitalu et al., 2019; Connor et al., 2021; Cui et al., 2023;
Liao et al., 2024). This modern pollen dataset, coupled with
its corresponding plant community dataset (Jin et al., 2022),
has already been used to investigate the associations between
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Figure 5. Biplots for the non-metric multidimensional scaling (NMDS) displaying the sites (left panel) and the main pollen taxa (right
panel). The inserted polar plots showing the coefficient of determination (R?) of the first two ordination axes to each selected bioclimatic
variable and the intensity of human disturbance (HD). The upper panel displays the results from all sampling sites, while the lower panel
shows the results excluding sites in coniferous forest, taxa from arboreal trees, and those with pollen counts of less than 200 grains. BIO1:
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pollen richness and evenness and plot-level plant richness
and evenness, as well as with climatic variables, landscape
characteristics, and human disturbances (Liao et al., 2024).
Further research can delve into other diversity metrics, such
as the Shannon index (or Shannon-Wiener index), and 8 di-
versity indices, to comprehensively assess the reliability of
the pollen-plant diversity relationship on TP.

In recent years, trait paleoecology, which couples modern
data on plant functional traits to fossil pollen assemblages,
has aroused widespread interest among palynologists and pa-
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leoecologists (Carvalho et al., 2019; Birks, 2020; Adeleye et
al., 2023; Wang et al., 2024). Our dataset, along with cor-
responding datasets on plot-level functional traits (Jin et al.,
2023) and plant communities (Jin et al., 2022), provides a
valuable opportunity to assess the reliability of this approach
in reflecting the long-term ecological properties of ecosys-
tems on TP. Phylogenetic diversity, another aspect of biodi-
versity, has rarely been used in pollen analysis but has po-
tential to enhance our understanding of long-term patterns of
community assembly (Blaus et al., 2020). By leveraging pub-
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Figure 6. Results from the generalized additive models (GAMs) illustrating relationships between of pollen ratios to annual precipitation
(Pann, mm) and boxplots comparing pollen ratio across different vegetation types. COFO: coniferous forest, ALSH: alpine shrub, ALME:
alpine meadow, ALST: alpine steppe, ALDE: alpine desert, TEME: temperate meadow, TEST: temperate steppe, TEDE: temperate desert.

lished phylogeny data for tens of thousands of plant species
(Zanne et al., 2014; Smith and Brown, 2018), it is possible to
use our modern dataset and the corresponding plant commu-
nity dataset to evaluate the relationships between phyloge-
netic diversity estimated from pollen and plant assemblages.
Such an assessment can further provide a foundation for ap-
plying this approach to elucidate community responses to
long-term changes in climate and human disturbance.

6 Data availability

The dataset includes pollen count data of each sample and
each site, along with geographic coordinates, altitude, and
local vegetation type. The dataset is openly accessible at
https://doi.org/10.11888/Paleoenv.tpdc.302015 (Liao and Ni,
2025).

7 Summary

We present and analyse 555 pollen data, identified from top-
soil collected within plant plots across a vast area of TP
and along the southern margin of Xinjiang that borders the
plateau. This dataset provides count data for each pollen
taxon in each sample and site, along with location details (lat-
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itude, longitude, altitude) of each sampling site. Ordination
analysis and multiple regression reveal that annual precipi-
tation, moisture index, and temperature seasonality are the
primary factors influencing the spatial distribution of pollen
assemblages across the entire study area. Additionally, ordi-
nation analysis demonstrates that samples from coniferous
forest, alpine shrubland, and alpine meadow can be distin-
guished from those from other vegetation types, while sam-
ples from arid ecosystems (characterized by low precipita-
tion / moisture availability and high temperature seasonal-
ity) are also clearly separable from the remaining samples
in the dataset. Generalized additive models demonstrate that
the six commonly used pollen ratios (A / Am, A /Cy, Po /A,
Cy /Po, Cy / (Po+A), and Po / (A4+Am)) are not sufficiently
reliable in reflecting precipitation changes at a geographical
scale across the entire study area. Nevertheless, they can pro-
vide some insight into changes in vegetation or landscape.
In addition to reconstructing changes in climate and vege-
tation, this modern pollen dataset can also be used to as-
sess the reliability of pollen assemblages in representing dy-
namics of vegetation cover, functional traits, and plant diver-
sity (from taxonomic diversity to functional and genetic di-
versity), by integrating corresponding datasets of plot-level
plant communities and functional traits. The modern pollen
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dataset presented here encompasses the majority of the TP,
with the exception of the Hoh Xil uninhabited area in the
northern hinterland of the plateau and forested areas in the
southeastern part. It fills a geographical gap in the published
datasets that provide pollen count data for TP and its sur-
rounding areas. In addition, our team has collected 314 top-
soil samples from the Hengduan Mountains, a region charac-
terized by its morphometric complexity and the largest ele-
vation difference in the southeastern part of the plateau. We
are currently in the process of identifying pollen from these
samples and hope to soon incorporate them into the existing
pollen datasets from TP.
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