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Abstract
Through surface soil pollen analysis and vegetation quadrat surveys at 124 sam-
ple sites in the Qaidam Basin, this study investigated the correspondence be-
tween surface soil pollen and vegetation. The results indicate that surface soil
pollen assemblages in the Qaidam Basin can effectively reflect local vegetation
characteristics, though differences exist in specific family and genus composi-
tion. Pollen R-values for Chenopodiaceae, Artemisia, and Ephedra exceed 1,
exhibiting over-representation; those for Tamarix and Asteraceae are less than
1, showing under-representation but possessing certain indicative significance
for vegetation. Poaceae and Nitraria pollen demonstrate under-representation
at most sample sites, yet Poaceae pollen exhibits moderate representation at
constructive species sites, while Nitraria pollen shows moderate representation
in saline-alkali areas. The percentages of major family and genus pollen correlate
with vegetation coverage, with Poaceae, Cyperaceae, Asteraceae, and Tamarix
showing relatively high correlations, enabling the establishment of correspond-
ing functional relationships. Vegetation-free areas in the western basin still con-
tain substantial pollen, primarily over-represented types from Chenopodiaceae,
Artemisia, Ephedra, and Pinus. The Artemisia to Chenopodiaceae pollen ratio
(A/C) demonstrates a decreasing southeast-to-northwest trend, corresponding
well to the basin’s gradually arid environmental characteristics from southeast
to northwest. Principal component analysis of major herb and shrub surface
soil pollen data reveals that pollen assemblages in this region are primarily con-
trolled by hydrological conditions and soil salinity-alkalinity.
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Abstract: In order to investigate the relationship between surface pollen and
modern vegetation, in total 124 surface pollen samples collected from Qaidam
basin have been analyzed. The result shows that the corresponding relationship
between pollen assemblages of surface samples and main vegetation types is
significant, however, pollen assemblages of surface samples cannot fully reflect
the composition of families and genera. R values of Chenopodiaceae, Artemisia
and Ephedra are greater than 1, indicating these three pollen types are super
representative. R values of Tamarix and Compositae are less than 1, showing
these two pollen taxa having low representativeness for their coverages. Fur-
ther, Gramineae and Nitratia has low representation in most samples. But
Gramineae has better representativeness in areas where it’s the constructive
or dominant species in plant communities, and Nitraria in alkali region has
moderate representativeness. There is a certain correlation between the pollen
percentage of main families and vegetation coverage, and higher correlations can
be established for Gramineae, Cyperaceae, Compositae, and Tamarix. Pollen
in the non-vegetation regions is mainly composed of Chenopodiaceae, Artemisia
and Ephedra. Ratio of Artemisia to Chenopodiaceae (A/C) shows a decreas-
ing trend from southeast to northwest, corresponding well to the environmental
characteristics of the basin that is changing gradually drier from southeast to
northwest. Principal component analysis of the main herbaceous and shrub
pollen shows that the pollen distribution in this area is mainly controlled by
hydrological condition and soil pH value.

Key words: pollen representation; R values; pollen percentages; vegetation
coverage; ratio of Artemisia to Chenopodiaceae; principal component analysis;
Qaidam basin

The Qaidam Basin is rich in natural resources and known as the “Treasure
Basin,”playing an important role in China’s“Western Development Strategy”
and serving as one of the first national-level circular economy experimental in-
dustrial parks [1-2]. However, in recent years the basin has faced problems such
as vegetation degradation, expanding desertification, and deteriorating natural
environment [3]. To balance economic development and environmental protec-
tion, it is essential to understand past environmental evolution patterns, modern
environmental characteristics, and future environmental trends. One of the pri-
mary and fundamental tasks is investigating the distribution of surface pollen
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and its correspondence with modern vegetation [4-5]. Located on the northern
edge of the Tibetan Plateau, the basin lies in the transition zone between mon-
soon and non-monsoon regions, with a dry and cold climate and sparse human
activity, making its vegetation sensitive to environmental changes [6-7]—an ideal
area for investigating relationships among pollen, vegetation, and environment.
Wang [8] studied the representativeness of major pollen types in different com-
munities in the northeastern basin; Zhao et al. [9] found through comparison of
surface pollen and lake sediment pollen that surface pollen better reflects local
vegetation, while lake sediment pollen mainly reflects pollen sources; Zhang et
al. [10] discovered through analysis of modern surface pollen in the eastern basin
that precipitation is the main factor affecting vegetation distribution and pollen
grain size. Previous studies on surface pollen in the Qaidam Basin have focused
on local areas [8-11], failing to summarize overall variation characteristics of
basin pollen and their causes, with quantitative relationships between pollen
and vegetation being somewhat insufficient. Building on this foundation, this
study covers the entire Qaidam Basin with a large scope, numerous sampling
points, and comprehensively investigates distribution characteristics and influ-
encing factors of surface pollen. Simultaneously, multiple parameters are used
to analyze pollen representativeness and quantitative relationships with vege-
tation, aiming to provide references for paleovegetation and paleoenvironment
reconstruction in the Qaidam Basin.

1 Materials and Methods
1.1 Study Area Natural Overview

The Qaidam Basin is located at 34°45�~39°20�N, 87°49�~99°17�E, with an eleva-
tion of 2650~3350 m, representing China’s highest-altitude inland basin and
desert distribution area [12]. The basin is surrounded by mountains, with the
Elashan, Kunlun, Altun, and Qilian mountains to its east, south, northwest,
and northeast respectively. Situated in the transition zone between monsoon
and westerly wind regions, the basin is highly sensitive to climate and environ-
mental changes [13-14]. The climate is characterized as inland arid and alpine,
with precipitation concentrated in summer. Annual precipitation is 300 mm in
the southeast, 20 mm in the northwest, and less than 5 mm in desert areas,
showing an overall decreasing trend from southeast to northwest and from pe-
riphery to center [15]. The mean annual temperature is 3.5°C, with January
averaging approximately -12°C and July approximately 16°C, increasing from
surrounding mountains to the central desert area [16]. The basin experiences
abundant sunshine and strong evaporation, dominated by Gobi wind-sand land-
forms, with large saline-alkali areas distributed in the central and northwest-
ern regions. These climatic and environmental characteristics result in sparse
vegetation, consisting only of a few drought-tolerant species. Vegetation cover-
age generally decreases from southeast to northwest, with desert steppe in the
southeast, shrubs predominating in the center, and non-vegetated areas in the
northwest [17].
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1.2 Sample Collection and Identification

Sampling was conducted along transects around the Qaidam Basin and in typ-
ical central areas. The principle was to select one sampling point every 20 km
of horizontal distance in natural vegetation areas without human disturbance,
simultaneously conducting surface soil collection and vegetation surveys (Figure
1 [Figure 1: see original paper]). Vegetation quadrat survey methods included 1
m$×1𝑚ℎ𝑒𝑟𝑏𝑙𝑎𝑦𝑒𝑟𝑠𝑢𝑟𝑣𝑒𝑦𝑠, 5𝑚×5𝑚𝑠ℎ𝑟𝑢𝑏𝑠𝑢𝑟𝑣𝑒𝑦𝑠, 𝑎𝑛𝑑10𝑚×$10 m tree surveys
depending on actual conditions, recording plant coverage, richness, species com-
position, and other characteristics. GPS positioning was used to accurately
record longitude, latitude, and elevation of each quadrat. Surface soil samples
(primarily the top 0.5 cm) were collected using the “plum blossom sampling
method”within each quadrat. Vegetation quadrats and surface soil samples
were numbered according to collection sequence, yielding 124 surface pollen
samples with corresponding vegetation surveys (Figure 1 [Figure 1: see original
paper]).

During laboratory analysis, 50~150 g was taken from each sample based on
lithology and vegetation survey conditions, with 300 g taken from coarse sandy
gravel samples from the western and central basin. Conventional acid-alkali
treatment and sieving methods were used for pollen extraction. Pollen identi-
fication and counting were performed using an Olympus optical microscope at
40$×$10 magnification, with most samples containing over 400 pollen grains.
Pollen analysis results were calculated as percentages based on the total sum of
terrestrial plant pollen for major pollen types in the Qaidam Basin.

1.3 Data Processing

Pollen percentage diagrams and vegetation coverage diagrams were drawn using
Tilia 1.7.16. Canoco 4.5 was used for principal component analysis (PCA) of
logarithms of major family pollen percentages, and PCA factor relationship
diagrams were drawn. Pollen representativeness was discussed using R values
of typical families and genera [18], where the Rik value of species k at site
i [19] can be expressed as: 𝑅𝑖𝑘 = 𝑃𝑖𝑘/𝑉𝑖𝑘; that is, the ratio between pollen
proportion (Pik) and plant proportion (Vik) of species k at site i. R values for n
sampling points were estimated using arithmetic averaging: 𝑅𝑘 = ∑(𝑃𝑖𝑘/𝑉𝑖𝑘).
The relationship between pollen percentage and vegetation coverage was shown
using scatter plots (with pollen percentage on the vertical axis and vegetation
coverage on the horizontal axis), with specific functional relationships provided
for families showing significant correlations.

2 Results
2.1 Characteristics of Surface Pollen in Typical Vegetation Types

Based on vegetation quadrat survey results in the Qaidam Basin, coverage of ma-
jor families and genera was statistically analyzed (Figure 2 [Figure 2: see original
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paper]). Trees consisted only of Haloxylon ammodendron appearing at individ-
ual sites (mean coverage 0.7%). Shrubs were relatively common (mean coverage
5.54%), mainly including Ceratoides, Ephedra, Tamarix, and Nitraria. Herbs
were most abundant (mean coverage 14.2%), including Gramineae, Composi-
tae, Artemisia, Chenopodiaceae, Cyperaceae, and Cruciferae. A total of 56,397
pollen grains were identified from 124 samples (average 454 grains/sample), be-
longing to 37 families and genera, all extant species in the Qaidam Basin and ad-
jacent areas. Tree pollen accounted for only 3.75%, mainly Pinus. Shrub pollen
accounted for 13.56%, mainly Ephedra, Nitraria, and small amounts of Hip-
pophae, Elaeagnus, Tamarix, Ceratoides, and Lonicera. Herbaceous pollen av-
eraged 82.5%, with Chenopodiaceae being most abundant (51.1%), followed by
Artemisia (17.6%), plus Gramineae, Cyperaceae, Compositae, Ranunculaceae,
Cruciferae, Polygonum, and Typha. Based on surface pollen characteristics and
modern vegetation surveys, the Qaidam Basin was divided into five vegetation
zones (Figure 3 [Figure 3: see original paper]), with major pollen families and
genera generally corresponding to surveyed vegetation.

Zone I (Desert Steppe Zone): 13 samples, mainly from the southeastern
basin (Figure 1 [Figure 1: see original paper]). This zone primarily grows
herbaceous plants (mean coverage 46.5%), with vegetation composition of
Gramineae (15.6%)—Chenopodiaceae (12.7%)—Artemisia (6%)—Leguminosae
(4.8%)—Cyperaceae (3.2%). Corresponding pollen assemblage is Chenopo-
diaceae (50.7%)—Artemisia (20.6%)—Nitraria (10.8%)—Gramineae (4.2%)—
Ephedra (3.6%). Tamarix (1.7%), Nitraria (1.7%), and Ceratoides (1.2%)
pollen were rarely counted. Leguminosae and Cyperaceae pollen contents were
below 1%. Additionally, the pollen assemblage contained Pinus (4.5%) and
small amounts of Typha, Polygonum, and Cruciferae, though no corresponding
plants were found.

Zone II (Shrub Desert Zone): 28 samples (Figure 1 [Figure 1: see original
paper]), mainly from around Golmud in the southern basin, with surface soil
salinization appearing at multiple sites to the west. Mean vegetation coverage
was 25%, with main composition of Gramineae (5.1%)—Chenopodiaceae (5.1%)
—Compositae (1.7%)—Leguminosae (1.6%)—Ephedra (1.25%)—Nerium (1.1%)—
Calligonum (0.9%). Pollen assemblage was Chenopodiaceae (43.8%)—Artemisia
(15.3%)—Ephedra (11.1%)—Gramineae (9.1%)—Nitraria (7.4%)—Pinus (2.1%).
Artemisia and small amounts of Cyperaceae, Ranunculaceae, and Cruciferae
pollen in the assemblage were not found in vegetation surveys. Nerium (1.1%),
Calligonum (0.9%), Ceratoides (0.9%), and Lycium ruthenicum showed no cor-
responding pollen. Tree vegetation (0.9%) was mainly Haloxylon ammodendron,
appearing only at individual sites east of Golmud.

Zone III (Saline Desert Zone): Multiple sites showed salt crust crystalliza-
tion, divided into two subzones (III� and III�). Subzone III� from southwestern
basin contained 19 samples (Figure 1 [Figure 1: see original paper]) with se-
vere soil salinization, vegetation coverage of only 12.7%, and few species. Main
vegetation families were Gramineae (salt-tolerant Phragmites, 7.9%)—Nitraria
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(1.3%)—Ceratoides (1.3%)—Tamarix (0.9%). Corresponding pollen assemblage
was Chenopodiaceae (60.4%)—Artemisia (10.3%)—Gramineae (7.4%)—Nitraria
(6.1%)—Ephedra (3.3%)—Pinus (2.6%). However, Chenopodiaceae, Artemisia,
and Ephedra plants were not found in vegetation surveys; Tamarix and Cera-
toides pollen contents were below 0.5%.

Subzone III� from central basin (Figure 1 [Figure 1: see original paper])
contained 6 samples corresponding to major saline-alkali industrial bases.
Vegetation species were scarce with coverage of only 8.5%, mainly Gramineae
(salt-tolerant Phragmites, 5.3%) plus scattered Nitraria, Ceratoides, Tamarix,
and Calligonum. Corresponding pollen assemblage was Chenopodiaceae
(57.1%)—Artemisia (18.1%)—Ephedra (9.1%)—Gramineae (4.5%)—Nitraria
(2.9%). Chenopodiaceae, Artemisia, and exotic Pinus (1.9%) and Picea (0.5%)
that comprised substantial proportions were absent from vegetation surveys,
while pollen contents of Ceratoides, Tamarix, Nitraria, and Calligonum
remained low.

Zone IV (Non-vegetated Zone): 24 samples from the central-western basin
(Figure 1 [Figure 1: see original paper]) with no plant growth, but still containing
considerable pollen. Main pollen assemblage was Chenopodiaceae (43.2%)—
Artemisia (23%)—Ephedra (10.1%)—Nitraria (4.2%)—Pinus (5.4%).

Zone V (Shrub Desert Zone): 35 samples from northern basin (Figure 1
[Figure 1: see original paper]) with vegetation coverage of 23.2%. Main plants
were Chenopodiaceae (10.7%)—Gramineae (5.4%)—Ceratoides (3.9%)—Tamarix
(2.5%). Pollen assemblage was Chenopodiaceae (56.3%)—Artemisia (18.3%)—
Nitraria (6.7%)—Gramineae (4.3%)—Ephedra (3.0%). Artemisia and Ephedra
absent from vegetation surveys showed pollen contents below 1% for Nitraria,
Ephedra, Calligonum, and Lycium. Tree vegetation was mainly Haloxylon am-
modendron (1.8%), with Pinus (1.7%) as the main tree pollen.

2.2 Relationship Between Major Pollen and Vegetation

Herbaceous pollen dominates surface samples in the Qaidam Basin, with
Chenopodiaceae, Artemisia, and Gramineae being most widespread and
abundant. Chenopodiaceae pollen occupies substantial proportions (20%-80%)
at almost every site, with R values generally greater than 1 (Table 1 ), even
exceeding 40 in zones where non-Chenopodiaceae species dominate, showing
obvious over-representation. No Chenopodiaceae plants grew near 41.9% of
sampling sites, yet considerable proportions (10.2%~55%) of Chenopodiaceae
pollen were present. The relationship between vegetation coverage and pollen
percentage for Chenopodiaceae was not close in this study area (Figure 4a
[Figure 4: see original paper]), with a coefficient of determination (R2) of
0.14496.

Artemisia pollen occurs at almost every site (10%~30%), with R values basi-
cally greater than 1 (Table 1 ), showing over-representation. However, only
26.8% of sites had Artemisia plants, mainly concentrated in eastern Zones I and
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V, while the highest Artemisia pollen content (23%) occurred in the northern
non-vegetated Zone IV. Artemisia showed the lowest correlation between pollen
percentage and vegetation coverage among all families (Figure 4b [Figure 4: see
original paper]), with R2 of only 0.01194.

Gramineae plants are dominant species throughout the Qaidam Basin, but their
pollen representativeness is relative. Gramineae pollen R values in northeast-
ern and central basin were far less than 1 (Table 1 , Zones III� and V), show-
ing low representation. However, at sites where Gramineae was dominant in
southeastern Zones I and II, R values were near 1 (Table 1 ), showing bet-
ter representativeness. No Gramineae plants occurred at 46.8% of sites, with
pollen proportions generally below 5%. Overall, Gramineae pollen percentage
showed certain positive correlation with vegetation coverage (Figure 4c [Figure
4: see original paper]), with coefficient of determination (R2) of 0.60869 and
established correlation function: 𝑦 = 1.35323 + 0.84475𝑥.

Cyperaceae and Compositae are dominant species in alpine meadows [20-21], but
in the Qaidam Basin they appear only in relatively higher eastern and north-
eastern areas (above 3,200 m) and are not constructive species, with R values
far less than 1 (Table 1 ), showing low representation. Only 8.1% of sites had
Cyperaceae plants with coverage not exceeding 20%, and corresponding Cyper-
aceae pollen content was less than 10%. Cyperaceae vegetation coverage showed
some correlation with pollen proportion (Figure 4d [Figure 4: see original pa-
per]), with R2 of 0.49895 and correlation function: 𝑦 = 1.18683 + 0.41083𝑥.

The relationship between Compositae pollen content and vegetation coverage
is shown in Figure 4e [Figure 4: see original paper], with R2 of 0.46005 and
correlation function: 𝑦 = 1.60961 + 0.88345𝑥. Compositae plants occurred at
22.6% of sites, with corresponding Compositae pollen proportions all exceeding
3%; other sites showed Compositae pollen below 3%. Therefore, Compositae
pollen content reaching 3% in this study area may indicate nearby Compositae
plant growth.

The main woody plants in the Qaidam Basin are shrubs, with Tamarix being
most widespread. However, Tamarix pollen R values are far less than 1, with
some sites showing R = 0 (Table 1 ), indicating particularly low representa-
tion. Tamarix pollen appeared at 6.5% of sites with percentages below 2%, but
Tamarix shrub communities with coverage $�8^{2}$ of 0.62573 and correlation
function: 𝑦 = 0.05114𝑥 − 0.04164.

Nitraria is one of the dominant shrubs in the Qaidam Basin, mainly growing in
the eastern and northeastern basin. Nitraria showed low representation at most
sites, with R values less than 1 (Table 1 ). However, in desert saline-alkali areas,
Nitraria pollen R values exceeded 1, showing over-representation. No Nitraria
occurred at 82.3% of sites, yet Nitraria pollen (1%~13%) was present at all sites.
The correlation between pollen percentage and vegetation coverage was very low
(Figure 4g [Figure 4: see original paper]), with R2 of 0.0422.

Ephedra vegetation is mainly distributed near Golmud in the southern basin, oc-
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curring at approximately 16.3% of sites, while its pollen occurs throughout the
Qaidam Basin. Ephedra pollen R values exceed 1 (Table 1 ), showing obvious
over-representation. The correlation between Ephedra pollen proportion and
vegetation coverage was not significant, with R2 of 0.09828. Calligonum vege-
tation occurred at approximately 16.3% of sites (coverage 10%~20%), mainly
concentrated east of Golmud and northwest of Da Qaidam, but its pollen per-
centage was very low with R values far less than 1, showing low representation.
The correlation between pollen and vegetation coverage was also very low (Fig-
ure 4i [Figure 4: see original paper]), with R2 of 0.09681.

2.3 Characteristic Pollen Ratio Studies

The Artemisia/Chenopodiaceae (A/C) ratio is commonly used as an indicator of
moisture conditions in arid and semi-arid regions [22-23], with lower A/C values
indicating drier conditions. A/C > 1 indicates steppe areas, while A/C < 0.5
indicates desert zones [20,24]. It is generally believed that only when Artemisia
and Chenopodiaceae pollen combined exceed 50% do they have indicative sig-
nificance for local environmental moisture [25-26]. Among the Qaidam Basin
surface pollen samples, 99 samples had Artemisia and Chenopodiaceae pollen
combined exceeding 50% (Figure 5 [Figure 5: see original paper]), with most
sites showing A/C between 0 and 1. Sites with higher A/C values were basically
concentrated in the eastern basin, while central and western areas showed A/C
values basically less than 0.5.

Notably, in non-vegetated Zone IV with 0% vegetation coverage and the driest
environment, A/C values were abnormally high (mean 0.62), lacking environ-
mental indicative significance (reasons for abnormal Artemisia pollen percent-
age increase are detailed in Section 3.1). Overall, A/C values show a decreasing
trend from southeast to northwest, corresponding well to the gradually drying
environmental characteristics from southeast to northwest. Therefore, when
using A/C for paleoenvironmental reconstruction, comprehensive consideration
of geographical location, climatic characteristics, and pollen concentration is
necessary.

Some scholars use the Ephedra/Chenopodiaceae (Ep/C) ratio as a basis for
further drought classification, with higher Ep/C values indicating drier envi-
ronments [27]. In this study area, Ep/C values did not increase with drought
intensity, possibly due to strong winds, widespread desert Gobi, saline-alkali
lands, and non-vegetated areas in the Qaidam Basin. Therefore, the particular-
ity of the study area should be considered when using Ep/C.

2.4 Relationship Between Pollen Concentration and Vegetation Cov-
erage

Vegetation distribution in the Qaidam Basin is relatively obvious, decreasing
from southeast to northwest with coverage reducing from 89% to 0% (Figure 6a
[Figure 6: see original paper]). This vegetation pattern caused significant varia-
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tion in sample pollen concentrations (Figure 6b [Figure 6: see original paper]),
with maximum concentrations reaching 28,199 grains•g−1 and minimum only 12
grains•g−1. Overall, pollen concentration distribution corresponded well with
vegetation coverage—also showing a gradual decreasing trend from southeast to
northwest. Vegetation coverage and pollen concentrations from high to low for
each zone were: southeastern Zone I (desert steppe) with 40%~80% coverage
and mean pollen concentration of 7,930 grains•g−1; south-central Zone II (shrub
desert) with 20%~50% coverage and mean concentration of 5,646 grains•g−1;
northern Zone V (Gobi desert) with 10%~40% coverage and mean concentration
of 4,007 grains•g−1; southwestern Zone III (saline desert) with 5%~20% cov-
erage and mean concentration of 1,249 grains•g−1; and northwestern Zone IV
(non-vegetated) with 0% coverage and mean concentration of 584 grains•g−1.
Pollen concentrations differed significantly between different vegetation zones,
particularly being 13.5 times higher in desert steppe than in non-vegetated areas,
indicating that pollen concentration can serve as an important indicator for re-
constructing plant communities and growth environments in arid and semi-arid
regions like the Qaidam Basin.

However, within the same vegetation zone, pollen concentration sometimes
showed no obvious correlation with vegetation coverage at different sites, a find-
ing also demonstrated in previous studies [22-23,27], possibly related to specific
pollen production and dispersal.

2.5 Pollen Principal Component Analysis

Principal component analysis was performed on logarithms of 13 dominant
shrub and herb pollen types from 124 sites (Figure 7 [Figure 7: see original
paper]). Eigenvalues for PCA axes 1 and 2 were 0.568 and 0.173 respectively,
while axes 3 and 4 were 0.104 and 0.098 respectively. The cumulative variance
contribution of the first two axes was 74.1%, indicating that samples were mainly
controlled by environmental factors represented by axis 1, with axis 2 factors
being secondary. The lowest axis 1 score was Chenopodiaceae, while the highest
were moisture-preferring species such as Cyperaceae and Cruciferae, suggesting
axis 1 mainly reflects hydrological factors in desert areas. Previous studies also
indicate that hydrological factors are most important for plant growth in arid
and semi-arid regions [8,17,28]. The lowest axis 2 score was Artemisia, while
the highest were saline-alkali tolerant Nitraria and Gramineae (mainly Phrag-
mites), suggesting axis 2 may mainly reflect soil salinity, pH, and other latent
environmental factors. Based on different positions of pollen types on the ordi-
nation axes, pollen types could be basically divided into three groups: Group 1
includes Chenopodiaceae, Artemisia, Ephedra, and Polygonaceae, representing
dominant species in arid desert environments; Group 2 includes Compositae, Ra-
nunculaceae, Leguminosae, Typhaceae, Rosaceae, Cyperaceae, and Cruciferae,
possibly representing non-dominant species preferring steppe; Group 3 includes
Nitraria and Gramineae (mainly Phragmites) as dominant species in arid saline-
alkali areas of the basin.
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3 Discussion
3.1 Influence of Exotic Pollen and Pollen Migration in Non-vegetated
Areas

Large non-vegetated areas exist in the western and northwestern basin (near
Mangya), yet these areas contain considerable pollen content, mainly recognized
over-represented pollen types such as Chenopodiaceae, Artemisia, Ephedra, and
Pinus. In surface pollen analysis, pollen types whose parent plants are not found
locally are considered exotic pollen, which can be divided into short-distance and
long-distance migrated pollen [29].

Chenopodiaceae and Ephedra pollen can find corresponding dominant plants
in other vegetation zones of the basin, belonging to short-distance migrated
pollen. Such pollen may be brought by local air currents and all indicate arid
environments. Short-distance migrated pollen remains relatively close to parent
plants, reflecting similar climatic environments, thus having little impact on
pollen spectrum interpretation.

In non-vegetated zones, Pinus (5.4%) and Artemisia (23%) pollen contents are
much higher than in other vegetation zones. Pinus pollen may originate from
the Qilian Mountains to the north [30], as its bisaccate structure facilitates
long-distance dispersal [31-32]. Artemisia pollen may partially come from short-
distance dispersal within the basin, but mainly from the Altun Mountains to
the west and Qilian Mountains to the north [30,33]. The basin experiences
prevailing northwest-southeast winds year-round with high wind speeds. The
“valley effect”in canyons between the Altun and Qilian mountains easily creates
strong winds, such as frequent high-wind events in Mangya in the northwestern
basin [13,34]. Such winds and air currents may carry large amounts of Pinus
and Artemisia pollen from nearby mountains to adjacent non-vegetated areas
for deposition, while pollen concentrations in this zone are much lower than in
other zones, resulting in relatively increased percentages of Pinus and Artemisia
pollen. This type of pollen belongs to long-distance migrated pollen and may
cause misinterpretation of local pollen spectra.

When interpreting stratigraphic pollen, comprehensive judgment should be
made based on pollen concentration and specific assemblages. If pollen consists
mainly of recognized high-production, easily dispersed over-represented families
(such as the Chenopodiaceae-Artemisia-Ephedra-Pinus combination in this re-
gion) with almost no other pollen types, and pollen concentration is significantly
lower than adjacent areas, the area can be identified as non-vegetated.

3.2 Representativeness of Major Pollen Taxa

The above analysis shows that pollen assemblages in the Qaidam Basin can
be divided into five zones that roughly reflect local vegetation characteristics,
with dominant pollen types in the assemblages basically being dominant plant
species in each zone. Major dominant pollen types include Chenopodiaceae,
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Gramineae, Artemisia, Ephedra, Nitraria, Cyperaceae, and Compositae, consis-
tent with stratigraphic pollen types in this region [35-36], providing good basic
material for regional stratigraphic pollen research and paleoclimate reconstruc-
tion. However, representativeness differs among pollen types: Chenopodiaceae,
Artemisia, and Ephedra pollen show obvious over-representation, confirmed in
multiple studies [24,31], possibly due to high pollen production [37]. Low repre-
sentation of Compositae, Cyperaceae, Tamarix, and Calligonum pollen has also
been confirmed [21,37]. Gramineae shows low representation in most areas of
the basin, confirmed by previous studies as possibly resulting from low pollen
production and poor preservation [38]; however, Gramineae pollen representa-
tiveness is better at saline-alkali sites, possibly because Phragmites is the con-
structive species in many saline-alkali sites, and sampling during July-August
coincides with the flowering period, allowing better preservation of Gramineae
(Phragmites) pollen. Among shrubs, Nitraria also shows low representation at
most sites but better representativeness in saline-alkali sites, possibly because
Nitraria is a dominant species in saline-alkali areas with relatively increased
pollen content.

3.3 Relationship Between Pollen Percentages and Vegetation Cover-
age

Due to the special climate and geographical location of the Qaidam Basin, pollen
percentages of major families show certain correlations with parent plant cover-
age, though slightly lower than results from northern China [37,39]. Chenopodi-
aceae, Artemisia, Nitraria, and Ephedra are dominant vegetation in the basin,
their pollen appears in almost every sample with considerable proportions, but
shows no obvious correlation between pollen percentage and vegetation coverage.
However, these pollen types can reflect overall environmental characteristics of
the study area—relative aridity. Artemisia pollen percentage shows a decreasing
trend from southeast to northwest with precipitation reduction, possessing cer-
tain ecological indicative significance, possibly because Artemisia prefers more
humid conditions. Gramineae, Cyperaceae, Compositae, and Tamarix pollen
percentages show good correlations with vegetation coverage, effectively indi-
cating vegetation near sampling sites and warranting attention in stratigraphic
pollen studies. Relationships between major families and vegetation coverage
in this study area differ from conclusions in other regions, such as good correla-
tions between Nitraria pollen percentage and vegetation coverage and unclear
relationships for Gramineae in other northern China regions [37,39]. These dif-
ferences may result from frequent high-wind events and obvious pollen migration
disturbance in the basin. Additionally, extensive bare ground, strong sunlight,
and saline-alkali environments may affect pollen preservation, requiring verifi-
cation through comparison with pollen flux studies. Therefore, region-specific
approaches should be adopted when reconstructing stratigraphic pollen, rather
than mechanically applying conclusions from other study areas.
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3.4 Relationship Between Pollen-Vegetation and Environmental Gra-
dients

The most important environmental factor affecting plant growth and distribu-
tion in arid and semi-arid regions is moisture conditions [40]. As soil mois-
ture decreases from southeast to northwest across the basin, vegetation cover-
age, abundance, pollen concentration, and species diversity gradually decrease.
Plant and pollen species composition also changes, with moisture-preferring
Compositae, Cyperaceae, Artemisia, and Ranunculaceae decreasing in coverage
and pollen percentage while A/C ratio increases; drought-tolerant Chenopodi-
aceae and Ephedra increase in coverage and pollen percentage. In saline-alkali
areas, only Nitraria and Gramineae (Phragmites) grow, with pollen assemblages
dominated by Chenopodiaceae-Artemisia-Gramineae-Nitraria.

4 Conclusions
(1) Pollen concentration in non-vegetated areas is far lower than in other

zones, with pollen assemblages dominated by over-represented pollen such
as Chenopodiaceae-Artemisia-Ephedra-Pinus. This conclusion can be ap-
plied to identify non-vegetated areas in stratigraphic pollen analysis.

(2) In this study area, Artemisia, Ephedra, and Chenopodiaceae pollen show
over-representation; Compositae, Cyperaceae, Tamarix, and Calligonum
show low representation; Gramineae and Nitraria show low representation
at most sites, but Gramineae pollen shows moderate representativeness at
constructive species sites, and Nitraria pollen shows moderate representa-
tiveness in saline-alkali areas.

(3) Correlation relationships can be established between pollen percentages of
Gramineae, Cyperaceae, Compositae, and Tamarix and vegetation cover-
age, with these pollen types effectively indicating vegetation near sampling
sites. Correlations for Chenopodiaceae, Artemisia, Ephedra, and Nitraria
are not high, but they can effectively indicate overall environmental con-
ditions of the study area.

(4) Vegetation and pollen distribution in the basin are mainly controlled by
hydrological factors, with soil salinity and other latent factors playing
secondary roles.
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