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Abstract
Background: Lake is a critical part of Tibet's hydrological cycle, the lake-terrestrial ecotone is the most
sensitive area in the water and terrestrial ecosystem. For the ecological protection and maintenance of
the lakeside zone, de�ning the upper boundary of the lake-terrestrial ecotone is a key issue that needs to
be solved urgently. However, the ecological characteristics of lake-terrestrial ecotone made it diffcult to
delimit. Wetland herbs are characteristic plants of the radiant belt toward the land of the lake-terrestrial
ecotone, and their distribution range can be used to re�ect the upper boundary of the lake-terrestrial
ecotone. We took Baksum Lake, Yambdroktso, Namtso, Siling Co as examples, based on the spatial
structure of the lake-terrestrial ecotone, used the moving split-window technology (MSWT) delimited the
range of wetland herbs.

Results:The results of MSWT showed the distribution range of wetland herbs in each lake-terrestrial
ecotone with the natural-wetland type sampling line of Baksum Lake, Yambdroktso, Namtso, Siling Co
was 51m, 56m, 33~53m, 19~31m. DCA showed number of wetland herbs species,BK1 YT1=NT1 NT2
SC1=SC2. PCA, RDA showed SMO, pH, SSC, and soil nutrient content had obvious correlation with
distribution range.

Conclusion:MSWT was a feasible method to delimit the distribution range of wetland herbs. SMO, pH,
SSC, and soil nutrient content were all-important environmental factors affect the wetland herbs
distribution range of the four lakes, however, the SMO was the most important factor. Besides, compare
with the lakes in the lower Yangtze Plain,the high-density population distribution,high-intensitive human
activity invaded the plants' growth area, resulting in a smaller distribution range.

Background
Lake-terrestrial ecotone is an important part of the lake ecosystem. It has the functions of intercepting
pollutants carried by surface over�ow, runoff, and under�ow; providing habitat for wild animals, and
improving the ecological diversity of lakes[1]. Due to the “living by water” history, lake-terrestrial ecotone
is the most susceptible part of lake ecosystem. For economic development, �ood protection, tourism, and
other purposes, people has carried out high-intensity and unreasonable development in lake-terrestrial
ecotone, causing the lake-terrestrial ecotone ecosystem to be strongly disturbed, inducing or accelerating
its ecosystem degradation[2]. With the increasing awareness of the necessity of ecological environment
protection, large quantities of ecological restoration works have implemented on lake-terrestrial
ecotone[3–9]. Natural-wetland type lake-terrestrial ecotone(Fig. 1) is the target and template of eco-
restoration. The range delimitation is the primary and crucial task in lake-terrestrial ecotone protection
and restoration. The typical feature of natural-wetland type lake-terrestrial ecotone is the change of
vegetation, which is mainly manifested in the transition from wet plants to mesophytes and xerophytes.
Because they are very sensitive to soil moisture changes, the distribution range of wet plants can be used
to re�ect the boundary of lake-terrestrial ecotone[1]. According life forms, wet plants can be divided into
trees, shrubs, and herbs, compared with trees and shrubs that can absorb water and nutrients from
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deeper soil, herbaceous plants are more sensitive to soil moisture changes[10], can be better re�ected the
boundary. Therefore, how to accurately delimit the distribution range of wetland herbs in the lake-
terrestrial ecotone with natural-wetland type has become an urgent problem to be solved.

Moving Split-Window Technology(MSWT) is widely used to delimit the boundaries of the chemical or
physical characteristics of soil and the boundaries of vegetation or animal communities[11–14].MSWT
can eliminate errors caused by sampling deviations of individual samples and can re�ect the position
and width of the ecotone more objectively than other methods[15]. Nowadays, MSWT become the most
widely used and most effective method for analyzing the boundaries of ecotone[16]. Researchers have
used MSWT to accurately delimit the range and boundaries of vegetation or animal communities and soil
nutrient content[17–25]. Therefore, this study selected MSWT to delimit the boundary of the wetland
plant-mesophyte/xerophyte transition zone and use this boundary as the upper boundary of the lake-
terrestrial ecotone with natural-wetland type.

The distribution of herbaceous plants is affected by the combined effects of different environmental
factors. Lake-terrestrial ecotone is a relatively small spatial scale. Compared with climate factors, factors
such as micro-topography, soil physical and chemical environment and hydrological are the main
affecting factors[26]. Topographic and geomorphological factors (altitude, slope) affect the spatial
redistribution of solar radiation, surface water distribution[27], and in�uence the growth and distribution
of wet plants. Therefore, compared with other environmental factors, soil physical and chemical
conditions (soil type, soil nutrient, soil moisture, pH, salinity, etc.) directly affect the distribution of wet
plants[28–30]. To protect and restore the lake-terrestrial ecotone, research the wet plant biodiversity,
distribution characteristics, and in�uencing factors will help clarify the relationship between wetland
plant distribution range and lake-terrestrial ecotone habitat factors. Predicting the dynamic changes in
the spatial range of lake-terrestrial ecotone, revealing the formation mechanism of the distribution pattern
of wetland plants and the ecological process of community succession and its internal mechanism,
which play a greatly signi�cant part in lake protection and restoration.

Tibet Plateau is the area that has the most lakes in China. According to statistics, there are more than
1,500 lakes in Tibet, most of which are salt lakes[31], and more than 97% are inland lakes[32]. According
to the distribution characteristics of river systems and lakes, the lakes in Tibet can be divided as the
out�ow lake area in southeast Tibet; the out�ow-inland lake area in southern Tibet; the inland lake area in
northern Tibet. Lakes play a key role in the hydrological cycle in Tibet and greatly affect the regional
climate, water resources, terrestrial and aquatic ecosystems[33]. The lakes in Tibet are located at high
altitudes and extreme climatic conditions and are less affected by human activities. Natural-wetland is
the main type of lake-terrestrial ecotone. However, in recent years, with the mining of minerals[34], the
amount of livestock breeding has increased[35], and the construction of roads and railways[36] have
strongly disturbed the lake-terrestrial ecotone ecological environment in Tibet. In addition to human
disturbance, the change of lake water level also has a certain impact on the ecological environment of
lake-terrestrial ecotone. For example, the expansion of the lake area in Siling Co led to the degradation of
alpine grasslands and meadows in the lake area[37–38]. The lake ecosystem in Tibet is very sensitive to
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human and natural disturbances, and once damaged, it may never repair[39–40]. Moreover, as the
highest altitude area in the world, the wet harbors plants which are cold-tolerant, salt-tolerant, can survive
extreme climatic conditions and have strong regional representation. Therefore, to protect the Tibet lakes,
delimiting the distribution range of wetland herbs of lake-terrestrial ecotone and their in�uencing factors
are of great signi�cance to the protection of Tibet lakes.

The representative lakes Baksum Lake from the out�ow lake area in southeastern Tibet, Yamdroktso
from the out�ow-inland lake area from southern Tibet, and Namtso and Siling Co lakes from the inland
lake area of northern Tibet were selected in this study. Used MSWT to delimited the distribution range of
wetland herbs of lake-terrestrial ecotone. To explain the environmental factors which in�uenced the
herbaceous plant distribution, we surveyed the Average annual temperature (AAT), Average annual
rainfall(AAR), altitude, slope, soil characteristics. Researched the relationship among environmental
factors, wetland herbs species composition and community diversity index to determine the main
in�uencing factors of the wetland herbs distribution range.

Materials And Methods
Study Areas

The representative lakes Baksum Lake from the out�ow lake area in southeastern Tibet, Yamdroktso
from the out�ow-inland lake area from southern Tibet, and Namtso and Siling Co from the inland lake
area of northern Tibet were selected in this study.

Baksum Lake(30°0′1″N~30°2′53″N,93°53′37″E~94°1′48″E) is located in the southeast of the Qinghai-Tibet
Plateau. The elevation of the lake is about 3480 m, the total area of the lake is 26 km2, and the maximum
depth is about 120 m. The average annual temperature in the lake area is around 6.0 ℃, and the average
annual precipitation is 600-700 m. An open freshwater lake with a lake pH of about 7.2[41]. 

Yamdroktso (8°27′00″N 29°12′00″N, 90°08′00″E 91°45′00″E) is surrounded by high mountains, the lake is
4441 m above sea level, and the total area is 638 km2, the water depth is 20-40 m, and the pH value of the
lake is about 9.2-9.3. It is one of the largest closed inland saltwater lakes in southern Tibet[42]. The
annual average temperature is 2.4 ℃, and the annual average precipitation is 373.0 mm[43]. 

Namtso (30°30'00″N 30°55'00″N, 90°16'00″E 91°03'00″E) is located between Lhasa City and  Nagqu City.
Lake The area is 2020 km2, and the lake surface is 4718 m above sea level[44]. The climate difference
between the lake areas on both sides of Namtso, the annual average temperature on the north bank of
Namtso is 0.4 ℃, the annual average rainfall is 301.2 mm, the annual average temperature on the south
bank is 1.3 ℃, and the annual average rainfall is 486.9 mm[45]. The pH value of the lake is 7.8-9.5[46],
which is a typical inland saltwater lake on the plateau. 

Siling Co (31°34′00″N -31°51′00″N, 88°33′00″E -89°21′00″E) is the largest lake in the Tibet Autonomous
Region. The lake is 4,530 m above sea level and the maximum depth is about 50 m. The climate in the
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lake area is mostly in the plateau sub-frigid zone, with a semi-arid climate as the main[47]. The multi-year
average temperature is 0.2 ℃, the annual precipitation is 290-321 mm[48], and the lake water pH is 9.4-
9.7(Chen 2001). 

Conducted �eld surveys on the above lakes, Conducted on-site investigation and sampling of points that
meet the conditions of lake-terrestrial ecotone on natural-wetland type, starting from the lake's multi-year
average high water level line and extending to the land area. Totally, six sampling lines were set up in four
lakes, and the starting points of each sampling line are shown in Fig.2. 

Delimite Range Method

Used the moving split-window technology(MSWT) delimited the distribution range of wetland herbs. The
principle of MSWT is to divide a segmentation window into two half windows, A and B, by calculating the
difference coe�cient between A and B, and then move down one point in order, and then calculate the
difference coe�cient, until every quadrat on the sample strip participates in the calculation (Fig. 3)[50-51];
In this study, Used the distance coe�cient as the ordinate and the sample number as the abscissa. The
peak value generated by the drawing was expressed as the location of the hygroscopic and
mesophytic/xerophyte herbaceous transition zone in the lake-terrestrial ecotone, and the peak width was
expressed as the range of this transition zone. The endpoint of the peak width was the boundary between
the transition zone and the adjacent ecosystem[19]. The distance from the endpoint of the peak width to
the start point of the sample line was the distribution range of wetland herbs in the lake-terrestrial
ecotone. used Squared Euclidean Distance (SED) as the distance coe�cient and important value (IV) as
the calculation index. 

SED calculation formula

In the formula, SEDn represents the squared euclidean distance when the window is n, A and B are two
adjacent windows when the window is n, and are the average values of A half-window and B half-window
when the parameter is i (i represents the important value of the sampling quadrat), m is the number of
window variables, and n is the window width. 

IV calculation formula

In the formula, represents the important value of species an in the quadrat, represents the density of
species an in the quadrat, represents the sum of the density of all plant species in the quadrat,  represents
the coverage of species an in the quadrat, represents the sum of the coverage of all plants in the quadrat,
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 represents the frequency of species an in the quadrat, and represents the sum of the frequencies of all
plants in the quadrat. 

Sampling Design

Selected the points of Baksum Lake (BK), Yamdroktso (YT), Namtso (NT), and Siling Co (SC) that meet
the conditions of the lake-terrestrial ecotone with nature-wetland type for on-site investigation. Consulted
and recorded AAR and AAT of each lake. Set the sampling line with the high water level as the starting
point; took wetland herbs as the survey object. On each sampling line, set a 1 m×1 m herb quadrat at
equal intervals, and number the quadrats until there are no wetland herbs in the quadrat, stop the quadrat
layout (Fig. 4). Recorded the name, several species, density, coverage, and frequency of each species in
the quadrat, which were used to calculate important values, plant community richness, plant community
diversity index, etc.; the on-site measurement of the altitude and slope of the lake-terrestrial ecotone, the
surface layer (0-15 cm) soil in the quadrat was collected to determine soil pH, soil moisture (SMO), soil
salt content (SSC), soil organic matter (SOM), soil total carbon (STC), and total soil nitrogen (STN), soil
total phosphorus (STP). 

Environmental Parameters

GPS was used to record the elevation and slope of each lake-terrestrial ecotone with nature-wetland type
sample line; the surface soil (0~15 cm) in the quadrat was collected by the ring knife method, and the soil
sample was brought back to the laboratory for cold storage. SMO was determined by the drying method.
The soil was dried to a constant weight at (105±5) ℃, and the water content was calculated based on the
difference in the quality of the soil samples before and after drying; the SSC was measured by the
conductivity method: soil pH was measured by potentiometric method (the water-soil ratio was 2.5:1);
SOM was measured by low-temperature external heating potassium dichromate oxidation-colorimetric
method[52]; STC and STN were measured by EA3000 elemental analyzer; STP was determined by The
Standards, Measurements and Testing Programme (SMT) method. 

Date Analysis

MSWT was used to quantitatively delimit the distribution range of wetland herbs in each lake-terrestrial
ecotone sampling line; principal component analysis (PCA) was used to analyze the main environmental
factors that affect the distribution range of wetland herbs; detrended correspond analysis (DCA) was
used to re�ect the types of wetland herbs in each sampling line, redundancy analysis (RDA) was used to
analyze the response relationship between environmental factors and plant diversity index. PCA, DCA,
RDA was calculated using CANOCO 5.0.;Origin 8.0 was used for Data analyseing and �gtures ploting.

Results And Discussion
Results

Species of wetland herbs distributed in various sampling lines
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A total of six lake-terrestrial ecotones with nature-wetland type were selected from four lakes, and 101 1
m×1 m quadrats were investigated on site. A total of 33 wetland herbs were investigated, belonging to 21
Branches. The four lake-terrestrial ecotone wetland herbs are mainly composed of Rosaceae,
Ranunculaceae, and Polygonaceae, with 4 species (accounting for 12.12% of the number of species), 3
species (accounting for 9.09% of the number of species), 3 species (accounting for 9.09% of the number
of species). The vegetation coverage of the BK1, YT1, and NT1 was relatively high, with vegetation
coverage ranging from 65% to 95%, and most of the above-mentioned plants were also distributed here.
The result of DCA analysis (Fig. 5) showed that BK1, YT1, NT1, NT2, SC1, SC2 had 23, 9, 9, 7, 3, and 3
wetland herbs, respectively. The NT2, SC1~2 had relatively poor climatic conditions, fewer wet herb
species, species richness, and community diversity indexes were signi�cantly lower than BK1, YT1 (Fig.
6). In the �eld survey of SC1~2, found that the wetland herbs of these 2 sampling lines were mainly
Suaeda glauca and Achnatherum splendens, and the vegetation coverage was about 1%-18%.

Characteristics of Environmental Factors and Plant Diversity Index af Each Lake-Terrestrial Ecotone
Sampling Line

The content of AAT ,AAR, elevation, slope, soil pH, SMO, SSC, SOM, STC, STN and STP  of each lake-
terrestrial ecotone sampling line  are shown in Fig. 7. The slopes of the 6 sampling lines were not much
different in 1~3%, except for BK1, the other �ve lines were close in elevation; AAT, AAR, soil moisture and
nutrient content of BK1, YT1, NT1 were signi�cantly higher than NT1, SC1~2 ; soil pH and SSC of NT1,
SC1~2 were signi�cantly higher . The climate and environmental factors (AAT, AAR), SMO, and soil
nutrient conditions of the BK1 were the best among six sampling lines, and were more suitable for
wetland herbs growth, therefore,the wet herb coverage, species number, community diversity index and
community richness index of BK1 was the highest.

The result of the distribution range delimitation of lake-terrestrial ecotone wetland herbs 

The selection of the width of the MSWT window had an extremely important in�uence on the accuracy of
the delimitation result. Choosing a too-small window width will cause multi-peak interference[53], and too
large will weaken the peaks[54]. Therefore, when using MSWT to delimit the distribution range of wetland
herbs, it was the most important to determine the optimal window width of each sampling line for
calculating SED. Took BK1 sampling line as an example (Fig. 8), took 4, 6, 8, 10, 12 sampling quadrats as
the window width respectively, when the window width was 10-12 sample squares, no peak appears;
When the window width was 4 to 8 plots, an obvious peak occurs near quadrat 10. Due to the edge effect,
the ecotone had a larger species diversity and community richness index than adjacent communities[55],
so the appearance of this peak indicated that the plant community at this location had the greatest
heterogeneity, and the ecological pattern of the plant community had changed here, it was the location of
the ecotone. Based on the �eld survey, found that the obvious peak showed the area was the BK1 wet-
mesophyte/xerophyte transition zone. This showed that when the MSWT window width was 4~8
sampling quadrats, it can better re�ect the position of the plant transition zone, compared to the window
width of 6-8 sampling quadrats, the peaks produced by the window width of the 4 sampling quadrats
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were the most obvious, and the peak width is narrower, which was the optimal window width for BK1 (Fig.
8).

Similarly, used the above method of selecting the most suitable window width to determine the most
optimal window width of YT1, NT1, NT2, SC1, SC2 were 4 sampling quadrats(Fig. 9(a)); 4 sampling
quadrats (Fig. 9(b)), 6 sampling quadrats (Fig. 9(c)); 6 sampling quadrats (Fig. 9(d)), 4 sampling
quadrats (Fig. 9(f)). Under the optimum window width of each sampling line, the wave peak was obvious,
the peak value was higher, and the peak width was small, indicating that the MSWT was a feasible
method, moreover, wetland herbs of various sampling lines had different distribution ranges.

Combined with the �eld survey, Baksum lake took the BK1 sampling line as an example. This sampling
line was set up 1 m×1 m sampling quadrat every 4 m, and a total of 17 sampling quadrats were set up.
Quadrat 1-11 were mainly distributed in Commelina diffusa, Potentilla anserina, Plantago depressa,
Ranunculus tanguticus, Selaginella nipponica, Duchesnea indica, Salvia rzewalskii and many other
wetland herbs. Quadrat 12-17 mainly contained mesophytic and xerophytic herbs such as Aristida triseta,
Tripogon chinensis, Gueldenstaedtia verna, Origanum vulgare L., etc. Took the YT1 sampling line as an
example of Yamdroktso. The sampling line was set up 1 m×1 m sampling quadrat every 4 m, and a total
of 16 sampling quadrats were set. Quadrat 1-12 was mainly distributed with Potentilla anserina,
Ranunculus tanguticus, Plantago depressa, Aster tataricus, Polygonum sibiricum, and other wetland
herbs. Quadrat 13-16 mainly contained mesophytic and xerophytic herbs such as Oxytropis bicolor,
Elymus dahuricus, and gray Mesophytic and x xerophytic herbs such as Cyananthus incanus, Artemisia
younghusbandii, and Tripogon chinensis, etc. Took the NT1 sampling line as an example of Namtso. The
sampling line was set up 1 m×1 m sampling quadrat every 3 m, and a total of 17 sampling quadrats were
set. Quadrat 1-14 were mainly distributed with Ranunculus tanguticus, Selaginella nipponica, Gentiana
pseudoaquatica, Potentilla reptans and other wetland herbs. There were drought-tolerant xerophytic herbs
such as Potentilla bifurca L., Tibetia himalaica, Eriophorum comosum, Dysphania aristata, etc in quadrat
14-17.Took SC1 sampling line as an example of Siling Co. The sampling line was set up 1 m×1 m
sampling quadrat every 5 m, and a total of 15 sampling quadrats were set. Quadrat 1-6 were mainly
distributed in salt-tolerant wetland herbs Achnatherum splendens and Suaeda glauca, quadrat 7-15 were
mainly distributed xerophytes, Tripogon chinensis, and wet shrubs, Kalidium foliatum. This showed that
using MSWT to delimit the distribution range of lake-terrestrial ecotone wetland herbs was the same as
the �eld survey wetland herbs community distribution boundary, and MSWT had good applicability for
the division of different community vegetation zones, indicating that MSWT can accurately delimit the
growth boundary of wetland herbs[19], therefore, it is feasible to use MSWT to delimit the distribution
range of lake-terrestrial ecotone. 

The wetland herbs distribution ranges of lake-terrestrial ecotone with the natural-wetland type of Baksum
Lake, Yamdroktso, Namtso, and Siling Co were shown in Table 1 and Fig. 10, which were 51 m, 56
m,33~53 m,19~31 m. 

Table 1  Range of hygroscopic herbours plants distribution of lake-terrestrial ecotone on different lines 
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Lake Sampling line number Quadrat spacing

/m

Peak width

end quadrat

Range

/m

Baksum Lake BK1 4 No.11 51

Yambdroktso YT1 4 No.12 56

Namtso NT1 3 No.14 53

NT2 3 No.9 33

Siling Co SC1 5 No.6 31

SC2 5 No.4 19

 

Factors affecting the distribution and diversity of wetland herbs

Used PCA to identify the most important environmental factors affecting the distribution range of
wetland herbs, It can be seen from Fig. 11that the Shannon-Wiener index(SW), Marglef index(M), SMO,
soil pH, and SSC were the most important factors affecting the distribution of wetland herbs. Shannon-
Wiener index and Marglef index were the main factors affecting the distribution range. This was because
they were calculated based on the important values of wetland herbs in the zone. Explore the relationship
between plant diversity and environmental factors, to further determine the main environmental factors
for the distribution range of wetland herbs.

Fig.12 was the RDA between Shannon-Wiener index(SW), marglef index(M) and species richness(S) and
environmental factors, and the distribution range of wetland herbs. After the Monte Carlo test, except for
the in�uence of the distribution range of wetland herbs, SW and M were mainly affected by SMO, STP,
SSC, and soil pH ; S was mainly affected by SOM, STN, SSC, soil pH, and also affected by AAT and AAR.

Discussion
Combined with the natural environmental characteristics of the above four lakes (Fig. 7), it can be seen
that although the four lakes belong to the Tibet Plateau, they had obvious differences in elevation, AAR,
AAR, and soil nutrient content. The AAT of the BK1 sampling line was 6.3 ℃ higher than that of SK2. The
SMO, SOM, STC, STN, and STP content of BK1 were 5.13, 4.11, 6.80, 41.88, 3.81 times of SC2,
respectively. But, the distribution range of wetland herbs on the BK1 with the lowest elevation and the
best climatic conditions was not the widest. In the previous study, we investigated the distribution range
of lake-terrestrial ecotone wetland herbs in the lakes in the lower Yangtze Plain, which was basically in
the same latitude range as the above 4 lakes(showen in Table 2). The wet herbaceous species richness
and community diversity index of lake-terrestrial ecotone in the lower Yangtze plain were signi�cantly
higher than those of lakes in Tibet, however, the high-density population distribution, agricultural planting,
and road construction invaded the plants' growth area, resulting in a smaller distribution range[56]. As the
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altitude increases, human activities decrease[57], and the distribution range of wetland herbs becomes
larger. This also explained why the distribution range of YT1 and NT1 wetland herbs was slightly higher
than that of BK1. Besides, in our investigation, we found that some wet plants such as Potentilla anserina
L.,Duchesnea indica,Plantago asiatica L. were distributed in the lower Yangtze Plain and Baksum Lake,
Namtso, and Yamdroktso at the same time. Some studies suggest that as the climate warms, high-
altitude areas may become shelters for plants[58].

Table 2  Comparison of latitude and longitude, plant distribution range and characteristics of lakes on the
lower Yangtze Plain (Changtan Reservoir, Taihu Lake, Xiazhu Lake) and the Qinghai-Tibet Plateau lakes
(Baksum Lake,Yamdroktso,Namtso,Siling Co)
Lake District Lake Latitude Longitude Climate Hygroscopic

herbours plants
distribution
range/(m)

Marglef
index

Shannon-
Wiener 
index

Species
richness

Lower
Yangtze

Plain , China

Changtan
Reservoir

28°03'00"N 28°40'00"N 121°00'00"E 121°04'00"E Subtropical Monsoon
Climate

19~31 1.50±0.24 1.88±0.1916.33±3.23

Taihu Lake 30°55'40"N~
31°32'58"N

119°52'32"E~
120°36'10"E

Subtropical Monsoon
Climate

11~19 1.16±0.07 1.52±0.1413.44±2.14

Xiazhu
Lake

30°31′28″N 30°30′53″N 120°02′54″E 120°01′52″E Subtropical Monsoon
Climate

17~21 1.22±0.09 1.57±0.2412.55±3.10

Qinghai-
Tibet

Plateau ,
China

Baksum
Lake

31°00′01″N~
31°22′53″N

93°53′37″E~
94°1′48″E

Plateau Temperate
Monsoon Semi-Humid

/Semi-Arid Climate

51 1.02±0.11 0.92±0.0812.60±2.27

Yamdroktso 28°27′00″N
29°12′00″N

90°08′00″E 91°45′00″E Plateau Sub-Frigid
Monsoon Semi-Arid

Climate

56 0.94±0.28 1.08±0.22 6.67±2.38

Namtso 30°30'00″N
30°55'00″N

90°16'00″E 91°03'00″E Plateau Sub-Frigid
Monsoon Semi-Arid

Climate

33~53 0.74±0.23 0.97±0.26 6.34±1.80

Siling Co 31°34′00″N
-31°51′00″N

88°33′00″E ~
89°21′00″E

Plateau Sub-Frigid
Monsoon Semi-

Arid/Plateau Cold
Arid Climate

19~31 0.33±0.04 0.46±0.05 2.28±1.05

The four lakes on the Tibet Plateau are far apart in space, and the species and quantities of wet plants
distributed within each sampling line were quite different(Fig. 5). The NT2, SC1, and SC2 sampling lines
were located in northern Tibet, belong to the arid area deserti�cation ecosystem. It is arid and high-cold
all year round, with extremely low soil nutrient content, low plant community species richness, and single
community structure[59]. PCA and RDA results showed that water and heat conditions, soil nutrients were
the main factors restricting the growth and distribution of plants in drought and alpine regions[60-62].
Wang[63] found that higher SMO and STN in alpine regions promoted the increase of plant biomass and
richness and vice versa.

PCA showed that the Shannon-Wiener index and Marglef index are the most important factors in�uencing
the distribution range of wetland herbs. Therefore, to determine the main in�uencing factors of the
distribution range of lake-terrestrial ecotone wet herbs, it is also necessary to explore the environmental
factors affecting the Shannon-Wiener index, Marglef index, and species richness index.

The distribution range of wetland herbs, M, SW, and S were signi�cantly negatively correlated with soil pH
and salinity, indicated that the number of species and community richness in the sampling line decreased
with the increase of soil pH and salinity. Soil salinity was stressful to the growth of wet herbs[64]. This
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may be due to the decrease in the utilization of soil nutrients by wetland herbs as the soil salinity
increases[65–66]. As shown in PCA, soil pH and SSC were signi�cantly negatively correlated with SOM,
STC, STN, and STP content, and SSC was signi�cantly negatively correlated with SOM and STP. High
salinity and alkalinity restricted the growth of wet herbs. As shown in Fig. 10, the wetland herbs
distributed in SC1~2 are Suaeda glauca and Achnatherum splendens, both had high tolerance to salinity
and alkalinity[67–68]. This also showed that different wet herb species have different adaptability to soil
pH and SSC[69]. Soil pH and SSC were important in�uences on the distribution range of lake-terrestrial
ecotone wetland herbs in the four lakes.

Except for Baksum Lake, Yamdroktso, Namtso, and Siling Co belong to relatively arid alpine regions. The
composition, richness, and diversity of plants in the ecosystem are mainly restricted by soil moisture and
salinity. The heterogeneity of soil moisture strongly affected the distribution of plants[70]. The results of
RDA and vegetation distribution showed that higher soil moisture was more conducive to the growth of
wetland herbs, which was consistent with the results of Zhao[71] studies on the prominent limiting
factors for the growth of desert plants in arid areas. Therefore, soil water content was one of the main
factors affecting the distribution range of lake-terrestrial ecotone wetland herbs in the four lakes.

Pearson correlation analysis showed that the correlation coe�cients between SMO, soil pH, SOM, STP,
SSC content, and the distribution range of wetland herbs were 0.951 (P<0.01), -0.831, -0.902, 0.821, 0.905
(P< 0.05). Besides, the correlation between SMO, pH, SSC, SOM, and STP content was signi�cant.
Fang[72] researched on the lake wetland of Aibi Lake in the arid area showed that The SMO of lakeside
wetlands in alpine and arid areas was signi�cantly affected by soil type, topography, climate, and other
structural factors. Soil pH and nutrient content were signi�cantly affected by SMO.

Lake-terrestrial ecotone, as a transition zone between water ecosystems and terrestrial ecosystems, was
an important biological transition zone for the exchange of energy, material, and information between
water and terrestrial ecosystems[73]. The distribution range of wetland herbs re�ected the impact of lakes
on the terrestrial environment. Due to the distribution range of lake-terrestrial ecotone vegetation
community depended on the degree of tolerance of dominant species to major environmental stress
factors[74], and water is an important factor that affects the ecological adaptation of lake-terrestrial
ecotone plants and restricts the growth and distribution of plants[75]. Small differences in soil moisture
content will cause signi�cant differences in the germination of wetland plant seeds, which will affect the
distribution of wetland plants communities[76]. There were signi�cant differences in climate among
Baksum Lake, Yambdroktso, Namtso, and Siling Co, leading to differences in soil pH, water content, and
nutrient content. These conditions made the distribution of lake-terrestrial ecotone wetland herbs in the
Tibet lake area affected by many factors. Therefore, from a macro perspective, it was due to the
differences in climatic conditions, determined the distribution range of wetland herbs in the Tibetan lake
area; from the perspective of plant growth, soil moisture content was the most important factor affecting
the distribution range of wetland herbs.

Conclusion
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MSWT was used to delimit the distribution range of lake-terrestrial ecotone wetland herbs in Baskum
Lake (BK1), Yamdroktso (YT1), Namtso (NT1~2), and Siling Co (SL1~2)respectively 51m, 56 m, 33~53
m, 19~31 m. The delimitation results were consistent with the growth boundary of wetland herbs in the
�eld survey. A total of 33 wetland herbs were investigated in the above-mentioned sampling lines,
belonging to 21 families. There were more wetland herbs in the Rosaceae, Ranunculaceae, and
Polygonaceae. Combined with �eld investigation and DCA analysis, wetland herbs are mostly distributed
in BK1. Used PCA to analyze the environmental factors driving the sdistribution range of wetland herbs.
RDA was used to analyze the response relationship among the number of wet herbaceous plant
communities, Shannon-Wiener index, Marglef index, and environmental factors further determined the
main factors affecting the distribution range of wetland herbs. The results showed that SMO, pH, SSC,
and soil nutrient content were all-important environmental factors that affect the distribution range of the
lake-terrestrial ecotone wetland herbs in the four lakes, however, the SMO was the most important factor
affecting the distribution range of wetland herbs.
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Figure 1
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Spatial structure of lake-terrestrial ecotone with natural-wetland type[1]

Figure 2

Schematic of setting the starting point of the sample line

Figure 3

Schematic diagram of MSWT[51]
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Figure 4

Schematic diagram of sample square setting

Figure 5

(a) species of wetland herbs,(b) numbers of species distributed in BK1, YT1, NT1~2, SC1~2(DCA)
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Figure 6

Numerical value of Species,Shannon-Wiener,Marglef,Coverage of each sample line

Figure 7
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(a)AAT,AAR,(b)Altitude,Slope,(c)SMO,pH,SSC(d)OM,TC,(e)STN,STP of each sampling line

Figure 8

(a) SED(IV) peak value under the different window width of (BK1),(b) optimal window width(n=4) for BK1

Figure 9

(a)~(e):SED(IV) peak value under the suitable window of YT1,NT1,NT2,SC1,SC2.

Figure 10

Variation trend of the distribution range of wetland herbs in lake-terrestrial ecotone

Figure 11

Principal component analysis of each factor(PCA)

Figure 12

RDA of species, Shannon-Wiener, Marglef-environmental factors


