Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Effects of Ecological Water Conveyance Project on
the Structure, Species Diversity and Stability of
Desert Riparian Forest in the Lower Reaches of
Tarim River, Northwest China

Xiyi Wang

Taishan University

Tingting Ma

Taishan University

Hongbo Ling (&% linghongbo0929@163.com )
Xinjiang Institute of Ecology and Geography

Shuzhen Peng
Taishan University

Research

Keywords: Ecological stability, Diversity index, Ecological water conveyance, Structure of plant
community, Lower reaches of Tarim river

Posted Date: December 16th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-127475/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 1/22


https://doi.org/10.21203/rs.3.rs-127475/v1
mailto:linghongbo0929@163.com
https://doi.org/10.21203/rs.3.rs-127475/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Background: The lower reaches of the Tarim River is an arid region of inland China. In this area,
vegetation is sparse and the environment is fragile. Therefore, it is of great significance to study the
structure and stability of the plant community and ecosystem in the lower reaches of the Tarim River. It is
valuable to increase the understanding of ecological protection and restoration in arid areas.

Methods: In this study, four sections, Yingsu, Karday, Alakan, and Yiganbjm, were selected as research
sites, and 96 arbor and shrub quadrats and 288 herb quadrats were delimited in these sites. The
ecological characteristics of all species in the quadrats were investigated. We selected the surveyed data
from 2000, 2004, 2008, 2012, 2016, and 2019. Based on the data, we analyzed the variations in species
composition. We also determined Shannon-Wiener indexes, Alatalo indexes, and ecological dominance to
discuss the species diversity and uniformity of plant community. Plant community stability were also
evaluated.

Results: There were 17 species in 2000 and 31 species in 2019. The proportion of arbor and shrub
species decreased, while the understory herbaceous species gradually increased; all of the species
become balanced. The stability of the plant community gradually increased; however, it remained
unstable.

Conclusions: In general, water conveyance in an ecosystem plays a positive role in promoting the
restoration of vegetation and ecological stability. This study provides a new method for the evaluation of
ecological protection and restoration benefits in arid areas. Our findings can be a good reference for
similar studies.

Background

Vegetation is a key component of ecosystems and plays an important role in ecological protection and
control of desertification (Cédric et al. 2013). In recent decades, the economy has developed rapidly and
the overall living standards of the human population have improved. However, some problems, such as
ecological destruction, environmental degradation, and loss of biodiversity, have followed, posing a
serious threat to the sustainable development of society (Barbier et al. 1996; Baranova et al. 2016). Arid
areas, where water resources are limited, vegetation is sparse, and the environment is harsh, have become
an area where a poor quality of life remains (Irajpoor and Latif. 2011). In recent years, poverty alleviation
has been carried out in many regions, especially in China, which is the largest developing country (Qian
2019). General Secretary Jinping Xi proposed that “Lucid waters and lush mountains are invaluable
assets,” providing support for ecological protection and restoration, which can promote the development
of the economy (Hasan et al. 2017). In view of the harsh natural environment and limited economic
development in arid areas, it is necessary to conduct ecological protection and restoration projects in
order to achieve a sustainable, stable, and coordinated development of the economy, society, and
environment.
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Research and application of plant ecological theory is an important part of ecology (lllian et al. 2009).
Whether in plains, plateaus, mountains, deserts, or river basins (Lortie and Turkington. 2002; Kirkman et
al. 2012; Folega et al. 2014; Guo et al. 2018), composition of vegetation in these areas is closely related
to the environmental factors (Espinar et al. 2011; Bayly et al. 2015; Noto and Shurin. 2017). However,
structural characteristics of vegetation are affected by many factors and the processes by which
vegetation changes is complex (Bertrand et al. 2011; Jacynthe et al. 2017; Estruch et al. 2018). As a
result, it is necessary to study of vegetation structure. The characteristics of biodiversity is essential to
understanding the relationships between biodiversity and ecological factors (Mahi et al. 2019).
Vegetative species diversity is directly related to ecosystem function (Evans et al. 2017; Attarchi and
Gloaguen 2018; Little and Altermatt 2018; Ricardo et al. 2019). However, it is unknown whether richness
of species can improve the ecosystem function or if a certain number of key species can maintain the
function (MacArthur 1955; Elton 1958; Lawton and Brown 1993), Therefore, studies on the change of
species diversity can provide a theoretical basis for the evaluation of ecosystem functions, providing
basic data for protection and restoration of biodiversity.

Community stability refers to the community's ability to maintain normal dynamics, including resistance
stability and resilience stability (Gao et al. 2019). Stability of the plant community, which is one of the
most important characteristics of the ecosystem, is a comprehensive feature of the structure and
function of plant communities (Tomiolo et al. 2020). Different from simple mathematical or physical
systems, ecosystems are complex and many problems require further study (Howeth and Leibold 2010).
Studies of ecosystem stability generally require field investigations and data collection or the use of
mathematical models to conduct a simulation (Schwartz et al. 2000; Neutel et al. 2014; UroS et al., 2015;
Zhang et al., 2017). However, these different approaches may lead to different conclusions and a more
effective method is required. Zheng et al. (2000) proposed a new method where prediction results of
community succession were with a comparative analysis.

In arid regions, water, which is the most important natural resource, has a great influence on
characteristics of the plant community (Armas and Pugnaire. 2005; Wu et al. 2014; Wang et al. 2017).
The lower reaches of the Tarim River is a typical arid region, and vegetation had been seriously degraded
due to the river discontinuity before 2000. In this region, an ecological water conveyance project began in
2000. As a result, groundwater depth has increased, vegetative growth has improved, and plant diversity
has increased (Aishan et al. 2015). With the implementation of the ecological water conveyance project,
the density and coverage of species increased (Hao and Li. 2014). In addition, plant growth improved, the
amount of water absorption increased, and transpiration increased (Ye et al. 2010), which led to an
increase in the amount of ecological water needed for the growth of vegetation (Liu et al. 2014). However,
previous research has only been conducted over short periods of time; the changes in the characteristics
of vegetation in response to the ecological water conveyance project over the past 20 years have not
been reported. In particular, studies on community stability are rare. We aimed to solve these problems in
this study. The following hypothesises were made in this study:
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(1) Herbaceous species, which are the most sensitive to water conveyance, increased significantly. (2)
Spatial pattern of species tended to be uniform. (3) Ecological water conveyance promoted an increase in
community stability, which is currently stable.

Based on these hypothesises, we collected 20 years of monitoring data, including plant names,
quantities, ecological characteristics (height, coverage, density), and distribution characteristics, to
conduct calculations. The innovation of this study is to clarify the variations in plant community
structure, species diversity, and community stability receiving ecological water conveyance, and to
propose corresponding coping strategies. With the findings from this study, we can provide a theoretical
basis for vegetation protection and restoration for ecological management projects conducted in the
lower reaches of the Tarim River. We can also conduct a preliminary evaluation of the benefits of
ecological water conveyance. In addition, the results of this study can provide a methodological reference
for similar areas and theoretical guidance for the management of water resources in arid areas.

Materials And Methods
Site description

The total length of the lower reaches of the Tarim River, which refers to the reaches from the Daxihaizi
reservoir to Taitema Lake (86°37'23"-88°30'00"E,39°24'08"-41°03'40"N), is 363 km (Zhang et al. 2004)
(Fig. 1). The climate is temperate arid desert and the annual precipitation is approximately 20—-50 mm,
while potential evaporation is up to 2,500-3,000 mm (Rumbaur et al. 2015). Because of resource
exploitation occurring from the 1950s to 1990s, severe environmental problems drastically increased (Fu
et al. 2008), including the discontinuous flow of the river channel, the disappearance of large areas of
wetlands, significant decrease in groundwater depth, decline in areas of natural vegetation, and
intensification of desertification (Liu et al. 2012). The proportion of the desertification area was greater
90%, including an area of severe desertification accounting for 52.71% in 2000 (Mannisahan et al. 2009).

From 2000 to 2019, ecological water conveyance occurred 20 times in the lower reaches of the Tarim
River. Due to the abundance of groundwater and river water, the vegetation cover increased and species
diversity improved (Ling et al. 2020). A large area of arbor, shrub, and herb vegetation zones formed on
the floodplain and along low terraces on both sides of the river channel (Mamat et al. 2019). The main
arbor species was Populus euphratica. The shrub species included Tamarix chinensis, Lycium
ruthenicum, and Halimodendron halodendron. Herbaceous species included Phragmites communis,
Glossogyne tenuifolia, Alhagi sparsif, Karelinia capsica, and Halogeton glomeratus (Maierdang et al.
2018).

The total amount of water discharged 20 times exceeded 78 x 108 m8, with an average annual amount of

3.89 x 108 m®. The ecological water conveyance ended the continuous drying of the river channel that
has occurred for nearly 30 years and the water head reached Taitema Lake 17 times. Groundwater has
been effectively replenished on both sides of the river channel; therefore, the water environment has been
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improved significantly. According to the monitoring data from 2000 to 2019, the groundwater depth 1 km
from the river channel ranged from 9.8-10.1 m to 1.1-3.3 m. According to the monitoring data from the
Chinese Academy of Sciences, the area of vegetation restoration and improvement was 2,285 km?,
including an area of new vegetation of 362 km? and the reduction of the area of sand to 854 km?2. The
area of Taitema Lake, which was once more than 510 km?, has contained water year-round, which led to
the formation of wetlands (223 km?) around the lake.

Vegetation surveys

Researchers surveyed the vegetation in early to mid September every year. Investigations based on the
fixed sections in the lower reaches of the Tarim River. Four typical sections, Yingsu, Karday, Alakan, and
Yiganbjm, were selected as research sites. A monitoring transect was set up perpendicular to the river
channel in every section. For this monitoring transect, large quadrats of 50 m x 50 m were set up near the
monitoring wells at distances of 50, 150, 300, 500, 750, and 1,050 m from the river channel. In total, there
were 24 fixed large quadrats that were set up in the region. For convenience, each large quadrat was
divided into four smaller quadrats of 25 m x 25 m, then the individual number, coverage, DBH, height, and
crown width of each arbor (or shrub) were recorded in these secondary quadrats. Three small herbal
quadrats (1 m x 1 m) were set up in each of the secondary quadrats, then the individual number,
coverage, height, crown width, and frequency of each herb were recorded. Thus, 96 arbor and shrub
quadrats and 288 herb quadrats were completed every year. In this study, we selected the data in 2000,
2004, 2008, 2012, 2016, and 2019.

Importance value

The importance value is the relative importance of different plant species in a community. Based on the
measurement index of the importance value, the role of some small but numerous plant species can be
avoided being exaggerated, that can provide an important basis to distinguish a species as an
established species, a dominant species, or a companion species (Ramin et al. 2016). This measure was
calculated following the method described by Hao et al. (2013).

Diversity index, evenness index, ecological dominance

The diversity index is an indicator of disorder and uncertainty among individuals of a species. The greater
the uncertainty, the greater the diversity. The evenness index is an indicator of the distribution uniformity
coefficient of species abundance (biomass, coverage, or other indicators). The increase of individual
uniformity will also increase the diversity. Ecological dominance and the evenness index are opposite
concepts. The higher the ecological dominance, the more uneven the distribution of species, and the more
prominent species are considered the dominant species. The method by which this was calculated
followed the description previously described by Gao et al. (2011).

Characteristics of community stability

Community stability was measured following the method provided by Godron (1972). Firstly, the
measured frequency values of different species of plants in the community were arranged from large to
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small, and the frequency was converted to relative frequency, which was gradually accumulated from
large to small in the order of relative frequency. Secondly, reciprocal of the sum of plant species were
taken in the whole community, and gradually accumulate them according to the order of plant species,
that obtain how many percentage of species occupy how much relative frequency of accumulation.
Thirdly, percentage of plant species corresponds to the cumulative relative frequency, and a scatter plot is
drawn, and the points are connected with a smooth curve. Fourthly, a straight line is connected at the 100
scale of the two coordinate axes, and the intersection point with the curve is the desired point. The closer
the ratio of species percentage to cumulative relative frequency is to 20/80, the more stable the
community will be. At 20/80, it is the stable point of the community. However, the drawback to this
method is that when the intersection coordinates of the smooth curve and the straight line need to be
determined, it should be determined on grid paper. As a result, the coordinates may not be accurate; in
addition, this method does not meet the current requirements of data automation. Therefore, in the
process of drawing scatter plots and smooth curves, a mathematical model was established to simulate
the smooth curve of a scatter graph following the methods described by Zheng (2000).

Results

From 2000 to 2019, with the implementation of ecological water conveyance, the number of plant
families increased from eight to 12, and number of species increased from 12 to 31. (Table 1).

Table 1
Number of species to each family in different years

Serial number Name of families 2000 2004 2008 2012 2016 2019
1 Salicaceae 1 1 1 1 1 1
2 Tamaricaceae 1 1 1 1 1 1
3 Leguminosae 3 3 3 4 3 4
4 Chenopodiaceae 2 4 4 7 7 7
5 Amaranthaceae 0 0 1 1 1 1
6 Compositae 2 0 2 6 6 7
7 Cyperaceae 0 0 1 3 3 3
8 Gramineae 1 2 2 2 2 2
9 Apocynaceae 1 1 1 1 1 1
10 Solanaceae 1 1 1 1 1 1
11 Elaeagnaceae 0 0 0 1 1 1
12 Equisetaceae 0 0 1 1 1 1
13 Asclepiadaceae 0 0 1 1 1 1
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With the implementation of ecological water conveyance, a large number of species appeared. However,
these species are natives that existed decades ago, and reappeared due to water conveyance. According
to Liu and Chen (2002), there was a dense of poplar forest that was 7—10 km wide and contained a large
variety of plants in the lower reaches of the Tarim River. Since the lower Tarim River stopped flowing,
there were few people, few animals, and almost no alien species. The ecological water conveyance
project increased the number of species, vegetation area, and the ecosystem structure become more
complicated.

Changes of species composition in different biotopes

Dominant species includes Populus euphratica, Tamarix chinensis, Alhagi sparsifolia, Phragmites
australis, Apocynum venetum, and Karelinia caspia in the lower reaches of the Tarim River (Wang et al.
2019). Therefore, these species were selected to discuss the changes of plant community structure. We
calculated the importance values of the abovementioned six dominant species. According to the different
distances from the river channel, which correspond to the different groundwater depths, we divided the
biotopes into six gradients, 50, 150, 300, 500, 750, and 1,050 m, from the river channel. For the four
monitoring transects, the average value of vegetation characteristics on the same gradient was recorded
as the vegetation characteristic value in this biotope. For example, for the entire area, vegetation
characteristics at 50 m from the river channel are the average of vegetation characteristics at 50 m from
the river channel at each of the transects. Importance values were used as the indicators to analyze the
characteristics of change of the composition of the community structure in different biotopes since the
beginning of the ecological water conveyance project.

As shown in Fig. 2, at different distances from river channel, the dominance of P euphraticaand T.
chinensis decreased, but the proportion of the importance value still accounted for more than 50%. The
proportion of undergrowth herbs increased. In the area 50 m from the river, for example, the importance
value of undergrowth herbs was only 16.12% in 2000, but it reached to 26.93% in 2019. In addition, with
the increase of distance from the river, the proportion of P euphratica and T. chinensis gradually
increased, while the proportion of undergrowth herbs decreased gradually. In 2019, the proportion of P
euphratica and T. chinensis was 60.11%, while the undergrowth herbs was 26.93% in the area 50 m from
the river. However, in the area 1,050 m from the river, the proportion of P euphratica and T. chinensis was
90.01%, while the importance value of the undergrowth herbs was only 7.42%. Beyond 500 m from the
river channel, the proportion of undergrowth herbs was all below 15%.

Variation of species diversity in different biotopes

For different water conditions, species diversity indexes (Shannon-Wiener indexes), evenness indexes
(Alatalo indexes) and ecological dominances were used as indexes to analyze vegetation characteristics
in different years. (Fig. 3).

The entire area was used as an example. Figure 2 shows that from 2000 to 2019, both of the diversity
indexes and evenness indexes showed an increasing trend. The average value of the Shannon-Wiener
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index was approximately 0.87 in 2000 and 1.75in 2019. The average value of the Alatalo index was 0.61
in 2000 and 0.82 in 2019. These findings indicated that the number of species increased. However,
ecological dominance was 0.32, but it was 0.25, indicating that the differences among the number,
coverage, height, and other characteristics of each species decreased, and the distribution ratio of each
species tended towards uniformity. However, in 2008, the evenness index reduced by 0.08 to it in 2004,
but ecological dominance increased by 0.02. Standard deviation of species diversity indexes, evenness
indexes and ecological dominances were 0.55, 0.16, 0.07. Therefore, there is a small gap between the
values contained in each index, that is, the data results obtained in this experiment are more reasonable.
These findings suggested that the distribution of species became uneven in 2008. Moreover, the highest
values of diversity and evenness indexes, and the lowest values of ecological dominance all appeared at
150 m, not 50 m, from the river channel.

Vegetation in the upper reaches of the Tarim River was chosen as the reference. The upper and lower
reaches of the Tarim River belong to the Tarim River basin, and the natural conditions between the two
reaches of the river are relatively similar. The only difference is that the water resources in the upstream
region are relatively abundant, which is beneficial to plant growth. In this comparison, the Shannon-
Wiener index of the arbor-shrub community in the upstream and downstream were similar, indicating that
the differences of arbor and shrub characteristics in the two regions were not significant and both were
dominant. However, there were great difference in the Shannon-Wiener index between the two regions,
which was similar to the research results presented by Zheng (2008). Overall, the impact of ecological
water conveyance was more important on understory herbs.

Characteristics of ecosystem stability

Vegetation in four transects were synthesized as the example to discuss the characteristics of vegetation
in the whole region. The stability of regional plant communities was evaluated by the measurement
methods of community stability, and stability characteristics in different years were obtained (Fig. 4).
According to Zheng (2000), when the distance between the intersection coordinate and the coordinates
(20, 80) less than = 14.142, the plant community is in a stable state, otherwise it is unstable.

Along with the implementation of ecological water conveyance, distances between intersection
coordinates (20, 80) decreased gradually (Table 2), suggesting that the ecological stability of plant
community increased. However, it the plant community was still unstable in 2019.
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Table 2
Stability characteristics of plant community in different years in the lower reaches of Tarim river

Year curvilinear equation R2 Intersection point Distances  Stability of
coordinate from community
(20, 80)

2000 y=0.0014x2+0.8084x+ 0.9863 (48.58,51.42) 40.42 unstable
6.8981

2004 - .00047x2+1.4824x 09633 (41.87,58.13) 30.93 unstable
+4.3054

2008 -.0.0086x2+1.892x-  0.9741 (40.31, 59.69) 28.72 unstable
2.5991

2012, -.0.0126x2+2.2300x 09886  (36.23,63.77) 22.95 unstable
-0.522

2016 y=-0.0133x2+2.2364x 0.9886 (34.21,65.79) 20.09 unstable
+4.8462

2019 ,-.00144x2+2.3076x 09813 (32.99,67.01) 18.37 unstable
+6.538

Discussion

There were significant impacts of ecological water conveyance on the community structure of desert
riparian forests, thus the diversity of species and stability of plant communities to some extent, supported
our hypothesis. The proportions of arbors and shrubs decreased, while that of undergrowth herbs
increased. In addition, as the number of species increased, the proportion of each species tended to be
uniform. In other words, dominant species decreased. We also concluded that the stability of the plant
community increased, but remained unstable at present. Therefore, the state and the government should
continue to implement the ecological water conveyance project with reasonable measures to promote
ecological protection and vegetation restoration.

Effects of ecological water conveyance on community
structure of desert riparian forest

The growth, structure, and distribution of vegetation are closely related to the ecological environment,
which affects the characteristics of vegetation, while the change of vegetation will react to the ecological
environment (Xu et al. 2015). A basic feature of the plant community is the relationships between plant
species, so as the relationships between plants and environment, which can be reflected by the
configuration in spatial and temporal distribution of plant species. At present, studies of plant community
are inseparable from the studies of community structure, and the importance value has been used widely
(Hodabalo et al. 2013; Widodo, 2014). Therefore, it is feasible to discuss the changing characteristics of
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community structure by using importance values. Community structure is affected by many factors, such
as climate, water, topography, and human activities (Kim et al. 2006; Collet et al. 2014; Leibowitz et al.
2018). Climate is dry in the lower reaches of the Tarim River, population is sparse, and the terrain is flat.
Plant community structure is mainly affected by water conditions, which is related to ecological water
conveyance. Ecological water conveyance caused the overflow of the river and the fluctuation of
groundwater, leading to many effects on plant community structure (Chen et al. 2010). Groundwater was
supplied by river water and groundwater depth increased, subsequently increasing the number, coverage,
and height of species on the surface (Ling et al. 2015). This is consistent with the results of this study,
which all indicated that ecological water conveyance played a positive role in promoting the growth and
development of vegetation (Zencich et al. 2002; Thompson et al. 2011; Barbeta and Penuelas. 2017).
Generally speaking, the changes in response to ground water observed were less obvious for plants with
deep root systems than plants with shallow root systems. Specifically, herbs were more responsive to
ground water levels than arbors and shrubs. Furthermore, ecological water conveyance caused river water
to overflow, allowing seeds to germinate in the soil seed bank near the river channel. Moreover, seedlings
grew rapidly. Therefore, the proportion of herbs near the river channel increased significantly, while the
area distant from the river channel had fewer herbaceous species. The above findings also explained the
results and verified the hypothesis of this study. On the whole, the height and coverage of arbors and
herbs increased due to ecological water conveyance, but the increase was greater for herbs.

Effects of ecological water conveyance on species diversity

According to our results, both species diversity indexes and evenness indexes showed an increasing
trend, while ecological dominance showed a decreasing trend on different distances from the river
channel. Because the lower reaches of the Tarim River is very arid, water condition is an important factor
to species diversity. More water was available due to ecological water conveyance, thus the number of
species increased, the distribution and growth trend became uniform, and the ecological dominance of
established species, such as P euphratica and T. chinensis, decreased. This is also consistent with the
results of this study. However, in 2008, diversity indexes and evenness indexes decreased and ecological
dominance increased. This may be due to the a little water in 2007 and no water in 2008; therefore, during
these 2 years, vegetation growth was slow and the area of plants with shallow roots reduced greatly,
whereas the dominance of plants with deep roots, such as P, euphratica and T. chinensis, improved. We
also found that it is not the better the water condition, the higher the species diversity index. In other
words, values of these indexes were not positively correlated with the distances from the river channel.
According to the groundwater depth and amount of overflow water, the water conditions were the most
suitable for plant growth 50 m from the river channel. However, species diversity and uniformity were not
the highest, and ecological dominance was not the lowest on this gradient. The highest values of species
diversity indexes, evenness indexes, and the lowest values of ecological dominance all occurred at 150 m
from the river channel. Based on this, a new question is raised: Are the results accurate? Hao et al. (2010)
pointed out that the highest value of species diversity appeared at a groundwater depth of 2—4 m, which
corresponded to the 200—-300 m from the river channel, not the area nearest the river channel. Bai et al.
(2012) pointed out that the highest level of species diversity appeared at approximately 300 m from the
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river channel and showed that with the increase of the distances from the river channel, the diversity
indexes and evenness indexes of species first increased and then decreased. Bai et al. (2016) found that
highest value appeared at about 200-250 m from the river channel. However, with the implementation of
ecological water conveyance in recent years, vegetation near the river channel has recovered, leading to
the maximum value of species diversity being found closer to the river channel. There were favorable
supports of above arguments to the results of this study. We concluded that the maximum value of
species diversity and evenness of the plant community was at a distance of 150 m from the river
channel, which may be related to the availability of appropriate water conditions for plant growth. The
groundwater depth at 150 m from the river channel is needed for plant growth, that growth of plant
community, which with high species diversity and uniformity, was in good condition.

Relationship between community stability and ecological
water conveyance

The improvements of Godron’s method, which was comprehensive and systematic, were based on the
overall characteristics of community. This method can be applied on various arbors, shrubs, and herbs,
as well as provide information on community stability, the direction of succession, and the trend in the
community (Lu et al. 2018). Therefore, this method, which was suitable, was helpful to understand the
dynamic changes within the community. In this study, mathematical simulation was added to improve
the method, promoting Godron’s method as quantitative and reliable, and the method became easier to
conduct. Therefore, the results of this study are of high accuracy. In the future, the model simulation
should be more accurate and advanced calculation methods should be used to improve the accuracy of
the results. Research on the community stability in the lower reaches of the Tarim River has not yet been
studied. As a result, there were still many defects in the evaluation of the ecological water conveyance
project. It is necessary to evaluate the community stability of desert riparian forests in the lower reaches
of the Tarim River and propose scientific countermeasures for the ecological water conveyance project.
We conclude that due to the ecological water conveyance, community stability has been increased, which
also indicated that the ecological water conveyance project was beneficial. However, the community is
still unstable state, which contradicted our third hypothesis. Therefore, the ecological water conveyance
project needs to be conducted continuously to promote the stability and sustainability of regional plant
community structure. Different regions had different vegetation characteristics, such as the distribution
range and growth (Sun et al. 2017); therefore, implementation of ecological water conveyance should be
conducted according to the physiological and ecological characteristics of plants in different regions. In
the lower reaches of the Tarim River, water conveyance mainly promotes the recovery of asexual
reproduction of plants via root tillers. In addition, reproduction via seed germination mainly appeared in
the areas with river overflow, which was affected by microtopography. However, both modes of
reproduction are restricted in extremely degraded areas. To achieve a wider range of vegetation
restoration, we recommend that different restoration measures should be implemented in different river
sections. In the areas with good plant growth, the current mode of ecological water conveyance should be
continue to develop. In the areas of middle degradation, artificial surface overflows should be carry out to
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promote seed germination. In the areas of extreme degradation, the amount of water resources should be
reduced and manual reseeding measures should be taken.

In general, the lower reaches of the Tarim River is sparsely populated and rural, with the industries mainly
animal husbandry and farming. With the implementation of the ecological water conveyance project,
ecology in the region began to recover and the environment improved. For a long time, people's traditional
understanding of ecological restoration mode mainly lies in ecological water conveyance. However, the
lower reaches of the Tarim River is a very dry area. Is it reasonable to promote vegetation restoration only
by river channel water conveyance from an abundant water resource? Does ecosystem restoration in the
lower reaches of the Tarim River meet its historical goals? Therefore, we need to re-evaluate the current
novel ecosystem to set multiple goals for its management (Hobbs et al. 2013). Thus, we must
acknowledge that novel ecosystems do not necessarily pose a threat to existing policies and
management practices; instead, we must develop a new management method that can manage the
current status of the rapidly changing ecosystem (Hobbs et al. 2014). Therefore, a new understanding of
novel ecosystems in the lower reaches of the Tarim River can enable managers to consider ecological
restoration methods more comprehensively and make more effective decisions based on ecosystem
changes.

Conclusion

This study explained important and complex influences of ecological water conveyance on the
characteristics of vegetation community in the lower reaches of the Tarim River, which may feed back to
the environment and interfere the quality of the environment. Community structure, species diversity, and
community stability all responded to ecological water conveyance. In general, with the implementation of
the ecological water conveyance project, the proportion of arbors and shrubs decreased, the proportion of
undergrowth herbs increased, and the distribution of species tended to be uniform. The stability of the
community also increased, but it remained in an unstable state. Therefore, in the future, it is necessary to
update the modes of ecological water conveyance, and the duration of annual water conveyance should
coincide with the growing period of plants and the season in which seeds germinate to make full use of
the water resources. Attention should be paid to the long-term monitoring of changes in plant ecosystems
to clarify the interaction between the environment and ecological water conveyance in arid areas.
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Figure 1

Sketch map of the low reaches of Tarim river Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Important value characteristics of dominant species on different distances from river channel in different

years
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Figure 3

Variation characteristics of Shannon-Wiener indexes, Alatalo indexes and ecological dominances in
different distances from river INotes: 50 m, 150 m, 300 m, 500 m, 750 m, 1 050 m represent the biotope
that 50 m, 150 m, 300 m, 500 m, 750 m, 1 050 m distances from the river channel respectively.)
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Figure 4

Stability of plant community in different years
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