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Abstract. Climate change affects biological invasion. To understand the invasion pattern of
alien species of earthworm in Gongrigabu river watershed of Chayu river in Tibet under
climate change, the participate rural appraise (PRA) was applied to investigate and analyze the
peasant’s perception of the appearance time and harm of alien species of earthworm in 13
villages. The results showed that the local climate was warming and drying, and climate
warming was the main reason for the invasion of alien species of earthworms. Since the
appearance of alien species of earthworm at an altitude of 1528 m in 2008, they had invaded
the upstream area at a climbing speed of 71.43 m-a-1 and had been outbreaking in areas below
2028 m. For the climate change adaptation measures, the local peasants should change the crop
layout.

1. Introduction

Earthworms belong to the Oligochaeta and are found in most ecosystems. They are the most abundant
invertebrate soil animals in terrestrial ecosystems [1] and are known as "ecosystem engineers" because
of their important role in material cycling and energy transfer in soil processes [2-3]. In addition,
earthworms can create and sustain habitats for other soil organisms through physical and chemical
modifications to the environment [2,4]. Earthworms are generally considered to have positive effects
on agricultural production, improving soil structure [5], fertility [6-7], and contaminated soil [8-10].
However, once a certain limit is exceeded, earthworms can disrupt the soil ecosystem balance and
cause soil loosening [11-12], which harms agricultural production. Farmers are directly engaged in
labor production activities that are closely related to the natural environment and are therefore
sensitive to changes in the natural environment and their impacts. During a survey on climate change
perception and adaptation in the Chayu River basin in Tibet, based on farmers' own practical
experience in agricultural labor production, farmers in certain villages believed that earthworm species
that had not previously appeared had negative impacts on their village paddy fields, such as breaking
field ridges and causing crops to fall over.
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Biological invasion is one of the major environmental problems that threaten global ecological
security. Along with economic globalization and climate change, China is also suffering from serious
biological invasions, and more than 500 invasive species have been identified [13]. Biological
invasions and climate change are two important factors affecting biodiversity and ecosystem function,
and previous studies have suggested that each has an independent impact on biodiversity, but many
existing studies have suggested that climate change affects the rate and extent of biological invasions
and that rising temperatures, changing precipitation patterns, and the continued occurrence of extreme
weather events may also affect the prevalence and distribution of invasive organisms [14].

At present, climate change has become an important issue of concern in various countries and
regions, with far-reaching effects on the structure, function, and processes of various ecosystems,
which are relevant to all aspects of human society [15]. Climate change has also impacted agricultural
production, mainly due to the increase in temperature and changes in precipitation patterns [16-19],
and the corresponding changes in biogeography [20-22]. The high average altitude of the Tibetan
Plateau, with its unique geographic location and topography, has a significant impact on the climate of
China, Asia, and the world [23-24]. Not only that, but the Tibetan Plateau is also an amplifier and
driver of global climate change [25] and is sensitive and ahead of its time in climate change and its
response [26-27]. Therefore, the Tibetan Plateau faces a more serious threat of climate change,
especially the agricultural population that depends on natural resources such as agriculture, herding,
and gathering, which not only increases the risk of livelihood after the impact of climate change but
also may become poor as a result [28]. According to the study, under the fact of global warming [29],
the Qinghai-Tibet Plateau is also accelerating [30], which also affects meteorological elements such as
precipitation and humidity in different parts of the plateau [31]. The invasion of earthworm exotics to
paddy fields can then be considered a threat under the influence of climate change. Climate not only
determines the biological processes of earthworms themselves but also acts by changing their habitat
and food supply, which in turn changes the species and distribution range of earthworms [32]. In the
high-altitude region of the southeastern Tibetan Plateau, changing climatic conditions may be
promoting earthworm invasion [33].

In this paper, we constructed a simple model of earthworm exotic species invasion based on the
emergence time and location of the earthworm exotic species, Amynthas hupeiensis, in the
Gongrigabu watershed of the Chayu River, to provide a theoretical basis for understanding the
response of earthworms to climate change, preventing and controlling earthworm hazards, and
enhancing farmers' adaptation to climate change.

2. Materials and methods

2.1. Study site

The study area is located in the watershed of the tributary of the Chayu River basin in Tibet, including
Upper Chayu town and Lower Chayu town, which belong to Chayu County, Linzhi City, Tibet. The
Chayu River is large in eastern Tibet, with double-branch rivers, the eastern branch of the Gongrigabu,
and the western branch of the Sangqu, which converge into the Chayu River and flow southward out
of the national border to join the Brahmaputra River (i.e., the Yarlung Tsangpo River). The
Gongrigabu originates from the end of the modern glacier in Gongrigabu, and is about 170 km long,
with a drop of 5140 m and an average elevation of 3980 m. The overall flow is northwest-southeast,
with a watershed area of 4900 km2 [34]. Influenced by warm and humid air currents of the Indian
Ocean, precipitation is relatively abundant, with annual precipitation reaching 800 mm, wet and rainy
from March to September and low rainfall from October to February of the following year [35]. The
average annual temperature is 12.1°C, the average wind speed is 2.1 m/s, and the frost-free period is
215 days [36]. The main ethnic groups are Tibetans, as well as Han, Naxi, Luoba, etc., living on the
flatter mountainous areas on both sides of the river, with a population of about 10,600. They are
engaged in agricultural, herding, and gathering production activities. Crops such as paddy and barley
are grown. Rich in plant and animal resources.
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Figure 1. The harm and prevention of earthworm in paddy field.

The emergence and outbreak of exotic species of earthworms had damaged the soil structure of paddy
fields, mainly through its activities to break through or break down the field ridge, resulting in water
and fertilizer leakage or loss (Figure 1 a, b). To prevent field soil damage, soil and water fertility loss,
and earthworm migration, farmers in the study area mostly adopted plastic film to wrap the field soil
(Figure 1 ¢, d).

2.2. Research methods

The study hypothesized that earthworm exotics would invade the Gongrigabu river watershed of the
Chayu River from the downstream to the upstream direction. To test this hypothesis, farmers'
perceptions of the emergence time and damage of earthworm exotics were surveyed in villages along
the Gongrigabu river from downstream to upstream.

2.2.1. Climate data sources. Temperature, precipitation, and relative humidity data from the Chinese
meteorological data network (http://data.cma.cn/) of the Chayu station since 1969 were used to
characterize the climate change conditions in the Gongrigabu watershed of the Chayu river.

2.2.2. Survey Metho,dology. To grasp the emergence time of the earthworm exotic species Amynthas
hupeiensis and its harmful status to paddy fields, a special survey was conducted in May 2018 in each
village of Upper and Lower Chayu towns in the Gongrigabu watershed, and 13 villages with the
emergence of the earthworm exotic species were identified (Table 1, Figure 1). A participatory rural
appraisal (PRA) method was adopted, including questionnaires, observation methods, and mini-
symposiums. Farmers who owned paddy fields were selected for interviews. The interviewed farmers
were mainly Chinese Tibetan and Mishmi people, and all of them had been engaged in agricultural
activities for more than 10 years, and their knowledge about the emergence time of earthworm exotics
and their hazards was representative. The farmers were generally less educated, speaking Tibetan and
Chinese. To complete the questionnaire effectively, the trained Tibetan and Mishmi student
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investigators filled out the questionnaire. The questions included age, years of farming, the year in
which earthworms were found in the village's paddy fields, and the year in which ridges in the paddy
fields leaked or collapsed. For integration into the local society, the selected investigators were all
born in Chayu County. The investigators did not have an ownership or interest relationship with the

respondents, which can ensure the objectivity of the survey information.

Table 1. The location of the study area.

Village Altitude (m) Latitude and longitude Position order
Rongyu 2028 96°42'1.33"E; 28°51'3.17"N 1
Songlin 1904 96°44'8.63"E; 28°45'39.89"N 2
Gonggu 1889 96°44'59.32"E; 28°45'48.85"N 3
Guba 1850 96°50'45.38"E; 28°40"25.82"N 4
Geyong 2077 96°51'15.98"E; 28°40'1.16"N 5
Zhaba 1783 96°54'51.66"E; 28°36'16.06"N 6
Zigeng 1732 96°56'8.92"E; 28°34'34.07"N 7
Talin 1715 96°59"23.24"E; 28°32'32.46"N 8
Xiani 1686 96°59'31.31"E; 28°31'36.01"N 9
Xin 1774 96°59'28.82"E; 28°30'57.74"N 10
Baantong 1708 96°59'59.10"E; 28°30'52.56"N 11
Gameli 1623 97°0'17.03"E; 28°30'8.57"N 12
Shaqgiong 1528 97°0'45.43"E; 28°29'5.57"N 13

Note: 1-13 indicates the upstream and downstream distribution of villages along the Gongrigabu watershed of
the Chayu River, with smaller numbers indicating more upstream and larger numbers indicating more

downstream.
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Figure 2. Location map of sample points.
Note: 1-13 indicates the upstream and downstream distribution of villages along the Gongrigabu watershed of
the Chayu River, with smaller numbers indicating more upstream and larger numbers indicating more
downstream.
3. Results

3.1. Climate change in the Gongrigabu watershed of the Chayu River

The trend of climate change in the Gongrigabu watershed of the Chayu River was analyzed in terms of
three meteorological elements: temperature, relative humidity, and precipitation. In the past 40 years,
although the temperature decreased slightly from 1969 to 1984, it had been on an upward trend after
1984. Relative humidity, in contrast to temperature, showed an increasing trend from 1969 to 1984
and had been decreasing after 1984. Precipitation had not changed much, but there was an overall
decreasing trend (Figure 3). The climate as a whole tended to be warm and dry.
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Figure 3. Trend line of average temperature, relative humidity, and
precipitation in recent 40 years in Chayu river valley.
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3.2. Invasion rate of earthworm exotics

The main perceived year of occurrence of the earthworm exotic species in the village was used as the
perceived attitude of farmers in each village. Some villages were farther away from the river valley
and higher in elevation and deviated from the trend line, but the earthworm exotic species showed an
overall trend of spreading from downstream to upstream (Figure 4). Through the survey, earthworm
exotics appeared from Shaqgiong village to Rongyu village. Except for Rongyu village, which did not
show any damage by earthworm to the paddy field, all the following villages’ fields had damaged to
be considered earthworm outbreaks. The villages below Shaqiong Village had not been surveyed, but
because they were located at lower elevations downstream, it was inferred that earthworm exotics
have already appeared and caused damage. No earthworm exotic species were found above Rongyu
village. Earthworm exotics appeared in Shaqiong village as early as 2008 and as late as 2015 in
Rongyu village, climbing 500 m in 7 years, with an invasion rate of 71.43 m-a-1 at altitude.
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Figure 4. The invasion rate of alien species of earthworm at altitude.

4. Discussions

Global climate change is causing extensive and profound influence on human society. The Chayu
River Basin in southeastern Tibet is experiencing significant climate change and its impacts, and
biological invasion is one of the impacts brought about by climate change. The main processes and
causes of biological invasions can be attributed to two aspects: first, the spread and proliferation of
species brought about by the development of economic globalization and population movements,
mainly due to human activities, intentional or unintentional[37], which can be referred to as
anthropogenic introduction; and second, the ecological changes resulting from the ecological
environment, i.e., natural invasion. For example, the invasion of Ageratina adenorphora has caused
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serious ecological disasters and economic losses in China [38], and in Tibet, the species has also
invaded Zhangmu and Jilong ports in the southern foothills of the Himalayas through economic and
population activities [39], which can be considered as an anthropogenic introduction. Although this
study is located in the Chayu River basin near the border of China, no border crossing has been
opened, and the chance of species invasion brought about by human activities is minor, but
considering that earthworm species are not as prone to carry in as plant species or other economic
animals, this paper focuses on the possible effects of climate change on the spread of earthworms.

Climate change can affect the ability of invasive species to survive in new areas and alter their
competitive relationships with native species. For agroecosystems, climate change weakens their
defenses against invasive species, thus substantially increasing the likelihood of invasion by exotic
species. Native species have been adapted to their original environment for a long time and have
difficulty adapting to the new environment created by climate change in a short-term period; invasive
species are generally able to adapt to the new environment more rapidly. The present study suggests
that the functional richness of the earthworm community may decrease due to climate change [40] and
the increase in temperature is harmful to the earthworm population [41].

Temperature is a major factor limiting the survival and reproduction of many organisms. Along
with global warming, alpine forest and tree lines are extending to higher elevations [42], and as a
result, some insects have shortened developmental cycles, accelerated reproduction, and are spreading
to higher elevations and latitudes [43]. In terms of temperature, the Chayu River basin is experiencing
a warming process, which is the same warming trend as that of the Tibetan Plateau [30,44] and
southeastern Tibet [45], as evidenced by the temperature analysis of Chayu County by Li Dihua et al
[36]. Continued climate warming may increase the adaptability of exotic species and expand their
suitable range for survival. With regional warming, exotic species originating from warmer regions
may form larger and more widely distributed dominant populations. Influenced by warm and humid
air currents from the Indian Ocean, most of the Chayu River basin is a warmer region with increasing
temperature suitability, which is increasingly suitable for the survival, reproduction, and spread of
earthworm exotics. Some existing studies also support the possibility that warming is causing the
expansion of some large pest species, including earthworms, into alpine regions [46-47]. Meanwhile,
artificial warming experiments have shown that earthworms are sensitive to warming and that their
species richness, density, and biomass decrease with increasing temperature [48-49]. This suggests
that most earthworm species are unsuitable for warming, but this also provides opportunities for exotic
species that are suitable for warming. The fluctuating resource hypothesis suggests that increased
precipitation is conducive to biological invasion by increasing water availability [50]. Invasive species
are likely to profit from increased water availability if they have high water requirements relative to
native species. Characteristics of high water demand include short lifespan, rapid growth, and frequent
aggregation, which are typical of opportunistic species [S1] and are common in invasive organisms.
Earthworms are a group of soil animals with high water demand [52] and are more abundant in the wet
season when precipitation and humidity are ample [53-55]. The Chayu River basin is located in
southeastern Tibet and is one of the areas with the highest humidity and rainfall in the entire Tibetan
Plateau system. According to the meteorological data, the precipitation and relative humidity in this
region show a decreasing trend, which is consistent with the study of Li Dihua [36], but contrary to the
overall wetting trend of the Tibetan Plateau [53-58], and also contrary to the study of Chen Baoxiong
et al [45] in southeastern Tibet. However, a survey on climate change perception and adaptation in the
Chayu River basin in recent years revealed that farmers' perceptions of humidity and precipitation in
2015 and 2018 were significantly different, with those who perceived "dryness" varying from none to
many, and those who perceived a decrease in precipitation increasing significantly. This indirectly
confirms the trend of precipitation and humidity, indicating a drying of the climate, with a greater
change after 2015. The drying of the climate in the basin, especially the larger changes in humidity,
may be influenced by the increase in temperature. In the case of climate change, although the decrease
in humidity and the weak trend of decrease in precipitation are unfavorable to the survival and
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reproduction of earthworms, the increase in temperature is large and favors the spread of earthworms.
This suggests that temperature becomes the main factor affecting the invasion of earthworm exotics.

To prevent the invasion of earthworm exotics on paddy fields and reduce the loss of agricultural
production, farmers in the region have taken two main measures: first, wrapping the field ridge with
plastic film to prevent the spread of earthworm exotics and maintain soil fertility; second, applying
pesticides for earthworm control to kill earthworms. The former measure can play a role in a short
period, but the plastic film breaks down quickly in the natural environment and produces solid waste
after use without treatment to pollute the soil; the latter measure can kill some earthworm exotics, but
it also kills other earthworm native species and causes pollution to the soil environment. At present, it
seems that the measures taken by farmers are short-term and unhelpful maladaptive strategies.
According to the actual local situation, the crop layout can be changed appropriately, i.e., switching to
other food crops or shifting from food crops to cash crops, such as planting fruits and herbs, to
mitigate and adapt to the effects of climate change.

5. Conclusions

The climate of the Chayu River basin in southeastern Tibet is developing towards warm and dry.
Rising temperatures have become the main meteorological factor for the invasion of earthworm
exotics. The likelihood of human-caused earthworm invasion is extremely low. All earthworm exotics
below 2028m (Rongyu) have broken out and are harmful to paddy fields. Earthworm exotics have
invaded upstream areas at a climbing rate of 71.43 m-a-1 since 2008 when they were found at an
altitude of 1528m (Shaqgiong). To cope with the invasion of earthworm exotics, a long-term capable
response might be to change the crop layout.
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