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Abstract: An international assessment of wetlands is important for quantifying the current state of de-
velopment of international wetland structure and function. At present, the management department
and public lack a comprehensive understanding of the ecological status of internationally important
wetlands in China. Here, using annual ecological monitoring data and hierarchical analysis, an
evaluation index system was constructed with water environment, biological environment, biodi-
versity, and disturbance pressure as influencing factors, and an evaluation of the ecological status of
63 wetlands of international importance (WOII) in China was carried out, it is helpful to formulate
technical plans for the ecological management of wetlands of international importance (WOII). The
results showed that the average ecological status score of these wetlands was 0.714 ± 0.075, and
there were differences in this score between different regions. The ecological status of wetlands in
northeastern and northern coastal areas were mostly evaluated as ‘excellent’ and ‘good’, while some
wetlands in other areas of China were evaluated as ‘poor’. The type and protection level of wetlands
have an important impact on their ecological status. The ecological status of wetlands according to
type were ranked swamp wetlands > coastal wetlands > river wetlands > lake wetlands, while those
with national level protection were ranked higher than those with provincial level protection. The
ecological status of WOII in China is generally good, but is adversely affected by human activities,
alien species invasion, and other factors. Hence, there needs to be a focus on improving the protection
and management mechanisms for WOII, promoting improvements in the ecological status of these
wetlands, and transforming ecological product value.

Keywords: wetlands of international importance; ecological status assessment; conservation
management

1. Introduction

Wetlands of international importance (WOII) are wetlands of unique international
significance in terms of ecology, botany, and/or zoology that meet the assessment criteria
of the Convention on Wetlands of International Importance (hereafter referred to as the
‘Wetlands Convention’), especially in terms of waterfowl habitat, and have been established
upon application to the Wetlands Convention committee [1,2]. As the first global environ-
mental convention, the Wetlands Convention promotes the conservation and management
of WOII through a listing system, and after half a century of development, it plays an
important role in protecting the ecological environment and biodiversity of wetlands and
allowing them to perform their ecological functions [3]. Since China joined the Wetlands
Convention in 1992, it has actively participated in wetland compliance actions. By the
end of 2021, China had recognized 64 WOII (63 on the mainland and one in Hong Kong)
in 11 batches, and had contributed to global wetland conservation and ecological restora-
tion through the implementation of ecological projects, such as migratory bird network
protection and invasive plant management in WOII [4].
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Wetland ecological status evaluation selects the main biotic and abiotic characteristics
of a given wetland, and evaluates the status of the wetland ecosystem over a certain
timescale [5,6]. Previous studies have shown that regular assessments of wetland ecological
status can help to understand changes in ecological status and quantify the impact of human
disturbance on wetlands. Under a background of the quality and extent of global wetland
areas being threatened, it is important to improve the level of wetland protection [7–9]. At
present, for wetlands falling within the framework of the Wetlands Convention in South
America, Oceania, Europe, and other locations, numerous studies have been carried out on
ecosystem protection and landscape restoration on the basis of wetland ecological status
assessment [10–13].

Since the accession of China to the Wetlands Convention and the initial establish-
ment of a wetland protection management, investigation, and monitoring system, the
evaluation of the ecological status of wetlands has developed. The evaluation index has
evolved from an initial single ecological factor to a comprehensive multi-factor evaluation
incorporating socio-economic factors. The evaluation index has also been combined with
wetland monitoring, and various models, such as wetland ecological quality evaluation
and wetland ecological value evaluation, have emerged. Meanwhile, the social and eco-
nomic development of China continues to threaten wetland resources, and a contradiction
between resource protection and economic development remains. Effective monitoring and
evaluation of wetlands has become an important means of sustainable wetland manage-
ment [14,15]. Wetlands of international importance protect the habitats of a large number
of endangered migratory waterbirds and aquatic animals, and are an important component
of China’s wetland protection system. The ecological status of WOII is of great significance
to the formulation of Chinese wetland protection and management policies. China imple-
ments a tiered management system for important wetlands, general wetlands, and a list of
wetland resources. Currently, WOII are the main component of important wetlands at the
national level. Hence, the ecological status of WOII reflects the overall status of China’s
important wetlands, to a certain extent.

To strengthen the management of WOII, China carried out two programs of ecological
monitoring of such wetlands at the national level in 2009 and 2013, and has carried out
annual monitoring of WOII since 2019. This has provided certain basic data for the formu-
lation of international compliance policies for WOII. On this basis, the assessment of the
ecological status of WOII in China has also resulted in studies on the ecological status and
environmental quality of wetlands, and proposed targeted research methods and systems.
However, there has been a focus on the evaluation of individual important wetlands or
comparison of important wetlands in a given region [16,17], and there has been no overall
assessment of the ecological status of important wetlands on a national scale in recent
years. Conservation management departments and the general public lack a holistic and
quantitative understanding of the real ecological status of WOII.

Therefore, the main questions of this paper are: (1) What is the index system suitable
for the ecological quality evaluation of WOII in China; (2) What is the current ecological
status of WOII in China. The main objectives of this paper are: (1) to construct an evaluation
system that can be comprehensively applied to WOII in China; (2) to derive the current
ecological status of WOII in China and the main influencing factors; and (3) to make
reasonable suggestions for solving problems associated with WOII.

2. Material and Methods
2.1. Study Area

The study area comprised of 63 WOII (excluding Mai Po Marshes in Hong Kong
and Inner Houhai Bay WOII) within the annual ecological status monitoring database of
wetlands in China, distributed across 23 provinces (autonomous regions and municipalities
directly under the central government). Heilongjiang Province has the largest number
of WOII, with 10, followed by the Inner Mongolia Autonomous Region, Hubei Province,
Guangdong Province, Yunnan Province, Tibet Autonomous Region, and Gansu Province,
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with four each. According to statistical data, these 63 WOII comprise a total area of
7,327,000 hectares, within the wetland area of 3,727,500 hectares, Wetland rate 50.88%, lake
wetlands and marsh wetlands are the main wetland types (Figure 1).
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2.2. Data and Methods
Evaluation Indicators

The degree of excellence of the ecological environment of wetlands includes the
quality of the water environment, habitat quality, species diversity, and any external
disturbances [18,19]. In this study, we established an index system for evaluating the
ecological status of WOII, and carried out an evaluation of the ecological quality of WOII
in China on the basis of individual WOII with the joint participation of management
departments at all levels of WOII. The indicator system was constructed by combining the
‘Monitoring and Assessment of Ecological Status of Wetlands of International Importance’,
‘Wetland Ecological Quality Assessment Specification’ (DB11/T 1503-2017), and other
normative technical documents and relevant research results. It consists of three levels
of indicators, including the area of wetlands, water recharge status, surface water quality,
eutrophication status of water bodies, wetland plants, wetland bird distribution, and
precious/endangered species. In this case, 12 specific evaluation factors, such as species
and population status, invasive exotic plant status, land (water) use, and others, were
designed to objectively reflect the environmental status and ecological characteristics of
different types of WOII across different regions. According to the relative importance
of each evaluation index and priority of wetland ecosystem protection, combined with
standard classification and standard specifications requirements, the evaluation indices
were graded and index weights determined. According to the identification of index
weights by experts in the field, if the index has a greater impact on ecological quality, a
higher weight value will be assigned.

The ecological status evaluation indicator data for WOII were obtained from the
website of the Wetlands Convention (https://www.ramsar.org, accessed on 1 October 2022),
combined with in-situ survey verification and data collection, among which the indicators
of water environment and biodiversity were mostly taken from official reports provided

https://www.ramsar.org
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by the management departments of the protected areas where the WOII are located, or
the environmental status bulletins of the locations of important wetlands. Indicators of
biological environment and disturbance pressure were mostly obtained from analysis of
surface coverage of remote sensing images and field surveys.

In the Table 1, the water environment assessment content mainly refers to ecological
factors, such as wetland hydrological conditions and water quality, that have a greater
impact on wetland evolution processes [20]. In the bioenvironmental assessment content,
the proportion of bioenvironmental habitat area and vegetation coverage are the most direct
indicators reflecting ecological structure and function [21,22]. The biodiversity assessment
content is dominated by wetland birds [23], comprehensively calculated with reference
to species richness, diversity, abundance, and evenness, with an increased weight for
endangered species in the indicators [24,25]. The disturbance pressure assessment content
is based on the disturbance degree model comprising of wetland biological invasion and
land use change, and spatially and quantitatively studies the impact of external disturbance
on wetland ecological status [26,27].

Table 1. The weight value and assignment of ecological status evaluation index in Ramsar sites.

Assessment
Content Evaluation Indicators Evaluation Factors Wij Assignment Criteria

quality of the
water

environment

water resource water supply status of
wetland 0.08 discharge of water: fully

satisfied/basically satisfied/ insatiable

Water quality

surface water
environmental quality 0.12 water quality: Class II and above/Class

III/Class IV/Class V and below

water eutrophication 0.06
eutrophication degree: poor

nutrition/medium
nutrition/eutrophication

habitat quality

Vegetation coverage vegetation coverage
density 0.06 proportion of vegetation area in

wetland: 80%/50%/10%

Plant diversity wetland plant richness 0.06 richness index: 6/5.5/4.5

Habitat integrity wetland area 0.10
wetland area: one hundred thousand
hectares/ ten thousand hectares/one

thousand hectares

species diversity
Species diversity

species of waterfowl 0.07 annual recorded type:
one hundred/fifty

number of waterfowl 0.10
annual recorded quantity: twenty
hundred thousand / one hundred

thousand / twenty thousand

endangered species species of endangered
species 0.12 national protected animal species in

China: thirty/twenty/ten

external
disturbance

alien invasive species invasion status 0.10 damage level: not formed/slightly
controllable/moderately out of control

degree of human
disturbance

wetland resource
utilization 0.07 Proportion of human disturbance area:

10%/30%/60%

land Use intensity 0.06
Change in ecological patch:
Increase/decrease slightly/

decrease more

Note: The value of water quality condition index is the average result measured at several points.

According to the monitoring value of the indicator, each individual indicator is as-
signed in the assignment standard, and the comprehensive evaluation score (SE) of the
ecological status of the WOII is obtained by the weighted calculation of the analytic hierar-
chy process:

SE = ∑(Fi∗Wi)
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where, Fi is the score assigned to the i index, and Wi is the weight of the i index.
Considering that the classification statistics of index scores can more intuitively reflect

the management and protection of nature reserves, according to the SE, the ecological
status of WOII were divided into ‘excellent’, ‘good’, ‘moderate’, and ‘poor’. A score ≥0.800
is ‘excellent’, 0.700–0.800 is ‘good’, 0.600–0.700 is ‘moderate’, and <0.600 is ‘poor’. One-way
analysis of variance (ANOVA) was used to test the differences in scores of different types of
WOII. For cases where there were significant overall differences, the independent samples
t-test was used to compare the differences between pairs.

3. Results and Analysis
3.1. Overall Situation

The overall score of the ecological status of WOII in China was relatively high (Table 2).
The ecological status score range was 0.497–0.890, with an average of 0.714 ± 0.075. Ac-
cording to the rating scale, six WOII including Heilongjiang Nanweng River, Jilin Xianghai,
Inner Mongolia Daxing’anling Khanma were rated as ‘excellent’, accounting for 9.52% of
the total WOII. In this case, 35 WOII, including Heilongjiang Sanjiang, Jiangxi Poyang Lake,
and Shandong Yellow River Delta WOII were rated as ‘good’, accounting for 55.56% of
the total. Here, 16 WOII, including Qinghai Eling Lake, Hubei Shenhu, and Tibet Zarinan-
mucuo were rated as ‘medium’, accounting for 25.40% of the total. Six WOII including
HangzhouXixi Wetland, Hubei Net, Guangdong Huidong port turtles resulted in ‘low’
ratings. These results show that the overall ecological status of the 63 WOII is good, but
there are clear differences in the ecological status scores.

Table 2. Evaluation score distribution of Ramsar sites.

Score ≥0.800 0.700 ≤ SE < 0.800 0.600 ≤ SE < 0.700 ≤0.600

quantity/piece 6 35 16 6
proportion/% 9.52 55.56 25.40 9.52

3.1.1. Water Environment

The current status of the water environment of Chinese WOII is good, but locally
there remains a threat of pollution. The water environment had an evaluation score range
of 0.104–0.237, with an average of 0.180 ± 0.038, and an overall score rate of 69.08%.
The headwaters of rivers, upstream, and estuarine areas scored higher than middle and
downstream areas (Figure 2a). There were also differences in the status of specific sub-
indicators of WOII water environment. In terms of water resources, 85.71% of the WOII rely
on natural recharge, such as precipitation and surface runoff, to meet ecological needs. The
water recharge status of WOII including Zaling Lake and Eling Lake in Qinghai, Khanma
in Inner Mongolia, and Nanjung River in Heilongjiang in the key state-owned forested area
in northeast China was evaluated as essentially stable. However, for Shanghai Chongming
East Beach, Guangxi Shankou mangrove forest, Liaoning Shuangtai estuary, and other
estuarine areas of WOII, where natural recharge is insufficient, artificial recharge measures
have been taken.

In terms of water quality conditions, the proportion of Chinese WOII with surface
water quality above Class II (including seawater), Class III, Class IV, and Class V were
46.03%, 23.81%, 14.29%, and 15.87%, respectively, with the proportions in classes II and III
being the greatest. The proportions evaluated to have nutrient degrees of poor, medium,
and eutrophic were 31.75%, 47.62%, and 20.63%, respectively. The water quality of WOII
in the headwaters, upper reaches, and estuaries of rivers is good, but that of WOII in the
middle and lower reaches of the Yangtze River in Hubei, Sink Lake and Hunan South
Dongting Lake, and in the Yunnan Napa Sea of the northwest plateau is relatively poor,
and eutrophication levels can be high owing to the influence of surrounding industry
and farming.
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Figure 2. Evaluation results of the ecological status of Ramsar sites. (a) Results of water environment
assessment, (b) Results of the biological environment, (c) Results of Bio-diversity, (d) Results of
interference pressure.

3.1.2. Biological Environment

The biological environment of Chinese WOII was evaluated as being in good condition.
Wetlands in the northeast and west of the country scored higher than those in other regions
(Figure 2b). The biological environment scores ranged from 0.101 to 0.215, with an average
of 0.159 ± 0.028, and an average score rate of 72.21%. The vegetation coverage of the
63 WOII is 1,604,800 hectares, accounting for 43.05% of the total wetland area. Vegetation
coverage in wetlands such as Ruoergei in Sichuan, Nanjer River in Heilongjiang, Qixing
River in Heilongjiang, and Khanma in Inner Mongolia is >90%, and the plant diversity
is also rich. In contrast, in WOII estuarine areas, such as Dalian Spotted Seal in Liaoning,
Huidong Harbor Sea Turtle in Guangdong, and Chinese Sturgeon in the Yangtze River
Estuary, there is low vegetation cover and plant diversity. The habitat integrity of WOII
is positively related to the area of the wetland. The area of WOII in the western and
northeastern regions is much larger than that in the central region, and consequently the
habitat integrity is relatively higher in these regions.

3.1.3. Biodiversity

The current status of biodiversity in Chinese WOII was not highly evaluated. The
numbers and species diversity of waterbirds in most wetlands were high, in line with
the characteristics of WOII as important habitats for wetland waterbirds, but there were
differences in biodiversity status between different WOII. The biodiversity scores in the
coastal and eastern regions were higher than those in the west (Figure 2c). The evaluated
biodiversity scores ranged from 0.110 to 0.207, with an average of 0.201 ± 0.050, and a
score rate of 69.20%. The overall number of species and number of key species in the
WOII were analyzed. The WOII in the northeast, middle, and lower reaches of the Yellow
River, middle and lower reaches of the Yangtze River, and other eastern regions are located
on the East Asia–Australia migration route. In this case, the biodiversity was generally
high, among which the number of waterbird species in WOII in the estuarine regions of
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Shanghai Chongming Dongtan, Shandong Yellow River Delta, and Liaoning Shuangtai
estuary exceeded 150. However, WOII in the eastern region, such as Dalian Spotted Seal
and Yangtze River Estuary Chinese Sturgeon, are located adjacent to offshore waters, with
almost no mudflat wetlands, and consequently the numbers and diversity of waterfowl
species are relatively small. Among other WOII, those in western regions, such as Mabon
Yongzuo in Tibet and the Napa Sea in Yunnan, as well as Xixi in Hangzhou and other
WOII located in the middle of cities, have relatively few wetland species and a low degree
of biodiversity.

3.1.4. Disturbance Pressure

Under the influence of governmental policy, WOII have been protected and the overall
disturbance pressure was evaluated as low, but WOII in the middle and lower reaches
of the Yangtze River are subject to relatively high disturbance pressure and scored lower
than other regions (Figure 2d). The disturbance pressure score ranged from 0.121 to 0.210,
with an average of 0.174 ± 0.019, and the highest score rate of 75.86%. Specific statistical
results show that 41.27% of the WOII are threatened by invasive alien plants, among which
coastal areas, such as the Yellow River Delta in Shandong and Chongming East Beach in
Shanghai, are most seriously threatened. In this case, 65.35% of the WOII are threatened
by unreasonable industrial and agricultural development and utilization activities, among
which WOII in the middle and lower reaches of the Yangtze River and southwestern
areas, such as Hong Lake in Hubei and the Napa Sea in Yunnan, are most affected by
environmental pollution. The WOII in northeastern and western regions, such as Sanjiang
in Heilongjiang and Madika in Tibet, are most affected by agriculture and animal husbandry,
and estuarine regions, such as Shuangtaihekou in Liaoning and Yancheng in Jiangsu, are
most affected by infrastructure construction.

3.2. Ecological Status of Different Types of WOII

According to the Wetlands Convention and national wetland survey classification
system, Chinese WOII were classified into two categories: offshore–coastal and inland
wetlands. Inland wetlands were further classified into marsh wetlands, lake wetlands, and
river wetlands, according to their different characteristics [28]. When comparing the eco-
logical status of the four wetland types, marsh wetlands recorded the highest average score
of 0.756 ± 0.064, followed by offshore–coastal wetlands (0.741 ± 0.060) and river wetlands
(0.710 ± 0.022). The ecological status of lake wetlands scored lowest at 0.664 ± 0.067. The
relative difference between the highest and lowest scores was 13.70% (Figure 3), and the
results of one-way ANOVA showed that differences between the ecological status scores
of different types of wetlands were significant (F = 8.520, df = 3, p < 0.05). Furthermore,
two-by-two comparisons revealed significant differences between lake and offshore–coastal
wetlands, and between lake and marsh wetlands (lake and offshore–coastal: t = 3.550,
p < 0.05; lake and marsh: t = 4.562, p < 0.05).
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Comparing the scores of each type of WOII under different indicators (Figure 4),
offshore–coastal wetlands scored significantly higher than other wetland types in terms
of biodiversity, but scored lower than other types in terms of biological environment
and disturbance pressure indicators. Marsh WOII had the highest ecological status score
in terms of biological environment (0.183 ± 0.020), with a score rate of 83.08%, and the
ecological quality of other elements was also at a high level, with an average score rate of
76.18%. The ecological status of river wetlands scored highly in terms of water environment
(average 78.67%), but had the lowest score in terms of biodiversity (average 60.05%). Lake
type WOII scored poorly for all four assessment elements (average 66.77%), especially water
environment (average 62.68%), which was significantly lower than for other wetland types.
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3.3. Ecological Status of WOII in Different Types of Conservation Area

The establishment and management of WOII in China is carried out in nature reserves,
wetland parks, and other wetland areas, and protection levels are classified as either na-
tional or provincial. According to our ecological status evaluation results, the average
ecological status score of WOII in national conservation areas was 0.725 ± 0.069, signifi-
cantly higher than that of WOII in provincial conservation areas (0.666 ± 0.080; t = 2.543,
p < 0.05) (Figure 5). Similar results were obtained by analyzing the scoring levels: the
overall ecological condition of WOII in national nature reserves was good, with only 27.45%
scoring ‘medium’ or worse, while the proportion of WOII in provincial reserves with a
score of ‘medium’ or worse rose to 66.67%, with obvious differences.
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In terms of the different indicators, the scores of national reserve type WOII were
0.185 ± 0.035 and 0.164 ± 0.027 for water and biological environment indicators, respec-
tively. These were significantly higher than those of provincial reserve type WOII at
0.156 ± 0.044 and 0.138 ± 0.022 (t = 3.262, p < 0.05; t = 2.910, p < 0.05), with higher percent-
ages of 19.12% and 18.35% (Figure 6), respectively. There were no significant differences in
biodiversity or disturbance pressure indicators.
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4. Discussion
4.1. Trends in the Evolution of WOII in China

Regular monitoring and assessment can clarify the status and function of wetland
ecosystems in a timely manner, and allow targeted measures to be taken to mitigate the
effects of climate change, anthropogenic disturbances, and other changes in environmental
conditions on the stability of wetland ecosystems. This is essential for the effective man-
agement of wetlands [29]. In 2009 and 2013, the State Forestry Administration of China
completed two evaluations of the ecological status of WOII, and the proportion of WOII
rated as ‘excellent’ was >80% [30], higher than that which was found in this study. In 2009
and 2013, the ecological status of WOII at the national level was evaluated according to
three different types: endangered species, offshore–coastal type, and inland wetland type.
The score assignment criteria were referred to general wetlands, and there were fewer
criteria, helping to explain the differences between those results and the results herein. The
ecological status of wetlands varies according to the evaluation indices and assignment
criteria used. Hence, evaluation results may differ.

Our results show that the overall ecological status of WOII in China remains good, but
there is obvious spatial heterogeneity and differences in ecological status among different
regions and wetland types. This is consistent with the findings of other recent studies [31].
Wetlands of international importance having ‘excellent’ and ‘good’ ecological status are
mainly located in northeast China, and on the north and east coasts of China, and these are
mostly marsh and offshore–coastal wetlands. Wetlands of international importance having
‘medium’ ecological status are located on the southeast coast of China, and in the middle
and upper reaches of the Yangtze and Yellow rivers, and these are mostly riverine and
offshore–coastal wetlands. Wetlands of international importance having ‘poor’ ecological
status are located in southwest China and the middle reaches of the Yangtze River, and
these are mostly lake wetlands.

Overall, marsh-type WOII have a large area, high vegetation cover, rich biodiversity,
and are far away from towns and cities, thus less affected by anthropogenic influences.
Offshore–coastal wetlands have abundant mudflat resources and are important habitats
for migratory birds, and the results of Duarte (2015) also show that the ecological status
and service value of these two types of wetlands are high. Meanwhile, Wang (2021) and
Xue (2018) showed through their research on the effectiveness of wetland conservation
in the Yangtze River basin that important lake and river wetlands often lie adjacent to
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densely populated areas, and suffer a certain degree of anthropogenic interference [32,33].
Long-term unreasonable use, such as polder occupation, has caused the degradation of
lakeshore and mudflat wetland ecosystems, and the carrying capacity for wildlife is now
insufficient. Hence, the ecological condition is relatively poor.

Wetlands of international importance are selected to be established in areas of high
ecological quality, then maintained through a series of management and conservation
measures, so that their ecological status remains higher than that of surrounding general
wetlands. Different forms of protection and management intensity have influenced the
ecological status of WOII distributed across China. Overall, WOII such as Zhalong and
Ruoergai, which fall under national nature reserves, have management rules and regula-
tions, management organizations and technicians, are managed with higher intensity, and
generally have better ecological conditions. In contrast, WOII established in provincial
nature reserves and wetland parks are relatively under-resourced and have not received
sufficient attention. Some focus on ecological experiences and sightseeing, with limited
ecological carrying capacity and low ecological status evaluation scores [34]. Wu (2021)
compared the ecological status of wetlands in different nature reserves and concluded that
nature reserves play a significant role in protecting the ecological status of wetlands, leading
to high protection levels, relatively low ecological risks, and relatively good ecological
status protection [20].

4.2. Constraints

The ecological status of WOII remains affected by climate change, human activities,
and invasive alien species, and the contradiction between ecological conservation and
economic development is still prevalent. Climatic factors cause changes in the water
environment of wetlands. These have a greater impact on WOII in arid areas, swamps,
riverine areas, and offshore–coastal areas. Hu (2017) found that the rating of water security
in wetlands showed a significant positive correlation with the ecological condition of
wetlands when he studied the conservation effectiveness of important wetlands on the
Sanjiang Plain [35]. In regions with relatively stable temperature and precipitation, changes
in the ecological condition of WOII are often associated with human activities. Excessive
human activities cause damage to the biological environment of WOII, increasing their
disturbance pressure and reducing their ecological condition. Mao (2018) and Liang (2021)
showed that northeast China has a concentrated distribution of important marsh wetlands.
Despite increasing protection in recent years, agricultural development occupancy remains
the main factor affecting WOII in areas such as the Songnun and Sanjiang plains [36,37].

The ecological condition of WOII in the middle reaches of the Yangtze River, such as
Dongtinghu and Poyanghu, is greatly affected by urban development occupancy, construc-
tion, and traffic. Other parcels of land continuously encroach, and all these WOII show a
trend of decreasing in area over time. In addition, WOII in southwest China are particularly
threatened by pollution. After treatment in recent years, the ecological management of
four important wetlands in Yunnan Province (Lashihai, Napahai, Dabaoshan, and Bitahai)
has improved, but is still relatively poor compared with the Ruoergai and Yellow River
Shouqu, and other WOII at the source of rivers. The factors affecting the ecological status of
WOII in coastal areas mainly arise from infrastructure occupation and biological invasion.
Exotic species, such as Mutual Rice Grass, have proliferated and occupied the ecological
position of the original biological community, resulting in a loss of diversity of habitats for
waterfowl feeding and roosting, which in turn has reduced the biodiversity and ecological
status of these WOII.

4.3. Recommendations

In the 30 years since accession to the Wetlands Convention, WOII have played a
positive role in wetland conservation in China, but owing to the lack of management mech-
anisms and inadequate awareness, the management of internationally important wetland
conservation needs to be further improved [38]. Meanwhile, the global development of
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wetland conservation has transitioned through stages of concept determination, degrada-
tion confirmation, restoration technology, and effect evaluation. Currently, conservation
efforts are shifting to wetland restoration in terms of wetland ecosystem service func-
tion assessment and response to joint anthropogenic–climate change disturbance [39]. In
China, with the introduction of the wetland protection law, wetland protection and man-
agement has entered a stage of high-quality development. Strengthening the supervision
and management of WOII, improving the ecological and environmental quality of WOII,
and promoting the transformation of the value of ecological products of WOII under a
hierarchical wetland management system have become the main directions for the future
construction of WOII. These measures can also be applied in other countries in the world.

To improve the ecological quality of WOII, Wetlands International relies on the man-
agement system http://www.wetlands.org (accessed on 1 October 2022) to organize data
from WOII across the globe, and regularly conducts self-assessments of WOII to understand
the changing ecological quality status and trends of such wetlands. All countries should
strengthen wetland monitoring, management and planning, to timely grasp the ecological
status of wetlands. dynamics studies of wetlands. Furthermore, the another major tasks
of wetland include the basically research of the wetland protection, the key technique
research of wetland restoration, the transformation and application of the achievements in
the studies of the wetland value.

The next steps are to improve the management mechanism for the protection of WOII
and strengthen the legislation on WOII. Globally, there are two protection system models
for WOII: one is to enact special laws for the protection of WOII, and the other is to manage
WOII as protected areas [40]. At present, China has not implemented special management
measures for WOII, and there are unclear responsibilities and inadequate management of
WOII, which directly affects their ecological status. It is a necessary requirement for China
to fulfill international conventions and assume international responsibility by formulating
management measures for important wetlands, providing for the protection and restoration,
monitoring and early warning, and controlled use of important wetlands at the national
level, and leading the legalization of important wetlands management at the national level.

China must strengthen its management capacity by building grassroots management
units of WOII, establishing a collaborative and informative notification mechanism for the
protection of WOII, and forming a joint effort with populace, for wetland protection. For
WOII that are in good ecological condition, China must continue to strengthen construction
and management, so that these WOII have perfect protection and management facilities.
For WOII that currently have a medium ecological condition, China must increase wetland
management and protection, pollutant management, and reduce interfering anthropogenic
activities. For WOII that are currently in poor ecological condition, China must actively
carry out ecological restoration, and promote the improvement of their ecological condition.
At the same time, there should be a focus on promoting the ecological value of wetland
conversion [41].

5. Conclusions

Wetlands of international importance in China have rich biodiversity, high levels of
protection, score highly on indicators of biological environment and disturbance pressure,
and have an overall good ecological quality. There are differences between different regions,
as the ecological condition of WOII in northeastern and northern coastal areas is better
than those in other areas owing to their larger area and farther distance from cities, while
WOII located in southwestern China and the middle and lower reaches of the Yangtze
River remain disturbed by certain anthropogenic activities and their ecological condition
requires improvement. A higher level of management and care has a positive effect on the
ecological and environmental quality of WOII.

Author Contributions: Conceptualization, X.Z. and Y.Y.; methodology, Z.N.; formal analysis, J.Y.;
writing—original draft preparation, X.Z. and Z.N. All authors have read and agreed to the published
version of the manuscript.

http://www.wetlands.org


Sustainability 2023, 15, 3701 12 of 13

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Frazier, S. Ramsar Sites Overview; Wetlands International: Wageningen, The Netherlands, 1999.
2. Xu, T.; Weng, B.S.; Yan, D.H.; Wang, K.; Li, X.N.; Bi, W.X.; Li, M.; Cheng, X.Y.; Liu, Y.X. Wetlands of international importance:

Status, threats, and future protection. Environ. Res. Public Health 2019, 10, 1818. [CrossRef]
3. Samraoui, B.; Samraoui, F. An ornithological survey of Algerian wetlands: Important Bird Area, Ramsar sites and threatened

species. Wildfowl 2013, 58, 71–96.
4. Guo, Y.J. The treaty protecting obligations of international important wetlands and the application in China. East China University

of Political Science and Law: Shanghai, China, 2020.
5. Lustyk, P.; Vahalík, P. Threat Degree Classification According to Habitat Quality: A Case Study from the Czech Republic. Forests

2021, 12, 85. [CrossRef]
6. Belyaev, A.I.; Pugacheva, A.M.; Korneeva, E.A. Assessment of Ecosystem Services of Wetlands of the Volga–Akhtuba Floodplain.

Sustainability 2022, 14, 11240. [CrossRef]
7. Chi, Y.; Zheng, W.; Shi, H.H.; Sun, J.; Fu, Z. Spatial heterogeneity of sturine wetland ecosystem health influenced by complex

natural and anthropogenic factors. Sci. Total Environ. 2018, 634, 1445–1462. [CrossRef] [PubMed]
8. Chen, W.; Cao, C.X.; Liu, D.; Tian, R.; Wu, C.; Wang, Y.; Qian, Y.; Ma, G.; Bao, D. An evaluating system for wetland ecological

health: Case study on nineteen major wetlands in Beijing-Tianjin-Hebei region, China. Sci. Total Environ. 2019, 666, 1080–1088.
[CrossRef]

9. Sobhani, P.; Esmaeilzadeh, H.; Sadeghi, S.M.; Wolf, I.D.; Deljouei, A. Prioritizing water resources for conservation in a land of
water crisis: The case of protected areas of Iran. Water 2022, 14, 4121. [CrossRef]

10. Fennessy, S.; Jacobs, A.; Kentula, M. Review of rapid methods for assessing wetland condition. Wetlands 2004, 27, 543–560.
[CrossRef]

11. Abell, R.; Lehner, B.; Thieme, M.; Linke, S. Looking beyond the fence line: Assessing protection gaps for the world’s rivers.
Conserv. Lett. 2016, 10, 384–394. [CrossRef]

12. Sims, A.; Zhang, Y.Y.; Gajaraj, S.; Brown, P.B.; Hu, Z.Q. Toward the development of microbial indicators for wetland assessment.
Water Res. 2013, 47, 1711–1725. [CrossRef]

13. Reis, V.; Hermoso, V.; Hamilton, S.K.; Ward, D.; Etienne, F.C.; Bernhard, L.; Simon, L. A global assessment of inland wetland
conservation status. Bio. Sci. 2017, 67, 523–533. [CrossRef]

14. Lu, C.Y.; Wang, Z.M.; Li, L.; Wu, P.Z.; Mao, D.H.; Jia, M.M.; Dong, Z.Y. Assessing the conservation effectiveness of wetland
protected areas in Northeast China. Wetl. Ecol. Manag. 2016, 24, 381–398. [CrossRef]

15. Sadeghi, P.R.; Eurie, F.M.A.; Ho, L.T.; Goethals, P.L.M. Evidence-based management of the Anzali wetland system (Northern Iran)
based on innovative monitoring and modeling methods. Sustainability 2021, 13, 5503. [CrossRef]

16. Kang, Y.D.; Li, X.Y.; Mao, D.H. Landsat-based investigation on the wetland landscape dynamics and human threats in four
Ramsar sites over the Yunnan-Guizhou Plateau. Chin. J. Ecol. 2020, 39, 3379–3387.

17. Mao, D.; Wang, Z.; Wang, Y.; Choi, C.Y.; Jia, M.; Jackson, M.V.; Fuller, R.A. Remote observations in China’s Ramsar Sites: Wetland
dynamics, anthropogenic threats, and implications for sustainable development goals. J. Remote Sens. 2021, 2021, 9849343.
[CrossRef]

18. Lou, Y.; Chu, Y.X.; Liu, D.P.; Chen, H.C.; Zhang, X.W.; Qian, Y.F. Assessment of ecological status of key wetlands: Case studies of
international important wetlands in eastern China. Nat. Prot. Areas 2021, 1, 80–90.

19. Das, S.; Pradhan, B.; Shit, P.K.; Alamri, A.M. Assessment of wetland ecosystem health using the pressure–state–response (PSR)
model: A case study of Mursidabad district of West Bengal (India). Sustainability 2020, 12, 5932. [CrossRef]

20. Wu, W.Z.; Liang, L.C. Evaluation of ecological conditions of important wetlands in Zhejiang province. Wetl. Sci. Manag. 2021, 17,
43–47.

21. Li, G.; Sun, G.; Zhao, Z.Y.; Liu, D.M.; Xiao, N.W.; Zhao, Z.P.; Luo, Z.L. Ecological quality assessment of the wetlands in Beijing:
Based on plant diversity. Environ. Sci. 2022, 43, 1988–1996.

22. Stapanian, M.A.; Adams, J.V.; Gara, B. Presence of indicator plant species as a predicator of wetland vegetation integrity: A
statistical approach. Plant Ecol. 2013, 214, 291–302. [CrossRef]

23. Kleijn, D.; Cherkaoui, I.; Goedhart, P.W.; Lammertsma, D. Waterbirds increase more rapidly in Ramsar designated wetlands than
in unprotected wetlands. J. Appl. Ecol. 2014, 51, 289–298. [CrossRef]

24. Ausseil, A.E.; Gerbeaux, P.J.; Chadderton, W.L.; Stephens, T.; Leathwick, J. Wetland Ecosystems of National Importance for Biodiversity:
Criteria, Methods and Candidate List of Nationally Important Wetlands; Technical Report; Department of Conservation: Wellington,
New Zealand, 2008.

http://doi.org/10.3390/ijerph16101818
http://doi.org/10.3390/f12010085
http://doi.org/10.3390/su141811240
http://doi.org/10.1016/j.scitotenv.2018.04.085
http://www.ncbi.nlm.nih.gov/pubmed/29710644
http://doi.org/10.1016/j.scitotenv.2019.02.325
http://doi.org/10.3390/w14244121
http://doi.org/10.1672/0277-5212(2007)27[543:AEORMF]2.0.CO;2
http://doi.org/10.1111/conl.12312
http://doi.org/10.1016/j.watres.2013.01.023
http://doi.org/10.1093/biosci/bix045
http://doi.org/10.1007/s11273-015-9462-y
http://doi.org/10.3390/su13105503
http://doi.org/10.34133/2021/9849343
http://doi.org/10.3390/su12155932
http://doi.org/10.1007/s11258-013-0168-z
http://doi.org/10.1111/1365-2664.12193


Sustainability 2023, 15, 3701 13 of 13

25. Yao, S.H.; Sun, Z.G. Evaluation for the maintenance function of biodiversity in coastal wetland ecosystem of the Xinghua Bay in
Fujian province. J. Fujian Norm. Univ. 2020, 6, 78–88.

26. Meng, W.Q.; He, M.X.; Hu, B.B.; Mo, X.Q.; Li, H.Y.; Liu, B.Q.; Wang, Z.L. Status of wetlands in China: A review of extent,
degradation, issues and recommendations for improvement. Ocean. Coast. Manag. 2017, 146, 50–59. [CrossRef]

27. Pan, C.; Zhou, L.Z.; Wang, X.H.; Xu, W.B.; Song, Y.W. Impact of artificial activities on the landscape patterns in Shengjin Lake
National Nature Reserve. Ecol. Sci. 2021, 40, 116–124.

28. Tang, X.P.; Wang, Z.Z.; Zhang, Y.W.; Zhou, T.Y. The national wetland inventory technique system design and result analysis. For.
Resour. Manag. 2013, 6, 62–69.

29. Davidson, N.C. Editorial: Understanding change in the ecological character of internationally important wetlands. Mar. Freshw.
Res. 2016, 67, 685–686. [CrossRef]

30. Qian, Y.F.; Liu, D.P.; Lou, Y.; Chen, H.C.; Zhou, G.G.; Chen, G.F. A review of wetland ecological status evaluation in China. Acta
Ecol. Sin. 2019, 39, 3372–3382.

31. Song, J.X.; Weng, Q.Z.; Hua, C.L.; Tao, J.; Yu, C.Y. Evaluation of ecological status of wetlands in Yunnan province. Wetl. Sci. 2015,
13, 35–42.

32. Wang, W.Q.; Zhou, L.Z.; Chen, W. Evaluation of conservation effectiveness of Lake Shengjin, lower reaches of the Yangtze River,
1989-2019. J. Lake Sci. 2021, 3, 905–921.

33. Xue, Z.S.; Zou, Y.C.; Zhang, Z.S.; Lu, X.G.; Jiang, M. Reconstruction and future prediction of the distribution of wetlands in China.
Earth’s Future 2018, 6, 1508–1517. [CrossRef]

34. Hockings, M.; Stolton, S.; Dudley, N. Management effectiveness: Assessing management of protected areas. J. Environ. Policy
Plan. 2004, 6, 157–174. [CrossRef]

35. Hu, P.; Wang, Z.M.; Li, C.J. Remote sensing evaluation of wetland conservation effectiveness in Sanjiang plain. J. Agric. Sci.
Yanbian Univ. 2017, 39, 1–8.

36. Mao, D.H.; Wang, Z.M.; Wu, J.G.; Wu, B.F.; Zeng, Y.; Song, K.S.; Yi, K.P.; Luo, L. China’s wetlands loss to urban expansion. Land
Degrad. Dev. 2018, 29, 2644–2657. [CrossRef]

37. Liang, M.X.; Xie, Z.L. Landscape dynamics of wetlands of international importance in Dongting Lake area for 5 periods since
1980. Wetl. Sci. 2020, 18, 40–46.

38. Ma, W.; Zhou, T.Y.; Jiang, Y.F.; Liu, Q.G.; Liu, Z.L. Protection status and future protection objectives of the wetlands in China.
Wetl. Sci. 2021, 19, 435–441.

39. Reid, A.J.; Carlson, A.K.; Creed, I.F.; Eliason, E.J.; Gell, P.A.; Johnson, P.T.J.; Kidd, K.A.; MacCormack, T.J.; Olden, J.D.; Ormerod,
S.J.; et al. Emerging threats and persistent conservation challenges for freshwater biodiversity. Biol. Rev. 2019, 94, 849–873.
[CrossRef]

40. Hou, F.M.; Li, P.; Chen, Y. A comparative study of the legal system of wetland protection in some countries and its Enlightenment.
World For. Res. 2021, 34, 1–7.

41. Seják, J.; Pokorný, J.; Seeley, K. Achieving sustainable valuations of biotopes and ecosystem services. Sustainability 2018, 10, 4251.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.ocecoaman.2017.06.003
http://doi.org/10.1071/MF16081
http://doi.org/10.1029/2017EF000807
http://doi.org/10.1080/1523908042000320731
http://doi.org/10.1002/ldr.2939
http://doi.org/10.1111/brv.12480
http://doi.org/10.3390/su10114251

	Introduction 
	Material and Methods 
	Study Area 
	Data and Methods 

	Results and Analysis 
	Overall Situation 
	Water Environment 
	Biological Environment 
	Biodiversity 
	Disturbance Pressure 

	Ecological Status of Different Types of WOII 
	Ecological Status of WOII in Different Types of Conservation Area 

	Discussion 
	Trends in the Evolution of WOII in China 
	Constraints 
	Recommendations 

	Conclusions 
	References

