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Conservation of wetlands on the Qinghai—Tibet Plateau is vital to the ecological
security of China and even all of Asia. In this study, we investigated the aquatic
protected area system established by the Chinese government in the Qinghai—
Tibet Plateau. In general, 9 categories of aquatic protected areas have been
established in this area, linked to the International Union for Conservation of
Nature classification system of protected areas. The diverse main protection
objectives of different protected areas have played a key role in wetland
conservation. However, the protection of wetland environments and aquatic
organisms has been insufficient in some atypical protected areas and local
protected areas. We further constructed a list of important aquatic organisms
in the Qinghai—Tibet Plateau and analyzed the protected status of those
important species through gap analysis. A total of 156 important aquatic
species were identified, with 8 gap species and 18 inadequately protected
species. It is encouraging that none of the national key protected species are
gap species, but there are 4 gap species that are threatened species on “China’s
red list". In addition, we found that 17 important species are designated as Data
Deficient or Not Evaluated on “China’s red list”, including 8 national key protected
species. Finally, we propose the prospects for solving the existing problems of
aquatic protected area systems: integrating aquatic protected areas, enhancing
the status of community-based conservation, and increasing investment in
important aquatic organism research.
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1 Introduction

In the global context, inland wetlands face threats of water
quality deterioration (Rodell et al., 2018), habitat fragmentation
(Harlan et al., 2021), loss of biodiversity (Dudgeon, 2019), etc. due
to anthropogenic activities. Therefore, efficient wetland protection
is essential to counter the increasingly severe crisis. Among
protection methods, establishing protected areas is widely used
and yields substantial results worldwide (Maxwell et al., 2020).
Previous studies have confirmed that expansion of protected areas is
significantly associated with increased biodiversity (Venter et al,
2014; Di Minin and Toivonen, 2015).

Protected areas are the specific geographic spaces established to
achieve long-term conservation of nature, associated ecosystem
services and cultural values, and are managed through legal or
other effective means (Dudley, 2008). According to the classification
system of the International Union for Conservation of Nature
(TUCN), protected areas have 6 categories: strictly protected area
(I), national park (II), natural monument or feature (III), habitat/
species management area (IV), protected landscape/seascape (V)
and protected areas with sustainable use of natural resources (VI)
(Dudley, 2008).

The Qinghai-Tibet Plateau (QTP), known as the “Third Pole”
and “Roof of the World”, is a vital ecological buffer for China and
even all of Asia. Many important rivers originate from here, which
are home to a variety of unique aquatic organisms (Figure 1).
However, high, cold environments make these ecosystems
extremely fragile and lacking in self-regulation and repair abilities
(Liu et al,, 2021). In recent years, wetlands in the QTP have been
severely damaged due to the intensification of anthropogenic
impacts brought by economic activities (Xu et al., 2019a).
Additionally, global climate change has intensified the warming
and humidification of the QTP, which poses a potential
environmental crisis (Kuang and Jiao, 2016; Chen et al., 2023).

In past decades, numerous protected areas have been
established on the QTP, effectively protected the ecosystems in
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this region (Li et al., 2020; Zeng et al., 2020). Among the different
types of protected areas, those established on waters were usually
divided into two categories: marine and freshwater (Suski and
Cooke, 2007). However, this classification excludes the inland
saltwater, which leads to the omission of research and
management data (Wanghe et al., 2024). In fact, there has been
an increasing amount of literature on the wetland status and
protection of the QTP (Zhao et al., 2015; Wang et al., 2020), but
there is no discussion of the protected area system established on
inland waters in this area. Moreover, a comprehensive and unified
list of important aquatic organisms of the QTP is still lacking. The
absence of such a list has resulted in limitations in previous studies
at the data level (Wanghe et al., 2024).

To address the above concerns, we will (1) construct an accurate
system of protected areas established on inland waters;
(2) formulating the list of important aquatic organisms on the
QTP; (3) analyze the progress and drawbacks of protecting aquatic
organism on the QTP; (4) outline possible prospects for future
research directions. Results of this study are expected to provide
strong support for future researches and protection efforts on the
QTP, which can also guide the establishment of similar systems in
other regions over the world.

2 Materials and methods

2.1 Building of the aquatic protected
area system

Based on our analysis, “aquatic protected area (APA)” is the
most appropriate term for protected areas on inland waters. Data on
APAs on the QTP from 1956 to 2018 were collected to build this
system. China’s protected areas are established by different
government departments, most of which can be divided
into national and local (provincial, municipal, county) levels
(Xu et al,, 2017). There are some APAs in which the main
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The elevation and core rivers (©: Brahmaputra River, @: Irrawaddy River, ®: Nujiang River, ®: Lantsang, ®: Yangtze River, ®: Ya-lung River, ®: Dadu
River, ®: Yellow River, ®: Minjiang River) of the Qinghai-Tibet Plateau. The data of the digital elevation model have systematic errors, because the
highest value was higher than Mount Everest; however, this had no influence on this study.
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protection target is not aquatic organism or wetland ecosystem, but
the range covers important wetlands. We believe that these
protected areas are just as important as the typical APAs, so we
call them “atypical aquatic protected area (AAPA)”. These consist
of three categories: national park, nature reserve and world
natural heritage.

In China, national parks, nature reserves and nature parks are
the core elements in the future national protected area system
(General Office of the CPC Central Committee, and General Office
of the State Council of the People’s Republic of China, 2019). In
addition, there are nine other categories of APAs in China
(Table S1). Due to data limits, this paper cannot provide
comprehensive statistics for all kinds of APAs. Therefore, we
analyzed the number and distribution of national parks, nature
reserves and wetland parks (a kind of nature park) on the QTP. All
protected areas data were acquired from the China’s National
Forestry and Grassland Administration database.

2.2 Formulating the list of important
aquatic organisms

We selected fish, mammals, invertebrates and macrophytes as
the target aquatic taxa. Species inclusion criteria for the list were put
forward through expert consultation. The specific criteria were
as follows:

(1) Fish, mammals and macrophytes were endangered from
vulnerable (VU) to extinct in the wild (EW) on “China’s red
list of biodiversity” (Ministry of Ecology and Environment,
PRC.,, and Chinese Academy of Sciences, 2013, 2015; Zhang
and Cao, 2021), and invertebrates were endangered from
VU to EW on “China species red list, Vol. III,
Invertebrates” (Wang and Xie, 2005). Hereafter, these two
lists are collectively known as “China’s red list”.

(2) Species were included in the “national key protected wild
animal list” (National Forestry and Grassland
Administration, and Ministry of Agriculture and Rural
Affairs, PRC, 2021a) and the “national key protected wild
plant list” (National Forestry and Grassland
Administration, and Ministry of Agriculture and Rural
Aftairs, PRC, 2021b).

(3) Other species were included if they had important
ecological, scientific, or social value.

2.3 Protected status analysis of
important species

First, we counted the distribution of each species with counties
as the basic distribution unit, and species with a distribution range
of no more than five counties are defined as “narrowly distributed
species”; then, we mapped the distribution of important
aquatic species.
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Gap analysis is an efficient tool to indicate the protected status
of species (Scott et al., 1993; Li and Pimm, 2020). To achieve this
goal, we overlaid the distribution maps of each species with the
distribution maps of the wading reserves. Species that are not
covered by aquatic protected areas are defined as “gap species”.
Local protected areas in China may encounter problems in
management and resource allocation (Ma et al., 2019). Moreover,
protected areas with sustainable use of natural resources, such as
wetland parks, provide lower protection intensity than national
parks and nature reserves. For the above reasons, the protection of
important species should follow the principle of prioritizing
national parks or national nature reserves. Species that are
covered by other aquatic protected areas are defined as
“inadequately protected species”.

Species distribution data were acquired from the “China’s red
list”, the ITUCN database (https://www.iucnredlist.org/), the
“National Specimen Information Infrastructure of China” (http://
nsii.org.cn/2017/home.php), the “National Tibetan Plateau Data
Center” (https://data.tpdc.ac.cn/home), and the “Report on
advances in Tibetan plateau research (2009-2010, 2012-2013)”
(China Association for Science and Technology, 2010, 2014).
During the data collection process, we found that some data were
outdated, and the survival status of some species still unclear. This
limitation undoubtedly affects the scope of this study.

It must be emphasized that all the data used in this study are
publicly available data.

3 Results

3.1 Composition of the aquatic protected
area system

The APA system contains seven categories of nationally
constructed protected areas, as well as internationally important
wetlands designated by the Ramsar Convention and world natural
heritage designated by the World Heritage Convention (Table 1).
Remarkably, these APAs contain all six categories of protected areas
of the IUCN classification system.

Among the 10 pilot national parks in China, Three-River-
Source National Park, Qilian Mountain National Park, Giant
Panda National Park and Patatson National Park are completely
or partially located on the QTP. According to incomplete statistics,
there are 60 aquatic nature reserves and 19 wetland parks in this
area, which contains 21 national nature reserves and 11 national
wetland parks (Table 2). Except for the Three-River-Source
National Park, the remaining three national parks are AAPAs,
and there are 25 atypical aquatic nature reserves in this area
(Figure 2B, Table S2). The primary protection targets of these
nature reserves consist of forest ecosystems, geological heritage
and terrestrial wildlife.

Figure 2A shows that eastern and central regions are the main
distribution areas of APAs. On the watershed side, APAs have a
high cover degree on the Irrawaddy River, Lantsang, Yangtze River,
Ya-lung River, Dadu River, Yellow River and Minjiang River,
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TABLE 1 Types of aquatic protected areas in the Qinghai—Tibet Plateau.

Protected areas in Management
agency/imple-

mented convention

IUCN
categories

the Qinghai-
Tibet Plateau

National park NFGA 1I
Nature reserve NFGA I
Wetland park NFGA \%
National NFGA VI
importance wetland
Water conservancy MWR v
scenic spot
Drinking water source MWR VI
protection area
Aquatic germplasm MARA v
resources protection zone
International RC VI
importance wetland
World natural heritage WHC 111

NFGA, National Forestry and Grassland Administration; MARA, the Ministry of Agriculture
and Rural Affairs; MWR, the Ministry of Water Resources; RC, Ramsar Convention; WHC,
World Heritage Convention.

The internationally important wetland and world natural heritage were managed by the
NFGA in China.

whereas the Brahmaputra River and Nujiang River are covered by
few APAs.

3.2 Composition of important
aquatic organisms

The list of important aquatic organisms in the QTP included
111 species of fishes, 4 species of mammals, 20 species of
invertebrates and 21 species of macrophytes (Table 3). Table S3
shows that there are 120 endemic species in China, including 28
endemic species on the QTP (23 species of fishes, 4 species of
invertebrates and one macrophyte).

From the statistical results, a total of 134 (85.9%) important
species were classified as critically endangered (CR), endangered
(EN) or VU in China’s red list, containing 103 species of fishes, 3
species of mammals, 9 species of invertebrates and 19 species of
macrophytes (Table 3). Moreover, there were 57 national key
protected species on our list, including 39 species of fishes, 4

TABLE 2 Composition of aquatic nature reserves and wetland parks in
the Qinghai-Tibet Plateau.

Wetland Park

Protected area level Nature Reserve

National 21 11
Provincial 24 8
Municipal 5 -
County 10 -

Total 60 19
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species of mammals, 2 species of invertebrates and 12 species of
macrophytes (Table 3).

It is apparent from Figure 3 that only 44 (32.8%) threatened
species (threat level from VU to CR) in our study are national key
protected species, and 8 national key protected species in our study
are still Data Deficient or Not Evaluated by China’s Red List.

3.3 Distribution of important
aquatic species

Spatial distribution data reported that there are 33 narrowly
distributed species (Table 53). The important species mainly live in
the eastern region, where the density is significantly higher than in
the western and northern regions (Figure 4A). Specifically,
important fishes mainly live in the eastern and northern regions
(Figure 4B). The distribution of mammals and macrophytes both
showed a clear spatial pattern of decreasing from south to north;
therefore, macrophytes are mainly distributed in areas other than
the Tibet Autonomous Region (Figure 4C, E). In addition,
invertebrates are only distributed in parts of the eastern and
southern regions (Figure 4D). We found that only a minority of
important species live in the Brahmaputra River but this includes
many national key protected species, which is a remarkable result.

3.4 Protection status of important
aquatic organisms

Our study showed that APAs protect taxa to different extents.
There are 8 gap species and 18 inadequately protected species on the
QTP through the GAP analysis (Figure 5). For important fishes,
there is one gap species and 13 inadequately protected species
(Figure 5). For important invertebrates, there were 7 gap species and
2 inadequately protected species; in addition, there were 3
inadequately protected macrophyte species (Figure 5).

Encouragingly, none of the national key protected species are
gap species, but 4 of the gap species are threatened species on the
“China Red List”, in which Polycelis Ihunzhubica and P. sinensis are
endemic species of the QTP (Table 4, Table S3). Of all the
inadequately protected species, there are 5 national key protected
species and 15 threatened species on the “China Red List” (Table 4).
Among them, Isoetes hypsophila is not only a first-class protected
species in China and a threatened species, but also an endemic
species of the QTP (Table S3). Percocypris retrodorsalis and Ottelia
acuminata var. acuminata are second-class protected species in
China. Moreover, there are 6 endemic species of the QTP, excluding
I hypsophila (Table S3).

4 Discussion
4.1 Achievements of the protection service

The number of protected areas in China growing fast. By
2018, China had established more than 12 000 protected areas
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TABLE 3 Endangered level in China’s red list and national protection level of important aquatic organisms in the Qinghai-Tibet Plateau.

Threaten/

Protected Level Fish Mammal Invertebrate Macrophyte = Total
Endangered level in the China’s Red List CR 11 - - 1 12
EN 43 3 3 7 56
VU 49 - 6 11 66
NT 3 - - 1 4
LC 1 - - - 1
DD 2 - - - 2
NE 2 1 11 1 15
Total 111 4 20 21 156
National protection level Level I 5 1 - 2 8
Level II 34 3 2 10 49
Total 39 4 2 12 57

(Ouyang et al., 2018), covering more than 50.3% of the natural
wetlands (National Forestry and Grassland Administration, 2020).
To protect this critical area, an effective protected area system was

Threatened species in
the China's Red List

134

List of National Key Protected
Wild Animals and Plants

57

Data Deficient & Not
Evaluated species in
the China's Red List
17

FIGURE 3
Coupling of China’s red list with the national key protected
wildlife list.
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established on the QTP (Table 1). Existing system fulfilled different
protection objectives and effectively protected most of the wetlands
(Figure 2). Against a backdrop of national park system construction
in China, the central government has integrated the top-level design
and management departments for the whole protected area system
(Xu et al, 2019b). This measure obviously reduces the negative
impact of multi-management in the construction and management.
Another remarkable achievement was that aquatic organisms in the
QTP have been well protected by APAs according to our analysis
(Table 4, Figure 5).

4.2 Challenges in current protection efforts

4.2.1 Protection efforts are uneven across
protected areas

Based on the “Regulations of the People’s Republic of China on
nature reserves”, nature reserves were divided into core zones, buffer
zones and experimental zones (China’s State Council, 1994). Due to
the differences of main protection objectives, wetlands within the
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Distribution of important aquatic organisms in the Qinghai—Tibet Plateau (A: Total species, B: Fish, C: Mammal, D: Invertebrate, E: Macrophyte).

nature reserve may not be covered by the core zone when planning
the atypical aquatic nature reserves. As a result, the protection of
wetland ecosystems and aquatic organisms in protected areas
is insufficient.

Both typical and atypical APAs occur at the national and local
levels in China (Xu et al., 2017). Compared with national protected
areas, local protected areas have been more prone to problems such
as lack of funds, mismanagement, and illegal development for
economic development (Ma et al, 2019). As an economically
underdeveloped area in China, these problems may be even more
serious on the QTP.

4.2.2 Gaps in the protection service

Although the APA system on the QTP is constantly improving
as the coverage rate increases, there are still some conservation gaps.
For example, the Brahmaputra River is crucial to the lives of people
within its watershed. Therefore, it is essential to protect this
watershed (Huang et al., 2009). However, the size and number of
protected areas in the watershed do not match the protection needs

Frontiers in Ecology and Evolution

(Figure 2). In addition, plateau lakes such as Namco Lake and
Mapam Yamco Lake and Yamzho Yumco Lake are considered
“holy lakes” in the beliefs of local residents (Li et al, 2014).
However, the reality is that the coverage rate of APAs in these
lakes still low (Figure 2).

As the highest and largest lake group in the world and the
source of many important rivers, the lakes and rivers on the QTP
are of great ecological value (Liu et al.,, 2021). Various rare and
endemic organisms live in them. There are, however, some
threatened species, and key protected species are gap species or
inadequately protected species (Table S3, Figure 5). This situation
provides a warning that existing APAs do not provide adequate
protection for important aquatic species in the area.

Surprisingly, there are 17 important species are data deficient or
not evaluated on “China’s red list”, including 8 national key
protected species (Table 3, Figure 3). The status of these species
still unknown. In fact, they may already be under serious existential
threat. Furthermore, some data has not been updated for a long
time (Zhang and Cao, 2021).
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Protected status of important aquatic organisms in the Qinghai-
Tibet Plateau.

4.3 Prospects

4.3.1 Integration of aquatic protected areas

The QTP is one of the regions with the richest biodiversity in
China, and the southeastern region in this area has the highest
species richness (Fu et al., 2021). We found that most of the APAs
in the southeastern region are small and distributed in a spotty
pattern, providing low protection efficiency for wetland ecosystems
(Figure 2). Tt is efficient and feasible to consolidate the ecological
barrier function of the QTP by establishing national park groups
(Fuetal,, 2021). As mentioned in Fu et al. (2021), the “national park
group on the southern flank of the Eastern Himalayan Mountain
plate” will be one of the major groups on the QTP.

It is well known that the QTP borders several countries, causing
a large amount of wildlife to be transregionally distributed.
Conservation cooperation between countries is particularly
important to protect transboundary landscapes and mitigate
biodiversity loss (Bawa et al., 2010). China has established at least
17 cross-border protected areas to date, which have achieved

TABLE 4 Protected status and threatened status for gap species and
inadequately protected species in the Qinghai-Tibet Plateau.

National
Threatened
protected :
. species
species
Fish - 1
Gap species
Invertebrate - 3
Fish 3 11
I 1
nadequate Y Invertebrate - 1
protected species
Macrophyte 2 3
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preliminary success (Tang et al.,, 2016). To develop the protection
effect of the APA system, additional work will be needed to establish
more cross-border protected areas in this region (Bawa et al., 2010;
Fu et al, 2021).

4.3.2 Enhance the status of community-
based conservation

Recent study shows that the growth of the human footprint may
compromising the benefits of protected areas on the QTP
(Hua et al,, 2022). Therefore, balancing protected areas with
human activities is the main option for protection work
(Gibson and Marks, 20005 Balint, 2006). Herdsmen on the QTP
have a high enthusiasm for participating in protection work. This
enthusiasm derives from their belief and custom of respecting
nature, which has been formed thousands of years. In the practice
of the Three-River-Source National Park, the participation of the
herdsmen community achieved good results (Zhao et al., 2018;
Guo et al,, 2023). Based on this, more community protected areas,
such as “feng-shui forests”, should be established. This policy may
provides a satisfactory solution to the conflict between conservation
and development (Shen et al., 2012; Huang et al., 2021). Besides,
residents’ beliefs, customs, and values should be fully respected
during the conservation (Measham and Lumbasi, 2013).

High levels of water use for agriculture and livestock may pose a
potential risk to the APAs and aquatic organisms. To tackle this
problem, it is essential to evaluate the ecological and agricultural
value of the water resources (Hatamkhani et al., 2022). After that, a
balance must be found between water conservation and economic
benefits. Water management programs are developed based on
equilibrium flows. Due to the complex composition of water
resources in this area, big data and model simulations can
provide more accurate results (KhazaiPoul et al.,, 2019;
Hatamkhani and Moridi, 2023).

Finally, compensation should be provided to farmers and
herders whose economic interests have been jeopardized due to
conservation efforts. This policy ensures that the benefits of these
efforts are shared equitably (Measham and Lumbasi, 2013).

4.3.3 Increasing the research investment in
aquatic organisms

The results of our study must be interpreted with caution
because some numbers and distribution data of species were
outdated, and the status of some species remains unclear. This
statement suggests that there are deficiencies in the research on
aquatic organisms for QTP. Previous studies have indicated that
effective biodiversity protection and establish effective protected
areas rely on various regional research (Batisse, 1997; Hu et al,
2019). To fill the research gap, further research should be
undertaken to investigate the populations and habitats of
important species. Importantly, the research must be continuous,
especially for flagship species, umbrella species, key species, and
narrowly distributed species. Meanwhile, a system capable of
managing big data, updating and sharing detailed information in
real-time is necessary (Li and Pimm, 2020; Bravo et al.,, 2021).
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5 Conclusions

In this study, we reported on the status of the APA system on
the QTP and provided information on prospects for future
development. First, China has established an effective APA system
in this area. However, conservation gaps persist. Specifically, the
protection of AAPAs and local protected areas remain insufficient
and likely to result in management problems. Further investigation
showed that some threatened species are gap species, and some
national key protected species and threatened species are
inadequately protected species. It should be noted that our study
was limited by the lack of specific and current data on some
important species. To solve those problems and improve
protection efficiency, what is now needed are: (1) integration of
protected areas through the establishment of national parks and
transnational protected areas; (2) enhancement of the strength of
community-based conservation; and (3) increasing investment in
the research on important species and the establishment of data
management system. The findings in this study provided some new
insights for the future wetland protection efforts on the QTP, and
can guide the establishment and management of protected areas in
other similar regions worldwide.
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