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China is effectively achieving the rapid recovery of the wild Amur tiger (Panthera
tigris altaica) population and has a strong chance of reestablishing a sustainable
population of over 300 individuals. However, to achieve more ambitious conser-
vation goals, China needs to focus on enhancing the resilience of the population
as it attempts to further increase its size, because only isolated, high-density
populations are increasingly threatened by factors such as inbreeding, disease,
and human-wildlife conflict. Successful conservation experiences and the appli-
cation of Al and new monitoring technologies in tiger conservation provide
excellent opportunities to address these issues. Based on the current conserva-
tion challenges faced by China, this article proposes future conservation efforts in
several areas, including habitat restoration, prevention of inbreeding and disease,
environmental pollution prevention, protection and community development,
cross-border and interdisciplinary cooperation, and tiger conservation and
carbon sequestration. We emphasize the need to promote a refined, efficient,
intelligent, and community-friendly development in tiger conservation through
new measures, such as tiger-friendly forest transformation, evaluating the po-
tential impact of pollutants, developing “nonlethal pain stimulation deterrence”
technology developed for human-tiger coexistence, applying Al, and combining
tiger conservation with a carbon-neutrality plan.

KEYWORDS
Amur tiger, conservation strategies, human-tiger conflict, inbreeding pressure, tiger
friendly forest transformation

1 Introduction

A recent study has shown that the current distribution of Amur tigers (Panthera tigris
altaica) in China could support 310 individuals (Qi et al., 2021), indicating great potential
for Amur tiger restoration in China. Tiger conservation in China is important for restoring
the genetic diversity of tigers worldwide, as China historically had the largest number of
tiger subspecies and still has the potential to restore the wild populations of four of these
subspecies, i.e., the Amur tiger, the Bengal tiger (Panthera tigris tigris), the South China tiger
(Panthera tigris amoyensis), and the Indochinese tiger(Panthera tigris corbetti). The Bengal
tiger has frequently been recorded in recent years, and the Indochinese tiger was still present
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FIGURE 1

The locations of wild tiger occurrences in China since 2006. The table shows the fluctuations in the Amur tiger population within China.

in Xishuangbanna over a decade ago (Figure 1). China is still trying
to rehabilitate a wild population of South China tigers by rewilding
captive individuals. The Amur tiger is the subspecies that holds the
greatest potential for rapid growth in China, with a current
population of no less than 70 individuals (Forestry.gov.cn., 2024,
Figure 1).

Numerous tiger conservation projects initiated by the Chinese
government since the early 21st century, such as the Natural Forest
Protection Project and the establishment of the Northeast China
Tiger and Leopard National Park (NCTLNP), have been proven
highly effective in Amur tiger population recovery (Jiang et al.,
2017). However, some persistent protection challenges have not
been properly resolved. For example, limitations imposed by habitat
quality, fragmentation, and the unfavourable structure of prey
resources still hinder population recovery. Additionally, serious
inbreeding and loss of genetic diversity due to a small population
and geographical isolation threaten the continuous recovery of the
Amur tiger population and the establishment of other wild popu-
lations (Ning et al., 2022).

At the same time, the rapid recovery of tiger populations has
also resulted in the emergence of many new conservation chal-
lenges. The most prominent one is the increasingly severe conflict
between humans and tigers, which usually causes economic losses,
human or tiger casualties, and public panic. Second, as an isolated,
high-density population, tigers in the NCTLNP are not only facing
more and more local, intensive intraspecific competition, but the
risk of sudden collapse is also increasing under the combined effects
of various factors, such as human interference, climate change,
inbreeding depression, and disease (Ning et al.,, 2022; Qi et al,
2021). Meanwhile, some other populations face a high risk of local
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extinction due to a lack of effective breeding females in
Northeast China.

Thus, to achieve more ambitious conservation goals, China
needs to focus on enhancing population resilience while trying to
further restore population levels. Past successful experiences in
Amur tiger conservation and the rapid development of new
technologies, such as artificial intelligence (AI), have all provided
excellent opportunities. Here, we list five key tasks and challenges
that should be prioritized and hope they can provide useful
guidance for realizing the sustainable survival of the Amur tiger
in China (Figure 2).

2 Restore habitat quality and prey
resources for tigers

Measures such as natural forest protection projects, complete
hunting bans, and prohibitions of commercial logging in natural
forests have effectively promoted the restoration of forests and wild
animals. These are the main reasons for the reversal of the long-
term decline of the Amur tiger population in China (Jiang et al.,
2017). However, forest protection projects have also created large
areas of pure, artificial forests. These forests, called “green deserts”,
are usually not utilized by animals due to a lack of food sources.
Currently, an increasing number of scholars and managers have
realized the necessity of carrying out artificial transformations to
improve this situation. Research has also shown that effective
management strategies, such as creating gaps and optimizing the
spatial arrangement of tree species, can significantly increase plant
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Framework for Amur tiger conservation challenges and strategies in China.
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diversity and biomass and enhance ecological functions such as
carbon storage and litter decomposition (Beugnon et al., 2023;
Dangal et al,, 2017; Wang and Liu, 2011). Forest structure and
productivity are two important factors influencing wild animal
utilization (Verschuyl et al., 2008). More finely tuned habitat
modifications to these large areas of artificial forests could make
them accessible to ungulates, the main prey of the Amur tiger, by
increasing biomass productivity and habitat heterogeneity. This
would significantly contribute to increasing the total area and
overall quality of tiger habitats. However, although the idea of
enhancing tiger conservation through forest management was
proposed long ago (Han et al., 2012), no systematic practices have
been implemented so far. Here, we suggest that managers and
researchers work together to conduct pilot experiments to deter-
mine the optimal renovation plans for different artificial forest types
and guide restoration practices. At the same time, it is necessary to
make adequate preparations in advance to avoid negative impacts
on Amur tigers and other wild animals from strong human
interference during large-scale forest modification. Adjusting the
prey community structure is also part of advanced conservation
efforts. Prey source recovery is not merely restoration in terms of
population size. Low prey species richness would reduce the
availability of total prey, and any population fluctuations of any
one prey species will have a significant impact on the survival of
tigers. For instance, in the Russian Far East, as wild boars are the
only dominant prey species, when their population decreased
significantly due to African swine fever, the survival of the Amur
tigers was greatly affected (Aleksey et al., 2025). Thus, it is necessary
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to pay close attention to the dynamics of prey species preferred by
tigers, and efforts must be made to increase the diversity of prey
species. In-depth theoretical research is also needed on the com-
petitive relationships among predator species and the effects of top-
down and bottom-up effects on prey species, which could guide the
regulation of predator species abundance and diversity from a
community perspective.

Habitat fragmentation is another important factor that limits
the improvement of habitat quality. In China, the Amur tiger has
re-habituated to four historical habitats with a total area of
approximately 47,813 km® yet no single habitat patch could
support a sustainable Amur tiger population of more than 83
breeding adult females (Qi et al., 2021). However, due to the
isolation of these patches, the majority of Amur tigers in China are
concentrated in the NCTLNP patch with an area of only 14,100
km? and cannot sustain a viable population (Wen et al., 2022).
This, in turn, leads to various protection issues for local tiger
populations, such as high intraspecific competition, inbreeding
pressure, human-tiger conflicts, and so on. Only by establishing a
meta-population that takes into account the existing habitat
patches, along with the patches in Russia next to China, can the
entire Amur tiger population enhance its ability to cope with
various survival threats such as climate change, inbreeding, and
diseases (Qi et al., 2021). Studies on the migration and diffusion
patterns of tigers should be urgently conducted. Based on these
studies, ecological corridors should be scientifically planned and
constructed to promote individual dispersal among these habi-
tat patches.
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2 Focus on the effects of inbreeding,
diseases, pollution, and their synergy
on the survival of tigers

The continuous recovery of the Amur tiger and the establish-
ment of a wild South China tiger population have always been
among the issues of greatest concern due to inbreeding and loss of
genetic diversity. Studies have shown the high degree of inbreeding
in wild Amur tigers and its high correlation with parasite load, gut
microbiota community structure, and pathogenic functions (Ning
et al., 2022). Diseases are a more direct threat to the survival of
tigers, as they not only directly kill individual tigers but may also
lead to the collapse of local populations (Gilbert et al., 2020; Seimon
et al, 2013). In addition, their interspecific spread through the food
webs threatens the stability of entire mammal communities. An
additional problem that wild animals in the Anthropocene era have
to face is the pollution caused by human development, such as
microplastics and pesticides. The latest research has shown that
microplastics are widely present in the habitats of Amur tigers and
have been transferred and accumulated along the food chain,
resulting in microplastic content in the feces of Amur tigers being
2.26 times higher than in the soil (Huang et al., 2025).

Furthermore, all these factors may have a synergistic effect.
Inbreeding and pollution may lead to a decline in an individual’s
resistance, thereby increasing the risk of disease infection and
transmission (Ning et al., 2022). The elimination of individuals
due to the disease may further reduce the genetic diversity of the
local small tiger population through genetic drift. In addition,
external factors such as habitat isolation and increased human-
tiger conflicts will further promote the occurrences of inbreeding,
epidemics, pollution, and their synergistic effects, exacerbating
the situation.

Scientific monitoring and a comprehensive assessment of in-
breeding, epidemics, pollution conditions, and their potential effects
are necessary to cope with the possible collapse of the tiger
population caused by these factors. If necessary, artificial interven-
tion should be carried out to mitigate their exacerbation. This first
requires enhancing the professional capabilities of park managers
and front-line staff, so as to cover various aspects, such as genetics
and diseases. Second, we recommend that some more ambitious
conservation measures should be implemented when necessary,
such as the cross-patch or cross-border translocation of Amur
tigers, or even the re-wilding and reintroduction of cap-
tive individuals.

3 Control human-tiger conflicts and
coordinate community development

Human-wildlife conflicts are becoming one of the biggest
obstacles to wildlife conservation. As a large carnivore, the tiger’s
conflicts with humans can even lead to human injury or even death,
causing greater fear and overt hostility. Effective and scientific
conflict management is fundamental to the smooth progress of
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any conservation efforts. This requires attention to every step of
conflict management, including conflict monitoring and early
warning systems, effective deterrence, and rescue operations.
Early warning systems should be timely and accurate. Deterrence
and rescue measures should be efficient and ensure the safety of
both humans and animals.

The development of AI has provided significant assistance in
solving these problems and has received widespread attention.
Systems for human-wildlife conflict mitigation based on AI have
been reported (Sabesh et al., 2025). The Northeast Tiger Leopard
National Park has also made meaningful attempts at tiger moni-
toring with AI (Chinadaily.com.cn., 2020), and this system is
currently playing a very important role in human-tiger conflict
monitoring and in providing early warnings within the park.
However, these systems still rely on traditional front-end monitor-
ing equipment and deterrence methods. There have been no
substantive changes in terms of monitoring comprehensiveness,
data transmission efficiency, deterrence safety, or long-term effec-
tiveness. Therefore, we suggest that park managers and researchers,
while promoting the application of AI technology in Amur tiger
conservation, actively explore new monitoring, transmission, de-
terrence technologies and equipment to enhance the real-time
accuracy and intelligence of human-tiger conflict management.
For instance, the development of new monitoring technologies
such as vibrating optical fibers and unmanned aerial vehicles
could help fill the gaps in monitoring coverage caused by the
limited scope of camera traps. Real-time transmission technology
based on 4G or satellite networks and Al technologies for species
and individual identification are all necessary to ensure that the
monitoring data can be utilized in a timely and accurate manner.
Additionally, new deterrence technologies that are consistently
effective and do not cause significant harm to wild, rare, and
endangered animals, such as laser technology, pulse electric
fences, and ultrasonic technology, which could be defined as
“nonlethal pain stimulation deterrence”, are crucial for reducing
economic losses and the risk of casualties during human-tiger
conflicts (Li et al., 2025; Ronning, 2016).

Local communities are at the forefront of conservation efforts,
but are also the main victims of human-tiger conflicts. These often
result in negative attitudes toward tigers among local residents,
thereby reducing support for conservation practices. Therefore,
scientific management of human-tiger conflicts must prioritize
community management and protection of local interests. This
includes many measures that have been proven to be effective, such
as scientific livestock management, compensation schemes, and
incentive programs (Pekor et al., 2026; Jamtsho, 2020; Goodrich,
2010). At the same time, we suggest that managers should actively
promote a “green” economy that is compatible with conservation
goals to increase local residents’ incomes. For instance, interna-
tional experiences have shown that managed hunting can generate
income while also contributing to conservation efforts (Perco,
2020). China has already permitted the planned hunting of wild
boars because of an overabundant wild boar population, but all the
killed animals are currently subjected to safe disposal. It is entirely
possible to develop this into a standardized hunting activity, and the
idea of turning wild boar meat and skins into products and bringing
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them to market could also be considered. In addition, it is necessary
to actively explore some new models. For instance, domesticated
sika deer (Cervus nippon) have been successfully reintroduced to the
Lesser Khingan Mountains to restore prey sources for Amur tigers
in the area. If these populations of sika deer could be utilized for the
harvesting of antlers and tourism development, it would benefit
both the Amur tigers’ prey supply and the local economy through a
scientific approach to animal management.

4 Promote cross-border and
interdisciplinary joint protection and
research

The habitat patches of the Amur tiger in both China and Russia
are closely connected. The permanent restoration of the Amur tiger
population and improvement of its genetic diversity, along with the
handling of many sudden incidents encountered during the con-
servation practices, must rely on the close cooperation between
these two countries. For instance, when Russia re-established a wild
tiger population in the Jewish autonomous region by translocating
rescued tigers to this area (Miquelle et al, 2016), the Chinese
conservation team provided crucial support in monitoring the
released individuals when they wandered into China. In addition,
the first successful rescue and subsequent release of wild Amur
tigers in China greatly benefited from the extensive practical
experience of Russian experts (Chinadaily.com.cn, 2021).
Furthermore, as top predators, tigers have a significant impact on
the structure of the mammal community, but they are also con-
strained by bottom-up effects. Only through international cooper-
ation can we get a thorough understanding of the ecological role of
cross-border distributed tigers in mammal communities and entire
ecosystems (Vitkalova et al., 2018), which is of great significance for
guiding tiger conservation efforts through a bottom-up approach
and enhancing regional biodiversity stability through
tiger conservation.

Currently, we can observe an increasing number of practical,
concrete cooperation projects and the establishment of a joint
platform for long-term cooperation. This momentum needs to be
sustained and strengthened. Transboundary protected areas are an
effective measure for jointly protecting species that are distributed
across borders (McCallum et al,, 2015) and have been applied in
other tiger habitats such as the transboundary landscape between
India and the Royal Government of Bhutan (Borah, et al., 2012), but
never in Amur tiger conservation. Based on the current distribution
of Amur tigers, China and Russia should actively promote the
establishment of cross-border protected areas, especially in the area
of the Northeast Tiger and Leopard National Park and the Leopard
Land National Park. We also suggest strengthening collaborative
research and joint student training between scientific research
institutions in China and Russia, including universities, as a key
area for further enhancing protection cooperation. Scientific re-
search teams provide crucial theoretical and technical support for
conservation efforts and are also important participants in many
conservation projects and the main source of technical personnel
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for conservation management departments. Compared to joint
protection actions, collaborative research and joint student training
can achieve more in-depth technical communication and broader
influence on protection policies.

Interdisciplinary cooperation has become a necessary prereq-
uisite for the success of current conservation efforts. AI not only has
advantages in efficiently processing massive monitoring data and
designing protected area networks, but also promotes the applica-
tion of new technologies, such as unmanned aerial vehicles and
acoustic monitoring technology, in wildlife protection. However,
realizing the application and promotion of Al and related technol-
ogies in tiger conservation requires collaborative efforts from
experts in multiple disciplines, such as animal ecology, Al, and
productization. Furthermore, we must take into account the in-
creasing potential threats to the survival of the tiger population
caused by the synergistic effects of inbreeding, pollution, diseases,
and human-tiger conflicts. Therefore, experts in genetics, pollut-
ants, diseases, sociology, and other relevant fields must enhance
their collaborative efforts to jointly carry out relevant monitoring,
research, prevention, and control. Even in human-tiger manage-
ment, the involvement of experts from various fields, such as
zoologists, sociologists, and economists, is necessary (Struebig
et al., 2018). Whether the focus is cross-border joint protection or
interdisciplinary cooperation, a dedicated institution or platform is
needed to coordinate and oversee the process.

5 A combination of tiger conservation
and a carbon neutrality plan should be
an effective and groundbreaking
conservation measure

One of the important goals that conservationists have been
striving for is to fill the funding gap for conservation efforts by
introducing a large amount of investment from the financial
market. The biggest obstacle is that the ecological value cannot be
verified using market-determined prices. Carbon storage and se-
questration produced by species or ecosystems provide a break-
through solution to this problem (Pollitt, 2019).

Research has shown the important role of wild animals in
promoting carbon fluxes and carbon storage (Schmitz et al., 2018;
Berzaghi et al., 2022). It was suggested that the ecological services of
elephants in tropical Africa over the next 30 years would generate a
carbon sink of 109 MtC, and it is worth about $25.9 billion
(Berzaghi et al., 2022). Tigers, as large carnivores, could influence
the entire mammalian community and even the vegetation struc-
ture and renewal in forest ecosystems through direct and indirect
trophic cascade effects, which would then affect the ecosystem’s
carbon cycling process. The spatial movement on the landscape
scale of tigers and their prey could also regulate the spatial
patterning of carbon sources and carbon sinks in the ecosystem.
Current research focusing on the global range of tigers has shown
that the presence of tigers is closely related to the carbon seques-
tration capacity of forests, providing a more direct link between
tiger conservation and carbon sinks (Roberts et al., 2025). Another
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study estimated that forests protected by tiger reserves established
in India over the past 20 years are equivalent to offsetting over 1
million tons of carbon emissions. This has saved India over $93
million in carbon reduction costs, which is more than a quarter of
the annual budget allocated to the tiger reserves (Lamba et al.,
2023). Clearly, these data would encourage more investments in
tiger conservation. In 2010, the Global Tiger Recovery Program
mentioned exploring and mobilizing tiger conservation funding
through forest carbon financing. Although more and more evidence
is proving the feasibility of this approach, there is still a lack of
scalable and standardized methods for quantifying the carbon
service value of tigers. Strengthening the research on the impact
of tigers on the carbon cycle and on the differences in various forest
types can help us better understand the ecological functions of tigers
and find a feasible approach to attract large investments from
financial markets, including national and global carbon markets.

China has the potential to restore the former abundance of tigers
across large areas of the species’ historic range and contribute signif-
icantly to global tiger population and habitat recovery. It is important
to clearly understand the conservation challenges at different stages and
promptly formulate targeted protection measures. At the same time, a
long-term perspective is needed to focus more on enhancing popula-
tion resilience in order to further increase population size.
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