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Abstract
With the environmental problems among which such critical issues as the loss of
biological diversity and urgent need to address the degradation of the environment,
the elucidation of the role of artificial intelligence in finding cognitively and
technically efficient solutions to many of these problems becomes crucial. This
review systematically analyses the role of AI in enhancing ecological restoration to
include practices conducted between 2020 and 2024. An uptake of the
employment of large datasets, improvements in predictive models, and real-time
surveillance with the help of AI is changing the process of approaching the
difficulty such as conservation of species and ecosystems, monitoring of the
environment, and climate change adaptation. AI is not just enhancing the
accuracy of the ecological assessments with the help of complex formulas; it is also
helpful in enhancing the effectiveness of the restoration techniques through data-
aided, adaptive management. Also, the AI is helping to shift to green sources of
power, cut back on pollution, and reduce environmental impacts, making it a key
player in fighting climate change. In addition, the improvement of ecosystem
capabilities to climate change and promotion of adaptive conservational measures
imply AI’s importance in the fight against ecological degradation. However, there
are still highly relevant limitations, including; Lack of data/insufficient data sets,
the high resource requirement for AI technologies, and finally, and perhaps more
importantly, there are ethical issues such as algorithmic interpretability and data
privacy. Such problems can be solved only through integration with other sciences
and the creation of efficient policies to work with the AI as a tool. It is crucial to
stand and invest in ideas and forming tactics in the development and
implementation of AI applications for ecological restoration for the sustained
optimization of ecosystems which this review outlines as a promising way to an
improved and more diverse planet.
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As world’s environmental degradation and

loss of species continue to rise, the need for

ecological restoration has become more

urgent. In light of increased human

encroachment into ecosystems and climate

alterations the search for sustainable

remedies for degraded ecosystems has

emerged as an important research agenda of

the field of environmental science and policy.

The application of artificial

intelligence (AI) in ecological restoration

offers an innovative solution to a problem

that arises where there are defects in the

process of ecological restoration. From

improving the technologies used in habitat

surveillance to increasing the effectiveness of

the conservation activities, as Fischer et al.

(2020), claimed that AI can evidently be

credited for increasing the extent to which

ecosystems can be conserved and restored.

Ecological restoration is defined as the

process of assisting the recovery of an

ecosystem that has been degraded, damaged,

or destroyed (Martin 2017). Similary Clewell

et al. (2012) concluded that it is a

multidisciplinary field that encompasses not

only ecological outcomes but also social,

cultural, and economic dimensions.

Additionally Valerio (2024) worked on the

the application of AI in this domain, and

emphasized that it is relatively recent but has

shown promising results in areas such as

forest restoration and hydrology, the

quantification of interregional flows of

multiple ecosystem services, and the

understanding of non-linear effects of natural

and anthropogenic drivers on ecosystem

services.

AI technologies are extensively

utilized in biodiversity conservation. For

instance, Kitzes et al. (2020) exploresd that

species monitoring and habitat analysis have

greatly benefited from convolutional neural

networks (CNNs) and other AI-driven

techniques. Similarly, AI-powered platforms

integrate large datasets from citizen science

initiatives to predict species distributions and

inform conservation strategies.

Forests, vital for global ecological

balance, have also witnessed significant AI-

driven advancements. As Haq et al. (2024),

combined Remote sensing data with AI

algorithms that have proven instrumental in

detecting deforestation, monitoring forest

health, and planning reforestation efforts.

According to World Economic Forum (2024),
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AI-enabled geospatial tools provide real-time

insights into forest changes, aiding

policymakers in sustainable forest

management.

Coastal and marine ecosystems are

equally significant beneficiaries of AI

applications. Borja et al. (2024), presented

tools employing deep learning models, that

monitor coastal erosion, track marine

biodiversity, and support mangrove

restoration projects. Such applications

underscore AI's role in addressing diverse

ecological challenges.

Despite its potential, Chowdhry et al.

(2024), further highlight the implementation

of AI in ecological restoration and possible

challenges. These include the need for high-

quality datasets, improved model accuracy,

and better collaboration between AI experts

and ecological scientists. Addressing these

challenges requires robust frameworks and

policies that enhance the applicability of AI

in varied ecological contexts.

AI offers transformative capabilities

for ecological restoration, enabling scalable

and data-driven solutions to some of the

most pressing environmental issues. Its

integration into restoration practices

promotes sustainable environmental

management and global conservation efforts.

1.1 Significance of the Topic

The significance of integrating AI into

ecological restoration is underscored by the

need for innovative solutions to complex

environmental problems. Therefore, Sun et al.

(2019), observed that, AI can analyze large

datasets, predict outcomes, and provide

insights that are crucial for informed

decision-making in ecological restoration.

Yue et al. (2024), found that, AI has been

instrumental in quantifying the contributions

of ecological restoration policies to China’s

land carbon balance, highlighting the

importance of these policies in achieving

carbon neutrality goals.

Furthermore, the results of Fan et al.

(2024) work showed the role of AI in

ecological restoration, that extends to

understanding the integrated outcomes of

large-scale projects on biodiversity, eco-

environment, and society, which is

particularly relevant during the United

Nations Decade on Ecosystem Restoration

(2021–2030). Artificial intelligence has

revolutionized ecological restoration and

environmental management by providing
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innovative solutions to combat biodiversity

loss, habitat degradation, and climate change.

With the advent of machine learning,

computer vision, and deep learning

technologies, AI offers tools for efficient

ecological monitoring and restoration

planning.

1.2 Scope of the Review

This review will focus on the recent

applications of AI in ecological restoration,

examining studies published between 2020

and 2024. We will explore the use of AI in

monitoring and assessment, predictive

modeling, decision support systems, and the

development of adaptive management

strategies. The scope includes the

examination of AI's role in enhancing

ecosystem services, biodiversity conservation,

climate change mitigation, and the socio-

economic aspects of ecological restoration

(Isalm et al., 2024). By synthesizing the latest

research, this review aims to provide a

comprehensive understanding of AI's

potential and its implications for the future

of ecological restoration (Bibri et al., 2024).

1.3 Objective

This review aims to assess the role and impact

of AI in ecological restoration from 2020 to

2024, focusing on its applications,

effectiveness, and challenges.

Search Strategy

A comprehensive literature search was

conducted as by Fernberg et al. (2023), using

academic databases including Web of Science,

Scopus, Google Scholar, and IEEE Xplore.

The search strategy involved a combination

of keywords such as "artificial intelligence,"

"ecological restoration," "environmental

management," "biodiversity," and "climate

change," along with their synonyms and

related terms. The search was limited to

English-language publications within the

specified time-frame.

1.4 Inclusion and Exclusion Criteria

Studies were included if they:

 Focused on the application of AI in

ecological restoration.

 Were empirical or review articles.

 Were published between 2020 and 2024.

Studies were excluded if they:

 Did not pertain directly to AI and ecological

restoration.

 Were not peer-reviewed or published in

academic journals.

 Were outside the specified date range. (Liu et

al,. 2021)
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1.5 Study Selection

Titles and abstracts were screened by two

independent reviewers, as done by Wang et al.

(2023) to determine eligibility. Full texts of

potentially eligible studies were retrieved and

assessed against the inclusion criteria by both

reviewers. Disagreements were resolved

through discussion or, if necessary, by

consulting a third reviewer.

1.6 Data Extraction

A data extraction form was used to collect

information on study characteristics, Schmidt

et al. (2023), used such methods for AI

application specifics, ecological outcomes,

methodologies, and any reported limitations.

Extracted data were organized into a

structured table for synthesis.

1.7 Quality Assessment

The quality of the included studies was

assessed using a standardized tool,

subsequently used by Igelström et al. (2021),

such as the Newcastle-Ottawa Scale for non-

randomized studies or the Cochrane Risk of

Bias tool for randomized controlled trials,

depending on the study design.

1.8 Data Synthesis

A thematic analysis approach was employed

as by Lakshmi et al. (2020), to synthesize the

data . This involved coding and categorizing

the extracted information into themes related

to AI applications, ecological impacts,

management strategies, and challenges.

Narrative synthesis was used to describe and

explain the findings across the included

studies.

1.9 Ethical Considerations

The review adhered to ethical standards for

literature reviews, ensuring that all data used

were publicly accessible and in compliance

with privacy regulations. No ethical approval

was required as this review did not involve

human or animal subjects.

1. Literature Review

The integration of AI into ecological

restoration presents a dynamic and rapidly

evolving field of study. This literature review

synthesizes key findings from high-impact

papers published between 2020 and 2024,

focusing on the role of AI in enhancing

ecological restoration efforts.

1.1 AI and Scientific Understanding

Artificial intelligence has been hailed as a

revolutionary tool for science. Valavanidis et

al. (2023), reported the outcomes with the

potential to act as an instrument revealing

properties of physical systems, a source of
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inspiration for new concepts, and an agent of

understanding. Similarly, Wang et al. (2024),

documented that AI contributes to

environmental sustainability by reducing

ecological footprints and carbon emissions,

and promoting energy transition.

The digital economy has permeated

multiple processes and sectors of economic

activity, generating novel business paradigms

and technological applications, thereby

furnishing AI with essential data and

technological infrastructure (Lee et al., 2024).

Notably, the digital economy yields vast

standardized datasets, crucial for AI training

and learning processes (Abbas et al., 2022).

The digital economy also fosters

advancements in communication and

electronic sciences, enhancing AI's

computational and storage capabilities (Lee et

al., 2024). Moreover, its pervasive influence

across industries enriches the landscape of AI

applications (Leveraging the power of

artificial intelligence toward the energy

transition: The key role of the digital

economy, 2024). AI's role in scientific

understanding is further emphasized by its

ability to uncover new patterns and make

predictions in complex systems (Valavanidis

et al., 2023), and its potential to revolutionize

scientific discovery through data-driven

insights (Majeed et al., 2022). Additionally,

AI has been recognized for its capacity to

optimize decision-making processes in

environmental management (Isalm et al.,

2024), and its impact on enhancing the

precision of ecological research (Clewell et al.,

2021). Recent studies also highlight AI's

potential in automating and streamlining

ecological data analysis (Rane et al., 2024)

and its role in advancing environmental

monitoring through remote sensing

technologies (Devan et al., 2021).

Furthermore, AI has been shown to improve

the efficiency of ecological modeling and the

prediction of environmental outcomes as

studied by Chen et al. (2023).

1.2 AI in Biodiversity Conservation

Silvestro et al. (2022), provide a pivotal

perspective in the field in a paper in Nature

Sustainability, which discusses the

development of a novel tool for systematic

conservation planning that optimizes

conservation policy based on static or

dynamic biodiversity monitoring. He named

this tool CAPTAIN, which explores trade-offs

in real-world conservation and evaluates the
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impact of data gathering on specific

outcomes. Khatoon et al. (2024), state that AI

is becoming a powerful force in nature

conservation, with applications ranging from

monitoring wildlife to collecting

environmental DNA. Chen et al. (2023),

mention that AI's role in conservation is

growing, with applications in habitat

monitoring, wildlife protection, data analysis,

and pattern recognition. Improving

Biodiversity Protection through Artificial

Intelligence (2022) indicates that the

successful benchmarking of CAPTAIN

against random, naive, and Marxan-optimized

solutions shows its potential as a useful tool

for informing on-the-ground decisions by

landowners and policymakers. Leveraging AI

for Enhanced Alignment of National

Biodiversity Targets with the Global

Biodiversity Goals (2024), demonstrates AI's

capacity to streamline biodiversity policy

alignment, offering specific guidance for

nations to refine their biodiversity strategies.

Reckling et al. (2021), show that AI has also

been shown to improve the accuracy of

species distribution modeling, a critical

component of conservation planning.

Khatoon et al. (2024), add that AI enhances

the efficiency of conservation actions by

optimizing resource allocation. Sinha et al.

(2023), state that AI contributes to the

understanding of biodiversity loss and the

development of strategies to counteract it.

Rana et al. (2023), highlight that AI plays a

significant role in the monitoring and

protection of endangered species. Rane et al.

(2024), show that recent studies have also

demonstrated the potential of AI in

predicting species' responses to

environmental changes and in identifying key

biodiversity areas for conservation. Holt et al.

(2021), describe its application in genomics

for conservation purposes.
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Fig 1: AI-driven simulations transforming biodiversity data into optimal conservation strategies.

1.3 AI in Environmental Monitoring and

Conservation

Chisom et al. (2024) highlight the role of AI

in environmental monitoring and

conservation, emphasizing a data-driven

revolution for planetary health. Hannan et al.

(2021), state that AI provides innovative

solutions to mitigate the negative impacts of

greenhouse gas emissions, increase energy

efficiency, and promote sustainable

development. Rane et al. (2024), show that

AI and machine learning have led to

significant advancements in environmental

monitoring and data analysis, enabling more

accurate predictions and real-time monitoring.

Artificial intelligence in environmental

monitoring: in-depth analysis indicates that

in recent years, the confluence of artificial

intelligence (AI) and machine learning (ML)

with environmental sciences has led to

significant advancements in environmental

monitoring and data analysis. Leal et al.
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(2022), state that the integration of AI in

environmental monitoring has been

particularly impactful in the context of

climate change, where it has been used to

predict and adapt to climate-related risks, and

Liu et al. (2022), show its role in the

detection of illegal activities such as

deforestation, which is a major contributor to

global carbon emissions. Shivaprakash et al.

(2022), recognize AI for its role in enhancing

the accuracy of environmental predictions

and the efficiency of conservation efforts, and

Pouyanfar et al. (2022), highlight that it plays

a significant role in the early detection of

environmental changes and the mitigation of

their impacts. Jones et al. (2024), underscore

the importance of AI in improving the

management of natural resources and in the

development of strategies for sustainable land

use, and Chisom et al. (2024), emphasize its

potential in enhancing the resilience of

ecosystems to environmental stressors.

1.4 AI and Climate Change

Ullah et al. (2024), state that research has

begun to incorporate AI-driven remote

sensing to enhance monitoring and

conservation efforts, particularly in the

context of climate change and its impacts on

ecosystems. Ayoola et al. (2024), note that AI-

powered tools and platforms specifically

designed for conservation began to emerge,

helping automate data collection, species

identification, and the analysis of

environmental data. Future-proofing

ecosystem restoration through enhancing

adaptive capacity (2023) discusses how

professionals and communities involved in

restoration could potentially increase the

adaptive capacity of restoration sites to

climate change by drawing on recognized

restoration and resilience principles. IPCC

(2023) emphasizes that AI's role in climate

change research is further underscored by its

application in modeling and predicting

climate patterns, which is crucial for

developing mitigation and adaptation

strategies, and WMO (2023) highlights its

role in the optimization of carbon

sequestration efforts, a key component of

climate change mitigation. Srivastava et al.

(2023), show that AI contributes to the

understanding of climate change impacts and

the development of strategies to counteract

them, and Chen et al. (2023), indicate it

plays a significant role in the monitoring and

prediction of extreme weather events.
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Chamara et al. (2020), highlight the potential

of AI in predicting climate change impacts on

agriculture and food security, and Ayoola et

al. (2024), emphasize its role in the

development of climate adaptation strategies

for urban planning.

1.5 Machine Learning in Ecological

Restoration

Chang et al. (2023), show the potential of

machine learning in predicting outcomes and

providing insights crucial for informed

decision-making in ecological restoration.

Buchelt et al. (2024) state that AI supports

ecosystem restoration efforts by analyzing

ecological data and recommending

appropriate restoration techniques.

Harnessing Artificial Intelligence for Wildlife

Conservation (2024) examines the use of

artificial intelligence (AI) in wildlife

conservation, focusing on the Conservation

AI platform. Chang et al. (2023), indicate

that the application of machine learning in

ecological restoration has been particularly

effective in predicting the success of

restoration efforts and in optimizing the use

of limited resources, and Liu et al. (2022),

note its role in enhancing the precision of

ecological interventions. Cui et al. (2023),

recognize machine learning for its role in

enhancing the efficiency of ecological

restoration projects, and Chang et al. (2023),

highlight that it plays a significant role in the

monitoring and evaluation of restoration

success. Khan et al. (2024), underscore the

importance of machine learning in

optimizing land management for ecological

restoration, and Liu et al. (2024), emphasize

its potential in predicting the impacts of

restoration efforts on biodiversity and

ecosystem services.
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Fig.2 Machine Learning in Ecological Restoration
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1.6 Network-Based Restoration Strategies

Sun et al. (2022), state that research into

network-based restoration strategies has

been significantly advanced by the

integration of AI, which maximizes

ecosystem recovery by considering

ecological networks in restoration efforts.

Parris-Piper et al. (2023), highlight AI's role

in optimizing resource management in

conservation through applications in the

efficient deployment of park rangers,

predictive maintenance of conservation

equipment, and intelligent monitoring of

conservation projects. Leveraging AI for

Enhanced Alignment of National

Biodiversity Targets with the Global

Biodiversity Goals (2024) and Ayoola et al.

(2024), introduce a scalable and efficient

method leveraging AI to evaluate the

alignment between National Biodiversity

Targets and the Global Biodiversity

Framework goals and targets,

demonstrating the practical utility of AI in

assessing policy congruence. Han and Yang

(2024), note that the application of AI in

network-based restoration strategies has

been particularly impactful in large-scale

ecosystem restoration projects, optimizing

the selection of restoration sites and

predicting the outcomes of restoration

efforts. Liu et al. (2024), show that AI

contributes to understanding ecosystem

connectivity and developing strategies to

enhance it, and Wani et al. (2024), indicate

it plays a significant role in the monitoring

and management of ecological networks.

Silvestro et al. (2022), underscore the

importance of AI in identifying critical

habitats and prioritizing conservation

actions within ecological networks, and

Shen et al. (2022), highlight its application

in the assessment of ecosystem services

within network-based restoration

frameworks. Masson et al. (2021), recognize

AI for its potential in facilitating the

integration of climate change adaptation

measures into network-based restoration

strategies, and Citaristi et al. (2022),

emphasize its role in enhancing the

adaptive management of ecological

networks under changing environmental

conditions.

3. Key Findings from Selected Literature

(2020-2024)

AI's journey in ecological restoration begins

with its foundational role in environmental

science, where it acts as a tool for revealing

the properties of physical systems and

inspiring new scientific concepts, as

Valavanidis et al. (2023), have noted. This
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foundational understanding paves the way

for AI to optimize decision-making

processes in environmental management,

enhancing the precision of ecological

research, as Isalm et al. (2024), have

detailed.

Expanding its reach, AI is

increasingly being employed in biodiversity

conservation. It now plays a role in wildlife

monitoring and the collection of

environmental DNA, with innovative tools

like CAPTAIN, as described by Silvestro et

al. (2022), optimizing conservation policies

based on biodiversity monitoring. This

marks a significant step forward in the

practical application of AI in conservation

efforts.

AI's capabilities in environmental

monitoring are also advancing rapidly,

leading to more accurate predictions and

real-time monitoring. This includes the

detection of illegal activities such as

deforestation, a major contributor to global

carbon emissions, as highlighted by Liu et

al. (2022). These advancements are crucial

for timely interventions and policy

enforcement.

Machine learning, an integral part

of AI, is demonstrating its potential in

predicting outcomes and providing insights

crucial for informed decision-making in

ecological restoration, as Chang et al.

(2023), have shown. It is particularly

effective in predicting the success of

restoration efforts and optimizing the use of

limited resources, which is a significant

advancement in the field.

As AI technology matures, it is

being integrated into climate change

research, where it models and predicts

climate patterns, essential for mitigation

and adaptation strategies, as underscored by

the IPCC (2023). AI also plays a significant

role in monitoring and predicting extreme

weather events, which are crucial for

climate change adaptation, as noted by

Chen et al. (2023).

In more advanced applications, AI is

used in network-based restoration strategies,

which consider ecological networks in

restoration efforts to maximize ecosystem

recovery, as Sun et al. (2022), have

described. AI contributes to understanding

ecosystem connectivity and developing

strategies to enhance it, playing a significant

role in the monitoring and management of

ecological networks, as Liu et al. (2024),

have detailed.

At the cutting edge, AI is being used to

assess the alignment between National
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Biodiversity Targets and the Global

Biodiversity Framework goals,

demonstrating the practical utility of AI in

policy assessment and conservation, as

shown in the study "Leveraging AI for

Enhanced Alignment of National

Biodiversity Targets with the Global

Biodiversity Goals" (2024). This represents

the pinnacle of AI's integration into

ecological restoration, where it not only

aids in scientific understanding and

conservation but also influences policy and

global goals.

This narrative arc of AI's evolution in

ecological restoration showcases its

transformation from a tool for scientific

discovery to a driving force in policy-making

and conservation strategy, highlighting its

increasing sophistication and impact on

environmental science.

4.Critical Analysis

The provided literature on AI in ecological
restoration identifies several areas where
further research is necessary:
4.1 Integration of AI with Ecological

Theory

The literature suggests that while AI offers

practical tools for ecological restoration,

there is a paucity of research on how these

tools can be integrated with established

ecological theories to enhance our

understanding of ecosystem dynamics

pointed by Rane et al. (2024). This gap is

critical because theoretical integration

could improve the predictive accuracy of AI

models and their alignment with ecological

principles.

4.2 Long-Term Effectiveness of AI

Interventions

There is a clear need for longitudinal

studies to assess the long-term effectiveness

of AI-assisted ecological restoration efforts,

particularly regarding sustainability and

resilience to environmental changes as

discussed by Chisom et al. (2024), because

without such studies, it is challenging to

validate the sustainability of AI-driven

restoration strategies and their impact on

ecosystem services over time.

4.3 Ethical Use of AI in Ecology

Chang et al. (2023), demonstrated the

ethical implications of AI in ecological

restoration, including data privacy and

algorithmic transparency. This is a

significant gap because the misuse of AI

could lead to unethical practices, such as

the misallocation of conservation resources

or the violation of indigenous rights in

conservation areas.

4.4 Cross-Disciplinary Research
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The literature of Pouyanfar et al. (2022),

highlights a need for more interdisciplinary

research that combines ecological expertise

with AI technology. This gap is crucial

because cross-disciplinary research can lead

to more innovative and effective restoration

strategies, ensuring that AI applications are

ecologically sound and practical.

4.5 Adaptation to Climate Change

Chamara et al. (2020), researched on how

AI can help ecosystems adapt to climate

change, including predicting shifts in

species distribution and optimizing

conservation efforts, is an area that requires

further investigation (IPCC, 2023). This is

particularly relevant as climate change poses

an existential threat to many ecosystems,

and AI could play a vital role in developing

adaptive management strategies.

5. Research Trends

The literature indicates several emerging

trends in the field of AI in ecological

restoration:

5.1 Data-Driven Approaches

Cui et al. (2023), summarised that there is a

growing trend towards data-driven

approaches in ecological restoration, with

AI playing a central role in analyzing large

datasets to inform restoration strategies.

This trend is significant because it reflects a

shift from traditional restoration methods

to more evidence-based, data-informed

practices.

5.2 Predictive Modeling and Scenario

Analysis

AI is increasingly being used for predictive

modeling and scenario analysis in ecological

restoration, studied by Jones et al. (2024),

allowing for the simulation of different

restoration outcomes and the optimization

of conservation efforts. This trend is crucial

as it enables proactive and adaptive

management of ecosystems.

5.3 Real-Time Monitoring and

Management

The use of AI for real-time monitoring and

management of ecosystems is on the rise,

enabling more responsive and adaptive

conservation actions (Silvestro et al., 2022).

This trend is important because it allows

for immediate responses to environmental

changes, which is critical in the face of

rapid ecological shifts.

5.4 Integration with Remote Sensing

Technologies

The integration of AI with remote sensing

technologies is a growing trend, enhancing

the ability to monitor ecosystems and track

changes over large spatial scales (Ullah et al.,

2024). This trend is significant because it
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allows for the scaling up of ecological

monitoring efforts, which is essential for

global conservation initiatives.

5.5 Enhancing Ecosystem Services

Research is trending towards using AI to

enhance ecosystem services, such as carbon

sequestration and biodiversity conservation,

which are critical for environmental

sustainability (Reckling et al,. 2021) (IEA,

2021). This trend is important as it aligns

with global efforts to mitigate climate

change and protect biodiversity.

6. Challenges

The literature outlines several challenges

faced by researchers in the field of AI-

assisted ecological restoration:

6.1 Technical Limitations

The accuracy and reliability of AI

algorithms in complex ecological systems

can be challenging, particularly when

dealing with limited or noisy data (Chang et

al., 2023). This challenge is significant

because it affects the reliability of AI

predictions and the effectiveness of

restoration efforts.

6.2 Data Availability and Quality

The success of AI applications is heavily

dependent on the availability and quality of

data, which can be a limiting factor in many

ecological restoration projects as studied by

Holt et al. (2021). This challenge is crucial

because high-quality data is essential for

training AI models that can accurately

predict ecological outcomes.

6.3 Resource Constraints

Valavanidis et al. (2023), explianed that

implementing AI technologies often

requires significant financial and human

resources, which can be a barrier for smaller

or less-funded projects. This challenge is

important because it affects the accessibility

and equity of AI applications in ecological

restoration.

6.4 Interdisciplinary Collaboration

Effective collaboration between ecologists,

data scientists, and AI specialists is

challenging but necessary for the successful

integration of AI into ecological restoration

(Chen et al., 2023). This challenge is

significant because it affects the

development of holistic restoration

strategies that leverage the strengths of

different disciplines.

6.5 Ethical and Societal Acceptance

Gaining societal acceptance and addressing

ethical concerns related to AI use in

ecological restoration is a challenge that

requires ongoing dialogue and education

(Sun et al., 2022). This challenge is crucial

because it affects the social legitimacy and
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acceptance of AI applications in ecological

restoration.

By addressing these knowledge gaps,

understanding research trends, and

overcoming challenges, the field of AI-

assisted ecological restoration can continue

to evolve and contribute to the preservation

and enhancement of our ecosystems.

7. Conclusion

At the confluence of environmental

urgency and technological advancement,

artificial intelligence (AI) has emerged as a

pivotal catalyst in the realm of ecological

restoration. This comprehensive review has

illuminated the profound and multifaceted

impact of AI on the science and practice of

ecological restoration, underscoring its

transformative potential in the quest for

sustainable environmental management.

The synthesis of recent research

(2020-2024) reveals that AI's role extends

beyond mere analytical support; it is

redefining the very fabric of ecological

restoration. From the enhancement of

biodiversity conservation to the refinement

of climate change research, AI's influence is

characterized by its ability to unlock new

dimensions in data-driven precision and

adaptive management. Its contributions to

environmental sustainability are

particularly notable, with AI facilitating the

transition to greener energy sources,

shrinking ecological footprints, and

mitigating carbon emissions.

However, the trajectory of AI in

ecological restoration is not without its

challenges. Technical complexities, data

scarcity, and the resource-intensive nature

of AI implementations present formidable

obstacles. The ethical implications of AI,

including data privacy and algorithmic

transparency, are also of paramount

importance and require vigilant attention.

Furthermore, the field necessitates robust

interdisciplinary collaboration to fully

actualize AI's potential.

This review underscores the critical

need for future research to address existing

knowledge gaps, particularly in integrating

AI with ecological theory, assessing the

long-term effectiveness of AI interventions,

and exploring the ethical use of AI in

ecology. The emergence of data-driven

approaches, predictive modeling, real-time

monitoring, and the integration of AI with

remote sensing technologies signal an

exciting future for AI in ecological

restoration.

In summation, the transformative potential

of AI in ecological restoration is both
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evident and urgent. As we stand on the

precipice of a new era in ecological science,

the integration of AI offers a beacon of

hope for sustainable environmental

management. To harness this potential, the

scientific community must embrace AI's

role with foresight, collaboration, and

ethical consideration.

Our collective efforts must be

directed towards ensuring that the legacy

we leave for future generations is one of

preserved and enriched ecosystems, made

possible by the innovative and responsible

application of AI in ecological restoration.

This review serves as a clarion call to the

scientific community to steer the

integration of AI in ecological restoration

with diligence and vision, ensuring that

our actions today secure a sustainable

tomorrow.
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