
 

 

Sustainable Forestry Approaches for Combating Invasive 

Species: A Global Perspective 

Yinming Lu 

College of Natural Resources Management, Lakehead University, Canada 

ylu41@lakeheadu.ca 

Abstract. Global forestry faces significant challenges, including the degradation of forest 

resources and the growing threat of invasive species, which disrupt ecosystems and affect human 

health. Effective management of invasive species is essential for maintaining biodiversity, forest 

resilience, and global ecological stability. This study examines the application of afforestation 

techniques, biological control, and chemical control as methods for mitigating the impacts of 

invasive species in forest ecosystems. The research highlights the importance of selecting 

appropriate tree species, optimizing forest structure, and promoting species diversity to enhance 

forest resilience against both plant and insect invasions. Case studies demonstrate the 

effectiveness of afforestation techniques, such as thinning and girdling, in managing invasive 

species like black cherry and bark beetles. However, the success of these techniques depends on 

complementary measures, such as continuous monitoring, interdisciplinary collaboration, and 

climate adaptation strategies. The study concludes that future research should focus on 

integrating afforestation with biological and chemical controls, leveraging mathematical 

modeling, and enhancing international cooperation to address the ecological and economic 

threats posed by invasive species. Sustainable forest management strategies are essential for 

ensuring long-term forest health and resilience, particularly in the context of climate change. 
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1.  Introduction 

Global forestry is essential for addressing climate change, protecting the ecological environment, and 

supporting economic development. However, global forestry is facing significant challenges, including 

not only the reduction and degradation of forest resources but also the growing threat of invasive species 

that further exacerbate these issues. Forests are a vital source of oxygen and play an irreplaceable role 

in climate regulation, soil and water conservation, and biodiversity protection. Simultaneously, invasive 

species, with their rapid reproductive capacity, pose significant threats to ecosystem stability by 

competing with native species, predation, and hybridization. These invasive species not only disrupt the 

ecological balance but also endanger human health by polluting water bodies, soil, and spreading 

diseases [1]. The expense for controlling invasive species worldwide each year is extremely high, 

particularly in biodiversity hotspots like the United States and Europe, where invasive species have 

already constituted a significant threat to the ecosystems of these regions [2]. Additionally, invasive 

species also cause severe damage to the local economy, such as reduced crop production and declined 

forestry output [3]. 

Proceedings of  ICBioMed 2024 Workshop:  Computational  Proteomics in Drug Discovery and Development from Medicinal  Plants  
DOI:  10.54254/2753-8818/75/2024.LA19344 

© 2025 The Authors.  This  is  an open access article  distributed under the terms of  the Creative Commons Attribution License 4.0 
(https://creativecommons.org/licenses/by/4.0/).  

27 



 

 

Given these challenges, it is critical to study the impacts of invasive species on forest ecosystems 

and to develop effective control measures. Although biological control methods have received 

widespread attention for their environmental friendliness, their implementation faces species-specific 

limitations and complex regulatory issues [4]. In contrast, while chemical control methods can quickly 

curb the spread of invasive species, they may pose long-term risks to ecosystems and the development 

of resistance. Therefore, researchers are increasingly focusing on sustainable approaches when 

exploring new control strategies. Forestry techniques, as a potential sustainable strategy, aim to enhance 

the forest's resistance to invasive species and local pests by improving forest genetic, species, and 

landscape diversity [5]. 

To explore the effectiveness of different control methods and their application in global forestry, this 

study employs a combination of case studies and literature review to deeply analyze the advantages and 

challenges of various control measures. For instance, New Zealand effectively mitigated the damage 

caused by the invasive Sirex noctilio wood wasp to non-native pine plantations by introducing biological 

control agents and implementing proper thinning management [6]. This research aims to propose 

effective and sustainable strategies for controlling invasive species in forestry by analyzing practical 

case studies from different regions. It seeks to offer insights into the long-term sustainability of these 

methods and their application in global forestry management.  

2.  Research Methodology 

Addressing the ecological and economic pressures caused by invasive species has become crucial in 

global forestry. Researchers have explored various control strategies, including biological, chemical, 

and afforestation techniques. Each method has distinct advantages, but selecting the most effective 

approach requires careful consideration. Among these, afforestation techniques have gained attention 

for their sustainability and long-term benefits. This section provides an in-depth introduction to the 

methods and principles of afforestation techniques, forming the foundation for analyzing specific case 

studies. 

2.1.  Comparison of Forestation Techniques with Other Methods 

Afforestation techniques have proven effective in enhancing forest biodiversity and increasing resilience 

to invasive species. The following outlines six key afforestation methods:  

1. Clearcutting: This method involves the removal of all trees in a forested area, creating an open 

environment for new species to establish. It is used to prevent the spread of invasive species by 

eliminating their occupied vegetation, allowing native species to reestablish themselves. 

2. Coppice Regeneration: By cutting down all existing trees, regeneration relies on sprouting or root 

growth. This rapid regeneration outpaces the spread of invasive species, enhancing native species 

competitiveness. 

3. Seed Tree Method: Retaining a small number of trees as seed sources promotes new growth in 

open areas. This reduces competition and limits the expansion of invasive species, creating favorable 

conditions for local species. 

4. Shelterwood: Most trees are cut, leaving some to provide shade and regulate the microclimate, 

allowing new species to grow under more favorable conditions. Light-sensitive invasive species are 

inhibited by shading, giving native species an advantage.[5]  

5. Group Selection: This method involves removing select trees from different patches of the forest 

to gradually promote the growth of new tree species. It effectively reduces the spread of invasive species 

in localized areas and creates suitable growing conditions for native species. 

6. Single Tree Selection: Removing individual trees creates space for new growth, controlling 

vegetation density and reducing invasive species while enhancing the competitiveness of native species 

[7]. 

2.2.  Comparison of Forestation Techniques with Other Methods 

1. Ecological Aspects: 
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Afforestation Techniques: These methods rely on natural processes to restore forest structure and 

biodiversity, reducing human intervention. Through sustainable management, forestation techniques 

improve ecological resilience and stability. 

Chemical Control: Although effective in rapidly eliminating invasive species, chemical control can 

introduce toxicity, harm non-target species, and disrupt ecological balance. 

Biological Control: This method involves introducing natural predators or competitors to control 

invasive species. It is ecologically sustainable but requires careful management to prevent unintended 

consequences, such as non-target species being affected. 

2. Economic aspects: 

Afforestation Techniques: Initial costs are high, particularly for labor-intensive management. 

However, the long-term benefits of sustainable forestry development and reduced external intervention 

make it economically viable in the long run.  

Chemical Control: It delivers quick results at lower upfront costs, but long-term use may lead to 

resistance, increasing future treatment expenses. Additionally, environmental restoration may cost more 

than the initial intervention. 

Biological Control: While the initial investment is lower, it requires ongoing monitoring. If the 

introduced species fail to control the invasive species, additional costs may be incurred. 

3.  Main Contents 

3.1.  Application of Forestry Techniques in Invasive Species Control 

Forestry techniques have been proven effective in controlling both plant and insect invasions. By 

optimizing tree species combinations and adjusting forest structures, these techniques enhance 

ecosystem resilience. For example, using diverse tree plantings creates natural ecological barriers that 

limit the spread of invasive plants, while providing better conditions for native species. Additionally, 

mixed forest models reduce pest breeding rates and improve tree health, increasing their resistance to 

insect infestations. Research shows that appropriate forest management and timely thinning measures 

can reduce tree competition, improve forest conditions, and lessen the impact of invasive insects. Thus, 

forestry techniques provide a sustainable management approach for addressing the global challenge of 

invasive species. 

Black cherries (Prunus serotina), originally native to North America, were introduced to France to 

enhance soil quality and prevent fires in pine forests. However, these trees quickly became invasive, 

dominating understory vegetation and hindering native species regeneration. This disruption altered the 

ecological balance and succession processes of forests, potentially reducing biodiversity. 

To evaluate the effectiveness of different mechanical treatment techniques, Annighofer and Schall 

conducted an experiment that divided two areas into four sections, each receiving different treatments: 

1) Control (no intervention); 2) Felling (cutting trees near the ground); 3) Bending (partially cutting and 

breaking stems); and 4) Girdling (removing bark around the trunk). Results showed that girdling was 

the most effective method, as it severed the vascular system, restricting water and nutrient transport, and 

reducing regrowth after repeated treatments [8]. 

These findings suggest that mechanical methods like girdling and bending can effectively manage 

black cherry invasions when combined with biological control and monitoring to prevent secondary 

invasions. Additionally, these methods promote the recovery of native plants by restoring ecological 

balance and improving soil fertility. 

Continuous interventions may lead to soil compaction and erosion, negatively affecting water 

retention and nutrient cycling. Without integrated biological control measures, black cherries may re-

invade treated areas, posing further ecological risks. Thus, future research should explore how these 

methods adapt to different ecological contexts and examine their long-term economic and environmental 

impacts. 

In conclusion, forestry techniques—especially when combined with ongoing monitoring and 

adaptive management—provide an effective framework for managing invasive species and restoring 

Proceedings of  ICBioMed 2024 Workshop:  Computational  Proteomics in Drug Discovery and Development from Medicinal  Plants  
DOI:  10.54254/2753-8818/75/2024.LA19344 

29 



 

 

ecosystems. However, their long-term success requires tailored approaches that balance ecological and 

economic considerations. 

3.2.  Application of Afforestation Techniques in the Prevention and Ccontrol of Pathogen Invasion 

Afforestation techniques offer a strategic approach to managing pathogen invasions by integrating tree 

species selection, forest management, and ecological restoration [9]. By examining specific cases and 

data, afforestation's effectiveness in mitigating pathogen spread and enhancing forest resilience can be 

assessed. A key factor in pathogen prevention is the careful selection of tree species with high ecological 

adaptability. For instance, Pinus nigra is well-suited to diverse environments, particularly in dry and 

poor soil conditions, and is commonly used for land reclamation and ecological restoration. Its strong 

root system helps prevent soil erosion, reducing pathogen spread. However, species selection alone is 

insufficient. While Pinus nigra thrives in arid environments, it remains susceptible to certain pathogens 

like pine wilt and needle blight, emphasizing the need for complementary forest management practices. 

Thinning is an essential forest management practice that reduces tree density, thereby improving air 

circulation and minimizing competition for resources, which in turn increases resistance to pathogens. 

Research in black pine (Pinus nigra) forests shows that thinning reduces the spread of pathogens and 

enhances overall forest health. By alleviating stress on trees due to water scarcity, thinning also increases 

survival rates during drought conditions, further strengthening forest resilience against pathogens. 

Long-term effectiveness of afforestation depends on promoting biodiversity. Monoculture 

plantations are more vulnerable to pathogens, while mixed-species forests create natural barriers that 

slow pathogen spread. For example, combining Pinus nigra with broadleaf species reduces the 

transmission of pathogens like Bursaphelenchus xylophilus by leveraging ecological differences and 

pathogen resistance among species. This diversified approach also enhances the long-term stability and 

sustainability of forest ecosystems, improving their adaptability to climate change and resistance to pest 

outbreaks. 

Despite these benefits, continuous interventions like thinning can lead to soil compaction and erosion, 

potentially impacting water retention and nutrient cycling. Additionally, if not integrated with biological 

controls, pathogen resurgence or secondary invasions may occur. Afforestation techniques also require 

significant resources for long-term maintenance, necessitating a balance between ecological benefits 

and economic feasibility. 

In conclusion, afforestation techniques—through thoughtful species selection, forest management, 

and biodiversity promotion—can significantly mitigate pathogen invasions. However, successful 

implementation requires regular monitoring and a balanced approach to long-term environmental and 

economic considerations. 

4.  Comprehensive Evaluation and Analysis 

4.1.  Key Findings 

Forestry practices have been effective in controlling species invasions, especially when applied in early 

prevention and management stages. Strategic selection of tree species, forest density adjustments, and 

ecological management techniques have proven to reduce the spread of invasive species and promote 

ecosystem restoration. For instance, research indicates that biodiverse forests exhibit a 30% greater 

resistance to insect and pathogen invasions compared to monoculture forests, emphasizing the critical 

role of species diversity in maintaining ecosystem resilience. Adjusting forest structure to reduce 

monoculture and increase species diversity can enhance resilience by up to 40%.  

Despite the positive outcomes of afforestation techniques, challenges remain, particularly in the early 

detection and control of invasions. Successful early identification and prevention rely on complex 

ecological monitoring systems and a detailed understanding of species behavior, both of which are often 

difficult to achieve in practice. Regional variations in ecological characteristics further complicate the 

implementation of adaptive management strategies. Additionally, limited resources and technology in 

certain areas hinder forest managers' capacity to respond effectively to sudden species invasions. 
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4.2.  Critical Analysis of Advantages and Disadvantages  

One major advantage of forestry practices is their ability to intervene during the early stages of species 

invasion, preventing invasive species from becoming established and spreading to new areas. For 

instance, thinning forests during the initial phases of insect invasion can reduce forest stress, improve 

tree health, and hinder insect reproduction and dispersal. Moreover, strategic forestry planning can 

decrease the vulnerability of ecologically fragile areas, reducing the risk of invasive species impacting 

monoculture plantations.  

In the mid-to-late stages of an invasive species' spread, afforestation techniques can also play an 

important role. By reducing the number of infected trees or introducing more resilient native tree species, 

while afforestation techniques are effective in limiting further damage caused by invasive species, 

chemical control methods may be preferable in cases of rapid infestations where time-sensitive 

intervention is critical. For example, in the face of invasive insects such as the European wood wasp 

(Sirex noctilio), appropriate tree species replacement and reduction of the number of trees in affected 

areas can slow down the wasp's breeding rate and help control the spread of the epidemic. 

However, afforestation techniques are not foolproof, and their implementation comes with some 

challenges and drawbacks. Firstly, the cost of afforestation practices is usually high, especially in large-

scale control and restoration projects. The selection, planting, and long-term management of tree species 

require substantial financial and resource support, which may not be feasible for areas with limited 

resources. Secondly, the effectiveness of afforestation techniques depends on the support of 

multidisciplinary fields such as ecology, biology, and climatology. If these disciplines are not integrated, 

incorrect afforestation methods may lead to ecological imbalance, even accelerate the deterioration of 

the local ecosystem. For example, excessive logging or the introduction of inappropriate tree species 

may further worsen the fragile ecological environment, providing more space for invasive species to 

grow and reproduce. 

4.3.  Insights for the field 

The application of afforestation techniques offers valuable insights for forest ecological management. 

Afforestation techniques serve as both tools for ecological restoration and preventive strategies. These 

techniques can enhance forest ecosystem diversity and health, thereby reducing the threats posed by 

invasive species. This concept is of great significance for global forest management, especially in the 

context of addressing climate change and the increasing threat of invasive species. By promoting the 

planting of diverse tree species and adaptive management, afforestation techniques can help regions 

enhance the ecological resilience of their forests, ensuring that they remain capable of self-regulation 

and recovery in the face of future environmental changes.  

Afforestation techniques emphasize the necessity of interdisciplinary cooperation. Relying solely on 

a single technology or method is unlikely to provide a comprehensive solution to complex ecological 

invasion problems. Effective afforestation practices require the integration of biological control, 

chemical control, and ecological knowledge to enhance the forest's resilience comprehensively. 

Integrating various technologies and strategies can maximize the efficiency and effectiveness of forest 

management. 

4.4.  Impact of External Factors 

External factors, particularly climate change, profoundly impact the implementation of afforestation 

techniques. Climate change significantly alters species' natural habitats by affecting temperature, 

precipitation patterns, and soil conditions, which in turn accelerates the spread of invasive species, 

particularly in regions experiencing prolonged droughts or increased flooding. The rising global 

temperature and the increase in extreme weather events may make forests in some regions more 

vulnerable, thereby increasing the threat from invasive species. Therefore, afforestation techniques need 

to fully consider the impact of climate change and select tree species with high adaptability and more 

flexible management strategies. 
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International cooperation is essential in addressing species invasions. Since species invasions cross 

national borders, international collaboration in data sharing and technical expertise is crucial to 

addressing this global challenge. Establishing a global database of invasive species and sharing 

successful reforestation practices from different regions will help enhance the ability of countries to 

respond.  

To further combat invasive species, increasing public awareness through education campaigns and 

policy initiatives is critical. Future efforts should focus on integrating community participation with 

scientific research to ensure sustainable forest management. Strengthening public education on forest 

health and the dangers of invasive species will drive broader ecological conservation efforts. 

Governments and non-governmental organizations can engage communities and conduct public 

outreach campaigns to raise awareness of the threat posed by invasive species and encourage more 

people to participate in control and reforestation efforts. 

5.  Conclusion 

This study highlights the significant ecological benefits of afforestation practices in addressing species 

invasions, improving forest biodiversity, and enhancing ecosystem resilience. However, several gaps 

remain in the current research landscape. Existing studies tend to focus on specific regions or particular 

invasive species, resulting in a lack of large-scale, cross-regional data necessary for understanding the 

universal applicability of afforestation techniques across different ecosystems. Additionally, the 

integration of afforestation methods with other control strategies, such as biological and chemical 

controls, has been insufficiently explored. 

Moreover, there is a notable lack of research on how afforestation techniques can be adapted to the 

challenges posed by climate change. Future studies should focus on these key areas by developing 

multidimensional and multiscale research frameworks that can assess the long-term effectiveness of 

afforestation practices. Large-scale experiments across diverse climatic regions should be conducted to 

evaluate the impact of species diversity, soil conditions, and ecological factors on the success of these 

techniques. Additionally, advanced tools like mathematical modeling and big data technologies can help 

predict the spread of invasive species, offering valuable decision-making support for early intervention 

and control strategies. 

Furthermore, future research should explore how to combine afforestation techniques with biological 

and chemical controls in an integrated approach, ensuring a more comprehensive strategy against 

invasive species. In the context of climate change, selecting adaptable, climate-resilient tree species and 

adjusting forest management practices are crucial to maintaining ecosystem stability and mitigating the 

effects of extreme weather events and global temperature increases. 

The potential impacts of future research are substantial. By leveraging mathematical models and data 

analysis, species invasion predictions can become more accurate, leading to the development of more 

precise afforestation strategies. These insights will be instrumental in identifying high-risk areas and 

crafting targeted intervention plans that minimize the ecological and economic damages caused by 

invasive species. Integrating afforestation with ecology and climate science offers a holistic approach to 

global forest management, promoting greater forest diversity and ecological stability. Ultimately, these 

findings will provide policymakers with the scientific foundation needed to design more effective 

environmental management strategies, ensuring forests remain resilient in the face of future ecological 

challenges. 
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