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ABSTRACT 

The growing sophistication of cyber threats has necessitated a paradigm shift in how 

organizations approach data networking defenses. Traditional methods, often reactive and 

reliant on predefined threat signatures, have proven insufficient against the adaptive tactics of 

modern cybercriminals. In response, Artificial Intelligence (AI) has emerged as a 

transformative solution, offering the ability to automate threat detection, response, and 

mitigation processes. This study explores the impact of AI-powered algorithms on 

cybersecurity, focusing on their role in enhancing data networking defenses. By employing a 

qualitative and exploratory research design, the study examines real-world applications 

across industries such as healthcare, finance, and IoT, each of which faces unique 

cybersecurity challenges due to their reliance on interconnected systems and sensitive data. 

Key findings reveal that AI systems outperform traditional methods with superior detection 

accuracy, achieving a rate of 95% compared to the 80% typically observed in conventional 

frameworks. AI’s capability to detect anomalies and previously unknown threats makes it a 

critical tool for modern cybersecurity. Additionally, these systems significantly reduce 

response times, mitigating threats 40% faster than manual or traditional methods. However, 

scalability challenges persist, especially in large and complex networks characterized by 

diverse traffic patterns and high data volumes. Statistical analyses, including t-tests and 

ANOVA, validate these findings, highlighting both the strengths and limitations of AI. While 

dependency on data quality and the focus on short-term performance are noted as constraints, 

the potential of AI to revolutionize cybersecurity remains clear. Addressing these challenges 

will be pivotal in unlocking new possibilities for securing data networks against increasingly 

sophisticated threats, providing a roadmap for future research and the optimization of AI-

driven cybersecurity systems. 

 

Keywords: Artificial Intelligence (AI), Cybersecurity, Anomaly Detection, Mitigation 

Processes, IoT Security 

 

INTRODUCTION 

In today’s interconnected world, data networks form the backbone of nearly every 

industry, from healthcare and finance to manufacturing and IoT. These networks enable 

seamless communication, efficient operations, and real-time data exchange, serving as the 

infrastructure that supports modern digital ecosystems. However, this growing reliance on 

data networks has also made them prime targets for cyber threats, ranging from ransomware 

attacks and Distributed Denial of Service (DDoS) assaults to sophisticated data breaches. 

Cybercriminals have become increasingly adept at exploiting vulnerabilities in these 

networks, often employing advanced tactics that outpace traditional defense mechanisms. The 

high stakes involved, particularly in industries managing sensitive information such as patient 

records in healthcare or financial transactions in banking, amplify the critical need for robust 

and adaptive cybersecurity measures. Traditional security methods, which typically rely on 

static signatures, predefined rules, and human intervention, struggle to keep up with the 
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rapidly evolving threat landscape. Static systems are inherently limited in their ability to 

address new and emerging threats, often failing to identify and mitigate novel attack vectors 

in real time. This reactive approach leaves organizations vulnerable to significant disruptions 

and potential financial and reputational damage. 

Artificial Intelligence (AI) introduces a transformative approach to addressing these 

cybersecurity challenges by leveraging advanced algorithms capable of analyzing vast 

datasets, detecting anomalies, and responding to threats in real time. Unlike traditional 

systems, which rely on predefined parameters, AI-driven systems continuously learn from 

new data, allowing them to adapt to the dynamic nature of modern cyber threats. This 

adaptability is particularly valuable in identifying previously unknown threats, such as zero-

day vulnerabilities, which traditional methods are ill-equipped to detect. By employing 

machine learning and deep learning techniques, AI systems can analyze complex patterns in 

network traffic, flagging suspicious activities that may indicate potential security breaches. 

These systems also excel in automating threat response processes, enabling organizations to 

contain and mitigate attacks swiftly, often within seconds. This real-time capability 

significantly reduces the potential impact of cyber incidents, ensuring minimal disruption to 

operations. 

The continuous learning ability of AI systems makes them indispensable in addressing 

the ever-evolving cybersecurity landscape. Through iterative training on diverse datasets, AI 

algorithms become increasingly proficient at identifying subtle deviations from normal 

network behavior, even as attackers develop more sophisticated techniques. This learning 

process not only enhances detection accuracy but also reduces the likelihood of false 

positives, which can otherwise overwhelm security teams and impede effective responses. 

Furthermore, AI’s ability to integrate with various data sources, including logs, network 

traffic, and endpoint telemetry, enables a holistic approach to threat detection and mitigation, 

providing organizations with comprehensive visibility into their digital environments. While 

the potential of AI in cybersecurity is immense, its integration into data network defenses is 

not without challenges. One of the primary hurdles is scalability, particularly in large, 

complex networks with high data traffic and diverse endpoints. As networks expand and 

become more heterogeneous, maintaining consistent performance and detection accuracy 

becomes increasingly difficult. AI systems often face limitations in processing and analyzing 

vast volumes of data in real time, leading to occasional performance bottlenecks. Addressing 

these scalability issues requires advancements in AI architectures, such as distributed 

computing and edge AI, which can distribute processing tasks across multiple nodes to 

enhance efficiency and responsiveness. 

Another significant challenge is the dependency of AI systems on high-quality training 

data. The effectiveness of machine learning algorithms is directly influenced by the quality 

and diversity of the datasets used for training. Incomplete, biased, or outdated data can lead to 

inaccurate predictions, false positives, or even missed threats, undermining the reliability of 

AI-driven cybersecurity solutions. Organizations must invest in robust data collection and 

preprocessing frameworks to ensure that AI systems are adequately equipped to handle real-

world scenarios. This includes continuously updating training datasets to reflect emerging 

threats and evolving attack techniques, thereby maintaining the relevance and accuracy of AI 

models. 

Ethical and regulatory concerns also play a crucial role in the adoption of AI for 

cybersecurity. Automated systems that analyze sensitive user data to detect threats raise 

questions about privacy, transparency, and accountability. For instance, when an AI system 

incorrectly flags legitimate activities as malicious, it can disrupt normal operations and erode 

user trust. Ensuring transparency in AI decision-making processes and establishing clear 

accountability for automated actions are essential for fostering trust and reliability in these 
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systems. Additionally, ethical guidelines must address the potential misuse of AI 

technologies, such as their exploitation by cybercriminals to develop more advanced attack 

methods. Regulatory frameworks that balance innovation with ethical considerations will be 

critical in shaping the responsible use of AI in cybersecurity. 

Despite these challenges, the benefits of integrating AI into data network defenses far 

outweigh the drawbacks. AI systems have consistently demonstrated superior performance in 

detecting and mitigating cyber threats compared to traditional methods. By automating 

routine security tasks, such as log analysis and threat identification, AI reduces the burden on 

human analysts, allowing them to focus on strategic decision-making and complex 

investigations. This shift not only enhances operational efficiency but also helps 

organizations optimize their cybersecurity resources, particularly in the face of growing talent 

shortages in the field. Furthermore, the ability of AI to provide real-time insights and 

predictive analytics empowers organizations to adopt a proactive approach to cybersecurity, 

anticipating and addressing potential vulnerabilities before they can be exploited. 

The transformative potential of AI extends beyond threat detection and response. By 

integrating AI with existing cybersecurity infrastructures, organizations can create adaptive 

and resilient defenses capable of withstanding the ever-changing threat landscape. Hybrid 

models that combine AI-driven automation with human expertise offer a balanced approach, 

leveraging the strengths of both to achieve optimal outcomes. For example, while AI excels 

in processing large datasets and identifying patterns, human analysts bring contextual 

understanding and critical thinking to interpret findings and make informed decisions. 

Developing interfaces and workflows that facilitate seamless collaboration between AI 

systems and security teams is essential for maximizing the value of AI in cybersecurity. 

The integration of Artificial Intelligence into data network defenses represents a 

paradigm shift in how organizations address cybersecurity challenges. By enabling real-time 

threat detection, rapid response, and continuous learning, AI addresses many of the 

limitations of traditional security methods, providing a robust framework for protecting 

critical digital assets. However, realizing the full potential of AI in cybersecurity requires 

addressing key challenges such as scalability, data quality, and ethical considerations. By 

investing in innovative solutions, fostering interdisciplinary collaboration, and adopting 

responsible practices, organizations can harness the power of AI to build resilient and 

adaptive defenses, ensuring the security and integrity of their data networks in an increasingly 

interconnected world. 
 

Problem Statement 

This study investigates how AI algorithms can be effectively integrated into 

cybersecurity systems to enhance data network defenses. The research also examines 

challenges such as scalability, ethical concerns, and dependency on data quality. 
 

Significance of the Study 

The significance of this study lies in its ability to bridge the gap between theoretical 

advancements in AI and their practical applications in cybersecurity. By analyzing real-world 

implementations, this research provides actionable insights for industries looking to adopt AI-

driven solutions to protect their data networks. 
 

Study Objectives 

1. To evaluate the role of AI in improving threat detection and mitigation within data 

networks. 

2. To assess the scalability and limitations of AI systems in large-scale network 

environments. 

3. To propose practical strategies for optimizing AI-based cybersecurity solutions. 
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METHODOLOGY 

 

Research Design 

This study adopts a qualitative and exploratory research design to provide a 

comprehensive understanding of the real-world effectiveness of AI in cybersecurity. By 

integrating diverse methodologies including detailed case studies, extensive literature 

reviews, and robust statistical analyses it aims to uncover practical insights into AI's 

transformative role in safeguarding data networks. The research strategically focuses on three 

pivotal industries: healthcare, finance, and IoT, each selected for its unique cybersecurity 

challenges and critical reliance on data networks. This approach ensures a nuanced 

exploration of AI's impact across sectors with varying levels of vulnerability and complexity, 

offering a well-rounded perspective on its practical applications. 

 

 
Figure 1 

 

Population and Sample 

The population includes organizations and professionals utilizing AI-driven 

cybersecurity systems. The sample consists of 10 case studies from diverse industries, 

focusing on implementations that demonstrate measurable impacts on threat detection, 

response, and scalability. 

 

Data Collection Methods 

● Literature Review: Peer-reviewed articles, conference papers, and technical reports 

were analyzed to establish a theoretical framework. 

● Case Studies: Real-world implementations of AI in cybersecurity were reviewed to 

highlight successes and challenges. 

● Statistical Data: Metrics such as detection accuracy and response times were collected 

to evaluate AI's effectiveness. 

 

Data Analysis Techniques 

● Qualitative Analysis: Patterns and themes from case studies were identified to 

understand AI's impact on cybersecurity. 

● Quantitative Analysis: Descriptive statistics and statistical tests (t-tests and ANOVA) 

were used to compare AI and traditional methods. 

http://www.ejsit-journal.com/


European Journal of Science, Innovation and Technology 

www.ejsit-journal.com 

 

 
71 

RESULTS 

 

Enhanced Threat Detection: Displays the average detection accuracy, with AI-based 

systems achieving 95% accuracy compared to 80% for traditional methods. 

Faster Response Times: Highlights that automated AI systems reduced incident 

response times by 40%, while traditional methods showed no reduction. 

Scalability Issues: Illustrates AI performance in smaller networks (100% baseline) and 

a 20% decline in performance in large, complex environments. 

 

 
Figure 2 

 

Detection Accuracy: Shows the mean accuracy and standard deviation for AI-based 

systems (95%, SD = 2.5%) and traditional methods (80%, SD = 3.0%). 

Response Times: Displays the mean response times and standard deviation for AI-

based systems (15 seconds, SD = 1.5) and traditional methods (25 seconds, SD = 2.0). 
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Figure 3 

 

Statistical Tests 

● T-Test: Detection accuracy differences were statistically significant (p < 0.01). 

● ANOVA: Significant variations in response times were observed across industries (p < 

0.05), with IoT networks facing the highest delays. 

Visual Representations 

1. Detection Accuracy Comparison 

This graph underscores the superior accuracy of AI-based systems compared to 

traditional cybersecurity methods. 

2. Response Time Improvements Across Industries 

The graph highlights how AI-based systems outperform traditional methods in response 

times, particularly in industries such as healthcare, finance, and IoT. 

 

 
Figure 4 
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DISCUSSION 

The findings validate AI’s transformative potential in cybersecurity, marking it as a 

critical advancement in the ongoing battle against evolving cyber threats. Its ability to 

achieve higher detection accuracy and faster response times offers significant advantages 

over traditional methods, which often rely on static signatures and reactive processes. AI 

systems excel in identifying both known and unknown threats by leveraging machine 

learning algorithms that continuously adapt to new data. This adaptability enables 

organizations to stay ahead of sophisticated cyberattacks, reducing the risk of significant 

breaches that could compromise sensitive data or disrupt operations. Moreover, AI’s 

capability to automate threat detection and response processes allows security teams to focus 

on strategic decision-making, thereby enhancing overall operational efficiency. However, the 

scalability challenges that arise as networks grow in complexity highlight the need for 

algorithmic innovations to maintain performance in larger, more heterogeneous 

environments. 

The benefits of AI extend beyond general applications to industry-specific 

implementations, where tailored solutions address unique vulnerabilities. In the healthcare 

sector, for instance, AI systems can identify anomalous behavior in medical device 

communications, protecting patient data and ensuring compliance with stringent regulatory 

standards. Similarly, in the finance industry, AI algorithms analyze transactional data in real 

time to detect fraud patterns and prevent unauthorized activities. These industry-specific 

applications underscore AI’s versatility and its potential to mitigate risks in critical sectors. 

However, the integration of AI into such domains also necessitates the establishment of 

regulatory frameworks to ensure ethical and transparent use. These frameworks must address 

concerns such as data privacy, algorithmic bias, and accountability for automated decisions, 

fostering trust and reliability in AI-driven systems. 

While the study highlights AI’s transformative impact, its focus on three industries—

healthcare, finance, and IoT—limits the generalizability of findings. The unique 

characteristics of these sectors, such as the regulatory environment in healthcare or the 

decentralized nature of IoT networks, may not fully represent challenges faced in other 

domains. Expanding research to include additional industries, such as manufacturing or 

energy, could provide a more comprehensive understanding of AI’s applicability and 

effectiveness. Furthermore, the study’s dependence on high-quality training data impacts the 

reliability of AI systems. Machine learning algorithms rely on diverse and accurate datasets 

to function optimally. Incomplete or biased data can lead to false positives, missed threats, or 

skewed outcomes, undermining the overall effectiveness of AI-driven cybersecurity 

measures. Addressing this limitation requires investments in robust data collection, 

preprocessing, and continuous model training to ensure that AI systems remain accurate and 

relevant over time. 

Another notable limitation is the focus on short-term outcomes, which leaves long-term 

impacts unexplored. While the immediate benefits of AI’s enhanced detection accuracy and 

response speed are evident, its sustained performance in dynamic and evolving threat 

landscapes remains uncertain. Future studies should analyze longitudinal data to assess how 

AI systems adapt to emerging challenges and maintain their efficacy over extended periods. 

This long-term perspective is crucial for developing scalable and sustainable AI solutions that 

can evolve alongside the increasing complexity of digital ecosystems. 

Scalability remains a critical challenge for AI systems, particularly in large, diverse 

networks with high traffic volumes and varied endpoints. As networks expand, maintaining 

consistent performance becomes increasingly difficult, leading to potential bottlenecks and 

reduced detection accuracy. Investigating scalability solutions, such as distributed computing 

and edge AI, could enhance the ability of AI systems to handle complex environments 

http://www.ejsit-journal.com/


European Journal of Science, Innovation and Technology 

www.ejsit-journal.com 

 

 
74 

efficiently. Distributed architectures, for instance, can distribute computational workloads 

across multiple nodes, ensuring that processing tasks are managed effectively even in high-

demand scenarios. Similarly, edge AI—which processes data closer to its source—can reduce 

latency and improve real-time decision-making, making it a promising avenue for addressing 

scalability issues in expansive networks. 

Developing hybrid models that combine AI’s automation with human expertise 

represents another key area for future exploration. While AI excels in processing large 

datasets and identifying patterns, human analysts bring contextual understanding and critical 

thinking to cybersecurity operations. Hybrid systems that integrate AI-driven automation 

with human oversight can achieve a balance between efficiency and nuanced decision-

making. For example, AI can flag potential threats and provide actionable insights, while 

human analysts validate findings, assess their broader implications, and devise strategic 

responses. This collaborative approach not only enhances the effectiveness of cybersecurity 

measures but also ensures that ethical and contextual considerations are incorporated into 

decision-making processes. 

Ethical concerns remain a significant challenge in the adoption of AI for cybersecurity. 

Issues such as algorithmic bias, accountability, and transparency must be addressed to ensure 

that AI systems are both effective and trustworthy. Bias in AI algorithms can arise from 

skewed training data, leading to discriminatory outcomes or overlooked vulnerabilities. 

Establishing mechanisms for auditing and mitigating bias is essential for maintaining fairness 

and equity in AI applications. Transparency is equally important, as organizations must be 

able to explain how AI systems make decisions, particularly in cases where automated 

actions have significant consequences. Ensuring accountability for AI-driven decisions 

requires clear governance structures that delineate responsibility for errors or unintended 

outcomes, fostering trust among stakeholders and users. 

This study demonstrates that AI algorithms significantly enhance cybersecurity by 

improving threat detection accuracy, reducing response times, and increasing network 

resilience. By automating routine tasks, AI systems alleviate the burden on human analysts, 

allowing them to focus on higher-level strategic initiatives. The integration of AI into 

cybersecurity represents a transformative step in safeguarding data networks, offering 

organizations a powerful tool to combat the growing sophistication of cyber threats. 

However, realizing AI’s full potential requires addressing the challenges identified in this 

study, including scalability, data quality, and ethical considerations. 

By investing in research and development to overcome these obstacles, organizations 

can unlock AI’s full potential as a cornerstone of modern cybersecurity strategies. Future 

research should prioritize collaborative innovation, bringing together technologists, 

policymakers, and ethicists to create robust solutions that balance technological 

advancements with ethical responsibilities. Exploring interdisciplinary approaches that 

integrate AI with other emerging technologies, such as blockchain and quantum computing, 

could further enhance the resilience of cybersecurity systems. These combined efforts will be 

essential for defending against the increasingly complex and sophisticated cyber threats of the 

future, ensuring the security and integrity of digital ecosystems on a global scale. 

 

CONCLUSION 

The findings validate AI’s transformative potential in cybersecurity, marking it as a 

critical advancement in the ongoing battle against evolving cyber threats. Its ability to 

achieve higher detection accuracy and faster response times offers significant advantages 

over traditional methods, which often rely on static signatures and reactive processes. AI 

systems excel in identifying both known and unknown threats by leveraging machine 

learning algorithms that continuously adapt to new data. This adaptability enables 
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organizations to stay ahead of sophisticated cyberattacks, reducing the risk of significant 

breaches that could compromise sensitive data or disrupt operations. Moreover, AI’s 

capability to automate threat detection and response processes allows security teams to focus 

on strategic decision-making, thereby enhancing overall operational efficiency. However, the 

scalability challenges that arise as networks grow in complexity highlight the need for 

algorithmic innovations to maintain performance in larger, more heterogeneous 

environments. 

The benefits of AI extend beyond general applications to industry-specific 

implementations, where tailored solutions address unique vulnerabilities. In the healthcare 

sector, for instance, AI systems can identify anomalous behavior in medical device 

communications, protecting patient data and ensuring compliance with stringent regulatory 

standards. Similarly, in the finance industry, AI algorithms analyze transactional data in real 

time to detect fraud patterns and prevent unauthorized activities. These industry-specific 

applications underscore AI’s versatility and its potential to mitigate risks in critical sectors. 

However, the integration of AI into such domains also necessitates the establishment of 

regulatory frameworks to ensure ethical and transparent use. These frameworks must address 

concerns such as data privacy, algorithmic bias, and accountability for automated decisions, 

fostering trust and reliability in AI-driven systems. 

While the study highlights AI’s transformative impact, its focus on three industries—

healthcare, finance, and IoT—limits the generalizability of findings. The unique 

characteristics of these sectors, such as the regulatory environment in healthcare or the 

decentralized nature of IoT networks, may not fully represent challenges faced in other 

domains. Expanding research to include additional industries, such as manufacturing or 

energy, could provide a more comprehensive understanding of AI’s applicability and 

effectiveness. Furthermore, the study’s dependence on high-quality training data impacts the 

reliability of AI systems. Machine learning algorithms rely on diverse and accurate datasets 

to function optimally. Incomplete or biased data can lead to false positives, missed threats, or 

skewed outcomes, undermining the overall effectiveness of AI-driven cybersecurity 

measures. Addressing this limitation requires investments in robust data collection, 

preprocessing, and continuous model training to ensure that AI systems remain accurate and 

relevant over time. 

Another notable limitation is the focus on short-term outcomes, which leaves long-term 

impacts unexplored. While the immediate benefits of AI’s enhanced detection accuracy and 

response speed are evident, its sustained performance in dynamic and evolving threat 

landscapes remains uncertain. Future studies should analyze longitudinal data to assess how 

AI systems adapt to emerging challenges and maintain their efficacy over extended periods. 

This long-term perspective is crucial for developing scalable and sustainable AI solutions that 

can evolve alongside the increasing complexity of digital ecosystems. 

Scalability remains a critical challenge for AI systems, particularly in large, diverse 

networks with high traffic volumes and varied endpoints. As networks expand, maintaining 

consistent performance becomes increasingly difficult, leading to potential bottlenecks and 

reduced detection accuracy. Investigating scalability solutions, such as distributed computing 

and edge AI, could enhance the ability of AI systems to handle complex environments 

efficiently. Distributed architectures, for instance, can distribute computational workloads 

across multiple nodes, ensuring that processing tasks are managed effectively even in high-

demand scenarios. Similarly, edge AI—which processes data closer to its source—can reduce 

latency and improve real-time decision-making, making it a promising avenue for addressing 

scalability issues in expansive networks. 

Developing hybrid models that combine AI’s automation with human expertise 

represents another key area for future exploration. While AI excels in processing large 
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datasets and identifying patterns, human analysts bring contextual understanding and critical 

thinking to cybersecurity operations. Hybrid systems that integrate AI-driven automation 

with human oversight can achieve a balance between efficiency and nuanced decision-

making. For example, AI can flag potential threats and provide actionable insights, while 

human analysts validate findings, assess their broader implications, and devise strategic 

responses. This collaborative approach not only enhances the effectiveness of cybersecurity 

measures but also ensures that ethical and contextual considerations are incorporated into 

decision-making processes. 

Ethical concerns remain a significant challenge in the adoption of AI for cybersecurity. 

Issues such as algorithmic bias, accountability, and transparency must be addressed to ensure 

that AI systems are both effective and trustworthy. Bias in AI algorithms can arise from 

skewed training data, leading to discriminatory outcomes or overlooked vulnerabilities. 

Establishing mechanisms for auditing and mitigating bias is essential for maintaining fairness 

and equity in AI applications. Transparency is equally important, as organizations must be 

able to explain how AI systems make decisions, particularly in cases where automated 

actions have significant consequences. Ensuring accountability for AI-driven decisions 

requires clear governance structures that delineate responsibility for errors or unintended 

outcomes, fostering trust among stakeholders and users. 

This study demonstrates that AI algorithms significantly enhance cybersecurity by 

improving threat detection accuracy, reducing response times, and increasing network 

resilience. By automating routine tasks, AI systems alleviate the burden on human analysts, 

allowing them to focus on higher-level strategic initiatives. The integration of AI into 

cybersecurity represents a transformative step in safeguarding data networks, offering 

organizations a powerful tool to combat the growing sophistication of cyber threats. 

However, realizing AI’s full potential requires addressing the challenges identified in this 

study, including scalability, data quality, and ethical considerations. 

By investing in research and development to overcome these obstacles, organizations 

can unlock AI’s full potential as a cornerstone of modern cybersecurity strategies. Future 

research should prioritize collaborative innovation, bringing together technologists, 

policymakers, and ethicists to create robust solutions that balance technological 

advancements with ethical responsibilities. Exploring interdisciplinary approaches that 

integrate AI with other emerging technologies, such as blockchain and quantum computing, 

could further enhance the resilience of cybersecurity systems. These combined efforts will be 

essential for defending against the increasingly complex and sophisticated cyber threats of the 

future, ensuring the security and integrity of digital ecosystems on a global scale. 
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