RRRRR

World Journal of Advanced Research and Reviews W,

eISSN: 2581-9615 CODEN (USA): WIARAI R Svanced

Cross Ref DOL: 10.30574/wjarr Beaews
WJARR Journal homepage: https://wjarr.com/ o
(RESEARCH ARTICLE) W) Check for updates

The role of big data and Al in enhancing biodiversity conservation and resource
management in the USA

Victoria Bukky Ayoola 1, Idoko Peter Idoko 2 *, Samson Ohikhuare Eromonsei 3, Olusegun Afolabi ¢,
Akinkunmi Rasheed Apampa 5 and Oluwatosin Seyi Oyebaniji ¢

1 Department of Environmental Science and Resource Management, National Open University of Nigeria, Lokoja Kogi
state, Nigeria.

2 Department of Electrical/Electronic Engineering, University of Ibadan, Nigeria.

3 Department of Computer Science Prairie View A&M University, Prairie View, Texas USA.

4 Department of Information Systems and Business Analysis, Aston Business School, Aston University, Birmingham, UK.
5 College of Business and Social Sciences, Aston University, Birmingham, UK.

6 Department of Computer and Information Sciences, Northumbria University London, United Kingdom.

World Journal of Advanced Research and Reviews, 2024, 23(02), 1851-1873
Publication history: Received on 23 June 2024; revised on 20 August 2024; accepted on 22 August 2024

Article DOI: https://doi.org/10.30574 /wjarr.2024.23.2.2350

Abstract

The rapid advancement of big data and artificial intelligence (AI) technologies has opened new frontiers in biodiversity
conservation and resource management, particularly in the USA. This review paper explores the significant roles these
technologies play in enhancing conservation efforts and resource management strategies. The paper begins by
contextualizing the importance of biodiversity in the USA and the existing challenges in conservation practices. It then
delves into the realm of big data, discussing its sources, collection methods, storage, integration, and real-world
applications. Furthermore, it examines Al technologies, highlighting their capabilities in data analysis, predictive
modeling, and habitat monitoring. The synergy between big data and Al is also analyzed, showcasing how their
integration can lead to more informed decision-making and efficient management practices. Case studies illustrate the
practical applications and benefits of these technologies. The paper concludes with a summary of key findings,
recommendations for policymakers and practitioners, and suggestions for future research directions. Through this
comprehensive review, the paper underscores the transformative potential of big data and Al in safeguarding
biodiversity and managing natural resources effectively.
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1. Introduction

1.1. Background of Biodiversity Conservation and Resource Management

Biodiversity conservation and resource management are crucial for maintaining ecological balance and ensuring
sustainable development in the USA. The USA is home to a diverse range of ecosystems, from dense forests to arid
deserts, each requiring tailored conservation strategies. Recent initiatives reflect a growing commitment to these
efforts. For instance, the "America the Beautiful" initiative aims to conserve at least 30% of U.S. lands and waters by
2030, a goal supported by substantial financial investments and public-private partnerships (Dunning, 2020). This
initiative highlights the federal government's approach to addressing biodiversity loss through comprehensive and
collaborative efforts.
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The U.S. Fish and Wildlife Service, along with other federal agencies, plays a significant role in managing over 150 million
acres of wildlife refuges and focusing on the recovery of endangered species (Polasky et al., 2020). These efforts are
complemented by the National Park Service, which oversees the protection of diverse habitats, including prairies,
tundra, forests, and coastal wetlands. The Service's activities encompass the restoration of native species, control of
invasive species, and conservation of critical ecological processes (Miller et al., 2014). Additionally, international
collaborations further bolster the USA's conservation efforts. In 2021, USAID invested $319.5 million in biodiversity
conservation globally, targeting wildlife trafficking and supporting community-led conservation initiatives. This
investment is part of a broader strategy to integrate conservation with climate resilience, aiming to reduce greenhouse
gas emissions and enhance carbon storage through improved forest management and protection of critical ecosystems
like coral reefs and mangroves (Polasky et al., 2020).

These concerted efforts underscore the USA's commitment to biodiversity conservation, driven by robust financial
investments and strategic collaborations involving multiple stakeholders, including federal agencies, private partners,
and local communities.

Figure 1 Nurturing Nature: Protecting Wildlife and Forests (Sawe, 2020)

Figure 1 depicts two pairs of hands holding miniature ecosystems. On the left, the hands cradle a small landscape
populated with various wildlife, including giraffes, elephants, tigers, and birds, set against a backdrop of grass. On the
right, the hands support a small grassy area with a single, lush green tree. The background of the image features a soft,
out-of-focus green and yellow bokeh effect, emphasizing the theme of nature and conservation. The image conveys a
message of nurturing and protecting biodiversity and natural habitats.

1.2. Importance of Biodiversity in the USA

Biodiversity is fundamental to the health of ecosystems and the provision of ecosystem services in the USA. It
contributes to essential functions such as air and water purification, pollination of crops, and climate regulation. The
USA is home to a diverse range of species and habitats, including forests, wetlands, and grasslands, which play critical
roles in maintaining ecological balance and supporting human well-being. One of the key indicators of biodiversity's
importance is its economic value. For example, the National Fish and Wildlife Foundation estimates that outdoor
recreation, supported by biodiversity, generates over $124 billion annually in consumer spending in the USA.
Additionally, the agricultural sector heavily relies on biodiversity, with insect pollinators contributing an estimated $15
billion to crop production each year (Miller, Agrawal, & Roberts, 2014; Idoko et. al., 2024).

Biodiversity also plays a crucial role in ecosystem resilience and stability. Studies have shown that ecosystems with
higher species diversity are more resilient to environmental stressors such as climate change and invasive species. For
instance, wetlands, which are biodiversity hotspots, provide critical services such as flood control, water filtration, and
habitat for numerous species. The relationship between wetland cover and species diversity has been shown to be
positively correlated, with areas of high wetland cover supporting greater species richness, particularly for birds and
amphibians (Reis et al., 2017; Idoko et. al., 2024). Furthermore, biodiversity is intrinsic to cultural and recreational
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values. National parks and protected areas in the USA not only conserve habitats and species but also offer recreational
opportunities that connect people with nature. These areas are vital for education, research, and the cultural enrichment
of communities. Public engagement in biodiversity conservation, such as through citizen science projects, has proven
effective in raising awareness and fostering a stewardship ethic (Pedrini et al., 2021).

The importance of biodiversity in the USA is multifaceted, encompassing ecological, economic, and cultural dimensions.

It is imperative to continue and enhance conservation efforts to protect this invaluable natural heritage.

Table 1 Multifaceted Importance of Biodiversity in the USA

Aspect Details Examples/Indicators
Ecological Air and water purification, pollination of crops, | Forests, wetlands, grasslands
Functions climate regulation

Economic Value

Outdoor recreation generates over $124 billion
annually; insect pollinators contribute $15 billion to
crop production each year

National Fish and Wildlife Foundation
estimates

Ecosystem Higher species diversity leads to greater resilience to | Studies on wetlands and species
Resilience and | climate change and invasive species; wetlands | richness (Reis etal., 2017)

Stability provide flood control, water filtration, and habitat

Cultural and | National parks and protected areas conserve habitats | Citizen science projects, public
Recreational and species, offer recreational opportunities, and | engagement in conservation (Pedrini
Values support education, research, and cultural enrichment | etal., 2021)

Table 1 highlights the critical roles of biodiversity in ecological functions, economic value, ecosystem resilience, and
cultural and recreational values. Biodiversity supports air and water purification, crop pollination, and climate
regulation. Economically, it generates significant revenue through outdoor recreation and agriculture. It also enhances
ecosystem resilience to environmental stressors and provides cultural enrichment through national parks and
protected areas, fostering public engagement and education.

1.3. Challenges in Current Conservation and Resource Management Practices

Biodiversity conservation in the USA faces numerous challenges that threaten the persistence of species and the health
of ecosystems. One of the most significant challenges is habitat loss and fragmentation, driven primarily by urban
development, agriculture, and infrastructure projects. For example, it is estimated that 41% of U.S. ecosystems are at
risk of range-wide collapse, and 34% of plant species and 40% of animal species are at risk of extinction due to habitat
degradation and fragmentation (NatureServe, 2023; Idoko et. al,, 2024).

In addition to habitat loss, climate change poses a severe threat to biodiversity. Changes in temperature and
precipitation patterns disrupt ecological processes and species distributions, forcing species to adapt, migrate, or face
extinction. Freshwater ecosystems are particularly vulnerable, with 40% of North America's freshwater fish species
imperiled or already extinct due to pollution, sediment runoff, and habitat alterations such as dam construction and
river channelization (National Wildlife Federation, 2023). These alterations not only impact fish but also other aquatic
organisms like mussels, which are essential for water filtration and maintaining water quality.

Invasive species further exacerbate the challenges of biodiversity conservation. Invasive plants, animals, and pathogens
outcompete native species for resources, alter habitats, and introduce diseases. The introduction of non-native species
has been identified as a major driver of biodiversity loss, significantly affecting ecosystems and leading to economic
costs associated with management and mitigation efforts (Gurevitch & Padilla, 2004; Idoko et. al., 2024).

Another challenge is insufficient funding and resources for conservation efforts. Effective conservation requires
substantial financial investments, yet funding is often limited. This financial constraint hampers the ability to implement
and sustain long-term conservation strategies, conduct necessary research, and engage in restoration projects. For
example, the implementation of the 30x30 initiative, which aims to conserve 30% of U.S. lands and waters by 2030,
requires significant investments in land acquisition and management to achieve its goals (NatureServe, 2023).
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Overall, addressing these challenges necessitates a multifaceted approach, including increased funding, stronger
policies, and collaborative efforts among governmental and non-governmental organizations, local communities, and
international partners.

Table 2 Key Challenges in Biodiversity Conservation and Resource Management in the USA

Challenge

Description

Impact

Habitat Loss
Fragmentation

and

Driven by wurban development, agriculture, and
infrastructure projects; 41% of U.S. ecosystems at risk,
34% of plant species and 40% of animal species at risk
of extinction (NatureServe, 2023)

Risk of extinction and ecosystem
collapse

Climate Change

Disrupts  ecological processes and  species
distributions; 40% of North America's freshwater fish
species imperiled or extinct (National Wildlife
Federation, 2023)

Species forced to adapt, migrate, or
face extinction; impacts on
freshwater ecosystems and water
quality

Invasive Species

Invasive plants, animals, and pathogens outcompete
native species, alter habitats, and introduce diseases;

Significant biodiversity loss and
economic costs

major driver of biodiversity loss (Gurevitch & Padilla,

2004)
Insufficient Effective conservation requires substantial financial | Hindered implementation and
Funding and | investments; limited funding hampers long-term | sustainability = of conservation
Resources strategies and restoration projects (NatureServe, | efforts

2023)

Table 2 outlines key obstacles in biodiversity conservation. It identifies habitat loss and fragmentation, driven by urban
development and agriculture, as a major threat, putting numerous ecosystems and species at risk. Climate change
disrupts ecological processes, threatening species with extinction, particularly in freshwater ecosystems. Invasive
species outcompete native species, leading to significant biodiversity loss and economic costs. Insufficient funding and
resources hinder the implementation and sustainability of effective conservation strategies. These challenges highlight
the need for increased investment, stronger policies, and collaborative efforts to protect biodiversity.

1.4. The Emergence of Big Data and Al Technologies

The integration of Big Data and Artificial Intelligence (Al) technologies has revolutionized biodiversity conservation and
resource management in the USA, enabling more precise and effective strategies. The application of these technologies
facilitates the collection, analysis, and interpretation of vast datasets, which are crucial for understanding and
addressing biodiversity loss. Big Data in biodiversity science involves the generation and analysis of extensive datasets
from various sources, including remote sensing, environmental sensors, and citizen science. This data is critical for
monitoring biodiversity trends and making informed conservation decisions. For instance, advancements in data
processing and storage have made it feasible to handle large-scale biodiversity datasets, which can provide insights into
species distribution and ecosystem health (Musvuugwa et al., 2021).

Al technologies, particularly machine learning and deep learning, have significantly enhanced the ability to analyze
complex biodiversity data. Al can process large volumes of data rapidly and accurately, identifying patterns and
predicting future trends. For example, Al algorithms have been used to monitor wildlife populations, detect illegal
poaching activities, and map critical habitats. These applications help conservationists allocate resources more
effectively and implement timely interventions (Eastwood et al., 2023). Moreover, Al has been employed in remote
monitoring methods, such as Geographic Information Systems (GIS), LiDAR, and RADAR, to track changes in land use
and habitat conditions. These technologies provide high-resolution data that can be used to create detailed maps of
biodiversity hotspots and assess the impact of human activities on ecosystems. The integration of Al with these
monitoring tools enhances the accuracy and efficiency of conservation efforts (Wetzel et al., 2020). The emergence of
Big Data and Al technologies has transformed biodiversity conservation and resource management in the USA. These
technologies enable more detailed and accurate monitoring, analysis, and decision-making, which are essential for
addressing the complex challenges of biodiversity loss.
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Figure 2 Plant Structure and Classification

Figure 2 illustrates the structure and classification of plants. The central class, Plant, includes general attributes such as
species, family, and habitat, along with methods for growth and photosynthesis. It branches into several subclasses:
Flowering Plant, which includes attributes and methods related to blooming and having flowers; Non-Flowering Plant,
which includes attributes and methods for seed production and reproduction; Root, focusing on nutrient absorption
and length; Stem, highlighting water transportation and height; and Leaf, detailing shape and photosynthesis. This
diagram showcases the hierarchical relationships and specialized functions within different types of plants.

1.5. Objectives and Scope of the Review

The primary objective of this review is to explore the role of Big Data and Al technologies in enhancing biodiversity
conservation and resource management in the USA. This review aims to provide a comprehensive analysis of how these
emerging technologies are being utilized to address the complex challenges associated with biodiversity loss and
ecosystem degradation.

Specifically, the review will cover the following key areas:

e Data Collection and Integration: Examining the various sources of Big Data used in biodiversity conservation,
including remote sensing, environmental sensors, and citizen science initiatives. It will also explore how these
disparate data sources are integrated to provide a holistic view of biodiversity trends.

e Data Analysis and Predictive Modeling: Analyzing the application of Al technologies in processing and
interpreting large datasets. This includes the use of machine learning and deep learning algorithms to identify
patterns, predict future biodiversity changes, and inform conservation strategies.

e  Monitoring and Surveillance: Assessing the role of Al in enhancing monitoring and surveillance efforts. This
includes the use of Al-driven tools for tracking wildlife populations, detecting illegal activities such as poaching,
and monitoring habitat conditions in real-time.

e  Decision Support Systems: Exploring how Al and Big Data contribute to the development of decision support
systems that aid conservationists and policymakers in making informed decisions. This includes the use of Al
to prioritize conservation actions, allocate resources efficiently, and evaluate the effectiveness of conservation
interventions.

e (ase Studies: Presenting real-world examples and case studies of successful applications of Big Data and Al in
biodiversity conservation within the USA. These case studies will illustrate the practical benefits and challenges
of implementing these technologies in conservation efforts.

By addressing these areas, the review aims to provide a detailed understanding of the current state of Big Data and Al
technologies in biodiversity conservation and resource management. It will highlight the potential of these technologies
to transform conservation practices, improve decision-making, and ultimately contribute to the preservation of
biodiversity in the USA.
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2. Big data in biodiversity conservation and resource management

2.1. Definition and Characteristics of Big Data

Big Data in biodiversity conservation refers to the vast and complex datasets generated from various sources, including
remote sensing, environmental sensors, and citizen science initiatives. The integration of these datasets is crucial for
comprehensive biodiversity monitoring and effective conservation strategies. The volume, velocity, variety, and
veracity of Big Data enable the collection and analysis of information on a scale previously unimaginable.

In recent years, the volume of biodiversity data has increased exponentially. For example, the Global Biodiversity
Information Facility (GBIF) contains over 1.6 billion occurrence records from around the world, which are utilized to
monitor species distribution and biodiversity trends (Musvuugwa et al,, 2021). These large datasets are essential for
identifying patterns and changes in biodiversity over time and across different spatial scales.

The velocity at which data is generated and processed is another defining characteristic of Big Data. Advances in
technology allow for real-time data collection and analysis, which is critical for timely decision-making in conservation.
For instance, automated sensors and satellite imagery provide continuous monitoring of environmental conditions and
wildlife movements, enabling conservationists to respond quickly to emerging threats (Eastwood et al., 2023; Idoko et.
al,, 2024).

The variety of data sources and types is also a key aspect of Big Data in biodiversity science. Data can come from
structured sources like species databases and unstructured sources like social media posts and images. This diversity
of data types enhances the ability to conduct multi-faceted analyses that consider different aspects of biodiversity and
ecosystem health (Tendai et al., 2021).

Lastly, the veracity, or reliability, of Big Data is critical for ensuring accurate and actionable insights. Data quality can
vary, and robust methods for data validation and integration are necessary to address issues of accuracy and
completeness. Techniques such as machine learning and Al are increasingly used to clean, integrate, and analyze large
datasets, improving the reliability of the results (Wetzel et al., 2020).

Table 3 Key Characteristics and Importance of Big Data in Biodiversity Conservation

Characteristic | Definition Examples Impact

Volume Vast and complex datasets generated | Global Biodiversity | Essential for monitoring
from sources like remote sensing, | Information Facility (GBIF) | species distribution and
environmental sensors, and citizen | with over 1.6  billion | biodiversity trends
science initiatives occurrence records

Velocity Rapid data  generation and | Automated sensors and | Critical for timely
processing enabled by technological | satellite imagery providing | decision-making in
advances for real-time collection and | continuous  environmental | conservation
analysis monitoring

Variety Diverse data sources and types, | Structured databases, social | Enables comprehensive
including structured and | media posts, images analysis of biodiversity
unstructured data, enhancing multi- and ecosystem health
faceted analyses

Veracity Reliability of data, necessitating | Machine learning and Al | Improves reliability and
robust validation and integration | techniques used for data | accuracy of biodiversity
methods for accurate and actionable | cleaning, integration, and | data insights
insights analysis

Table 3 outlines the key attributes of Big Data, including volume, velocity, variety, and veracity. It highlights how vast
and complex datasets from sources like remote sensing and citizen science are essential for monitoring species
distribution and biodiversity trends. The rapid generation and processing of data enable real-time analysis, crucial for
timely decision-making in conservation. The diversity of data sources, both structured and unstructured, allows for
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comprehensive analyses of ecosystem health. Lastly, the reliability of data is ensured through robust validation and
integration methods, with machine learning and Al improving data accuracy and actionable insights.

2.2. Sources of Big Data in Biodiversity and Resource Management

Big Data in biodiversity conservation encompasses a variety of data sources that collectively contribute to
comprehensive monitoring and management efforts. These sources include remote sensing data, citizen science
initiatives, and global biodiversity databases.

2.3. Remote Sensing Data

Satellite imagery and aerial surveys provide extensive coverage and high-resolution data on land use, vegetation cover,
and habitat changes. Programs like NASA's Landsat and the European Space Agency's Sentinel satellites offer critical
data for tracking environmental changes over time. For instance, forest cover data from these satellites is crucial for
monitoring deforestation rates and assessing habitat fragmentation (Pereira et al., 2013; Idoko et. al., 2024).

2.4. Citizen Science Initiatives

Citizen science projects engage the public in data collection, significantly expanding the scope and scale of biodiversity
monitoring. Platforms like iNaturalist and eBird enable citizens to record observations of species, contributing to large
datasets that scientists can use to track species distributions and population trends. These platforms have recorded
millions of observations worldwide, with eBird alone amassing over 100 million bird observations annually (Sullivan
etal,, 2014).

2.5. Global Biodiversity Databases

Databases such as the Global Biodiversity Information Facility (GBIF) and NatureServe provide centralized repositories
of biodiversity data. GBIF, for example, hosts over 1.9 billion occurrence records from around the world, supporting
research and conservation efforts by making data openly accessible (GBIF, 2023; Idoko et. al., 2024). NatureServe offers
detailed distribution data for species of conservation interest in North America, including both documented occurrences
and modeled habitat distributions (NatureServe, 2023).

These diverse data sources, when integrated and analyzed using Big Data technologies, enable more effective and
informed decision-making in biodiversity conservation and resource management.

Big Data
Sources

- . Global
Remote Citizen science ™ .
Sensing Data Initiates Biodiversity
g Databases
Satellite Citizen Science
Databases
Programs Platforms

Figure 3 Integrative Sources of Big Data for Biodiversity Conservation and Resource Management
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Figure 3 illustrates the various data sources integral to biodiversity conservation. The central class, Big Data Sources,
includes attributes and methods for integrating and analyzing data. It branches into three main categories: Remote
Sensing Data, Citizen Science Initiatives, and Global Biodiversity Databases. Remote Sensing Data encompasses satellite
imagery and aerial surveys, facilitated by programs like NASA's Landsat and ESA's Sentinel. Citizen Science Initiatives
involve public engagement and data collection platforms like iNaturalist and eBird. Global Biodiversity Databases
include centralized repositories such as GBIF and NatureServe, supporting research with accessible biodiversity data.
This diagram highlights the interconnectedness of these sources in contributing to comprehensive biodiversity
monitoring and management efforts.

2.6. Data Collection Methods (e.g., Remote Sensing, Citizen Science, IoT)

In biodiversity conservation, effective data collection methods are crucial for monitoring species and ecosystems,
detecting changes, and informing conservation strategies. Several advanced techniques are employed to gather
comprehensive and accurate biodiversity data.

Remote Sensing: Remote sensing technologies, including satellite imagery and aerial surveys, play a significant role in
biodiversity monitoring. These methods provide large-scale and high-resolution data on land cover, habitat
fragmentation, and changes in ecosystem structures. For example, the use of Landsat and Sentinel satellites has enabled
the detailed monitoring of deforestation and habitat changes over time, significantly aiding conservation efforts (Green
etal,, 2019).

Automated Surveys: The advent of automated surveys using technologies such as camera traps, acoustic sensors, and
drones has revolutionized biodiversity data collection. These methods allow for continuous and extensive monitoring
of wildlife populations and their habitats with minimal human intervention. Automated acoustic surveys, for instance,
have been employed to monitor bird populations by recording and analyzing bird calls, which provides insights into
species presence and abundance (Kitzes & Schricker, 2020; Idoko et. al., 2024).

eDNA Analysis: Environmental DNA (eDNA) sampling is an innovative method used to detect the presence of species in
various environments by analyzing genetic material found in soil, water, or air samples. This technique is particularly
useful for detecting rare or elusive species that might be difficult to observe directly. eDNA has been successfully used
to monitor aquatic biodiversity and detect invasive species, thereby enhancing the precision of biodiversity assessments
(Zuur et al., 2009).

These data collection methods, supported by Big Data technologies, enable the integration and analysis of vast amounts
of biodiversity data, improving our understanding and management of ecosystems.

Data Collectian
Miethiodz

r Ll 1
| Remote Sensing | 'a"'-';"""'_‘""'l | #DNA Analysis
reEy
| | L
r T 1 r T 1

[ Salellite [A:r sl Surveys [:z'nzrz Traps [ Acaustic [ Drones [ zail samples ['-'.'z:\er'samp-les [ Air Samples
Magery SeNs0rs

Figure 4 Comprehensive Data Collection Methods for Biodiversity Conservation

Figure 4 illustrates the various methods used to gather data for monitoring and managing biodiversity. At the top, the
central node "Data Collection Method" branches into three primary methods: Remote Sensing, Automated Surveys, and
eDNA Analysis. Remote Sensing includes satellite imagery and aerial surveys, providing large-scale, high-resolution data
on environmental changes. Automated Surveys utilize technologies such as camera traps, acoustic sensors, and drones
for continuous and extensive wildlife monitoring. eDNA Analysis involves collecting soil, water, and air samples to
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detect species presence through genetic material. These methods, supported by Big Data technologies, enable the
integration and analysis of vast amounts of biodiversity data, enhancing conservation strategies.

2.7. Data Storage and Management

Data integration and sharing are critical components in biodiversity conservation, enabling researchers and
policymakers to access and utilize comprehensive datasets for effective decision-making. The integration of diverse data
sources facilitates a holistic understanding of biodiversity trends and challenges. One of the primary platforms for
biodiversity data integration is the Global Biodiversity Information Facility (GBIF). GBIF provides an infrastructure that
supports the sharing and access of over 1.9 billion occurrence records from various data publishers globally. This
platform has proven essential for facilitating global research, as evidenced by more than 4,000 studies relying on GBIF-
mediated data to explore biodiversity patterns and inform conservation strategies (GBIF, 2023).

Another significant initiative is the Data Observation Network for Earth (DataONE), which aims to provide open and
distributed access to environmental and biodiversity data. DataONE integrates data from numerous sources, allowing
for comprehensive analysis and fostering collaborations across different research domains. This network emphasizes
the importance of standardized data formats and metadata to ensure data usability and interoperability (Farley et al.,
2018). The integration of digital data is also crucial for real-time biodiversity monitoring. Online digital data, including
text, images, videos, and sounds, can be incorporated into existing datasets to enhance the timeliness and accuracy of
biodiversity assessments. This approach supports near real-time monitoring and adaptive management, which are vital
for addressing rapid environmental changes and biodiversity loss (Pereira et al., 2013).

These platforms and initiatives highlight the importance of data integration and sharing in advancing biodiversity
conservation. By leveraging comprehensive and accessible data, researchers can better understand ecological dynamics
and develop more effective conservation strate

Data Observation Network for
Earth(DataONE)

Global Biodiversity Information Data Observation Network for

Facility(GBIF) Earth(DataONE) Real-time Biodiversity Monitoring

Figure 5 Key Platforms for Data Integration and Sharing in Biodiversity Conservation

Figure 5 illustrates the key components and their relationships involved in the integration and sharing of biodiversity
data. The central class, Data Integration and Sharing, includes attributes and methods for facilitating decision-making
and supporting global research. It branches into three primary platforms: Global Biodiversity Information Facility
(GBIF), Data Observation Network for Earth (DataONE), and Real-time Biodiversity Monitoring. GBIF provides
infrastructure for sharing and accessing over 1.9 billion occurrence records, essential for global research. DataONE
offers open access to environmental and biodiversity data, emphasizing standardized data formats for interoperability.
Real-time Biodiversity Monitoring incorporates online digital data to enhance the timeliness and accuracy of
biodiversity assessments, supporting adaptive management. This diagram highlights the interconnectedness and
importance of these platforms in advancing biodiversity conservation.

2.8. Case Studies of Big Data Applications in Biodiversity Conservation

Big Data applications in biodiversity conservation have demonstrated substantial impacts, as evidenced by various case
studies in the USA. These applications leverage large datasets to monitor, analyze, and protect biodiversity effectively.
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One notable example is the use of remote-sensing data combined with citizen-science data to assess urban biodiversity.
In Athens, Greece, researchers utilized data from platforms like iNaturalist and eBird to quantify the responses of urban
biodiversity to anthropogenic pressures. This approach provided cost-effective and extensive data collection, engaging
the public in conservation efforts. The study recorded over 10,184 observations of 1,803 species, demonstrating the
power of combining citizen-science with professional monitoring (Spear et al., 2017; Callaghan et al., 2020).

Another case involves the integration of online digital data for real-time biodiversity monitoring. The proposed
framework includes collecting, filtering, extracting, storing, integrating, sharing, and disseminating digital content such
as text, images, videos, and sounds. This method enhances the capacity to capture biodiversity status and trends in near
real-time, which is crucial for timely conservation actions. The integration of machine learning methods further refines
the data, making it possible to analyze large volumes of digital content efficiently (Runting et al., 2020).

Furthermore, the Global Biodiversity Information Facility (GBIF) plays a critical role in data integration for biodiversity
research. A comprehensive analysis of over 4,000 studies using GBIF-mediated data shows that sharing biodiversity
data freely and openly enables global research at multiple scales. This integration facilitates studies on species
distribution, ecological interactions, and conservation planning, highlighting the importance of data sharing in
advancing biodiversity science (Heberling et al., 2021; Idoko et. al., 2024).

These case studies underscore the transformative potential of Big Data in biodiversity conservation, enabling more
detailed and accurate monitoring, analysis, and decision-making.

2.9. Future Trends in Big Data and Al

The future of Big Data and Artificial Intelligence (Al) in biodiversity conservation is marked by several promising trends,
leveraging advanced technologies to enhance conservation efforts and ecosystem management.

Integration of Advanced Al Techniques: Al and machine learning (ML) are increasingly being integrated into conservation
strategies to process vast datasets. For instance, the use of Al for species identification, habitat monitoring, and
predictive modeling is becoming more prevalent. Al models can analyze satellite imagery and drone footage to identify
changes in habitat and track wildlife movements with high precision (Gangadharan et al., 2022). The application of Al
in genomics also provides insights into genetic diversity and population health, crucial for conservation planning
(Wilder et al., 2023).

Real-Time Biodiversity Monitoring: The ability to collect and analyze data in real-time is transforming how
conservationists respond to environmental changes. Online digital data, including images, videos, and sounds, are being
integrated into biodiversity monitoring frameworks. This approach allows for near real-time tracking of biodiversity
status and trends, which is critical for timely conservation interventions (University of Helsinki, 2024).

Table 4 Emerging Trends in Big Data and Al for Biodiversity Conservation

Platforms and Data
Sharing

sharing; enhancing data quality and accessibility
for large-scale projects

Trend Description Impact

Integration of | Al and ML for species identification, habitat | Enhanced precision in habitat
Advanced Al | monitoring, predictive modeling; Al in genomics | monitoring and wildlife tracking;
Techniques for genetic diversity and population health better conservation planning
Real-Time Real-time data collection and analysis; integration | Timely conservation interventions
Biodiversity of images, videos, and sounds for near real-time | based on real-time biodiversity status
Monitoring biodiversity tracking and trends

Collaborative Platforms like GBIF for global data integration and | Improved data quality and

accessibility; support for large-scale
conservation projects

Citizen Science and
Public Engagement

Growth of citizen science initiatives like iNaturalist
and eBird; public contributions to biodiversity
databases and community engagement

Cost-effective data collection;
increased public awareness and
support for biodiversity protection

Table 4 outlines key emerging trends and their impacts. It highlights the integration of advanced Al techniques, such as
species identification and predictive modeling, which enhance precision in monitoring and conservation planning. Real-
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time biodiversity monitoring using images, videos, and sounds allows for timely conservation interventions.
Collaborative platforms like GBIF improve data quality and accessibility, supporting large-scale projects. The growth of
citizen science initiatives, such as iNaturalist and eBird, facilitates cost-effective data collection and increases public
engagement and awareness in biodiversity protection.

Collaborative Platforms and Data Sharing: Platforms like the Global Biodiversity Information Facility (GBIF) continue to
play a vital role in data integration and sharing. These platforms facilitate global research by providing access to
extensive biodiversity datasets. The collaborative nature of such platforms enhances data quality and accessibility,
supporting large-scale conservation projects (Heberling et al., 2021).

Citizen Science and Public Engagement: Citizen science initiatives are expected to grow, providing valuable data for
biodiversity monitoring. Platforms like iNaturalist and eBird enable the public to contribute to biodiversity databases,
enhancing the scope and scale of data collection. These initiatives not only provide cost-effective data but also engage
communities in conservation efforts, raising awareness and support for biodiversity protection (Spear et al,, 2017; ljiga
et.al, 2024).

These trends underscore the transformative potential of Big Data and Al in biodiversity conservation, offering more
precise, efficient, and scalable solutions for managing a