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Abstract
Molluscs possess a unique capability to filter and remove pollutants 
from water, offering a natural and effective solution to combat marine 
pollution. Their filtration process not only enhances water quality but 
also mitigates the detrimental impacts of contaminants on marine 
ecosystems. As climate change introduces unprecedented challenges, 
the resilience of molluscs—particularly in adapting to rising temperatures 
and ocean acidification—highlights their critical role in sustaining marine 
ecosystem balance. This paper reviews the literature on molluscs from 
1874 to 2024, as documented in the Scopus database, analyzing 5,757 
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publications retrieved on 8 March 2024. Five major insights emerged: (a) 
molluscs’ significant ecological role, (b) the potential of marine bivalves 
for ecosystem health and sustainability, (c) the importance of monitoring 
molluscs to address climate change, (d) the scarcity of studies linking 
molluscs to Environmental, Social, and Governance (ESG) practices, 
and (e) existing knowledge gaps. Understanding and monitoring mollusc 
populations are essential for advancing environmental stewardship, 
fostering social responsibility, and promoting sound governance. 
Integrating these aspects within business operations can support marine 
ecosystem resilience and reflect a commitment to the planet's and 
society's holistic well-being.

Introduction
Due to their widespread occurrence, ecological 
diversity, and ability to bioaccumulate pollutants, 
molluscs are often used as bioindicators of marine 
pollution. As bioindicators, molluscs can signal the 
state of environmental health and the presence of 
contaminants. The advantages of using molluscs 
include their sedentary nature, which makes them 
representative of local conditions; their ability 
to accumulate and reflect levels of pollutants 
such as heavy metals, organic contaminants, 
and radionuclides in their tissues; and their often 
long lifespan, which allows for the monitoring of 
environmental changes over time.1-2 Researchers 
analyze the concentration of pollutants in the 
tissue of molluscs to gain insights into the level 
of contamination in their environment. Some 
commonly used molluscs include mussels, clams, 
and oysters. They help identify early environmental 
stress signals before severe ecosystem impacts 
occur. Additionally, their reaction to pollutants offers 
insights into potential ecosystem risks and human 
health concerns related to consuming contaminated 
seafood, as noted by Yu.3 The study of molluscs as 
bioindicators can involve various approaches, such 
as monitoring the bioaccumulation of substances 
over time, assessing the physiological responses 
(such as enzyme activity), or observing the changes 
in population dynamics and community structure 
related to pollution levels. Through these methods, 
molluscs contribute valuable data for assessing and 
managing marine environments.2

Molluscs are gaining increasing attention for their 
potential role in mitigating marine pollution and their 
connection to climate change and Environmental, 
Social, and Governance (ESG) practices. Studies 

have shown that molluscs can filter and remove 
pollutants from the water, effectively improving 
water quality and reducing the negative impacts of 
pollution on marine ecosystems.5-6 This is particularly 
significant in the face of climate change, as rising 
temperatures and ocean acidification pose serious 
threats to marine biodiversity and ecosystem 
health. Molluscs have shown resilience to these 
changing environmental conditions and can play 
a vital role in maintaining the balance of marine  
ecosystems. Additionally, the connection between 
molluscs and ESG practices highlights the 
importance of incorporating sustainable and 
responsible management approaches to protect  
marine environments. By harnessing the natural 
filtration capabilities of molluscs and integrating 
them into coastal management strategies, we can  
mitigate marine pollution and contribute to our marine  
ecosystems' overall resilience and sustainability.6-45 
This paper aims to review the available literature on 
‘Molluscs’ from 1874 to 2024 using the Scopus database 
and discuss the major insights from the review. 

Materials and Methods
Figure 1 shows the overall flow of literature review 
processes employed in the present review study. 
On March 8, 2024, a search for ‘Molluscs’ in the 
Scopus database identified 5767 highly relevant 
papers. Bibliometric analysis, a recognized method 
for assessing research literature, is particularly 
valuable in scientific fields that benefit from 
computational data analysis and has seen a rise 
in scholarly publications.46 VOSviewer, a software 
tool that creates clear graphical representations of 
bibliometric maps, is especially effective for large 
datasets.47 To highlight trends in ‘Molluscs’ research 
from 1874 to 2024, we conducted a bibliometric 
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analysis using VOSviewer, which stands for 
visualization of similarities (www.vosviewer.com).

Scopus contains numerous important research 
papers and provides integrated analysis tools for 

generating informative visual representations.48  
VOSviewer was used to analyze each keyword, 
determining links, total link strengths, and co-
occurrences with other keywords.

Fig.1: Overall flow of literature review processes employed 
in the present review study.

Results
Figure 2 provides a comprehensive overview of 
previous research, highlighting the co-occurrences 
of keywords related to ‘Molluscs’. In this country 
networking map, it is observed that five main clusters 
of countries are involved in molluscs research. A 
distinct colour represents each cluster, and the 
number of countries within each cluster reflects the 
extent of collaborative efforts in different regions. 
Here is a breakdown of each cluster with the number 
of countries included

Cluster 1 
(United States-Centered Cluster, Purple)
This central cluster, with 11 countries, includes the  
United States as the primary hub. Strong 
collaborations extend to countries like Canada, 
South Korea, Australia, and the United Kingdom. 
This cluster highlights the extensive partnerships 
led by the United States across continents.

Cluster 2 (European Cluster, Red)
This cluster includes 16 countries, including 
Germany, Italy, the Netherlands, Poland, and 

Switzerland. These countries are well-connected 
within Europe and maintain collaborative links with 
other continents, particularly with the United States, 
illustrating Europe's active role in mollusc research.

Cluster 3 
(Russian Federation-Centered Cluster, Blue)
The Russian Federation anchors this cluster of 
nine countries, which includes Eastern European 
nations like Ukraine, Estonia, and Lithuania. This 
cluster demonstrates a regional research focus, with 
collaborations primarily within Eastern Europe and 
some connections with Asia.

Cluster 4
(Asian Cluster, Green)
This cluster comprises 13 countries and includes 
China, India, Japan, Malaysia, and Thailand. It reflects  
a growing research community within Asia, with 
substantial inter-Asian collaborations and links with 
the United States and European nations.
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Cluster 5
(Franco-Mediterranean Cluster, Light Blue/Cyan)
This cluster, which includes 8 countries, is centred 
around France and includes Mediterranean 
countries like Spain, Algeria, Tunisia, and Morocco. 
France plays a central role in fostering collaborations 
within the Mediterranean region and with other 
European countries.

The map depicts 57 countries actively collaborating 
in mollusc research, illustrating the global nature  

of research in this field. The clustering of these countries  
underscores the strong regional ties within Europe, 
Asia, and the Mediterranean while also highlighting 
the central role of the United States in fostering 
cross-continental collaborations. This interconnected 
network shows how mollusc research benefits from 
extensive international partnerships, contributing to 
the global advancement of knowledge in this field.

Fig. 2: A bibliometric analysis of ‘Molluscs’ research themes by country. This visualization shows 
the top 57 countries involved in research from 1874 to 2024, based on the Scopus database. 

The analysis identifies five prominent clusters, as 
visualized in Figure 3 (top). Recent studies from 
2010 to 2024 have concentrated on biodiversity, 
ecosystems, shells, marine environments, 
bioindicators, community composition, and 
morphology (Figure 3; bottom). This temporal 
dimension adds depth to the clusters identified 
earlier, offering insights into how the focus of 
research on molluscs and related fields has evolved 
over time.

Cluster 1 (Red)
focused on mollusca, bivalvia, and gastropoda, 
primarily includes keywords linked to taxonomic and 
biodiversity studies. The colors indicate that much of 

this foundational research began in the 1990s and 
continued into the early 2000s, showing a sustained 
interest in species classification, biodiversity, and 
morphological studies.

Cluster 2 (Green)
associated with environmental and chemical 
research, shows keywords such as bioaccumulation, 
heavy metals, and water pollutants. The greenish hues 
suggest that the investigation into bioaccumulation 
and ecotoxicology grew more prominent from the 
late 1990s into the 2000s, reflecting an increasing 
concern for environmental monitoring and pollution 
impact on marine species.
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Fig. 3: A bibliometric analysis of ‘Molluscs’ research themes. The top panel visualizes the main 
research themes, while the bottom panel shows the evolution of research trends from 1874 to 
2024, based on the Scopus database. The colors in the top panel represent different research 
themes, and the colors in the bottom panel indicate the publication years. Data is based on a 

Scopus search conducted on March 8, 2024. 

Cluster 3 (Blue)
encompasses neurobiology and physiology topics, 
represented by terms like nervous system, neurons, 

and dopamine. The darker blue shades reveal that 
studies in this area have been consistently active 
from the mid-1990s onward, with research into 
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molluscan neurobiology and physiology gaining 
traction as laboratory techniques advanced.

Cluster 4 (Yellow)
representing genetics and molecular biology, 
contains terms such as gene expression and 
nucleotide sequence. The yellow hues suggest 
that genetic and molecular research became 
prominent in the early 2000s, corresponding 
with advancements in genomics and molecular 
techniques that allowed for deeper investigation into 
the genetic underpinnings of invertebrate species.

Cluster 5 (Purple)
focuses on experimental methodologies and 
pharmacology, with keywords such as drug efficacy 
and toxicity. The purple tones indicate that these 
topics gained popularity in the early to mid-2000s, 
highlighting the rise in laboratory-based experimental 
research and drug testing on molluscan models.

This map's temporal information allows for an 
understanding of how research themes have 
shifted over the years. As new technologies and 
methodologies emerged, it showed a trajectory 
from foundational taxonomy and biodiversity studies 
towards more specialized areas like neurobiology, 
ecotoxicology, and molecular biology. This temporal 
mapping of keywords helps illustrate the evolving 
focus in molluscan research and related fields.

Figure 4. shows the radar chart based on the top 110 
countries out of 132 defined countries based on the 
Scopus database using the keyword ‘Molluscs’ from 
1874 to 2024, with a total number of publications 
of 5757 as searched on 8 March 2024. The chart 
visually represents each country’s contribution to 
the body of research on molluscs, with the number 
of papers indicated by radial points on the chart.

Fig. 4: Radar chart (using Excel) based on top 110 countries out of 132 defined countries based 
on Scopus database using keyword ‘Molluscs’ from 1874 to 2024, with a total 

number of publications of 5757 as searched on 8 March 2024. 

The United States is the most prominent contributor, 
with the highest number of publications, exceeding 
1,200 papers. This highlights the country’s strong 

academic and research interest in mollusc studies.
United Kingdom, Italy, Russian Federation, and 
Germany follow as significant contributors, each 
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with substantial publication counts ranging from 
400 to 1,000 papers. These countries also play a 
central role in global mollusc research, reinforcing 
their positions as leaders in this field.

Other notable contributors include Spain, Australia, 
Canada, Japan, China, and India, each with a 
moderate number of publications between 200 and 
400 papers. These countries represent a diverse 
range of geographic regions, indicating global 
interest in mollusc research.

Secondary contributors such as the Netherlands, 
Brazil, Poland, Sweden, South Africa, Austria, and 
Portugal show fewer but still noteworthy publication 
counts, indicating an active, though smaller, 
engagement in mollusc-related studies.

Countries with lower publication counts include 
Thailand, Malaysia, Switzerland, Tunisia, Croatia, 
and others, each contributing fewer than 100 papers. 
These nations may represent emerging research 
interests or smaller-scale studies in mollusk-related 
fields.

Discussion
The reported studies highlighted the significant 
role of molluscs  
Research on molluscs increasingly highlights 
their vital role in mitigating marine pollution and 
addressing climate change impacts. Understanding 
the mechanisms through which molluscs contribute 
to ecosystem health is essential for fully utilizing their 
potential. Studies show that molluscs effectively 
filter and remove water pollutants, enhancing water 
quality and mitigating contaminants' impact on 
marine life. Their resilience to rising temperatures 
and ocean acidification highlights their crucial role in 
maintaining marine ecosystem balance.8-10

Restorative aquaculture has emerged as a promising 
approach to enhance ecosystem services and 
benefit society. By utilizing the natural filtration 
abilities of molluscs, this practice can help mitigate 
the local effects of ocean acidification, improve water 
quality and clarity, provide habitats for fish, increase 
benthic community diversity, support food security 
and job creation, and promote gender equity. This 
approach offers a holistic strategy, leveraging the 
unique capabilities of molluscs to create a healthier 
and more sustainable ocean environment.11-12

Given the alarming pace of global climate change and 
its severe threat to the diversity of marine bivalves, 
continued research and collaboration in this field 
are essential. By further exploring the potential of 
molluscs and developing comprehensive strategies, 
we can effectively address marine pollution and 
contribute to the resilience and sustainability of 
marine ecosystems worldwide.

The literature indicated the Potential of Marine 
Bivalves for  Ecosystem Health and Sustainability
Accurate weather predictions are increasingly 
essential in our rapidly changing world, supporting 
critical sectors such as agriculture, transportation, 
energy production, and disaster management, 
which rely on reliable forecasts for effective planning 
and operations. Restorative aquaculture, which 
involves marine bivalves like molluscs, offers 
significant potential for enhancing ecosystem 
health and sustainability. By utilizing the natural 
filtering abilities of bivalves to improve water quality, 
remove pollutants, and mitigate ocean acidification, 
restorative aquaculture can create habitats for 
fish and other organisms, boost biodiversity, and 
deliver societal benefits such as food security and 
job creation.49

This holistic approach to aquaculture addresses 
complex environmental challenges by harnessing 
the biological traits of marine bivalves to restore 
ecosystem services while also considering socio-
economic factors. Restorative aquaculture thus 
represents a promising pathway to sustainable 
development and the protection of marine 
ecosystems.2,13-14

Marine bivalves, particularly molluscs, play a pivotal 
role in restorative aquaculture. This approach 
supports ecosystem health through water filtration, 
ocean acidification mitigation, and biodiversity 
enhancement. Additionally, it provides numerous 
societal benefits, including improved food security, 
employment opportunities, and gender equity.15-16

As we confront the intertwined challenges of climate 
change and marine pollution, recognizing the 
interconnectedness of ESG factors is crucial for 
effective solutions. Research and collaboration are 
vital to understanding how marine bivalves support 
ecosystem health, enabling the development of 
strategies to maximize their potential.
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Embracing restorative aquaculture and integrating 
marine bivalves into coastal management strategies 
is a proactive approach to fostering marine 
ecosystem resilience and sustainability. This comm- 
itment marks a significant step toward achieving 
sustainable development and ensuring the health 
of our oceans for future generations.50

Lacking of Studies on the Connections between 
Molluscs and ESG Practices
Integrating molluscs into ESG practices highlights 
the essential role of sustainable and responsible 
marine management. By incorporating molluscs into 
coastal strategies, organizations can address critical 
issues like marine pollution while enhancing the 
resilience and sustainability of marine ecosystems, 
illustrating the interconnectedness of ESG factors 
in tackling complex environmental challenges.6-7,17-18

To maximize molluscs' benefits in reducing marine 
pollution and countering climate change, it is crucial 
to delve into the specific mechanisms through 
which these organisms contribute to ecosystem 
health. Collaborative research in this area is vital 
for developing strategies that leverage molluscs' 
unique capabilities, fostering a healthier and more 
sustainable ocean environment. With climate change 
accelerating at an alarming rate, posing significant 
threats to marine biodiversity, this research is more 
urgent than ever.19-20

Restorative aquaculture, particularly through 
the cultivation of molluscs, presents substantial 
potential to enhance ecosystem services and benefit 
society. This approach can locally mitigate ocean 
acidification, improve water quality, provide habitats 
for fish, increase benthic community diversity, 
support food security, generate employment 
opportunities, and promote gender equity.21-24 

Including molluscs in these efforts can strengthen 
the long-term sustainability of marine ecosystems 
and the communities that rely on them.

Furthermore, integrating molluscs into ESG practices 
reinforces the need for sustainable, responsible 
approaches to marine management. Their role in 
coastal strategies helps reduce marine pollution and 
fortifies marine ecosystems' resilience. This approach 
underscores the importance of acknowledging the 
interconnectedness of environmental, social, 

and governance factors in overcoming complex 
environmental challenges.25-27

ESG considerations are increasingly critical for 
businesses demonstrating their commitment to 
sustainability and responsible practices.28 A key 
aspect of this commitment involves monitoring 
marine ecosystems to gain insights into the 
environmental impact of corporate activities. 
Molluscs have emerged as valuable bioindicators, 
reflecting the effectiveness of marine biodiversity's 
health and pollution control efforts. By using molluscs 
in monitoring and restoration initiatives, companies 
can showcase their dedication to environmental 
stewardship and long-term sustainability.29-30

Enhancing Environmental Stewardship and 
Marine Ecosystem Sustainability
Molluscs serve as valuable biomonitors and 
bioindicators of marine pollut ion, al igning 
closely with the environmental dimension of the 
Environmental, Social, and Governance (ESG) 
framework. These diverse marine organisms are 
essential to maintaining healthy ecosystems, 
and their widespread distribution and adaptability 
make them reliable indicators of marine habitat 
health.31 Organizations and governments aiming to 
demonstrate ESG compliance can utilize mollusc 
monitoring data to evaluate and mitigate their 
environmental impact, especially concerning marine 
biodiversity.32

Beyond their role as bioindicators, molluscs are also 
fundamental to the sustainability of fisheries and 
aquaculture, both crucial for global food security. 
However, these industries must balance profitability 
with environmental responsibility, a core component 
of ESG criteria.33 By tracking mollusc populations, 
stakeholders can encourage more sustainable 
practices, ensuring that industrial activities support, 
rather than harm, the long-term health of marine 
ecosystems.31

Due to their sensitivity to environmental pollutants, 
molluscs provide vital insights into the success of 
pollution mitigation strategies. Pollution reduction is 
a critical aspect of ESG frameworks, and monitoring 
mollusc populations offers companies real-time 
feedback on these efforts, enabling continuous 
improvements in environmental stewardship.34
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Mollusc health and distribution also mirror broader 
shifts in marine ecosystems, including those 
influenced by climate change. As companies are 
increasingly called upon to contribute to climate 
change mitigation, mollusc monitoring data can 
help organizations understand and address their 
environmental impacts.35-36

In summary, using molluscs as bioindicators gives 
businesses and governments a powerful means to 
demonstrate their commitment to ESG principles. 
Leveraging the insights these organisms offer 
enables stakeholders to make informed decisions, 
reduce environmental footprints, and support the 
long-term sustainability of marine ecosystems.37

The Social Implications of Mollusc Consumption: 
Mitigating Health Risks and Promoting 
Community Engagement
The consumption of polluted molluscs poses 
considerable health risks for local communities, 
an issue that ESG-conscious organizations must 
prioritize.38-39 Exposure to toxic substances, 
particularly metallic contaminants, can have severe  
health impacts, especially for vulnerable populations.40 
Moreover, cultural and socioeconomic variations 
in mollusc preparation methods may influence 
the degree of exposure to these health risks. To 
address this, ESG-focused organizations should 
adopt a comprehensive approach that integrates 
environmental and social considerations.50-51

Understanding the health implications of mollusc 
consumption within communities is essential. Certain 
groups, particularly those consuming raw shellfish or 
including viscera in their diets, face an increased risk 
of exposure to harmful contaminants.39 To mitigate 
these risks effectively, ESG-sensitive organizations 
should engage with local communities to gain 
insights into their consumption and preparation 
practices. Targeted education and awareness 
initiatives can then be developed to inform at-risk 
groups and promote safer consumption habits.

Beyond addressing health risks, molluscs also 
serve as bioindicators, offering valuable insights into 
the health of marine ecosystems. ESG-conscious 
organizations can capitalize on this by partnering 

with local communities to create educational 
programs that raise awareness of environmental 
health and encourage public involvement in 
conservation efforts.41-42

By addressing the social aspects of mollusc 
consumption, ESG-sensitive organizations reduce 
health risks and foster community engagement. 
Empowering local stakeholders to actively participate 
in environmental stewardship improves public health 
and ecological outcomes, paving the way for a more 
sustainable future for all.36,39-40

Enhancing Corporate Governance through 
Sustainability Practices
Using molluscs to monitor marine pollution has 
important corporate governance and sustainability 
implications. Mollusc-based pollution monitoring 
provides valuable data supporting regulatory 
compliance and risk management and enhancing 
ESG performance.26,28,34

Adhering to environmental regulations is essential 
for companies, and data gathered from mollusc 
monitoring can be instrumental in demonstrating 
compliance with environmental standards and 
guidelines.26 Organizations incorporating mollusc 
health into their environmental assessments are 
better equipped to fulfil regulatory requirements, 
reflecting their commitment to responsible corporate 
governance.

Neglecting environmental responsibilities can expose 
companies to legal, financial, and reputational 
risks.29,43 Leveraging molluscs as bioindicators 
enables companies to better understand their 
environmental impacts, identify potential risks early, 
and establish effective risk management strategies.44 
This approach aligns with the growing emphasis 
on ESG assessments, which consider ecosystem 
health part of a company’s sustainability evaluation.
By integrating mollusc-based pollution monitoring 
into their sustainability frameworks, organizations 
demonstrate a commitment to comprehensive ESG 
practices. Addressing these critical environmental 
indicators can boost ESG performance, foster 
stakeholder trust, attract investment, and contribute 
to more sustainable business outcomes.26,28,44-45
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Knowledge Gaps in Marine Pollution Using 
Molluscs as Biomonitors and Bioindicators 
Extensive research has explored the use of molluscs 
as bioindicators for marine pollution; however, 
significant knowledge gaps persist, limiting the 
effectiveness of molluscs in fully assessing the 
impacts of pollution on marine environments. These 
gaps include species-specific differences in pollutant 
accumulation, which complicate the interpretation 
of bioindicator data.24 Certain mollusc species may 
absorb contaminants more efficiently than others, 
challenging researchers' ability to generalize 
findings from studies focused on specific species.23 
Additionally, molluscs are often exposed to multiple 
pollutants simultaneously, and the synergistic 
effects of these combined contaminants remain 
poorly understood. This interaction complicates our 
understanding of their toxicological processes.24

Little is known about molluscs' cellular and metabolic 
responses to pollutants and their accumulation 
patterns. Although pollutant concentrations in 
molluscs can be measured, the complex molecular 
mechanisms underlying pollutant toxicity remain 
unclear, limiting insights into pollution's impact at 
a subcellular level.22 This lack of understanding 
extends to broader ecological consequences, such 
as pollution's effects on mollusc reproduction and 
population stability over time. Further research is 
needed to assess how pollution affects mollusc 
survival, reproductive success, and ecological roles 
within marine ecosystems.51-52

Environmental factors influence contaminant 
bioavailability and mollusc toxicity, including 
temperature, salinity, and pH. The interactions 
between these environmental conditions and 
pollutants are poorly understood, adding complexity 
to bioindicator data interpretation.28 Furthermore, 
most studies are localized, necessitating more 
expansive research across diverse ecosystems and 
geographical areas to produce broadly applicable 
findings.52

Seasonal and long-term variations in pollution 
levels further complicate the use of molluscs as 
bioindicators. Understanding how these fluctuations 
affect contaminant levels in molluscs is essential 
for developing effective monitoring strategies.25 
Lastly, there is limited knowledge about the direct  

health risks to humans who consume molluscs from 
contaminated waters. Molluscs can accumulate 
substantial amounts of pollutants, but the implications 
for human health are not fully understood and 
warrant further investigation.26

Addressing these knowledge gaps is essential 
for improving the use of molluscs as bioindicators 
in marine pollution assessment and remediation 
efforts.24-26 Continued research and monitoring 
are crucial for enhancing molluscs' reliability 
as bioindicators and informing more effective 
conservation and management strategies to protect 
marine ecosystems.

Conclusion
The literature reviewed on Scopus highlights 
molluscs' diverse and essential role in advancing 
environmental sustainability, corporate governance, 
and community health within the ESG framework. 
Molluscs, especially marine bivalves, play a vital role 
in ecosystem health and are increasingly recognized 
for their potential to support environmental 
stewardship and sustainability efforts. However, 
there is a notable gap in research directly linking 
molluscs to ESG practices, suggesting an area for 
future investigation. Moreover, mollusc consumption 
presents important social implications, offering 
opportunities to mitigate health risks and engage 
communities. Incorporating molluscs into corporate 
sustainability practices can strengthen governance 
by aligning business activities with ecological and 
social priorities. Additionally, significant knowledge 
gaps remain regarding the use of molluscs as 
biomonitors and bioindicators of marine pollution, 
emphasizing the need for continued research to 
maximize their effectiveness in marine ecosystem 
management. In summary, molluscs are a critical 
bridge between marine health and ESG principles. 
As bioindicators, they provide valuable insights 
into the state of marine ecosystems, reflecting the 
environmental impacts of human activities. This 
information supports the development of sustainable 
practices essential to achieving or improving ESG 
standards. Environmentally, mollusc populations 
signal biodiversity levels and assist in evaluating 
the effectiveness of pollution control efforts. Socially, 
they contribute to community health and economic 
stability, especially in regions that rely heavily on 
marine resources. From a governance perspective, 
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pollution monitoring using bioindicators like molluscs 
aligns with regulatory adherence, risk management, 
transparency, and responsible corporate behaviour.

Acknowledgment
We would like to thank the staff of the Department 
of Biology at Universiti Putra Malaysia for their help 
in preparing this article.

Funding Sources
This research received no external funding.

Conflict of Interest
The authors do not have any conflict of interest.

Data Availability Statement
This statement does not apply to this article.

Ethics Statement
This research did not involve human participants, 
animal subjects, or any material that requires ethical 
approval.

Informed Consent Statement
This study did not involve human participants, and 
therefore, informed consent was not required.

Author Contributions
•	 Chee Kong Yap Kennedy Aaron Aguol, Meng 

Chuan Ong: Conceptualization, Methodology, 
Writing – Original Draft

•	 Wan Mohd Syazwan, Rosimah Nulit, Hideo 
Okamura, Yoshifumi Horie: Data Collection, 
Analysis, Writing– Review, Editing

•	 Mohamad Saupi Ismail ,  Ahmad Dwi 
Setyawan, Krishnan Kumar: Visualization, 
Supervision, Project Administration

•	 Wan Hee Cheng, and Chee Seng Leow: 
Resources, Supervision.

References

1.	 Filgueira R., Strohmeier T., Strand Ø. 
Regulating Services of Bivalve Molluscs 
in the Context of the Carbon Cycle and 
Implications for Ecosystem Valuation. 2018. 
Springer eBooks, 231-251. https://doi.
org/10.1007/978-3-319-96776-9_12.

2.	 Theuerkauf S J., Morris J A., Waters T J., 
Wickliffe L C., Alleway H K., Jones R. C. 
A global spatial analysis reveals where 
marine aquaculture can benefit nature 
and people. PLOS ONE, 2019, 14(10), 
e0222282-e0222282. https://doi.org/10.1371/
journal.pone.0222282.

3.	 Yu X., Zhao Z., Tang R., Xiong B., Wu Z., Su 
S., Yao W. Assessment of the environmental 
purification of triangle sail mussel (Hyriopsis 
cumingii) in recirculating aquaculture 
systems. Appl Ecol Environ Res, 2020, 
18(2), 3439-3454. https://doi.org/10.15666/
aeer/1802_34393454.

4.	 Su Y., Ma S., Lei J. Assessment of 
pollutant reducing effect by poly-culture 
and bioremediation in sediment of marine 
shrimp ponds. Procedia Environ Sci, 2011, 

10, 1559-1567. https://doi.org/10.1016/j.
proenv.2011.09.248.

5.	 Mahendra C., Sivakiran R., Badrinarayana K., 
Priya L., Raj S., Mamatha M. Investigation of 
bivalve molluscan seashells for the removal 
of cadmium, lead and zinc metal ions from 
wastewater streams. Rasayan J Chem, 2020, 
12(02), 903-914. https://doi.org/10.31788/
rjc.2020.1325617.

6.	 Hatje V., Andrade R. L. B., Oliveira C. C. D., 
Polejack A., Gxaba T. Pollutants in the South 
Atlantic Ocean: Sources, knowledge gaps 
and perspectives for the decade of ocean 
science. Front Mar Sci, 2021, 8, 644569. 
https://doi.org/10.3389/fmars.2021.644569.

7.	 Dittami S. M., Arboleda E., Auguet J., 
Bigalke A., Briand E., Cárdenas P., Cardini 
U., Decelle J., Engelen A. H., Eveillard D., 
Gachon C. M. M., Griffiths S. M., Harder T., 
Kayal E., Kazamia E., Lallier F. H., Medina 
M., Marzinelli E. M., Morganti T. M., Not F. 
A community perspective on the concept of 
marine holobionts: current status, challenges, 
and future directions. PeerJ, 2021, 9, e10911. 



1058YAP et al., Curr. World Environ., Vol. 19(3) 1047-1060 (2024)

https://doi.org/10.7717/peerj.10911.
8.	 Atasaral, S., Umar, K., Yahya, T., & Kadir, S. 

(2020). Mussel: A potential pollution indicator 
in the aquatic ecosystem and effect of climate 
change. International Journal of Environment. 
https://doi.org/10.30897/IJEGEO.788272

9.	 James, E., Vereycken, D., & Aldridge, C. 
(2022). Bivalve molluscs as biosensors of 
water quality: State of the art and future 
directions. Hydrobiologia. https://doi.
org/10.1007/s10750-022-05057-7

10.	 Fortunato, H. (2016). Mollusks: Tools 
in environmental and climate research. 
American Malacological Bulletin. https://doi.
org/10.4003/006.033.0208

11.	 Gouvello R. L., Cohen-Shacham E., Herr D., 
Spadone A., Simard F., Brugère C. The IUCN 
global standard for nature-based solutions™ 
as a tool for enhancing the sustainable 
development of marine aquaculture. Front 
Mar Sci, 2023, 10, 1146637. https://doi.
org/10.3389/fmars.2023.1146637.

12.	 Gentry R. R., Froehlich H. E., Grimm D., 
Kareiva P., Parke M., Rust M., Gaines S. D., 
Halpern B. S. Mapping the global potential 
for marine aquaculture. Nat Ecol Evol, 2017, 
1(9), 1317-1324. https://doi.org/10.1038/
s41559-017-0257-9.

13.	 Willer D. F., Aldridge D. C. Sustainable 
bivalve farming can deliver food security in 
the tropics. Nat Food, 2020, 1(7), 384-388. 
https://doi.org/10.1038/s43016-020-0116-8.

14.	 Carranza A., Ermgassen P. S. E. Z. A global 
overview of restorative shellfish mariculture. 
Front Mar Sci, 2020, 7, 722. https://doi.
org/10.3389/fmars.2020.00722.

15.	 Olivier A. V. D. S., Jones L., Vay L. L., Christie 
M., Wilson J. A., Malham S. K. A global review 
of the ecosystem services provided by bivalve 
aquaculture. Rev Aquac, 2018, 12(1), 3-25. 
https://doi.org/10.1111/raq.12301.

16.	 Kluger L. C., Filgueira R., Wolff M. Integrating 
the concept of resilience into an ecosystem 
approach to bivalve aquaculture management. 
Ecosystems, 2017, 20(7), 1364-1382. https://
doi.org/10.1007/s10021-017-0118-z.

17.	 Estes J. A., Heithaus M. R., McCauley D. 
J., Rasher D. B., Worm B. Megafaunal 
impacts on structure and function of ocean 
ecosystems. Annu Rev Environ Resour, 

2016, 41(1), 83-116. https://doi.org/10.1146/
annurev-environ-110615-085622.

18.	 Friedman W. R., Halpern B. S., McLeod E., 
Beck M. W., Duarte C. M., Kappel C. V., 
Levine A., Sluka R. D., Adler S., O’Hara C. 
C., Sterling E. J., Tapia-Lewin S., Losada Í. 
J., McClanahan T. R., Pendleton L. H., Spring 
M., Toomey J. P., Weiss K. R., Possingham 
H. P., Montambault J. Research priorities 
for achieving healthy marine ecosystems 
and human communities in a changing 
climate. Front Mar Sci, 2020, 7, 5. https://doi.
org/10.3389/fmars.2020.00005.

19.	 Trevathan-Tackett S. M., Sherman C. D. H., 
Huggett M. J., Campbell A. H., Laverock B., 
Hurtado-McCormick V., Seymour J. R., Firl A., 
Messer L. F., Ainsworth T. D., Negandhi K., 
Daffonchio D., Egan S., Engelen A. H., Fusi 
M., Thomas T., Vann L., Hernández-Agreda 
A., Gan H. M., Macreadie P. I. A horizon scan 
of priorities for coastal marine microbiome 
research. Nat Ecol Evol, 2019, 3(11), 1509-
1520. https://doi.org/10.1038/s41559-019-
0999-7.

20.	 Gattuso J., Magnan A., Bopp L., Cheung W. 
W. L., Duarte C. M., Hinkel J., McLeod E., 
Micheli F., Oschlies A., Williamson P., Billé 
R., Chalastani V. I., Gates R. D., Irisson J. 
O., Middelburg J. J., Pörtner H. O., Rau G. H. 
Ocean solutions to address climate change 
and its effects on marine ecosystems. Front 
Mar Sci, 2018, 5, 337. https://doi.org/10.3389/
fmars.2018.00337.

21.	 Madricardo F., Ghezzo M., Nesto N., Kiver 
W. J. M., Faussone G. C., Fiorin R., Riccato 
F., Mackelworth P., Basta J., Pascalis F. D., 
Kruss A., Petrizzo A., Moschino V. How to 
deal with seafloor marine litter: An overview 
of the state-of-the-art and future perspectives. 
Front Mar Sci, 2020, 7, 505134. https://doi.
org/10.3389/fmars.2020.505134.

22.	 Harayashiki C. A. Y., Márquez F., Cariou 
E., Castro Í. B. Mollusk shell alterations 
resulting from coastal contamination and 
other environmental factors. Environ Pollut, 
2020, 265, 114881. https://doi.org/10.1016/j.
envpol.2020.114881.

23.	 Olenin S., Elliott M., Bysveen I., Culverhouse 
P., Daunys D., Dubelaar G. B. J., Gollasch 
S., Goulletquer P., Jelmert A., Kantor Y. 



1059YAP et al., Curr. World Environ., Vol. 19(3) 1047-1060 (2024)

I., Mézeth K. B., Minchin D., Occhipinti-
Ambrogi A., Olenina I., Vandekerkhove 
J. Recommendations on methods for the 
detection and control of biological pollution in 
marine coastal waters. Mar Pollut Bull, 2011, 
62(12), 2598-2604. https://doi.org/10.1016/j.
marpolbul.2011.08.011.

24.	 Roveta C., Annibaldi A., Afghan A., Calcinai 
B., Camillo C. G. D., Gregorin C., Illuminati S., 
Mantas T. P., Truzzi C., Puce S. Biomonitoring 
of heavy metals: The unexplored role of 
marine sessile taxa. Appl Sci, 2021, 11(2), 
580. https://doi.org/10.3390/app11020580.

25.	 Senez-Mello T. M., Crapez M. A. C., 
Silva C. A. R. E., Silva E. T., Fonseca E. 
M. D. Heavy metals bioconcentration in 
Crassostrea rhizophorae: A site-to-site 
transplant experiment at the Potengi estuary, 
Rio Grande do Norte, Brazil. Sci Rep, 2020, 
10(1). https://doi.org/10.1038/s41598-019-
57152-w.

26.	 Strehse J. S., Maser E. Marine bivalves as 
bioindicators for environmental pollutants 
with focus on dumped munitions in the 
sea: A review. Mar Environ Res, 2020, 
158, 105006. https://doi.org/10.1016/j.
marenvres.2020.105006.

27.	 Zheng L., Cui W., Song W., Qu L., Yuan Y., 
Dong-fang Y. The biological effects of marine 
dumping on mollusks. Procedia Environ Sci, 
2012, 16, 118-124. https://doi.org/10.1016/j.
proenv.2012.10.016.

28.	 Rao K. K., Tilt C., Lester L. Corporate 
governance and environmental reporting: 
an Australian study. Corporate Governance: 
The International Journal of Business in 
Society, 2012, 12(2), 143-163. https://doi.
org/10.1108/14720701211214052.

29.	 Cho H. J. ,  Lozier  W. Case studies 
demonstrating sustainability and risk 
evaluations in environmental due diligence for 
upstream oil and gas transactions in Alberta. 
Society of Petroleum Engineers, 2013. https://
doi.org/10.2118/163779-ms.

30.	 Edgar J. K.,  Colwel l  L.,  Mitchel l  S. 
Environmental social responsibility: The 
reality and rewards of corporate citizenship. 
Society of Petroleum Engineers, 2002. https://
doi.org/10.2118/74096-ms.

31.	 Escamilla-Montes R., Granados-Alcantar 
S., Diarte-Plata G., Pacheco-Heredia P. 

D. J., Gill-León J. A., Luna-González A., 
Fierro-Coronado J. A., Álvarez-Ruíz P., 
Esparza-Leal H. M., Valenzuela-Quiñónez W. 
Biodiversity of gastropod in the Southeastern 
Gulf of California, Mexico. IntechOpen, 2018. 
https://doi.org/10.5772/intechopen.72201.

32.	 Lydeard C., Cowie R. H., Ponder W. F., Bogan 
A. E., Bouchet P., Clark S. A., Cummings 
K. S., Frest T. J., Gargominy O., Herbert 
D. G., Hershler R., Perez K. E., Roth B., 
Seddon M., Strong E. E., Thompson F. G. 
The global decline of nonmarine mollusks. 
BioScience, 2004, 54(4), 321-321. https://doi.
org/10.1641/0006-3568(2004)054[0321:tgdo
nm]2.0.co;2.

33.	 Alleway H. K., Waters T. J., Brummett R., 
Cai J., Cao L., Cayten M. R., Costa-Pierce 
B. A., Dong Y., Hansen S. C. B., Liu S., Liu 
Q., Shelley C., Theuerkauf S. J., Tucker L., 
Wang Y., Jones R. C. Global principles for 
restorative aquaculture to foster aquaculture 
practices that benefit the environment. 
Conservation Science and Practice, 2023, 
5(8). https://doi.org/10.1111/csp2.12982.

34.	 Bellchambers L. M., Phillips B. F., Pérez-
Ramírez M., Lozano-Álvarez E., Ley-
Cooper K., Vega-Velázquez A. Addressing 
environmental considerations for Marine 
Stewardship Council certification: A case 
study using lobsters. Marine Policy, 2014, 
50, 249-260. https://doi.org/10.1016/j.
marpol.2014.07.006.

35.	 Chiarel l i  R., Roccheri M. C. Marine 
invertebrates as bioindicators of heavy 
metal pollution. Open Journal of Metal, 
2014, 4(4), 93-106. https://doi.org/10.4236/
ojmetal.2014.44011.

36.	 Aldridge D. C., Ollard I., Bespalaya Y. V., 
Bolotov I. N., Douda K., Geist J., Haag W. R., 
Klunzinger M., Lopes-Lima M., Mlambo M. C., 
Riccardi N., Sousa R., Strayer D. L., Torres S., 
Vaughn C. C., Zając T., Zieritz A. Freshwater 
mussel conservation: A global horizon scan 
of emerging threats and opportunities. Global 
Change Biology, 2022, 29(3), 575-589. 
https://doi.org/10.1111/gcb.16510.

37.	 Haugen J. B., Link J. S., Cribari K., Bundy 
A., Dickey-Collas M., Leslie H. M., Hall J., 
Fulton E. A., Levenson J. J., Parsons D. M., 
Hassellöv I., Olsen E., DePiper G., Gentry R. 
R., Clark D. E., Brainard R. E., Mateos-Molina 



1060YAP et al., Curr. World Environ., Vol. 19(3) 1047-1060 (2024)

D., Borja Á., Gelcich S., Agnalt A. Marine 
ecosystem-based management: challenges 
remain, yet solutions exist, and progress is 
occurring. Nature Communications, 2024, 
3(1). https://doi.org/10.1038/s44183-024-
00041-1.

38.	 Crovato S., Pinto A., Arcangeli G., Mascarello 
G., Ravarotto L. Risky behaviours from 
the production to the consumption of 
bivalve molluscs: Involving stakeholders 
in the prioritization process based on 
consensus methods. Food Control, 2017, 
78, 426-435. https://doi.org/10.1016/j.
foodcont.2017.03.010.

39.	 Talley T. S., Loflen C., Venuti N., Pedersen 
D., Gossett R., Baker M. Contaminant 
risk and social vulnerability associated 
with crustacean shellfish harvest in the 
highly urbanized San Diego Bay, USA. 
Environments, 2023, 10(6), 91-91. https://
doi.org/10.3390/environments10060091.

40.	 Khidkhan K., Imsilp K., Poapolathep A., 
Poapolathep S., Tanhan P. Potential human 
health risk from consumption of metallic 
elements-contaminated benthic mollusks 
from Don Hoi Lot sandbar, Thailand. Science 
of The Total Environment, 2017, 584-
585, 1239-1247. https://doi.org/10.1016/j.
scitotenv.2017.01.188.

41.	 Aronson J., Blatt C. M., Aronson T. B. 
Restoring ecosystem health to improve 
human health and well-being: Physicians 
and restoration ecologists unite in a common 
cause. Ecology and Society, 2016, 21(4). 
https://doi.org/10.5751/es-08974-210439.

42.	 Zhan S. ESG and corporate performance: 
A review. SHS Web of Conferences, 2023, 
169, 01064-01064. https://doi.org/10.1051/
shsconf/202316901064.

43.	 Jinga P. The increasing importance of 
environmental, social and governance (ESG) 
investing in combating climate change. 
IntechOpen, 2021. https://doi.org/10.5772/
intechopen.98345.

44.	 Veleva V., Ellenbecker M. J. Indicators of 
sustainable production: Framework and 
methodology. Journal of Cleaner Production, 
2001, 9(6), 519-549. https://doi.org/10.1016/
s0959-6526(01)00010-5.

45.	 Jones D. O. B., Durden J. M., Murphy K. 
J., Gjerde K. M., Gebicka A., Colaço A., 
Morato T., Cuvelier D., Billett D. Existing 
environmental management approaches 
relevant to deep-sea mining. Marine Policy, 
2019, 103, 172-181. https://doi.org/10.1016/j.
marpol.2019.01.006.

46.	 Ellegaard O., Wallin J. A. The bibliometric 
analysis of scholarly production: How great 
is the impact? Scientometrics, 2018, 105, 
1809-1831. https://doi.org/10.1007/s11192-
018-2736-3.

47.	 Van Eck N., Waltman L. Software survey: 
VOSviewer, a computer program for 
bibliometric mapping. Scientometrics, 2010, 
84, 523-538. https://doi.org/10.1007/s11192-
009-0146-3.

48.	 Guz A. N., Rushchitsky J. J. Scopus: A system 
for the evaluation of scientific journals. Int 
Appl Mech, 2009, 45, 351-362. https://doi.
org/10.1007/s10778-009-0189-4.

49.	 Zhong, G., Lin, Z., Liu, F., & Tan, Q.-G. 
(2024). Toxicokinetics and Mussel Watch: 
Addressing interspecies differences for 
coastal cadmium contamination assessment. 
Environmental Science & Technology. https://
doi.org/10.1021/acs.est.4c02026

50.	 Barreira, J., Araújo, D., Knoery, J., Briant, 
N., Machado, W., & Grouhel-Pellouin, A. 
(2023). The French Mussel Watch Program 
reveals the attenuation of coastal lead 
contamination over four decades. Marine 
Pollution Bulletin. https://doi.org/10.1016/j.
marpolbul.2023.115975

51.	 Yap, C.K., Okamura, H., Horie, Y., Ong, M.C., 
Setyawan, A.D., Zakaly, H.M.H., Nulit, R., 
Syazwan, W.M., Kumar, K., Cheng, W.H., 
Saleem, M., Naji, A., Saupi, M., Sharifinia, 
M., Keshavarzifard, M., & Yap, C.W. (2023). 
The connections between Mussel Watch 
for potentially toxic metals and Nexus 
seafood-water-energy. Journal of Biomedical 
Research & Environmental Sciences. https://
doi.org/10.37871/jbres1678

52.	 Yu, V., & Tsygankov, S. (2023). Implementation 
of the Mussel Watch Program by Russian 
scientists in the North Pacific (2000–2021). 
In Earth and Environmental Sciences Library. 
https://doi.org/10.1007/978-3-031-44896-6_5


