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Oysters form extraordinary ecosystems (e.g. oyster reefs) with a high economic

importance (e.g. aquaculture) to the world’s aquatic ecological systems.

Shellfish, especially mollusks, have a significant contribution towards the

future global food security. However, to the best of our knowledge, there are

no bibliometric studies on oyster-related topics. In the present study, we

queried the Web of Science Core Collection (WOSCC) database to

selectively identify the scope of oyster publications. Citespace was used as a

tool for the co-citation analysis and Microsoft Excel software for the handling

of descriptive datasets. A total of 19,202 papers available from WOSCC

between 1975 and 2021 were extracted and analyzed. Our data indicated

that the number of publications increased two-fold between 2010 (654) and

2021 (1309). Our study also revealed that almost 70% of the publications were

published by the five countries that lead oyster research in the world, USA,

China, France, Australia, and Japan. Over the last five decades, there are a total

of 7,905 participating institutions, a tremendous 40,939 authors involved, and

2,319 different journals published about oyster related studies. To the best of

our knowledge, this is the first scientometric review to identify the scope of

oyster research and publications. These findings show the emergence of oyster

research and could attract various stakeholders, especially the early career

researchers in various fields to collaborate in oyster research in the future.
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Introduction

Oysters have become a species of great ecological and economic importance for the

world’s aquatic system and services. For example, oyster reefs and aquaculture activities

within coastal areas have significantly contributed to world species biodiversity and food

sources. Shellfish, such as mollusks (e.g. mussel, oyster, clam) or crustaceans (e.g. crab,
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lobster, shrimp) play an important role in the sustainability of

future food protein, especially for aquatic products. Future food

sustainability has been characterized by Azra et al. (2021),

iden t i f y ing a need for adequa te supp ly sources ,

environmentally friendly production methods, and low

production costs. Oysters are among potential future

sustainable food candidates due to their: (i) versatility towards

climate change (Cole et al., 2016; He et al., 2021), (ii) high

availability for biological (e.g. reproduction) and technical

knowledge (e.g. culture) (Wilson et al., 2015; FAO, 2022), (iii)

short life cycle and broodstock maturation period (compared to

some finfish species, such as grouper) (Zhang et al., 2019;

Barman et al., 2022) and (iv) high nutritional value and health

benefits (Venugopal and Gopakumar, 2017; Ma et al., 2022).

Previous reviews about oyster literature have focused on

various research fields. For example, the ecological impacts of

increasing oyster aquaculture at the grow-out stage in

estuarine areas (Forrest et al., 2009) and their ability to be

an ecosystem engineer driver in aquatic environments,

especially as filtration organisms (Ehrich and Harris, 2015).

Botta et al. (2020) showed the current trends of oyster

aquaculture production and its global consumption, while a

comprehensive review by Hao et al. (2022) suggested

functional development and utilization of oysters could be

used as a healthy protein source, especially in the form of

polypeptides (also known as oyster peptides). Additionally,

there are also various popular and recent review about oyster’

ecology, ecosystem benefits and restoration potential in

various type of oceans, environments and conditions

(Brumbaugh and Coen, 2009; Pritchard et al., 2015;

Hernández et al., 2018; Pogoda et al., 2019; Reeves et al.,

2020; Howie and Bishop, 2021; Richardson et al., 2022).

However, a global statistical analysis of bibliometric reviews,

especially one focusing on scientometric-based studies of oyster

research, is still lacking. Previous bibliometric analysis also has

been done on the mapping of oyster species (Guo et al., 2016),

however, there is still no co-citation software being established

for the analysis of oyster publication, especially through the

scientometric techniques. The scientometric analysis, a

visualized statistical method of the published literature, is

among one of the most used methods in identifying the

current trends and research gaps in a database (Azra et al.,

2022; Chen, 2022; Kulkarni and Edwards, 2022). It incorporates

various software(s) or tool(s), such as: CiteSpace, VOSviewer,

ScientoPia and HistCite (Kim and Zhu, 2018; Chen and Song,

2019; Ruiz-Rosero et al., 2019; Li et al., 2022).

Thus, the aim of this study was to identify current oyster

research and publication trends as well as hot research topics

throughout the literature over time. We also assessed the

regional distribution of articles, open access options, major
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contributors to the field in terms of affiliations, authors, and

publication sources. Finally, we used co-citation, cluster and

keywords analysis to further explore this research field.

The scientific findings from the present study are expected to

contribute towards the identification of rapidly growing subject

areas related to oyster research, understanding the network

patterns and tracking research hotspots, especially for early

career researchers.
Methods

We queried the Web of Science Core Collection (WOSCC)

database to selectively identify oyster related publications,

conducted on 16th July 2022 (https://www.webofscience.com/

wo s /wo s c c / s umma r y / 3 3 8b f 0 d 0 - 9 2 2 2 - 4 9 8d - b 8 9 c -

913a7d614ca7-43aecf9b/date-descending/1). Early access

articles in 2023 or articles published in 2022 were excluded.

We used CiteSpace, a scientometric analysis tool, as well as

Microsoft Excel 2019 to handle the descriptive dataset. The

methodology of our literature search is summarized in the

flowchart in Figure 1. In CiteSpace, there are few terms used

such as centrality, burst detection, co-citation, and sigma score.

The details of each term are defined on the CiteSpace official

homepage (https://citespace.podia.com/glossary). Briefly,

centrality refers to understanding relationships between

different clusters holistically and burst detection is also known

as the frequency surge of a particular type of event (i.e. field or

knowledge). Co-citations refer to when two different references

are cited by a third article, and sigma measures rapidly

growing nodes.
Results

Publication trends and regional
distribution

There were 19,202 published articles related to oyster

research within WOSCC between 1975 and 2021 (Figure 2);

we also identified 148 regional or states involved in this field

(Figure 3). Less than 20% of total publications were not under

the open access option, as mentioned in the WOSCC database

(Figure 4) (https://webofscience.help.clarivate.com/en-us/

Content/open-access.html). Over the last five decades, there

were 7,905 participating institutions, 40,939 authors involved,

and 2,319 different journals. The contributions for each are listed

in Table 1.
frontiersin.org

https://www.webofscience.com/wos/woscc/summary/338bf0d0-9222-498d-b89c-913a7d614ca7-43aecf9b/date-descending/1
https://www.webofscience.com/wos/woscc/summary/338bf0d0-9222-498d-b89c-913a7d614ca7-43aecf9b/date-descending/1
https://www.webofscience.com/wos/woscc/summary/338bf0d0-9222-498d-b89c-913a7d614ca7-43aecf9b/date-descending/1
https://citespace.podia.com/glossary
https://webofscience.help.clarivate.com/en-us/Content/open-access.html
https://webofscience.help.clarivate.com/en-us/Content/open-access.html
https://doi.org/10.3389/fmars.2022.998542
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Azra et al. 10.3389/fmars.2022.998542
Scientometric results

Author and document co-citation analysis

Figure 5 shows the author’s co-citation analysis for oyster

research based on the Web of Science Core Collection database,
Frontiers in Marine Science 03
only including authors with centrality scores greater or equal to

0.1. Together with the document co-citation analysis in Figure 6

(also based on centrality scores ≥0.1), these analyses showed

there are only four different authors and articles that are

influential in oyster research.
FIGURE 1

The flowchart or also known as methodological framework of the present study on aquatic shellfish of oyster.
FIGURE 2

Publication trends of oyster research between 1970 until 2021, with 2010 to 2021, the number of papers increased rapidly.
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Document cluster analysis and keyword
burstiness

Our analysis generated a total of 34 co-citation clusters,

although only the 23 top clusters are shown in Figure 7. The

most recent cluster is Cluster ID #1 ocean acidification, whereas

the top cluster is #0, ostreid herpesvirus. Keywords such as

American oyster and crassostrea gigas were among the top and

most keywords found in oyster research, identified through the

CiteSpace analysis (Table 2; Figure 8).
Frontiers in Marine Science 04
Discussion

Oyster’s global publication trends

We identified the major developments of oyster research

over the last five decades through scientometric macroanalysis

on 19,475 articles accessible through the Web of Science Core

Collection database. The mean number of articles per year was

375 (1970-2021). The extraordinary total number of

publications, affiliations (7,905 institution) and authors
FIGURE 3

Regional and state distribution of oyster research in the world, dark magenta represents the highest total number of publications, whereas
lighter shades represent fewer publications.
FIGURE 4

Level of Open Access of the generated literature on oyster research, based on the Web of Science Core Collection database between 1970
until 2021.
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TABLE 1 Top ten contribution (i.e. author, journal and affiliation) of oyster research in the world, based on the Web of Science Core Collection.

(A) Affiliation (B) Journal (C) Author

Affiliation name Counts Journal name Counts Author
name

Affiliation name Counts

French Research Institute for Exploitation
of the Sea

1384 Aquaculture 1052 Qi Li Ocean University of China 202

French National Centre for Scientific
Research

1141 Journal of Shellfish Research 869 Linsheng
Song

Dalian Ocean University 166

Chinese Academy of Sciences 840 Fish Shellfish Immunology 504 Lingling
Wang

Dalian Ocean University 166

French National Research Institute for
Sustainable Development

583 Marine Ecology Progress Series 389 Guofan
Zhang

Central South University 150

Udice French Research Universities 561 Marine Pollution Bulletin 344 Li Chinese Academy of Sciences 146

William Mary 460 Journal of Experimental Marine
Biology and Ecology

320 Pierre
Boudry

Université de Bretagne Occidentale 126

University of North Carolina 451 Aquaculture Research 307 Ziniu Yu Chinese Academy of Sciences 122

Virginia Institute of Marine Science 446 Marine Biology 283 Philippe
Soudant

Université de Bretagne Occidentale 112

University of Western Brittany 443 Diseases of Aquatic Organisms 275 Tristan
Renault

French Research Institute for
Exploitation of the Sea

111

University System of Maryland 430 Plos One 274 Ximing Guo Rutgers University 110
Frontiers in Marine Science
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FIGURE 5

Author co-citation analysis.
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involved (40,939 authors) in the field shows that bivalves,

especially oysters, are among one of the most-studied marine

organisms in the world. We did not have any marine based

scientometric studies to compared, and thus limits the
Frontiers in Marine Science 06
discussion section for this particular subject. With commercial

interest increasing and many preprints available at the time of

our study (https://www.preprints.org/- when searching for

keyword oyster - 553 articles and compared to the keyword
FIGURE 6

Document co-citation analysis.
FIGURE 7

Summary of identified document cluster lifetimes in oyster research from 1970 to 2021 generated from the CiteSpace.
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lobster - 250 articles), we expect this trend to continue. Preprints

make early versions of non peer-reviewed articles permanently

available and citable, until they become peer-reviewed. The great

interest in oysters we identified here could be due to the fact that

oysters play vital roles in ecosystems and are commercially

harvested organisms with great economic importance,

(Dumbauld et al., 2009; Fleury et al., 2009; Reeder-Myers

et al., 2022; Smith et al., 2022).

The present study also found that 80% of the retrieved

articles are considered open access, strongly supporting the

growing interest of science as a whole towards making

research openly accessible. The fact we identified 148 different

countries or regions contributing to oyster research additionally

demonstrates the importance of oyster research in the global

scientific community. As for affiliations involved in the field,

French institutions were among the top institutions actively

involved, as referred in Table 1. Half of the top ten institutions

part ic ipat ing in the fie ld originated from France .

Correspondingly, French and Chinese authors were also

among the top ten active authors in oyster research.

Aquaculture, Journal of Shellfish Research and Fish Shellfish

Immunology were among the top three journals that published

oyster related work, which is not unexpected due to the

importance of culturing oysters.
Global collaborative networks

Our scientometric based analysis also identified main

collaborative networks of authors, and documents. Author co-

citation analysis in Figure 5 showed that there were only four

influential authors in oyster research. Brian L. Bayne from the

University of Sydney, Australia and Thomas C. Cheng from

Lehigh University, U.S.A were the top two most influential

authors with the sigma score of 0.18 and 0.16, respectively.

This is because both researchers (Bayne BL and Cheng TC)

actively published about bivalve research in the world, as early as

1969 and 1967, respectively (refer to Supplementary Materials

for more details). The data showed that Bayne Bl and Cheng TC

published a total of 24 articles and 34 articles, respectively in the

document citation analysis (the co-citation analysis between

articles published in WOSCC). This could suggest that both

researchers published as early as the nineteenth century, as they

may be used by other researchers as primary references by

subsequent publications.

Jerrold H. Zar (marked as Zarr, 2010 in Figure 6) from the

Northern Illinois University and Robert George Douglas Steel

(marked as Steel and Torrie, 1980 in Figure 6) Carolina State

University, both from U.S.A were among the most influential

authors for the document co-citation analysis (i.e. co-cited

documents). Zar (2010) published about the broad statistical

methods and analysis of data from diverse areas of biological

studies. Likewise, Steel and Torrie (1980) (referred to Steel and
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Torrie, 1980 in the reference section), published about the

principles and procedures of statistics through the biometrical

approach. Both studies are not directly related to the oyster

research, and this indicated that there was no available literature

that is mostly influenced by scientometric studies related to

oyster research in the world. This could be due to the fact that

there was a lot of literature available that falls directly under the

oyster research, as indicated by the red dot in Figure 6. For

example, the study by Newell and Jordan (1983) and Higgins

(1980) were among the top articles in oyster research, based on

the document co-citation analysis. Both articles discussed food

availability and feeding behavior in the oysters, especially

America oyster, Crassostrea virginica. Newell and Jordan

(1983) found that a custom combination of artificial diet of silt

and marine green algae, Tetraselmis suecica, are able to reduce

about 50% of pseudofeces activities in C. virginica. Meanwhile,

the Higgins (1980) study about the effect of algal food availability

on the oyster’s valve movements at different seawater and fed

conditions. Both earlier studies in 80’s era are importance in

order to understand the basic biology of the oyster for future

potential of aquaculture industry or ecosystem benefits (Chan

et al., 2022).

The cluster analysis over time (Figure 7) showed that climate

change elements (ocean acidification) and disease issues

(herpesvirus of Ostreid herpesvirus and pathogen of Perkinsus

marinus) were among the top three clusters that are important to

oyster research. It is well known that both O. herpesvirus and P.

marinus have been associated with the worldwide mortality in

bivalve species, especially oysters (Renault et al., 2014; Carnegie

et al., 2021). Previous reviews also indicated that the climate

change issue of ocean acidification has impacted oyster

cultivation, especially in the coastal areas (Lemasson et al.,

2017; Zhang et al., 2022). Further collaboration between
Frontiers in Marine Science 08
countries, institutions and authors are truly needed, focused

more on these issues of climate change and disease.

Furthermore, any future research on oysters could be based on

impactful keywords (Table 2; Figure 8). Impactful keywords

such as crassostrea gigas, pacific oyster, and American oyster

showed that these are also important species or animals to the

field of oyster research. This could be the fact that these species

are more established in their basic biology and culture

techniques (Beckensteiner et al., 2020).

Based on the Table 3, the top ten cluster analysis based on

the given keyword of the oyster research have been analyzed.

Cluster analysis is performed on the keyword taken from “Title”,

“Abstract” and “Keyword” of each selected articles (n=19,202).

Ten significant group clusters were discovered and each row in

Table 3 represents a different research topic based on the

keyword. The clusters were numbered and ranked in order of

size, with #0 being the largest. “Vibrio parahaemolyticus” is the

largest cluster with 70 keywords. Most of the keyword are

focused on the physiological related studies such as body

weight, fatty acid composition, dynamic energy budget,

eggshell quality and autoradiographic localization. Less studies

focused on a few issues such as disease related issue (Vibrio

parahaemolyticus, Vibrio parahaemolyticus), pollution (heavy

metal), oyster species (ribbed mussel geukensia-demissa) and

oyster reef.
Conclusion

In summary, with the staggering total number of

publications and authors involved in oyster research, our

findings show that there is ample room in oyster research to

attract various stakeholders and researchers in various fields to
FIGURE 8

Keyword distribution, generated by the Pro Word Cloud by Microsoft PowerPoint 2019 computer spreadsheet software.
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collaborate. Our bibliometric study has highlighted the major

trends and new developments within oyster research. Climate

change and disease were among the top research topics,

indicating the importance of understanding the effects of both

for sustainable oyster fisheries, and further collaboration is

needed to tackle these issues in the future. Additionally, recent

analysis also showed that climate change could disrupted the

oyster fisheries in the coming decades (Abe, 2021; Mahu

et al., 2022).
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