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This study examined research and development of the commercially important
marine lobster, in terms of descriptive metadata and scientometric analysis. We
consider a collection of over 9,578 related articles to assess literature patterns
and research development trends related to marine lobsters as a topic. Web of
Science Core Collection was used to identify, collate, and generate publication
trends, a list prominent authors and affiliations involved, countries that actively
participated, and the co-citation analysis of the references as well as impactful
articles and keywords. There were 149 different countries or states that had
relevant publications on lobster research. We found an increase in the number
of publications over time, with the USA having the most number of
publications, followed by Australia and Canada. A total of 17,782 authors
were involved in the field of lobster studies. Canadian researchers had the
highest citation count for marine lobster research. Surprisingly, the most
impactful keyword was crayfish, followed by neuron and amino acid
sequence. Our study identifies the multidisciplinary nature in marine lobster
research, which includes fields such as neuroscience and developmental
genetics. We find that lobster scientific publications increasingly center on
the broader coverage areas of science such as taxonomy and basic biology.

KEYWORDS
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Introduction

Aquatic animals, such as shellfish, present an opportunity for future sustainable
global food supply and food security (Azra et al., 2021; Dong et al., 2022). Marine lobster
generally refers to the members of the suborder Macrura Reptantia, which is an unsettled
natural group within the aquatic ecosystem (Chan, 2019). They are commonly huge in
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size, posing high economic value, making them among one of
the most important marine resources for both fisheries and
aquaculture sectors in the world. They are distributed in a variety
of habitats, from tropical to temperate oceans, continental
shelves, and even estuaries (Radhakrishnan et al., 2019; Cruz
et al., 2021). The first recorded scientific publication of this
lobster group was in 1895 (127 years ago), and the first recorded
catch is over four centuries old, in 1605. This crustacean has
attracted attention due to various reasons, for example, it is
categorized as a key link in benthic marine ecosystems, acting as
both prey and predator (Phillips, 2008; Koepper et al., 2021). The
crustaceans also contribute to global aquaculture demand for
seafood sources, in which their global market has reached a
value of USD 5.66 billion in 2020 (FAO, 2021). Because of
their high commodity value in most regions, they mostly
provide employment and trading opportunities. As lobsters
are captured in coastal and deep oceans in most countries
around the world, they are among one of the most heavily
exploited organisms, needing proper management and
conservation to ensure sustainable fishing can continue
(Radhakrishnan et al., 2005; Spanier et al., 2015; Eddy et al,,
2017; Knutsen et al., 2022).

Much work has been done on the biological status, fishery
activities, and aquaculture industry for marine lobsters (Jeffs and
Hooker, 2000; Phillips and Matsuda, 2011; Radhakrishnan et al.,
2019); they are even mentioned briefly in some previous
scientometric studies (Kulkarni and Edwards, 2022). However,
there are no scientometric studies published solely on marine
lobsters. Most articles are more related to various issues of
lobster biology and management aspects, rather than
quantitative study of bibliometrics through scientometrics-
based analysis. Some examples of current lobster research
include lobster reproductive status and molting stage
(Charmantier et al., 1991; Quackenbush, 1994; McWilliam and
Phillips, 2007); their current distribution and biodiversity
(Setyanto et al., 2018; Cruz et al., 2021), their history of
utilization by human beings from prehistoric to the modern
era (Spanier et al., 2015), their nutritional status for early stage of
development (Williams, 2007; Francis et al., 2014), re-stocking
and enhancement programs (Addison and Bannister, 1994), and
their modern technical and husbandry innovations in culture
have been made (Hinchcliffe et al., 2022).

Thus, the main purpose of our study is to determine the
current pattern of research trends regarding marine lobster
research in the world, using scientometric analysis. Specifically,
we focused on publication trends, prominent authors and
affiliations involved, countries that actively participated, and
co-citation analysis of references as well as impactful articles
and keywords. This will help identify research gaps, predicting
future opportunities as well as further planning of grant
applications on these organisms. We also expect our review to
attract the attention of more researchers, especially postgraduate
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students and early career researchers, to become involved in this
exclusively and valuable shellfish production in the future.

Survey methodology
Identification of search terms

Since there are a total of 260 species of lobster, with 54
different genera being recorded in the world, we decided not to
list all species and genus names, instead only listing the common
name of lobster in English, which is referred to as the lingua
franca of the current scientific paper. The below list of marine
lobster species names is based on the report published by FAO
(1991) and a comprehensive taxonomy published by (Chan,
2010; Chan, 2019). The Boolean operator of OR was used for
inclusion of all related terms used. An “’ refers to the additional
letter if available during the searching activities. The search
string is presented below.

Lobster: [(“lobster*”) OR (lobsterette) OR (“marine
lobster*”) OR (“deepsea lobster*”) OR (“deep sea lobster*”)
OR (“tropical lobster*”) OR (“clawed lobster*”) OR (“spiny
lobster*”) OR (“mudspiny lobster*”) OR (“rock lobster*”) OR
(“slipper lobster*”) OR (“sand lobster*”) OR (“reef lobster*”) OR
(“blind lobster*”) OR (“furry lobster*”) OR (“scallop* lobster*”)
OR (“scyllarid lobster*”) OR (“nephropid lobster*”) OR
(“palinurid lobster*”) OR (“homarid lobster*”)
OR (“polychelid lobster*”) OR (“shovel-nosed lobster*”) OR
(“locust lobster*”) OR (“butterfly lobster*”) OR (“spear
lobster*”) OR (“blunthorn lobster*”) OR (“mitten lobster*”)
OR (“brown lobster*”) OR (“ocean lobsterette”) OR (“ridge-
back lobsterette”) OR (“grooved lobsterette”) OR
(“gladiator lobsterette™)].

Data sources, article search, and
eligibility criteria

The Web of Science (Thomson Reuters) Core Collection
(hereafter called WOSCC) was chosen for the systematic search
strategy of the marine lobster’s literature. The WOSCC is
specifically referred to as the leading peer-reviewed and high-
quality database in the world, and it covers various disciplines
(Aryadoust and Ang, 2021). Several inclusion and exclusions
criteria, which are also known as eligibility criteria, were applied
during the record screening. Firstly, the search was selected from
the earliest available databases published by the WOSCC (1975)
until the end of the year 2021. Secondly, the literature used for
the present study was restricted to research articles, where we
excluded non-article literature, such as conference papers, book
chapters, review articles, abstract, letters, data papers, and
correction papers. Thirdly, this study only includes articles in
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English, due to the limited scope of the study, timeline given, and
funding acquisition of this project.

Data analysis

The descriptive dataset was analyzed using the web-based
spreadsheet Google Docs Editors and Google Sheets.
Scientometric analysis was used for the scientific publication
network, using CiteSpace software (version 6.1.R2). This
technique is commonly used for the identification of trends
and patterns of selected research areas or themes (Chen, 2022).
CiteSpace was also used to determine variable qualities of the
final screening articles, by using degree (total number of
citations from one to another author), centrality (most
influential article), and sigma measurements (combination
between centrality and burstiness score—sudden increase of
total citation). CiteSpace’s input data came from WOSCC, as
previously stated. Additionally, all term sources, including title,
abstract, author keywords, and keywords plus, are chosen during
text processing.

Results
Dual map overlay

A dual-map overlay of lobster research articles is shown in
Figure 1 below. This map detects the most productive fields that
conduct research in the lobster domain (left side) and the
intellectual subfields in the domains (right side). The nodes on
the left side are articles within the domain, while the right side
contains articles cited by the left nodes. The curves are based on
the number of citations (thicker line equal to high number of

10.3389/fmars.2022.976199

citations), while the ellipsoids indicate the number of active
citations and journals in the field that focus on lobster research
(bigger ellipsoids equal to highly active domains).

Type of open-access articles related to
the lobster domain

A total of 2,931 articles were not considered open access
(Figure 2), which means almost 70% of lobster research articles
published between 1970 to 2021 are categorized as open access.

Publication trends

All descriptive details are shown in Supplementary Materials
SA1, such as total publications over time, top authors list, top
affiliations, and productive journals. Between 1970 and 2021, we
identified a total of 9,578 articles published regarding marine
lobster research. After sudden increases in 1990, the number of
articles gradually grew but fluctuated from year to year, especially
during 2009 and 2015. The highest number of published articles
was recorded in 2020, with a total of 364 articles.

Productive author

Results showed that Charles D. Derby from Georgia State
University, USA, was the top productive author in terms of
published articles (n = 95) for marine lobster research in the
world, based on the WOS database. A total of 17,782 total
authors were involved and wrote at least one article in this
lobster research. The other top 10 authors included Eve Marder,
Chhabi K. Govind, Barry W. Ache, Douglas M. Neil, Tin-Yam

FIGURE 1
Dual-map overlay for lobster research in the world.
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Open Access

Level of open access of the generated lobster literature in the WOSCC database

Chan, Jelle Atema, Andrew E. Christie, Caleb Gardner, and
Gregory A. Ahearn.

Top institutions

There were a total of 25 institutions that published at least 100
articles about lobster research in the world, based on data in
WOSCC. The University of California System in the United States
of America was the most prolific publisher, with 379 publications,
followed by Fisheries Oceans Canada (328 publications), and The
League of European Research Universities (LERU), a network of
23 leading research-intensive universities based in 12 countries
around Europe (328 publications).

Productive journals

We found eligible articles in 1,450 journals in total, with the
Journal of Experimental Biology having the most publications
with 293 articles. Marine Ecology Progress Series was the second
most productive journal in this topic (252), followed by Journal
of Crustacean Biology (243), Aquaculture (223), Fisheries
Research (221), Journal of Experimental Marine Biology and
Ecology (215), Journal of Neurophysiology (185), Crustaceana
(177), Canadian Journal Of Fisheries And Aquatic Sciences (172),
and Marine Biology (162).

Regional distribution

There were 149 different countries that had relevant
publications on lobster research (Figure 3). Among these
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countries, USA, Australia, and Canada were ranked as the
three top countries. Our results also indicated that 75% of the
countries in the world (149/195) are actively conducting
research on this valuable crustacean species topic.

Scientometric results

The scientometric results can be divided into three main
groups: (i) the co-citation analysis which includes author,
journal, and document co-citation analysis; (ii) the document
and 10-year research cluster analysis; and (iii) the country,
article, and keywords burstiness.

Author co-citation analysis

Basically, co-citation analysis produces a graphical
knowledge map with nodes (usually in the form of a lump or
swelling), connections, and values that represent the main
structure of the pattern of the variable’s quality (as mentioned
previously in the Data Analysis section) changes over time.
Figure 4 shows the list of authors with a centrality score
greater than or equal to 0.1, with 11 total important
authors (i.e., most interconnected authors) categorized
as authors for co-citation analysis. The top two most
central authors (based on centrality score) were David E.
Aiken and James E. Stewart, both from Fisheries and Oceans
Canada, St Andrews, Canada, with centrality scores of 0.25 and
0.23, a degree of connection of 56 and 25, and a sigma score of
4.25 and 10.25, respectively. However, based on the Sigma score,
the top author is Francis Hobart Herrick, from Adelbert
College of Western Reserve University, USA, with an
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FIGURE 3
Total publications per nation for crayfish research; dark blue represents the highest total number of publications (n = 3,537), whereas lighter

shades represent fewer publications. Countries that have not yet contributed to this field are displayed in white

exceptional sigma score equal to 1,071.83, showing that he is the Journal co-citation analysis
most influential author in lobster research in the world. Table 1

shows the top 10 most influential authors in the field of The knowledge map for the journal co-citation analysis is
lobster research. shown in Figure 5, where only journals with centrality scores

HERRICK FH
COBB JS

AKEN DEDY/

FIGURE 4
Network of author co-citation, with the bigger writing format of the author’'s name indicating the most cited author (most referred) in lobster research
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TABLE 1 Top 10 most influential authors in marine lobster research, based on sigma score, organized in a descending manner.

Author Affiliation

Francis Hobart Herrick
Brian Mulloney
Jerrold H. Zar

University of California

Northern Illinois University
Oliver H. Lowry Washington University in St. Louis
William Dall CSIRO Marine and Atmospheric Research
James E. Stewart Fisheries Research Board of Canada
John T. Hughes
Ernest S. Chang University of California
Barbara S Beltz Wellesley College

Robert Steneck The University of Maine

greater than 0.1 are included. With a degree score of 35, a
centrality score of 0.2, and a sigma score of 3.21, the Journal of
the Fisheries Research Board of Canada, or currently known as
Canadian Journal of Fisheries and Aquatic Sciences, was the most
influential journal in lobster research. There were a total of 17
journals that have been considered as the most influential journals
in lobster research, worldwide (with centrality scores >0.1).
Journal of Experimental Zoology was also considered as the
second-most influential journal. Table 2 shows the journal
degree, centrality, and sigma score for the top 10 journals with
the greatest influence, along with their 2021 journal impact factor

BIOL BULL+
BIOL BULL

Adelbert College of Western Reserve University

Massachusetts Department of Natural Resources

Degree Centrality Sigma
42 0.12 1,071.83
43 0.08 23.07
24 0.06 21.69
29 0.1 13.61
45 0.1 1033
25 023 1025
33 0.07 9.96
31 0.07 5.53
28 0.04 521
20 0.03 5.19

(JCR). Journal of Experimental Zoology and PLOS One were the
top two journals with tremendous sigma scores compared to the
other journals.

Document citation analysis

Figure 6 illustrates the network of document co-citation
analysis, where only articles with a centrality score of more than
0.1 were included in the analysis. There were a total of 17
influential articles in lobster research based on centrality score

Us \
NNNY ACAD SCI|
=iy :
P NATL ACAD SCI US \Hm

ECOLOGYSCIENCE
o AT ZOOL

BIOL!

MAR ECOL PROC SERIESY 4
EXP MAR BIOL ECOIM
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FIGURE 5

The knowledge maps for journal co-citation analysis. The larger the formatted name of the journal, the more influential it was in lobster research
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TABLE 2 Top 10 journal co-citation scores, based on the sigma value.

Journal Impact Factor (2021)
Journal of Experimental Zoology 2.553
PLOS ONE 3.24
The Journal of Physiology 5.182
Comparative Biochemistry and Physiology 2.069
Journal of Neurophysiology 2.714
Journal of Neurobiology 3.935
Brain Research 3.252
Journal of Comparative Physiology 1.97
Journal of Cell Biology 10.54
The Journal of Neuroscience 6.167

(=0.1). With a sigma score of 10.07, a degree score of 24, and a
centrality of 0.12, a review article published in Annual Review of
Physiology, titled “Understanding circuit dynamics using the
stomatogastric nervous system of lobsters and crabs”, was the
most influential article in the selected theme of lobster research.
The other two most influential articles in lobster research had
sigma scores of 7.56 and 6.04, and belonged to Physiological
Reviews (2021 JCR: 37.312) and Nature (2021 JCR: 49.962)
journals, respectively.

e
T SRR
Flamm RE (1066) > .

* < Millr JP (1982)-

+ RapérJA (197

Bartos M (1599)

10.3389/fmars.2022.976199

Degree Centrality Sigma
53 023 35804874
11 0.04 866905.5
25 0.05 3747.82
24 0.05 2237.1
36 0.06 758.05
27 0.04 81.53
32 0.02 72.7
25 0.02 67.07
31 0.05 47.62
25 0.02 13.63

Ten-year research cluster analysis

A progress on lobster research through a 10-year basis
showed an exponential phase of research activities and
development (Figure 7). It shows the network of documents
focusing on lobster research divided by phase from 1970 to 2021.
There are five phases overall, which shows that the number of
burst articles (red dots) gets higher for each phase. In network A
(1970-1979), there are few burst articles (i.e., fewer red dots),

Nustaum MP. (2002) .

n P!

" Otaka e (1067)

FIGURE 6
Network of document co-citation analysis, where
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FIGURE 7

10.3389/fmars.2022.976199

Aterma J (1980)

Ten-year intervals of lobster research (A) 1970 to 1979, (B) 1980 to 1989, (C) 1990-1999, (D) 2000-2009, and (E) 2010 to 2021.

whereas network E (2010-2021) is dominated by burst
articles (Figure 7).

Document cluster analysis

The document cluster analysis indicated the main field with
potential to grow, or in other words the focus cluster with above-
average network reliability and homogeneity. The analysis
resulted in a total of 31 co-citation clusters which are
summarized in Table 3, with the 14 most influential clusters
being included in document cluster lifetimes on a horizontal line
in Figure 8. The clusters were numbered and ranked in order of
size, with #0 being the largest and #83 the smallest. The solid
yellow line within each cluster represents the cluster’s lifetime; text
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mining and a keyword analysis algorithm in CiteSpace software
were used to generate the cluster labels, and the log likelihood
ratio was used to name these clusters (LLR). The number of
publications in the cluster determines its size (referred to as “Size”
in Table 3), where each cluster represents a different research
topic. Cluster silhouette scores ranged from 0.949 to 1.0,
indicating a high level of similarity among publications within
each cluster. Cluster #0 (labeled as american lobster) had the most
publications (n = 363 publications).

The top 10 highest citations received by an article in the
lobster research theme is shown in Table 4. The results indicated
that Baba et al. (2008) received the highest citation count which
is published in the most recognized taxonomy journal, Zootaxa.
Surprisingly, the study entitled “Slow adaptation in the face of
rapid warming leads to collapse of the Gulf of Maine cod fishery”

frontiersin.org
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TABLE 3 A total of 31 major clusters that emerged from the document co-citation analysis.

Cluster ID Size Silhouette Label Average year
0 363 0.981 american lobster 2016
1 285 0.966 new species 2009
2 244 0.949 dual antennular chemosensory pathway 1998
3 199 0.975 silico prediction 2011
4 175 0.97 gastric mill activity 1986
5 157 0.957 olfactory receptor-cell 1991
6 149 0.977 spiny lobsters panulirus-argus 1992
7 126 0.998 crustacean hyperglycemic hormone 1997
8 108 0.981 digestive enzyme profile 2004
9 101 0.988 lobster homarus-americanus 1971
10 94 0.994 esterase isozyme 1974
11 90 0.988 neuronal control 1976
13 79 0.987 stomatogastric ganglion 1977
14 71 0.958 larval lobsters homarus-americanus 1978
15 68 0.992 myofibrillar protein 1979
19 53 0.994 american lobster homarus-americanus 1985
20 50 0.994 fifth stage 1974
21 49 0.994 synthesis storage 1977
24 47 0.98 neuromuscular junction 1971
26 44 0.981 neuromuscular inhibition 1975
27 42 0.991 spiny lobster palinurus-vulgaris 1978
28 41 0.991 Hepatopancreatic brush-border of membrane-vesicle 1983
31 40 0.991 neuromuscular synapses 1981
32 39 0.994 lobster neuromuscular-junction 1975
33 36 0.987 lobster 1971
34 33 0.994 acetylcholine choline choline-acetyltransferase 1973
35 29 0.999 amino acid-evoked responses 1977
37 25 0.995 comprehensive research initiative 2004
47 18 1 lobster homarus-vulgaris 1970
77 11 1 potential allergen 2006
83 10 0.999 purification 1987

Size indicates the number of publications in the cluster.

#0 american lobster

— oo ugPpe-
@ o0 .)6:.’1.“ #1 anomura
"@'@i@“b LY T = #2 olfaction
<@-e@IE0 000 -0 Q@0 QPO *:neurorepiide
s =006 @O B0 AR,
-~ €0 > 2OPOL -0Oo - #5 chemoreception

-9 aq 0000 D-o@PO-9 - #6 predation
cco PooD-Doo @O~ #7 crustacean hyperglycemic hormone
20 G0 GOD=r- #8 nutrition

FIGURE 8
Summary of 14 identified document cluster lifetimes (solid lines). Cluster labels were generated from CiteSpace
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TABLE 4 Top 10 highest-cited articles in the lobster research theme.

Title of the article

Catalog of squat lobsters of the world (Crustacea: Decapoda: Anomurafamilies
Chirostylidae, Galatheidae and Kiwaidae)

Biostatistical Analysis

A classification of living and fossil genera of decapod crustaceans
A new classification of the Galatheoidea (Crustacea: Decapoda: Anomura)
Ultrastructure of the aesthetasc (olfactory) sensilla of the spiny lobster, Panulirus argus

Understanding circuit dynamics using the stomatogastric nervous system of lobsters and
crabs

Modulation of neural networks for behavior
Principles of rhythmic motor pattern generation

Systematic List of Fossil Decapod Crustacean Species

Slow adaptation in the face of rapid warming leads to collapse of the Gulf of Maine cod
fishery

was the only study among the top 10 highest-cited publications
that fell into cluster #0, even though this paper is not directly
about marine lobsters (Table 4).

Country burstiness
Figure 9 shows the country-based burstiness, which showed
that the majority of the countries with high burstiness are in the

70s era. In contrast, in the 2000s the countries with high bursts
were Iran and the Czech Republic.

Article and keywords burstiness

The burst analysis was used to identify the most influential
articles as well as keywords, to explore the trends among the

10.3389/fmars.2022.976199

Cluster ID (explanation) Total Reference
citation

1 (new species) 47 Baba et al., 2008

6 (spiny lobsters panulirus- 42 Zarr, 1999

argus)

1 (new species) 41 De Grave et al., 2009

1 (new species) 38 Ahyong et al.,, 2010

5 (olfactory receptor-cell) 37 Griinert and Ache, 1988

3 (silico prediction) 36 Marder and Bucher, 2007

4 (gastric mill activity) 34 Harris-Warrick and

Marder, 1991

2 (dual antennular 33 Marder and Calabrese,

chemosensory pathway) 1996

1 (new species) 33 Schweitzer et al., 2010

0 (american lobster) 33 Pershing et al., 2015

related studies and keywords related to lobster research. In this
section, there were two different types of burst, which were
document bursts (also known as article burst) and keywords
burst. The top 10 lobster research publications with the most
powerful citation bursts are listed in Table 5, with the duration of
each burst mentioned in the rightmost columns. The timeline
(from 1970 to 2021) is represented by the blue line, while the
burst period is represented by the red line. The emergence of a
keyword in a publication during a specific time period is referred
to as a burst. Meanwhile, the keywords that are related to lobster
research with the highest citation burst are listed in Table 6. The
article “The Achilles heel for spiny lobsters: the energetics of the
non-feeding post-larval stage” (strength = 17.73; burst begin
2014 end 2019) is the most recent burst. The article was
authored by Fitzgibbon et al. (2014) and published under the
journal of Fish and Fisheries. The article “A classification of
living and fossil genera of decapod crustaceans” had the

FIGURE 9
Country burstiness in marine lobster research between 1970 and 2021
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TABLE 5 Top 10 publications with the strongest citation burst in marine lobster research between 1970 and 2021.

Article title Year Strength Begin End 1970-2021

A classification of living 2009 24.2 2010 2014
and fossil genera of
decapod crustaceans

A new classification of 2010 22.36 2011 2015
the Galatheoidea
(Crustacea: Decapoda:

Anomura)

Ultrastructure of the 1988 21.79 1988 1993
aesthetasc (olfactory)

sensilla of the spiny

lobster, Panulirus argus

Modulation of neural 1991 20.13 1992 1996
networks for behavior

Understanding circuit 2007 19.96 2007 2012
dynamics using the

stomatogastric nervous
system of lobsters and
crabs

Principles of rhythmic 1996 19.52 1997 2001

motor pattern generation

Systematic List of Fossil 2010 19.41 2011 2015
Decapod Crustacean
Species

Biostatistical Analysis 1999 18.88 1999 2001

Crustacean 1992 17.87 1993 1997
neuropeptides: Structures,

functions and

comparative aspects

The Achilles heel for 2014 17.73 2014 2019
spiny lobsters: the

energetics of the non-
feeding post-larval stage

The bold value refers to citation burst. The beginning of a blue line depicts when an article is published. The beginning of a red segment marks the beginning of a period of burst, whereas the
end of the red segment marks the end of the burst period.

TABLE 6 Top 10 keywords with the strongest citation burst in marine lobster research published between 1970 and 2021 .

Keywords Year Strength Begin End 1970-2021
crayfish 1970 33.38 1990 2001
neuron 1970 323 1991 2002
amino acid sequence 1970 23.37 1991 2001
modulation 1970 22.61 1992 2003
neuropeptide 1970 20.35 1991 2000
lobster stomatogastric 1970 18.06 1994 2006
ganglion

nervous system 1970 17.57 1990 2000
central pattern generator 1970 15.53 1991 2003
anomura 1970 15.01 2010 2021
mechanism 1970 14.76 1990 1999

The bold value refers to citation burst. The beginning of a blue line depicts when an article is published. The beginning of a red segment marks the beginning of a period of burst, whereas the
end of the red segment marks the end of the burst period.
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FIGURE 10

Most cited keywords in marine lobster research between 1970 and 2021.

strongest burst with 24.2. This study was published by De Grave
et al. (2009) in the journal of Raffles Bulletin of Zoology.

The keyword burst can be used to spot emerging patterns
and research trends because each burst represents the
appearance of a keyword in the selected subject area during a
specific time period. As above, timelines (from 1970 to 2021) are
represented by the blue line, while the burst period is represented
by red lines. The term “crayfish” had the strongest burst strength
between 1990 and 2001. The most recent keyword burst is
“Anomura” with a burst strength of 15.1 starting between
2010 and 2021. Additionally, most cited keywords found in
WOSCC are also shown in Figure 10.

Discussion

Lobsters have become an important luxury seafood
especially for first-tier cities in the world (Wang and Somogyi,
2020). Thus, any research on marine lobster is valuable to
inform sustainable fishery management. Our study represents
the first attempt to focus on the analysis of lobster research
publications through scientometric analysis using CiteSpace
software. Other studies have applied it to gain an overview of
emerging research and development, such as thermal tolerance
studies and aquaculture-related research (Noor et al., 2021; Azra
et al., 2022). Our work shows that the scientometrics-based
analysis can be useful to identify any potential growing subject,
including aquatic animal research and development, not only
certain selected knowledge. “Ecology, Earth, Marine” and
“Molecular, Biology, Immunology” were the disciplines with
the most publications in the lobster domain, while “Plant,
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Ecology, Zoology” and “Molecular, Biology, Genetics” had the
highest number of citations. Based on our map, the lobster
domain is a multidiscipline research area. However, the number
of articles from other subfields needs to be brought to attention
with respect to lobster research as well.

As shown in our results, the publication trends of lobster
research have fluctuated, but publishing numbers were
increasing from less than 100 articles in 1990 to 338
publications in 2021. However, our results also indicated that
there were fluctuating trends on marine lobster research and
publishing intensity, especially from 1996 until 2004. This might
be related to the nature of the lobster’s biology. For example,
because marine lobsters live at the bottom of the sea, this could
be a problem for researchers to sample, which might affect the
ability of researchers in the past to collect effective data. We
expect that after 2004, sampling and aquaculture technologies in
marine lobster research became better developed, thus reducing
time periods for sampling lobsters and their broodstock (Mills
and Crear, 2004; Smith et al., 2004).

Because lobsters have a worldwide distribution, most
countries as well as authors or researchers in the world have
been working on lobster research and development (>75%).
However, we identified the keyword “crayfish” as the most
impactful, and keywords such as “lobster” and “neuro” are
among the cited keywords in the WOSCC database. Previous
studies have shown that the most common name of crayfish has
been used for freshwater species because they have the
appearance of a marine lobster (Haubrock et al., 2021).
Another reason for “crayfish” being an important keyword is
because some of the lobster groups, such as the clawed lobsters
(lived in the marine ecosystem), are more related to the other

frontiersin.org


https://doi.org/10.3389/fmars.2022.976199
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Azra et al.

three families of freshwater crayfish (Toon et al, 2009; Chan,
2019). In addition, other countries, such as the United Kingdom
and South Africa, refer to lobster as marine crayfish in their
studies (Patak et al., 2006).

Why did Francis Hobart Herrick receive so much attention
or a higher sigma score? The researcher from Adelbert College of
Western Reserve University is a naturalist and history illustrator
for his popular research on the American lobster life history,
coming from the USA. Since most of the authors involved in
lobster research are from North American countries, they might
be more aware of articles from the same region. Additionally,
Herrick’s work on American lobsters forms some of the first
foundational knowledge about them, being published in 1911,
and thus has had ample time to become well cited.

In terms of the highest citation counts received by an article
in the lobster research theme, we identified a cluster named
#new species gaining more attraction compared to other clusters
in the scientometrics analysis. Our study suggests that this could
be due to the fact that when new species are found, it will
increase the attractiveness of other researchers to conduct new
research using similar species. This could correspondingly
influence the citation count for this cluster. However, most
publications available (363 of the total 9,578) fell into Cluster
#0 (labeled as american lobster), with 363 publications. This is
not surprising since most of the articles came from the USA, as
referred to the American lobster, thus increasing the chances of
the respective keywords being mentioned in new publications.

When we compared the 10-year network progression
between 1970 and 2021, we noted that the network got tighter
over the years. Nodes within network A were far from each
other, while in network E nodes were much closer together. This
situation is due to the fact that most of the nodes are related to
each other based on citations in network E. This of course makes
sense in that over time as more lobster research articles are
published, articles focusing on lobster research can cite more
articles that also focus on lobster research. The number of
articles is sufficient for us to state that this network is
becoming one main research area. This macro view of burst
articles indicates that lobster research is getting more
recognizable over time.

Our results also showed that there were 12 articles in the
scientometric-based analysis that had the highest citation count
or were most influential publications in lobster research
(Griinert and Ache, 1988; Harris-Warrick and Marder, 1991;
Keller, 1992; Marder and Calabrese, 1996; Zarr, 1999; Marder
and Bucher, 2007; Baba et al.,, 2008; De Grave et al., 2009;
Ahyong et al., 2010; Schweitzer et al., 2010; Fitzgibbon et al.,
2014; Pershing et al., 2015). These studies can be divided into
three main categories: lobster taxonomy-based studies (Baba
et al.,, 2008; De Grave et al., 2009; Ahyong et al., 2010; Schweitzer
et al,, 2010), biological development and neurophysiology-
related studies (Griinert and Ache, 1988; Harris-Warrick and
Marder, 1991; Keller, 1992; Marder and Calabrese, 1996; Marder
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and Bucher, 2007), and others (e.g., aquaculture development
and climate-related changes) (Fitzgibbon et al., 2014; Pershing
et al, 2015). There was also a study not related to marine
lobster research but was about statistical analysis in biological
research and development using statistical tools for analysis
(Zarr, 1999).

Within the taxonomy-based studies, most discussed the
importance of the updated taxonomy status of marine lobster
species. This helps contribute to the possible potential database
for biological information of the species and can identify
evolutionary relationships occurring in the future. There is
also a need to ensure new researchers are able to collaborate
with established members of the field, so that future research can
have a solid foundation (Baba et al., 2008; De Grave et al., 2009;
Ahyong et al., 2010; Schweitzer et al., 2010). For the biological
development and neurophysiological studies, we noted most
used lobster animals as their model organism. This might be due
to the fact that there are similarities between lobster nervous
systems and humans.

Among the studies receiving the highest citation burst
according to the scientometric dataset (Fitzgibbon et al., 2014;
Pershing et al., 2015), Pershing et al. (2015) published in Science
indicating that managing lobster fisheries stocks under climate
change is going to be increasingly problematic. On the other hand,
Fitzgibbon et al. (2014) determined metabolic strategies of an early
development stage in lobsters, the puerulus stage. These two
papers being among the most cited is interesting because
frequently lobsters are stocked at the puerulus stage, and
Fitzgibbon et al. (2014) indicated that frequently there
are insufficient endogenous energy reserves for juvenile
survival. Taken together, they demonstrate that it will be
important to understand how to maintain such energy reserves
in the face of changing climates to ensure sustainable lobster
fishery management.

Our analysis assessing the relationships between Burst,
Degree, Centrality, and Sigma with Year Published was
statistically significant (Sig. (2-tailed) = 0.00), which means
that each variable had a non-spurious correlation. Although
there was a correlation between year and burstiness, the
correlation was not very strong. However, that we detected a
correlation in each variable suggests that the earlier an article
was published, the higher the citation count. While perhaps
intuitive, it is important to know because future research may
need to consider other factors to reach high citation rates and
increase their visibility within lobster research.

Conclusion

In general, the lobster research was focused more on
taxonomy and basic biologically based studies, and less on
fisheries-based management. However, studies related to
lobster culturing technologies were starting to become more
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apparent, especially for hatchery production of larval stages. Our
work on this important animal integrated diverse and important
topics, from the commercial production of lobster to work
related to neuroscience and developmental genetics. As
demands for lobster around the world are increasing, better
fisheries stock management and increasing the aquaculture
production, especially through increasing larval survival, are
needed. Thus, any research on marine lobster, such as from
scientometrics-based studies, is increasingly important to
identify further research gaps and further development of the
lobster industry. Future bibliometrics-related studies should
consider using more stringent keyword searches and reviewing
exported data manually to reduce the likelihood of irrelevant
studies. Additional databases such as Scopus and PubMed to
compare any literature or identify any missing vital information
on lobster research would also be beneficial. Regardless, our
study offers a comprehensive overview on the current body of
research studying the trends and patterns of lobster research.
There is a significant gap that requires further investigation and
international collaboration.

Perspective

Lobster research is important for fisheries and aquaculture
sectors and provides direction for aquaculturists, fishermen,
philanthropists, academics, and government and non-
government organizations on how to invest limited resources
in policies, programs, and research toward the future
management of this animal. Any approaches that assesses
current lobster research are also of great importance as they
can guide future research suggestions based on identified
research gaps. This review can also provide valuable
information about lobsters and their habitat, to ensure studies
of contaminated habitats can be conducted.
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