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Abstract

Fireflies are very attractive insects that have obtained a lot of attention from nature tourists in
recent years and firefly tourism has the potential to bring in a lot of income for local communities,
states, regions, and even countries. Therefore, this study presents a literature review and
bibliometric analysis of firefly tourism and fireflies Coleoptera Lampyridae research around the
world from 2000 to 2022 to provide researchers and scholars around the world with a visualization
or analyzing of the global mapping research trends results using RStudio 4.2.0 and Biblioshiny. A
textual query on two databases; Scopus (643 articles), and Web of Science (78 articles) was
performed on 12 June 2022 retrieving 721 scholarly articles from 2000 to 2022 for in-depth
analysis. According to the findings of the analysis, there is a significant inconsistency of global
trends in annual scientific production, with the number of publications increasing and decreasing.
The United States of America (USA) has the highest number of scientific productions, as the most
relevant author is Viviani VR (Scopus) and Lewis SM in Web of Science (WoS) database, while
the most relevant journal is Zootaxa in Scopus and Web of Science database, and the most frequent
word is “bioluminescence” in Scopus database but the word “Lampyridae” is the most used word
in the Web of Science database. USA with Japan and China have the highest collaboration among
other countries in this field of research topic.
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Introduction

Tourism-based development has a significant impact on various aspects of the local community,
particularly in terms of socioeconomic issues. Tourism has developed significantly in most
countries throughout the world and has become a major sector (Habibi, 2017; Mastura et al., 2015;
Norlida et al., 2011). The tourism industry plays an important role in a country’s development by
encouraging foreign exchange activities, creating investment opportunities, generating business
opportunities, contributing to job creation, infrastructure development, and creating multiplier
effects that impacts a country’s economic development (Noor et al., 2019; Ernawati et al., 2018;
Zhang, & Gao, 2016; Andraz, 2015; McCombes, 2015). Apart from contributing to the country’s
economic growth, tourism sector development may also contribute to the advancement of political,
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socio-cultural, community development, environmental, and living lifestyle (Habibi, 2017;
Nunkoo & Gursoy, 2012; Aref, 2010). To make progress in the development of the tourism
industry, the quality of infrastructure, amenities, and the diversity of tourism products must be
upgraded. An effective strategy for this is to fulfill the unique desire and needs of tourists,
particularly those interested in nature tourism.

Nature-based tourism that incorporates insects is referred to as “entomological
ecotourism” Or “entomotourism”’. Ecotourism or entomotourism of fireflies initiatives have been
a backbone to Malaysia’s tourism industry for decades. Insect like fireflies-related ecotourism is a
one kind of nature-based tourism. This ecotourism has used insects as a product to attract people
who is interested in seeing the natural beauty of insects or having them as souvenirs (Lewis, 2016;
Woon, 2003). Fireflies insects with variable size, shape, and colour have the potential to become
a new tourist attraction due to their physical characteristics (Maryati et al., 2013; Woon, 2003).
Fireflies ecotourism activities have become one of the products that promotes the growth of
socioeconomic development in ecotourism areas. Habitats of fireflies are usually on berembang
trees or crabapple mangrove (Sonneritia caseolaris) as they are comfortable in humid weather
conditions and swampy environments in order to live and breed.

In Malaysia, there are several firefly ecotourism areas such as Penang, Perak, Selangor,
Negeri Sembilan, Melaka, Pahang, Terengganu, Kelantan, Johor, Sabah and Sarawak. However,
the most popular location for firefly watching is along the Selangor River near Kuala Selangor
(Kirton & Nada, 2010). From 2011 to 2016, 473,761 tourists visited the Firefly Park in Kampung
Kuantan, contributing over RM6 million to the state’s economy (Kuala Selangor District Council,
2017). Tourists visiting Japan, Malaysia, Mexico, Thailand, and the United States’ Great Smoky
Mountains National Park have had several opportunities to engage with these firefly beetles
(Frierson-Faust, 2017; Manning et al., 2017). Despite a decreasing firefly population, global
interest in firefly habitats has risen. According to Shahwahid et al. (2013), the number of firefly
visitors in Malaysia grew from 24,000 to 40,000 between 1995 and 2010.

Fireflies are considered to be among the most charismatic insects on earth because of their
spectacular bioluminescent displays (Owens et al., 2021; Lewis, 2016; Ohba, 2004). There are
approximately 2,200 species of fireflies, which belong to the family Lampyridae and can be found
all over the world (Martin et al., 2019). Firefly tourism has the opportunity to generate economic
benefits at several levels, including local communities, states, countries, and regions, in the form
of employment and income. Observing fireflies is a once-in-a-lifetime experience, especially for
urban residents who do not spend much time outdoors. In many cultures and ways of living,
fireflies evoke pleasant childhood memories associated with rural life (Haugan, 2019; Lewis,
2016). Visitors frequently express transforming sensations of joy and even spiritual wonder in
reaction to the luminous landscapes that they experience at firefly areas (Schreiber, 2017; Lewis,
2016). Firefly encounters may have a long-term and widespread therapeutic consequences,
including improved mental health and wellbeing, as well as more positive attitudes toward
biodiversity conservation (Buckley et al., 2019). In other words, these fascinating insects serve as
attractive tourism product for invertebrate biodiversity conservation and charitable conservation
activities.

Hence, the purpose of this work is to analyze the visualization, trends and status of global
research mapping on firefly tourism and fireflies Coleoptera Lampyridae from the year 2000 to
2022 using bibliometric analysis and providing a literature review of firefly tourism. This analysis
can assist in updating the current status, progress of firefly tourism and fireflies Coleoptera
Lampyridae research. This study can also assist researchers or academics who are new to fireflies
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research by showing information on which publications and authors to refer while conducting
fireflies research.

Literature review

In Malay, fireflies (Lampyridae) popularly known as “Kelip-kelip”, “Api-api” or “Kunang-
kunang” are part of the largest order of Coleoptera, from the family of Lampyridae beetle (Lewis,
2016; Rahayu, 2007). In English, fireflies are also known as lightning bugs and glow worms. There
are four genera of fireflies belonging to the family Lampyridae: Pteroptyx, Luciola, Colopthia,
and Lychnuris (Nada & Kirton, 2004). However, Pteroptyx tener Olivier is the scientific name for
fireflies (Nada & Kirton, 2004). Like caterpillars that transform into butterflies, fireflies begin as
larvae called glow worms. Luminous worms usually live on dead leaves and on plants in humid
environments. The larvae eat snails, worms, and other invertebrates (Jusoh et al., 2018; Nada et
al., 2012; Jusoh et al., 2010). These insects are known as firefly due to their distinctive ability to
emit flashes of light. According to research, there are between 1,900 to 2,000 species of firefly in
the world (Lewis et al., 2020).

There are approximately around 120 to 125 recognised species found across North America
(Frierson-Faust, 2017; J. Lloyd, 2008), including three species of firefly found in the Nanacamilpa
area, Macrolampis X, Macrolampis chapinguensis, and Macrolampis palaciosi (Zaragoza-
Caballero, 2012). However, a number of firefly species found across in Mexico have yet to be
recognised and reported (Vance & Rios Kuri, 2017). Malaysia has recorded a total of 13 species
of Pteroptyx, whereas Peninsular Malaysia has reported a total of 9 species of Pteroptyx that are
highly concentrated and inhabit the mangrove vegetation region (Norela et al., 2017; Shahara et
al., 2017 Norela et al., 2016).

The fireflies are less active during the day and prefer to rest beneath the leaves of the
berembang tree (Sonneratia caseolaris) (Jusoh et al., 2018; Shahara et al., 2017; Sulaiman et al.,
2017). This might be impacted by environmental circumstances and unpleasant weather for active
firefly during the day, as opposed to at night. Meanwhile, numerous firefly larvaes inhabit at the
base of tree roots region, particularly those of mangrove trees (Riza et al., 2017). Populations of
fireflies are especially sensitive to the destruction of their habitats, as well as fluctuations in water
tables and pollution.

Firefly tourism has grown to become one of the most well-known products of ecotourism
all around the world since it was first implemented in 1980 (Mahadimenakbar & Saikim, 2016;
Gray & Campbell 2007; Syed et al., 2001). Firefly ecotourism activities such as watching fireflies
may be separated into two categories: far away by watching and monitoring the flight route and
light patterns of fireflies’ bodies, and at close range to distinguish the type and sex by investigating
the body segments of fireflies (Observing Fireflies, 2021). When watching fireflies, avoid using
flashlight or bright lights in their environment since fireflies require light to communicate. A
light’s intense can disrupt their communication and habit, causing the fireflies to run. If the
surrounding is dark, we can use a red flashlight to find the way to their habitat. However, when
the fireflies are visible, the red lamp should be switched off so that the environment darkens and
allows for a better sight (Observing Fireflies, 2021). The activity of watching fireflies is also
considered important since it may generate incomes and contribute to the local economy (Arthur
Y.C. Chung, 2021). This is due to the uniqueness of fireflies, which is a tourist attraction.
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Fireflies are commercially significant in many countries because they play a role as a
developing ecotourism attraction (Lewis et al., 2020). However, fireflies like many other
invertebrates, have received little attention in worldwide conservation efforts (Napompeth, 2009).
In certain regions, fireflies provide a new experience in the products of an ecotourism activity that
attracts a large number of people to a specific location to watch fireflies in their natural
environment. This phenomenon has only been reported in South Asia and the Western Pacific,
stretching from East India through Thailand, Malaysia, and Indonesia to the Philippines and Papua
New Guinea (Hogarth, 1999). Fireflies ecotourism based has grown quite popular, which led to a
significant number of tourists (Nallakumar, 2003). The tourism business has profited from the
synchronised fireflies, and local fishermen and communities have seen an increase in their income.
Communities in the area have worked together to make firefly ecotourism centres, and some of
these centres provide tours that focus on watching fireflies. The average amount of money that
boat operators and tour guides make each month is between RM 400 and RM 600 (Jaafar et al.,
2010). The income generated by these activities provides additional money to local communities,
assisting in the improvement of the villages’ financial situation and quality of life (Shahwahid et
al., 2016, 2013; Jamil and Suzana, 2004). Local communities participate in ecotourism activities
with full support from the local governments, who provide infrastructure such as jettys and boats
for tourists to use. As a consequence, it is of highest concern for us to preserve and restore firefly
habitats (Basyuni et al., 2018; Foo and Dawood, 2015). The importance of protecting these fireflies
has led to an increase in firefly watching as a tourism activity in mangrove management plans.

Lampyridae is a family of fireflies that is found all over the world. It has eight subfamilies,
100 genera, and more than 2,000 species that found in tropical regions across the world (Hu & Fu,
2018; Shahara et al., 2017; Mu et al., 2016; Da Silveira & Mermudes, 2014). There are numerous
species of fireflies, and they are widespread in tropical countries such as Thailand, Malaysia,
Cambodia, Indonesia, the Philippines, New Guinea, and Sulawesi (Jusoh et al., 2018; Sartsanga et
al., 2018; Ballantyne & Lambkin, 2001; Ballantyne & McLean, 1970). Over 400 species have been
discovered in Southeast Asia and the Indo-Pacific region, with the most of fireflies species
belonging to the Luciolinae family (Ballantyne et al., 2015). The most well-known firefly in
Southeast Asia are Pteroptyx, which belong to the Coleoptera order and Lampyridae family (Seri
& Rahman; 2021). Seri and Rahman (2021) were able to identify 145 species of fireflies in
Southeast Asian countries such as Malaysia, the Philippines, Indonesia, Cambodia, Myanmar,
Singapore, Sri Lanka, Papua New Guinea, Laos, Thailand, and Vietnam. Malaysian and Thailand
researchers have conducted the most studies on fireflies in the Southeast Asian region compared
to other Southeast Asian countries. P. malaccae, Luciola pupilla, and P. tener are the most
common firefly species in Southeast Asian countries, such as Malaysia, Thailand, Indonesia,
Vietnam, and the Philippines (Abdul Razak & Sulaiman, 2016). Figure 1 illustrates the lifecycle
of the P. tener species as shown by Cheng et al. (2021).
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Source: Cheng et al., 2021

Figure 1. (a) Pteroptyx tener larva; (b) solitary Pteroptyx malaccae on a mangrove tree; (c) Pteroptyx tener pair
flashing synchronously on a mangrove tree; (d), Pteroptyx tener mating in Sonneratia caseolaris.

Method
Data source and Search strategy

On 12th of June, 2022, a comprehensive systematic search was conducted using the online
database Scopus and Web of Science (WoS). Data searches were performed on a single day to
avoide any potential for bias caused by daily changes to the database. For this retrospective
analysis, the researcher chose to focus on the firefly tourism and fireflies Coleoptera Lampyridae
articles that were indexed by Scopus and WoS databases between the year 2000 to 2022. The
search strategy of Boolean operators OR in the two databases (Table 1).

Researcher downloaded two sample articles in the *CSV format from Scopus and in *Text
Document format from Web of science so that researcher could analyze all of the essential
information about the publications databases, such as the paper title, author name and affiliation,
abstract, keywords, and references. After that, it was processed using RStudio software version
4.2.0 in order to analyze the data. The databases publications acquired that was downloaded after
the refinement result is 643 articles for Scopus, and 78 articles for Web of Science. Biblioshiny
for bibliometrix has been used to see and evaluate trends in the form of bibliometric maps. Figure
2 shows a flowchart research methodology for databases extraction.


https://doi.org/10.17576/geo-2023-1901-10

Geografia-Malaysian Journal of Society and Space 19 issue 1 (133-151)
© 2023, e-ISSN 2682-7727 https://doi.org/10.17576/ge0-2023-1901-10

Table 1. The search string

138

Database
search string

Search string strategy Boolean operators

No.
Articles

Scopus

Web of
Science

ALL(“firefl* tourism” OR “firefl* ecotourism” OR “entomotourism firefl*”” OR
“firefl* coleoptera lampyridae”) AND ( LIMIT-TO ( PUBYEAR,2022) OR
LIMIT-TO ( PUBYEAR,2021) OR LIMIT-TO ( PUBYEAR,2020) OR LIMIT-
TO ( PUBYEAR,2019) OR LIMIT-TO ( PUBYEAR,2018) OR LIMIT-TO (

PUBYEAR,2017)
PUBYEAR,2015)
PUBYEAR,2013)
PUBYEAR,2011)
PUBYEAR,2009)
PUBYEAR,2007)
PUBYEAR,2005)
PUBYEAR,2003)

OR
OR
OR
OR
OR
OR
OR
OR

LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO

AN AN AN A A A A

PUBYEAR,2016)
PUBYEAR,2014)
PUBYEAR,2012)
PUBYEAR,2010)
PUBYEAR,2008)
PUBYEAR,2006)
PUBYEAR,2004)
PUBYEAR,2002)

OR
OR
OR
OR
OR
OR
OR
OR

LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO
LIMIT-TO

e N R N R N N

PUBYEAR,2001) OR LIMIT-TO ( PUBYEAR,2000) ) AND ( LIMIT-TO (
LANGUAGE,"English"))
ALL~=(“firefl* tourism” OR “firefl* ecotourism” OR “entomotourism firefl*”” OR
“firefl* coleoptera lampyridae”) and English (Languages) and 2022 or 2021 or
2020 or 2019 or 2018 or 2017 or 2016 or 2015 or 2014 or 2013 or 2012 or 2011
or 2010 or 2009 or 2008 or 2007 or 2006 or 2005 or 2004 or 2003 or 2001 or 2000
(Publication Years) and English (Languages)

643

78

Source: Author, 2023

The search
conducted on
12 June 2022

[

J

Database identified
through Web of Science

(WoS) searching
(n=93)

There was no duplication database found

(n=0)

Total database included from Scopus and
WoS (n=721);
Topic: ALL(“firefl* tourism” OR “firefl*

‘

A
= Database identified
S
= through Scopus
E searching
'E (n=699)
)
-
80
g
5 l
o
B

Database Screen (refinement) p
Scopus (n=643)
Web of Science (n=78)

|

Articles database selected
for in-depth analysis
(n=721)

Studied included for
bibliometric analysis
review
(n=721) in Scopus and
WoS databases

ecotourism” OR “entomotourism firefl*” OR
“firefl* coleoptera lampyridae™)
Document type: All type of document (there
was no restriction on the type)
Language: English
Timeline: 2000-2022

Databases articles excluded due to articles

incomplete information on article such year

of publication/article not focus in Fireflies
Tourism and Fireflies (Coleoptera:
Lampyridae), language non-english

Source: Author, 2023

Figure 2. Flowchart research methodology for databases extraction
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Eligibility criteria and study selection

Only articles published between 2000 to 2022 with a research focus on firefly tourism and fireflies
Coleoptera Lampyridae. Moreover, there was no restriction on the type of articles that were
included, but only restriction on English language. Researcher choose to include all types of
articles in this bibliometric analysis because want to discover the global growth trend of firefly
tourism and fireflies Coleoptera research. To visualize the database of research trends, researcher
want to know about all types of articles related to the research topic to be analyzed. This will be
useful for novice researchers who wish to conduct research on fireflies in the future. Other
researchers may do bibliometric analysis in this research topic for future suggestions, which is
only limited to types of articles journals.

Data analysis

The researcher used RStudio latest version 4.2.0, which was installed on Windows 8.1. The
bibliometrix application may be installed by researcher by opening RStudio and then typing
>install.packages(“bibliometrix™) into the command prompt. In the RStudio command prompt,
the researcher then type > library(bibliometrix) and Biblioshiny(bibliometrix) in order to initiate
the Biblioshiny web-interface. The researcher was using the Biblioshiny web-interface in order to
import the files that were obtained from the Scopus and Web of Science databases into the
Biblioshiny application to analyze the data (Fakruhayat et al., 2022). Figure 3 below shows the
features of Biblioshiny web-interface that can be used to analyze the data.

A Biblioshiny: The shiny app -
(2 for bibliometrix [ 2

9. Intellectuall
1. Data Structure Analysis
s Load data Features !y.f ana.fym " + Co-citation
» Gathenng Data Bibhoskiny Network
+ Histonograph
i
2. Filtering| 10. Social Structure 8. Conceptual Structure Analysis|
[Data Analysis [Analysis
s Co-occurence Network
B Overvice ilalyﬁis . Co]isboumion Network » Thematic Map )
. N + Collaborations + Thematic Evolution
+ Main Information WozldMap + Factonal Analysis
* Annual Scientific]
Production i i
« Average Citation DPex : 7. Clustering Analysis by
Year 5. Authors Analysis Coupling
o Three- Field Plot
* Most Relevant Authors 6, Documents/ Articles Analysis

« Most Local Cited Authors

4. Sources Analysis * :\uthc?rs' Production Over Time + Most Global Cited Documents
* Lotka's Law + Most Local Cited Documents
* Most Relevant * Author Impact * Most Local Cited References
S s/ als . £ =S s -
. _\i:::i - ;21:;1 Cited Affiliations/Institutions Analysis References Spectroscopy
Scurces/Journals >  Word Analysis

+ Most Relevant Affiliations

+ Bradfords Law » Affiliations’ Production Over Time

* Source/Journal Impact
» Source/Journal
Dynarmues

* Most Frequent Words
+ Wordcloud

+ Treemap

+ Word Dynamics

+ Trend Topics

Countries Analysis

» Corresponding Author's Country

» Country Scentfic Producton
» Countries' Production Over Time
» Most Cited Countries

Source: modified from Fakruhayat et al., 2022

Figure 3. Features of Biblioshiny app for bibliometrix
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Results and discussion

Based on the published literature, an overview of firefly tourism and fireflies Coleoptera
Lampyridae is presented. From 2000 to 2022, the gathered database comprised of all types of
papers and was limited to English language only. The database information gathered from Scopus
and Web of Science has been retrieved. Researcher obtained 721 databases of articles from two
different indexes such as Scopus and WoS on relevant topics such as firefly tourism and fireflies
Coleoptera Lampyridae from 2000 to 2022.

Annual scientific production

In the topic of firefly tourism and fireflies Coleoptera Lampyridae research articles, 721 article
databases were successfully retrieved from Scopus (643 articles) and Web of Science (78 articles)
from the year 2000 to 2022. Table 2 displays the findings of an annual scientific production
analysis in firefly tourism and fireflies Coleoptera Lampyridae research using the bibliometric app
Biblioshiny. The result of analysis in the Scopus database revealed that 2021 had the highest
number of article publications with 88 articles, followed by 2019 with 50 articles, and the least
publication was recorded between year 2000 and 2001 with 9 articles. The growth trend of article
publication in Scopus from 2000 to 2022 is growing eventhough it has minor inconsistencies.
Furthermore, according to the Scopus database, the annual growth rate is 4.36%. According to
Web of Science’s annual scientific production, highly articles were published in 2021 (15 out of a
total of 78 articles), while the least articles were published in 2002 with no publications were
registered for that year. Furthermore, between 2000 to 2022, there was a lack of consistency in the
global trend of annual scientific production. In addition, the annual growth rate was calculated to

be 5.37% (Wo0S).
Table 2. Annual scientific production (Scopus & WoS)

Year Scopus Web of Science
2000 9 1
2001 9 1
2002 13 0
2003 12 2
2004 14 3
2005 14 1
2006 19 8
2007 27 4
2008 27 4
2009 24 3
2010 25 2
2011 32 3
2012 28 3
2013 24 1
2014 33 4
2015 20 2
2016 29 2
2017 39 4
2018 36 2
2019 50 3
2020 48 6
2021 88 15
2022 23 3

Source; Author, 2023
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Most relevant authors

In 643 articles founded in the Scopus database which were relevant to the firefly tourism and
fireflies (Coleoptera Lampyridae) topic, a total of 1502 authors were discovered. The top ten
authors in the field of research subject are shown in the table 3 below. According to the findings
of the analysis, an author named Viviani VR contributed the most article publications with a total
of 41 articles, followed by researcher Lewis SM, who had published 34 articles. Branham MA,
and Oba Y had recorded a publication of 21 articles, and De Cock R, who is ranked top ten author,
published 14 articles.

Table 3. Top ten most relevant authors (Scopus)

Authors Avrticles Avrticles fractionalized Percentage (%)

Viviani VR 41 13.35 6.4
Lewis SM 34 11.65 5.3
Branham MA 21 8.33 3.3
ObaY 21 6.60 3.3
Fu X 19 6.22 3

Da Silveira LFL 16 4.94 2.5
Ohmiya Y 16 4.95 2.5
Bocak L 15 4.24 2.3
Mermudes JRM 15 4.86 2.3
De Cock R 14 5.44 2.2

Source: Author, 2023

There is a total of 200 authors that have been identified throughout the 78 articles published
in the Web of Science database in the field of firefly tourism and fireflies Coleoptera Lampyridae
research. The Table 4 provided below shows a list of the top 10 authors. According to findings of
the analysis, Lewis SM was the author who had published the most papers overall, with a total of
13 different articles being published under his name. The top ten most influential authors in firefly
tourism and fireflies Coleoptera Lampyridae research publications are as follows; Author Cratsley
CK, who had published 7 articles, author Ballantyne L and Fu X, who had published 6 articles
respectively, and author South A, who had published 4 articles at rank number 10.

Table 4. Top ten most relevant authors (WoS)

Authors Articles Articles fractionalized Percentage (%)

Lewis SM 13 4.22 16.7
Cratsley CK 7 2.75 9

Ballantyne L 6 2.37 1.7
Fu X 6 2.12 7.7
Branham MA 5 2.33 6.4
Owens ACS 5 1.74 6.4
Ballantyne LA 4 1.83 5.1
De Cock R 4 0.72 5.1
Martin GJ 4 1.25 5.1
South A 4 0.98 51

Source: Author, 2023
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Most relevant journals (sources)

Based on an analysis of the most relevant journal articles on firefly tourism and fireflies Coleoptera
Lampyridae, the Scopus database has 302 journals identified with a total of 643 publications
database. In Table 5, the top ten most relevant journals are shown. Based on the analysis results,
Zootaxa journals which has 42 articles, is the most popular journal. Coleopterists Bulletin came in
second place with 17 articles. The Photochemical and Photobiological Sciences journal came in
third with 16 articles. Lastly, the journal located in tenth place is Insect Physiology with 8 articles.

Table 5. Top ten most relevant journals (Scopus)

Sources Articles  Percentage (%)

Zootaxa 42 6.5
Coleopterists Bulletin 17 2.6
Photochemical and Photobiological Sciences 16 25
Scientific Reports 11 1.7
Insects 10 16
Morphology and Systematics (Elateroidea Bostrichiformia 10 16
Cucujiformia Partim)

Annales Zoologici 9 14
Proceedings of The Royal Society B: Biological Sciences 9 14
Journal of Experimental Biology 8 12
Journal of Insect Physiology 8 12

Source: Author, 2023

Forty nine journals were identified among the 78 publications relevant to firefly tourism
and fireflies Coleoptera Lampyridae research published in the Web of Science database. Table 6
below is a list of the top 10 journals. Zootaxa journals have published 10 publications, showing
the largest number of articles published. Coleopterists Bulletin and Journal of Integrative and
Comparative Biology is ranked second and third with 5 articles published respectively.
Furthermore, the Molecular Phylogenetics and Evolution journal ranks at tenth, with 2 publications
published.

Table 6. Top ten most relevant journals (WoS)

Sources Articles  Percentage (%)
Zootaxa 10 12.8
Coleopterists Bulletin 5 6.4
Integrative and Comparative Biology 5 6.4
Insects 4 51
Journal Of Insect Physiology 3 3.8
Annals of The Entomological Society of America 2 2.6
Biological Journal of The Linnean Society 2 2.6
Chemoecology 2 2.6
Ethology 2 2.6
Molecular Phylogenetics and Evolution 2 2.6

Source: Author, 2023
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Most frequent words and co-occurrence network

Keywords is one of the most essential criteria in defining a topic of research and can show
scientific trends. The analysis of keyword co-occurrence networks will offer a clear overview of
the author’s keyword that has been used. In the 643 publications relevant to firefly tourism and
fireflies Coleoptera Lampyridae research published in the Scopus database, 1647 keywords were
used in firefly tourism and fireflies Coleoptera Lampyridae research, and 323 author’s keywords
were used in 78 articles published in the Web of Science database globally. The table 7 shows the
top 20 most frequently used keywords in firefly research, filtered by author’s keyword in Scopus
and Web of Science database publication. In Scopus database, the most frequently used key words
is “bioluminescence” that recorded 86 the number of occurrences, followed by “Lampyridae ” (69
occurrences), “firefly” (52 occurrences), ‘fireflies” (35 occurrences), “Coleoptera” (28
occurrences), “taxonomy” (24 occurrences), and so on. In Web of Science database, the result of
analysis found the most frequent words that has been used is “Lampyridae” with 20 occurrences,
followed by “bioluminescence” (14 occurrences), “firefly” (10 occurrences), “photuris” (6
occurrences), “phylogeny” (6 occurrences) and so on.

Table 7. Top 20 frequently utilized keywords (Scopus & WoS)

Scopus Web of Science
Words Occurrences Words Occurrences
bioluminescence 86 Lampyridae 20
Lampyridae 69 bioluminescence 14
firefly 52 firefly 10
fireflies 35 photuris 6
Coleoptera 28 phylogeny 6
taxonomy 24 Coleoptera 5
sexual selection 23 sexual selection 5
new species 22 taxonomy 5
luciferase 21 new species 4
phylogeny 19 courtship 3
morphology 17 fireflies 3
neotropical 14 lampyrinae 3
conservation 13 light pollution 3
elateroidea 12 morphology 3
evolution 12 neotropical 3
spermatophore 12 nuptial gifts 3
elateridae 11 amydetinae 2
lampyrinae 11 artificial light at night 2
light pollution 11 aspisoma 2
luciolinae 11 australia 2

Source: Author, 2023
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Country scientific production

The table 8 shows the findings of a global analysis of a country’s scientific production. The top 10
countries in the world in terms of scientific articles on the topic of firefly tourism and fireflies
Coleoptera Lampyridae were identified in this study. The databases Scopus and Web of Science
showed the world’s top ten countries in terms of country’s scientific productivity between 2000
and 2022. In Scopus database, there are 49 countries around the world that had contributed,
whereas in Web of Science there are 23 countries that had contributed according to the results
of analysis. There have been approximately 652 articles relating to this subject in the Scopus
database from the United States of America (USA). Brazil which has 299 articles came in second
position; China (282 articles) came in third; whereas the 10th-placed Finland with 58 article
published. In addition, according to Web of Science, the United States of America (USA) is the
country with the most published articles in the world, with 121 articles. China came next with
about 37 articles, followed by Brazil with 23 articles and Thailand in 10th position with only 7
articles. Figures 4 and 5 below show a visualization of global mapping around the world related to
fireflies research that has been indexed in Scopus and Web of Science.

Table 8. Top ten country scientific production (Scopus & WoS)

Scopus Web of Science
Country Frequency Country Frequency

USA 652 USA 121
Brazil 299 China 37
China 282 Brazil 23
Japan 236 Australia 19
Malaysia 127 Japan 16
Australia 86 Malaysia 15

UK 72 Mexico 10
Czech Republic 70 Germany 8
Thailand 70 Portugal 7
Finland 58 Thailand 7

Source: Author, 2023

Country Scientific Production

oo S
= 5

Source: Author, 2023
Figure 4. Visualization of global mapping around the world (Scopus)
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Country Scientific Production

Source: Author, 2023

Figure 5. Visualization of global mapping around the world (WoS)
Collaboration among countries

Table 9 below show a top ten collaborations among countries in Scopus and Web of Science
databases. Researcher analyze global collaboration trends at the country level throughout the
world. According to the researcher’s findings, the Scopus database has 193 collaborations
between countries in firefly tourism and fireflies Coleoptera Lampyridae research, while the Web
of Science database contains 80 collaborations between countries that were discovered. In Scopus
database, the United States of America (USA) collaborated with three other countries which
recorded the most highest collabarations that is between (USA-Japan; 24 frequency), (USA-China;
21 frequency), and (USA-Brazil; 20 frequency), followed by collaboration between Brazil and
Japan (15 frequency). Furthermore, in the Web of Science database, the highest frequency of
collaboration countries was between the United States (USA) and China, with a frequency of 6,
followed by China and Australia, with a frequency of 5, and collaborations between China and
Finland, with a frequency of 2, placing it in 10th position among countries worldwide.

Table 9. Top ten collaboration among countries (Scopus & WoS)

Scopus Web of Science
From To Frequency From To Frequency
USA Japan 24 USA China 6
USA China 21 China Australia 5
USA Brazil 20 USA Brazil 4
Brazil Japan 15 USA Japan 4
China Japan 13 USA Canada 3
USA United Kingdom 13 USA Portugal 3
China Australia 11 Brazil Canada 2
USA Australia 10 Brazil Portugal 2
USA Canada 9 China Belgium 2
USA Germany 8 China Finland 2

Source: Author, 2023
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Discussion

Firefly could produce bioluminescent light at the buttom of its abdomen, which is utilized for
communication, evading predators, and as a signal to copulate (Veronica, 2018). In addition,
fireflies can be seen as important to the growth of ecotourism, since their uniqueness can attract
tourists. Therefore, this article has provided a visualization and overview of research trends on
firefly tourism and fireflies Coleoptera Lampyridae to see the progress growth in the topic research
of fireflies. This study assists new researchers in the topic of fireflies by presenting an overview
of the overall information, including the most important authors, relevant journals,
annual scientific production, and so on.

Utilizing bibliometric analysis to analyze the research can aid in the analysis of the
research’s trend. Bibliometric analytics is the application of research that uses statistical analysis
of scientific articles to uncover citation links between publications and research trends in a
particular field (Senel & Demir, 2018). To the best of our knowledge, this study was carried out
to fill the gaps from previous study of bibliometric analysis on the global research on fireflies using
the Scopus, and Web of Science databases.

The number of scientific publications is an attractive bibliometric indication that may show
the development of a disciplinary research topic. The current research indicates that the number of
annual scientific publications in Scopus is growing, despite the fact that there are some
inconsistencies in the data. On the other hand, the number of annual scientific articles in the Web
of Science databases is not consistent between the years of 2000 to 2022. There are just a few
aspects that have impact on the yearly article production research trends, such as the conditions
and technology of the laboratory, the number of researchers, and the policies of the government
that support firefly research (Sharma et al., 2018).

In order to evaluate the present status of firefly tourism and firefly Coleoptera Lampyridae
research all over the world, bibliometric and visualisation analysis was carried out. To the best of
our knowledge, this is the first study of bibliometric analysis to be conducted. Evaluations were
made on research works that were related to firefly tourism and fireflies belonging to the family
Coleoptera Lampyridae. It is possible that this will shed light on some of the most key aspects and
developments in this field. As in the situation with previous bibliometric analysis of a similar kind,
some limitations are unavoidable. First, while looking for sources from which to collect relevant
research materials, only the Scopus and Web of Science databases were taken into consideration.
As a direct consequence of this, certain relevant research documents from various other research
databases could be removed. Second, this research analysis has taken all types of documents
for consideration. Third, the present research does have several limitations. In the first step of the
process, the input data were retrieved from databases using a search strategy. The databases
included articles written in English languages.

In the field of firefly tourism and firefly Coleoptera Lampyridae, the purpose of this study
is to analyze current trends and conduct a status review in order to get a better understanding of
the most important topics, core groups, and key patterns of collaboration in worldwide research.
The significance of this study is it has fill the present lack of research on firefly tourism and firefly
Coleoptera Lampyridae globally. It will assist researchers and policymakers in understanding the
future of firefly tourism and Coleoptera Lampyridae study.
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Conclusion

This article presents a literature review and bibliometric analysis of research on firefly tourim and
fireflies Coleoptera Lampyridae to determine the areas within which the annual scientific
publication growth, the most productive authors, most frequent key word that has been used, most
popular journal name, and which countries has the highest collaboration with other country around
the world. According to the bibliometric analysis, the United States of America (USA) has the
highest number of scientific production, the most relevant author is Viviani VR (Scopus) and
Lewis SM (WoS) database, the most relevant journal is Zootaxa in Scopus and Web of Science
database, and the most frequently used word is “bioluminescence” in Scopus database but the word
“Lampyridae” is the most commonly used word in the Web of Science database. As a result,
researcher recommend that for future studies, other researcher can evaluate and focus on other
databases to determine, as well as other topic keywords of research studies in fireflies such as
environmental factors, abundance fireflies, bioluminescence fireflies, taxonomy of fireflies,
fireflies behaviour, or artificial illumination. Fireflies are incredibly attractive insects that have
gained popularity among nature enthusiasts. Researcher has detail the popularity of firefly tourism
and fireflies Coleoptera Lampyridae in this extensive research. Firefly tourism has attracted over
1 million visitors coming to firefly places in at least 12 countries each year to enjoy this unique
nature experience. The fast expansion of this business emphasizes the need of developing,
disseminating, and implementing techniques that might aid in the revolution from tourism to
ecotourism.
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