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Abstract The present study summarizes the research productivity and international collaboration in aquatic studies
conducted by Sri Lankan scholars during 2000-2019. The study was based on the SCOPUS® database. R programming
language, package bibliometrix and Vosviewer software were employed in the analysis. Results of the present study
indicate that increasing growth trend in the annual number of publications. A significant correlation (p<0.05) between
the number of articles and per capita GDP (Gross Domestic Production) was also observed. Senior authors dominated
in terms of the article count, citation count, /4 index, and other author productivity indices. Journal of the National
Science Foundation of Sri Lanka had the highest article count (n=33). Aquatic studies in Sri Lanka were more locally
funded. Sri Lanka had strong research collaborations with Japan, South Korea and Australia. During 2000-2019, the
transition of aquatic studies from lacustrine field studies to molecular lab-based studies were observed. The findings
of the present study may provide a comprehensive understanding on the current context and future directions of aquatic

studies in Sri Lanka.
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INTRODUCTION

Sri Lanka, an island nation located in the Indian
ocean comprised of more than 10,000 reservoirs and
was reported as the country with the highest
reservoir density in the world (FAO 2020). The
reservoirs represent 75% of the inland water surface
of Sri Lanka and the remnant is represented by
riverine and coastal ecosystems (Kularatne et al.
2019). Over the years, these aquatic ecosystems
provide valuable ecosystem services for the
community and the importance of these systems
were also highlighted in terms of national

development. More recently, sustainable utilization
of these aquatic resources is also highlighted with
the ample number of scientific studies (Edirisinghe
2003).

Scientific studies are an imperative tool for
elucidating the importance and mechanisms of
natural ecosystems. The early scientific studies on

Sri Lankan aquatic systems have been driven by
foreign scholars (Apstein 1907) and later on, a large
number of Sri Lankan scholars have contributed to
the aquatic science research. Initial aquatic studies
in Sri Lanka have focused on basic ecological
studies (e.g., studies on plankton ecology:(Apstein
1907)). Howeverin later decades, these studies have
diversified into various directions. These include
various studies in aquaculture, oceanography,
aquatic ecology and taxonomical studies. On the
other hand, the national policies of Sri Lanka have
given considerable attention to both freshwater and
marine resources as one of the potential resources
for elevating the country's economy. On par with
that, education on aquatic resources has been
widened through dedicated undergraduate programs
for aquatic sciences (Bandara and Radampola
2017). Apart from that many universities offers a
wide range of postgraduate course units related to
the aquatic sciences. This, in turn, has generated a
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number of scholars who are contributing to national
and international studies in the field of aquatic
sciences.

Although there is a number of studies on aquatic
resources in Sri Lanka, many of those studies are
limited to national open access journals. Despite the
development of the worldwide web and the
indexing services, many of these Sri Lankan
journals have not been indexed in popular databases
such as SCOPUS® and Web of Science™ (e.g.
science citation or social science citation indices
etc.). Currently, the only journal published in the
science citation index-expanded is the Journal of the
National Science Foundation of Sri Lanka.
However, this does not imply that Sri Lankan
research is underperformed in the international
arena. Still today, a considerable number of
publications are appearing in the above databases
through reputed international journals.
Nevertheless, there were no bibliometric or
scientometric studies that focus on the productivity
of the aquatic studies with Sri Lankan institutional
footprint. Quantified scientific output is essential
for elucidating the contribution of aquatic resources
for national development, understanding the
conservation needs and identifying the research
gaps. Although bibliometric studies are not a direct
measure for evaluating the science (Ivanovi¢ and
Ho 2014) it has been utilized for identifying trends
in the particular scientific field (Bandara 2020) and
evaluating and comparison of the authors (Bond et
al. 2020). Therefore, the present work focused on i).
To assess the Sri Lankan authors’ contribution to
aquatic science research in SCOPUS® database
using bibliometric measures ii). Identifying the
network structure of collaboration among authors
ii1). Elucidate the key themes in Sri Lankan aquatic
studies and their evolution. The findings of the
present study would identify current performance
and existing knowledge gaps for further
improvement of the aquatic studies in Sri Lanka.

MATERIALS AND METHODS
Data collection
Articles for the present study were collected from

the SCOPUS® database published by ELSEVIER.
The following search query was employed to

retrieve the articles related to the aquatic studies by
Sri Lankan institutional affiliations, during 2000-
2019. Only articles written in the English language
were utilized in the study. The asterisk wildcards
were used for the truncation and retrieving the
various terms related to the main keyword (e.g.,
fish*  (fisheries, fishes), Aqua* (aquatic,
aquaculture)). The search was carried out on 15-
June-2020.

AFFILCOUNTRY (Sri AND Lanka)AND TITLE — ABS — KEY
(Fish * OR Aqua * OR Marine OR Ocean * OR Sea)

The above search query retrieved 1203 documents
that consisted of original articles, reviews,
conference proceedings etc. The analysis was
focused on original articles that were written in the
English language. These original articles were
manually evaluated for title, abstract and keywords
to find the possible mismatches. Articles related to
groundwater and geology were omitted as those
were not directly linked with the scope of the
current study. Finally, , a total of 510 articles were
utilized in further analyses.

Data analysis

Metadata of the selected articles were exported in
.RIS format. Bibliometric analyses were performed
by using bibliometrix package (Aria and Cuccurullo
2017), R programing language (R development core
team 2017) and R studio integrated development
environment (IDE) (Rstudio team 2020). To
determine the bibliographic network matrices,
Vosviewer (version 1.6.11) visualization tool was
employed (Van Eck and Waltman 2010).

RESULTS AND DISCUSSION
Growth trend of articles during 2000-2019

From 2000 to 2019, the number of articles related to
aquatic studies has shown an increasing trend (R?
=0.72) (Figure 1). Since 2016, more than 40 annual
publications appeared in the SCOPUS® database.
The lowest number of articles (n=5) appeared in
2004 and the highest number of articles appeared in
2017 (n=70).
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Fig 1 Number of articles appeared in the SCOPUS® database related to the Sri Lankan aquatic studies

(2000-2019)

Top 10 Journals with the highest number of
articles

The top 10 journals with the highest number of
publications were presented in Table 1. Journal of
the National Science Foundation of Sri Lanka
(JNSFSL) has published 33 articles related to
aquatic studies. Among the top 10 journals, the
lowest number of articles (n=6) have appeared in the
Aquaculture Research, Ocean and Coastal
Management, Marine Pollution Bulletin and the
Asian Fisheries Science journals.

To assess the impact of each journal, Scimago
Journal Ranking (SJR) and the quartiles was
utilized. SJR was developed in 2007 (Bollen et al.
2006) based on the SCOPUS® database and it
measures journal’s prestige/influence based on the
average number of weighted citations received in
the selected year by the documents published in the
same journal for the last three years (Gonzalez-
Pereira et.al 2010). Higher the SJR Ranking, the
journal has a higher influence/prestige in the given
subject area. Quartiles represent the ranking of each
journal in the respective subject category (in here
aquatic science) and fall into four categories; Q1,
Q2, Q3 and Q4. Q1 is occupied by the top 25%
journals in each subject category; Q2 is occupied by
journals in the 25 to 50% group; Q3 is occupied by
journals in the 50 to 75% group and Q4 is occupied

by journals in the 75 to 100% group (Tayyab and
Boyce 2013). Therefore, SJR and quartiles
collectively determine the influence/impact of the
journal. The Q1 journals in the present study
consisted of Marine policy, Marine Pollution
Bulletin, Fish and Shellfish Immunology,
Aquaculture and Ocean and coastal management.
The total number of articles published in these Q1
journals (36) was lower than the total number of
articles (62) published in the Q2-Q4 journals that
may indicate the scarcity of very high-quality
research. Although the JNSFSL published the
greatest number of articles, the related SJR ranking
was the lowest (0.139). This might be attributed to
the weighted score of SJR being biased to the more
prestigious international journals than the
national/regional journals (Delgado-Lopez-Cozar
et.al 2013, Falagas et.al 2008). This low SJR is also
apparent in the regional journal; Asian Fisheries
Science. INSFSL is the first Sri Lankan Journal
indexed in both SJR and Web of Science™
database. Moreover, it has no article processing
fee/publication fee. The higher number of articles
appearing in this journal might be advocated the
authors' interest in publishing articles that has more
national importance and the concerns over the
publication cost in gold or hybrid open access
journals.
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Table 1 Top 10 journals with the highest number of articles, journal publisher and SJR and the quartile.

Journal Publisher Number of Scimago Quartile
Articles Ranking (2019) (2019)
Marine Policy Elsevier Publications, UK 8 1.29 Ql
Marine Pollution Bulletin Elsevier Publications, UK 6 1.27 Q1
Fish and Shellfish Academic Press Inc. USA 7 1.22 Ql
Immunology
Aquaculture Elsevier Publications, 9 1.04 Ql
Netherlands
Ocean and Coastal Elsevier Publications, 6 0.82 Ql
Management UK
Fisheries Management Wiley-Blackwell 10 0.76 Q2
and Ecology Publishing Ltd, UK
Aquaculture Research Wiley-Blackwell 6 0.66 Q2
Publishing Ltd, UK
Lakes and Reservoirs: Wiley-Blackwell 7 0.27 Q3
Research and Publishing Ltd, UK
Management
Asian Fisheries Society, 6 0.17 Q4
Asian Fisheries Science ~ Malaysia
Journal of the National National Science 33 0.14 Q3

Science Foundation of Sri
Lanka

Foundation of Sri Lanka

Authorship pattern

From 2000 to 2019, a total of 1523 authors
participated in aquatic science research. However,
the actual number of authors with Sri Lanka
affiliation is lower than that, since most of the
research papers are multi-authored. Among 510
articles, 32% of articles represent the Sri Lankan
corresponding authorship. Figure 2 illustrates the
top 10 authors productivity over time. Amarasinghe
US has the highest number of articles (n=37).
Amarasinghe US and DE Silva SS have published
their articles continuously from 2000 to 2019.
Jayathissa LP is the most cited author (niw= 373) is
followed by Amarasighe US (nww= 329) and DE
Silva (neowar= 321).

Impact of the author

Based on the SCOPUS® data, the author impact
measured by various indices has presented in Table
2. Hirsch index (A-index) usually utilized to
quantify the authors' scientific output (Andres
2009). By definition, “A scientist has index /4 if h of

his or her Np papers have at least h citations each
and the other (Np - h) papers have fewer than h
citations each” (Hirsch 2005). Over the years, h-
index considered as the aggregated research
contribution of a researcher and utilized to indicate
eminence and comprehensive impression of an
author (Khosrow 2017). On the other hand, the g-
index is an improvement of the /-index as proposed
by Egghe (Egghe 2006). It avoids the disadvantage
of the h-index which underrate the most cited
papers. As suggested by Egghe, g-index accounts
for the most cited papers in the calculation and as a
rule of thumb, g > h. Therefore, authors with a
higher g-index may have more highly cited papers
with more international impact (Andres 2009).
Amarasinghe US was the top author with the highest
h and g-indices. The m-index/m-quotient is the ratio
between the h-index and the number of years
elapsed since the author’s first publication
(Khosrow et.al 2017). Therefore, authors who have
started to publish recently may have a higher m-
index. The highest m-index is reported by Fernando
D whose first publications appeared in 2015. In
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contrast, authors with a longer career since the first
publication may have a lower m-index. This was
evident from the m-indices of the more senior
authors; Amarasighe US; De Silva SS and
Jayathissa LP etc. Conversely recorded low value of
the m-index by some of the authors (e.g., Thulasitha
WS) is primarily due to a lower /4 value than the
elapsed time since the first publication. However,

AMARASINGHE US O @
BATHIGE SDNK
DE SILVA §S @
FERNANDO D

FERNANDO HJS

the indices presented in Table 2 might be different
from the actual indices since the data in the present
study are focused only on the SCOPUS® database.
Moreover, the study did not count the other sources
(e.g., book chapters, conference proceedings etc.)
for the calculation of the above indices.
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Fig 2 Number of articles appeared in the SCOPUS® database related to the Sri Lankan aquatic studies

(2000-2019)

Table 2 Impact of the top 10 authors based on major productivity indices

Author h-index g-index m-index pﬁﬁiﬁ:g‘figgsi;
SCOPUS® database
Amarasinghe US 10 17 0.476 2000
De silva SS 9 17 0.429 2000
Pathiratne A 9 15 0.429 2000
Jayatissa LP 8 10 0.421 2002
Fernando D 6 10 1 2015
Fernando HJS 6 10 0.462 2008
Jinadasa SUP 5 8 0.625 2013
Sivashanthini K 5 6 0.385 2008
Thulasitha WS 5 5 0.455 2010
Bathige SDNK 4 4 0.8 2016
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Scientific productivity

The scientific productivity of a given field can
empirically be evaluated using Lotka’s law. In
general, Lotka law specifies the number of authors
contributing » contributions is approximately about
those making 1/n*> of those making a single
contribution (Coile 1977). E.g. In a particular field,
100 authors have produced a single publication by
each. Therefore the number of authors who have
two publications in each is equal to (100x1/2% =25);
thus the number of authors who has three
publications in each is equal to (100x1/3% =11).
Therefore, as the number of articles increases, the
number of authors who have published many
number of articles decrease (see Lotka 1926).
Lotka’s law of author productivity was applied to
figure out the scientific productivity of the articles
in aquatic studies with Sri Lankan institutional
affiliation. The observed Lotka distribution of Sri
Lankan aquatic studies is not significantly different
from the theoretical Lotka  distribution
(Kolmogorov-Smirnoff goodness-of-fit; p=0.06)
(Figure 3).
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Fig 3 Author productivity based on Lotka’s law

Publication output and per capita GDP

Research and development of a country ties with its
economic conditions and usually, high-income
countries are frontiers in high-quality publications.
This may evident in many indices such as a higher
number of citations per paper, higher per capita
publications in developed countries (Hazelkorn et.al
2018). Gross Domestic Production (GDP) is an
economic measure used to evaluate the economic
strength of a country measured in terms of total
services and goods of a country in a given year.

Rather than the GDP, improvements of the per
capita GDP ensures economic well being and
technological improvements of a country (Peterson
2017). Several studies have been conducted to
understand the relationship between the GDP and
publication output of a country as well as the per
capita GDP and publication output of a country
(Cheng and Zhang 2013, Luo et al 2015). In the
present study, a significant positive relationship
between per capita GDP and the number of articles
was revealed (Figure 4). In contrast, to present
findings, several authors (Meo 2013) found no
significant relationship between per capita GDP and
the number of articles in a study to find out the
impact of GDP on the scientific research in Asian
Countries. This may be due to discrepancies
between the GDP and the Gross Expenditure in
Research and Development (GERD) in many Asian
countries. Although it is advisable to use more
direct indices such as GERD for the understanding
of the research productivity, data on GERD of Sri
Lanka were sporadically available. However, for
more conclusive results it would be advisable to
gather the data from other databases (e.g. Web of
Science™).
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Fig 4 The relationship between the per capita GDP
and the number of articles

Funding

Among the total number of publications, 104
articles have indicated the funding information.
These fundings include early-career research grants
(e.g. PhD), project grants, mobility grants etc.
Analysis of the funding details indicated that
internal fundings (Sri Lanka) have contributed to
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the most number of studies in aquatic research
(n=29) (Figure 5). The major funding agency for
internal research is the National Science Foundation
of Sri Lanka. However, The total number of
international research funding (n=75) has surpassed
the number of internal fundings. The unavailability
of the monetary values of these fundings has
impaired the country based total monetary value
calculations. As a lower-middle-income country
where  budgetary  austerity = predominates,
international funding may provide additional
support for Sri Lankan aquatic studies research. In
this scenario, international fundings are important in
optimizing the aquatic research and aligning the
research with national priorities (e.g. eliminating
poverty). Moreover, these international funds are
necessary for project implementation and training of
early-career researchers. Previous research has
indicated that international funding may have a
higher publication impact (Wang and Shapira
2015). Japan and Australia are important
destinations for Sri Lankan scholars for their higher
studies. Annually, several scholarships are offered
to Sri Lankan scholars from these countries to

pursue their higher studies (e.g. MEXT
scholarship/Japanese Government
Monbukagakusho Scholarship, Endeavour

scholarship and Australia awards etc.). In recent
years, South Korea was an emerging destination for
Sri Lanka scholars to pursue their postgraduate
studies and collaboration with Sri Lankan
universities and South Korean universities are also
emerging.

Sri Lanka ] 29
Japan 13
Australia 13
South Korea 9
Russia 6
EU | 5
Norway 4
s UK 3
] Austria 3
= Germany :| 2
France 3 2
Canada 2
ADB 2
World Bank 1
Switzerland :l 1
Nigeria )
New Zeland 3 1
India q

0 10 20 30
Number of Articles

Fig 5 Number of publications funded by various
countries ( EU-European Union direct funds; ADB-
Asian Development Bank)

Top 10 cited papers

Based on the total number of citations the top 10
articles has represented in Table 3. Analysis of these
articles indicated that articles address multiple
research areas including natural disasters
(Tsunami), environmental toxicology, marine
biology etc. Among the top 10 articles, the article
entitled “chronic renal failure among farm
families...” addressed one of the key issues in Sri
Lankan agriculture sector. Elevated dietary
Cadmium is highly debated for chronic renal failure
in the north-central province of Sri Lanka and many
studies are still focusing on this issue (Ananda
Jayalal et.al 2019, Bandara et al. 2010) Moreover,
after the Tsunami catastrophe in 2004, several
ecological research has emerged in evaluating the
importance of the mangrove ecosystem on the
island.

Article distribution by institutes

The distribution of articles by institutes has
illustrated in Figure 6. The University of Peradeniya
has the highest number of articles (n=128) which is
followed by the University of Ruhuna (n=79) and
the University of Kelaniya (n=75). Several
international institutes and universities were also
evident in the results as the authors of these
publications affiliated to multiple institutes. The
University of Peradeniya is the largest university of
Sri Lanka and hosts several postgraduate institutes
and faculties facilitating aquatic studies research.
Faculty of Fisheries and Marine Science and
Technology, University of Ruhuna, Sri Lanka is a
dedicated faculty for fisheries and marine science
research in Sri Lanka. This may imply the highest
number of articles from the above institutions. The
author with the highest number of articles
(Amarasinghe US) was affiliated with the
University of Kelaniya and may have a significant
impact in uplifting the article count in the same
institution.
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Article Authors No. of Year Journal Name
Citations

Coastal vegetation structures and Tanaka et al. 168 2006 Landscape and

their functions in tsunami protection: Ecological

experience of the recent Indian Engineering

Ocean tsunami

Chronic renal failure among farm Bandara et al. 108 2008 Environmental

families in cascade irrigation Geochemistry and

systems in Sri Lanka associated with Health

elevated dietary cadmium levels in

rice and freshwater fish (Tilapia)

How Effective Were Mangroves asa Dahdouh- 100 2005 Current Biology

Defence Against the Recent Guebas et al.

Tsunami?

Coral bleaching and mortality on Edwards et al. 90 2001 Marine Pollution

artificial and natural reefs in Bulletin

Maldives in 1998, sea surface

temperature anomalies and initial

recovery

Fish oil replacement in rainbow trout Turchinietal. 89 2011 Aquaculture

diets and total dietary PUFA content:

I) Effects on feed efficiency, fat

deposition and the efficiency of a

finishing strategy

Removal of nitrogen and phosphorus Jayaweeraetal. 83 2004 Water Science and

from industrial wastewaters by Technology

phytoremediation using water

hyacinth (Eichhornia crassipes

(Mart.) Solms)

Impact of invasive apple snails on Horgan et al. 82 2012 Acta Oecologica

the functioning and services of

natural and managed wetlands

Quantitative Analysis of Plastic Jayasiri et al. 79 2013 Marine Pollution

Debris on Recreational Beaches in Bulletin

Mumbeai, India

Measuring revealed and emergent Birkmann and 73 2008 Disasters

vulnerabilities of coastal Fernando

communities to tsunami in Sri Lanka

High mangrove density enhances Kumara et al. 68 2010 Oecologia

surface accretion, surface elevation
change, and tree survival in coastal
areas susceptible to sea-level rise
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Thematic map

Evaluation of the author keywords in the strategic
diagram has illustrated in Figure 7. The strategic
diagram is based on the density and centrality of
major themes plotted along the x and y-axis (x axis-
centrality; y axis-density) (Cobo et al. 2011). The
strategic diagram consists of four different
quadrants.
1. Themes in upper left quadrant: Highly
developed and isolated/specialized themes
2. Themes in upper right quadrant: Motor
themes ( themes in this groups are
conceptually related to the other themes)
3. Themes in lower left quadrant: Emerging or
declining themes
4. Themes in lower right quadrant: Basic and
transversal themes

Based on the above classification, themes related to
aquaculture nutrition can be identified as a highly
specialized theme. This includes the narrow
research area as denoted by fish oil replacement.
Studies related to the tropical reservoirs and fish
taxonomy were motor themes. As discussed earlier,
studies related to Cadmium or chronic kidney
disease in the north-central province of Sri Lanka is
one of the emerging research areas. With
technological advancements, studies related to the
Geographic Information Systems (GIS) and remote
sensing has gained much attention from Sri Lankan
scholars. On the other hand, basic and transversal
themes contained studies on mangroves and
conservation of aquatic resources related themes.
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Fig 8 Co-authorship network of aquatic studies by authors with Sri Lankan affiliations (2000-2019)

Network analysis
Co-authorship

Results of the co-authorship analysis have clustered
the authors (n=16) into 5 distinct clusters (Figure 8).
The size of the vertices as indicated by the loops
represent the number of papers published. Cluster 1
consisted of the highest number of authors (#n=5) is
followed by cluster 02 (n=4). The size of each node

is proportional to the number of papers published
by each author and the width of the link between
two nodes represent the intensity of co-authorship.
Thicker the link between two nodes represents
strong collaboration (Swar and Khan 2014).
Turchini GM dominates in cluster 1. Amarasinghe
US holds the central position in cluster 2 and De
Silva SS in cluster 3. The co-authorship intensity
between Amarasinghe US and De Silva SS was the
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highest. Clustering of authors may also indicate the
research areas of the authors. A detailed study on
authors in cluster 1 indicates that aquaculture
nutrition is the key research area of those authors.
Cluster 2 represented the inland reservoirs and
fisheries management while cluster 03 denotes
aquaculture, inland fisheries and reservoir
management. Authors in cluster 04 focus on
culture-based fisheries, inland fisheries,
biodiversity and related themes. Cluster 05 denotes
environmental ~management and fisheries.
However, the above demarcations may not be
robust as the cliquishness of clusters 02-05 is higher
than that of cluster 01.

Country-level co-authorship

Country-level co-authorship analysis indicates the
research communication between the two countries.
A country-level co-authorship network related to

belgium
_~netheglands india
pakistan
philippines
- .
china
kenya
united iingdom g =
spain
i sweglen
porwgal  nomway
framce :
ity australia
thailand
canada
new zealand

Sri Lankan aquatic studies has illustrated in Figure
9. The bigger the size of the node, the bigger the
total number of articles or it indicates more
influential countries. Increased width between two
nodes more co-authored documents between the
two countries. Sri Lanka represents the hub of the
network with the highest number of articles. As
indicated by the thickest node, the co-authorship
between Sri Lanka and Japan is the highest among
other countries. Sri Lanka-South Korea, Sri Lanka-
Australia and Sri Lanka- Canada also had strong
ties in terms of co-authorship. Overlay visualization
of the country level co-authorship (Figure 10)
indicated that Sri Lanka has started strong
collaborations with China and South Korea
recently. In contrast to that, during 2012-2015 Sri
Lanka has more collaborations with Australia,
Japan and Canada.

south korea

bangladesh iceland

Japan

Fig 9 Country-level co-authorship network (2000-2019)
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Fig 10 Overlay visualization of country-level co-authorship network (2000-2019)

Keyword co-occurrence

The keyword co-occurrence network has illustrated
in Figure 11. The size of the node indicates the
weights of the keywords. Bigger nodes have a
higher weight (Liao et al. 2018). The thickness of
the line between the two nodes is proportional to the
co-occurrence of two words (Gu et.al, 2017) and
link strength (/) of a keyword indicate the
frequency of co-occurrence (f) (Gu et.al, 2017).
Nodes that are close to each other have a higher
relationship. The keyword co-occurrence diagram
has depicted 5 clusters with different colours.
Words in the same cluster are more related to each
other. Cluster 01 consist of 27 keywords centred
around the term non-human (f = 67, total [, = 67),
Cluster 2 was centered around aquaculture (f =28,
total /; =21). Cluster 3 was represented by Sri
Lanka ( £ = 212, total /; =186) . Cluster 4 was
centred around the term fish (f = 56, [, = 57) and
cluster 05 was represented by water pollutants,
chemical (f = 28, I, = 28). The terms of cluster 01
represent the terminology related to molecular
biology. Cluster 02 is represented by the

aquaculture studies in Sri Lanka. In cluster 03, the
word Sri Lanka is strongly co-occurred with the
fishery management, Tsunami and the reservoir (as
represented by thicker lines). This has indicated that
most of the aquatic studies in Sri Lanka have
followed the research direction in fisheries
management and reservoir fisheries. Co-occurrence
of word fish with other related keywords in cluster
03 (Oreochromis niloticus, algae, growth rate)
indicate research direction on the growth studies of
tilapia. In cluster 05, water pollutant is more co-
related with environmental monitoring, analysis,
pollutant and exposure. This cluster has represented
the research direction in environmental studies.

Overlay visualization of the keywords indicates
the evolution of the aquatic studies research (Figure
12). During 2010-2012, studies were more focused
on growth studies of tilapias and fisheries
management. Since 2016 Sri Lankan authors
affiliated studies were more focused on the
molecular studies and studies in the Indian ocean,
conservation and management of aquatic resources.



Tharindu Bandara
cyprinidae :
resepvoir P
growth rate
tropical reserveirs o diet tilapia perciformes
so[‘si‘a - 7 oreachroffis niloticys - cadmium
fishery m@pagement
_ £ S i‘llmal-'eriment
wnsewaliolﬁanagen&u . 2 .pnljumnn:posure- fish pgotein f
- physiglogy
. phylggeny o
. animalia 2 Et_.llsm . -
®_ water pollution ‘ no an s lmmmlo&‘
wetland o wastewater analysis Srereel a?nlno acidisequence
ceatsiipality . 4 s ch'try guﬂwﬁdﬁequence
bay oflbengal  jng i.ean. landasse agridiiture ¢ waterpollutant L microbiology
4 ot environmental monitoring o
pacifigiocean 13t L
acean@graphy sﬁson*ma::: .mntraum:ompnsilionl h‘n
water
coastazone risk assgssment
tsufiami
ﬁ, VOSviewer
Fig 11 Keyword co-occurrence network of aquatic studies in Sri Lanka (2000-2019)
e pistes
res@yolr growth rate
tropicalenpry growth digt til.ia percifermes
-
: h iloti cadmium
SOL‘S_I_a. ™ eorm:h: rodis niloticys
fishery m@pagement i
- enzymeactivi
- inimal-‘eriment
; = pollutionexposure
conservation management ) : ,fish protein
- physiology 8"
phylogeny

animalia ‘
& water pollution

remoteiens
wetland wastewater analysis
waterguality 5
beyofbengal indian ocean® nduse  9ET@ture o water pollutant
ekt environmental monitoring
pacificocean seasonaliwariation

oceanagraphy & ks “concentration (composition h'&”

wriiber

coastalzone risk assessment

tsupami

$& vosviewer

metabolism @
no an Ty S immunalogy
animal cell genejics_

_-fisies

5 amino acid sequence
C
eﬂgj‘sw nucleotide sequence

@ microbiology

adult

2010 2012 2014 2016

Fig 12: Overlay visualization of keywords related to the aquatic studies in Sri Lanka (2000-2019)

13



14

Tharindu Bandara

CONCLUSION

The present study highlighted the key findings in Sri
Lankan aquatic studies in a global context. The
annual number of publications related to aquatic
studies are increasing each year and it is strongly
correlated with the per capita GDP. Despite many
international journals, the Journal of the National
Science Foundation of Sri Lanka (JNSFSL) holds a
pivotal role in the number of articles published. This
higher number of article count in JNSFSL may
indicate more locally oriented research published by
the Sri Lankan authors. More senior authors have a
strong impact on aquatic studies in Sri Lanka and
their affiliated institutions have strong rankings in
terms of the number of publications. This may
evident in the associated author productivity indices
such as the A-index. The authorship pattern of the
articles has indicated that a large number of articles
are multi-authored and authors with Sri Lankan
affiliations also held the other affiliations
concurrently. Asia-Pacific countries (Japan, South
Korea and Australia) dominated in financial support
for many studies affiliated by Sri Lanka authors.
The evolution of the key research themes indicates
that since 2016, more studies have focused on
molecular studies than fish growth studies and
environmental studies. Network analysis of
bibliometric data indicated that the strong
collaboration of more eminent authors.

There were certain limitations in the present study.
The number of publications may exceed the current
amount as the current study was not focused on the
other scholarly databases such as Web of Science™.
Thus, it avoids the other related literature (e.g.
books, proceedings etc.) and only focused on the
articles published in the English language.
Moreover, funding information of the articles was
obscure in several articles and this may hinder the
detailed analysis of funding-related information.
Therefore, future opportunities exist in extending
this study considering these limitations for a more
comprehensive outlook.

ACKNOWLEDGEMENTS

The author wishes to acknowledge two anonymous
reviewers for their constructive outlook on the
manuscript.

CONFLICT OF INTREST

The author declares no conflict of interest.
REFERENCES

Ananda Jayalal T.B., Jayaruwan Bandara
T.W.M.A., Mahawithanage S.T.C., Wansapala
M.AJ. & Galappaththi S.P.L. 2019. A
quantitative analysis of chronic exposure of
selected heavy metals in a model diet in a CKD
hotspot in Sri Lanka. BMC Nephrology, 20 (1):
https://doi.org/10.1186/s12882-019-1371-5.

Andres A. 2009. Measuring Academic Research:
How to Undertake a Bibliometric Study,
Chandos Publishing; Hull, UK, p. 172-186.

Apstein C. 1907. Das Plankton des Gregory Sees
auf Ceylon. 1907. Zoologische Jahrbiicher,
29:661-680.

Aria M. & Cuccurullo C. 2017. bibliometrix: An R-
tool for comprehensive science mapping
analysis. Journal of Informetrics, 11(4): 959-
975. https://doi.org/10.1016/j.j0i.2017.08.007.

Bandara J.M.R.S. Wijewardena H.V.P. Liyanege J.
Upul M.A. & Bandara, J.M.U.A. 2010. Chronic
renal failure in Sri Lanka caused by elevated
dietary cadmium: Trojan horse of the green
revolution. Toxicology Letters, 198(1): 33-39.
https://doi.org/10.1016/j.toxlet.2010.04.016

Bandara T. & Radampola K. 2017. Fisheries
education in Sri Lanka: current status,
constraints and future outlook. Journal of
Fisheries, 5(3): 535-540.
https://doi.org/10.17017/jfish.v5i3.2017.162

Bandara T. 2020. Scientific footprint of Indian
major carp research in South Asia: a
scientometric study between 1955 and 2018.
Journal of Applied Aquaculture, 33(3): 267-
278. https://doi.org/10.1080/10454438.2020.17
48787

Bollen J. Rodriquez M.A. &Van de Sompel H.
2006. Journal status. Scientometrics, 69(3):
669-687. https://doi.org/10.1007/s11192-006-
0176-z

Bond D. Clout V.J, Czernkowski R.M.J. & Wright
A. 2020. Research productivity of Australian
accounting academics. Accounting & Finance,
61: 1081-1104.
https://doi.org/10.1111/acti.12604

Cheng T. &Zhang G. 2013. Worldwide research
productivity in the field of rheumatology from



15

Tharindu Bandara

1996 to 2010: a bibliometric analysis.
Rheumatology, 52(9): 1630-1634.
https://doi.org/10.1093/rheumatology/ket008

Cobo M.J. Lépez-Herrera A.G. Herrera-Viedma E.
& Herrera F. 2011. An approach for detecting,
quantifying, and visualizing the evolution of a
research field: A practical application to the
Fuzzy Sets Theory field. Journal of
Informetrics, 5(1): 146-166.
https://doi.org/10.1016/}.j01.2010.10.002

Coile R.C. 1977. Lotka's frequency distribution of
scientific  productivity. Journal of the
Washington Academy of Sciences, 28(6): 366-
370. https://doi.org/10.1002/asi.4630280610

Delgado-LoPez-C6Zar E. & Cabezas-Clavijo A.
2013. Ranking journals: could Google Scholar
Metrics be an alternative to Journal Citation
Reports and Scimago Journal Rank? Learned
Publishing, 26(2): 101-114.
https://doi.org/10.1087/20130206

Edirisinghe U. 2003. Sustainable aquatic resources
management in the 21st century: Some
important  issues. Tropical  Agricultural
Research and Extension, 6: 122-127.

Egghe L. 2006. Theory and practise of the g-index.
Scientometrics, 69(1): 131-152.
https://doi.org/10.1007/s11192-006-0144-7

Falagas M.E. Kouranos V.D. Arencibia-Jorge R. &
Karageorgopoulos, D.E. 2008. Comparison of
SCImago journal rank indicator with journal
impact factor. The Faseb Journal, 22(8): 2623-
2628.https://doi.org/10.1096/1].08-107938

FAO 2020. Fisheries Management of Small Water
Bodies in Seven Countries in Africa, Asia and
Latin America. Avialable at http://www.fao
.org/3/w7560e/w7560e00.html (Accessed on
12.10.2020).

Gonzélez-Pereira B., Guerrero-Bote V.P. & Moya-
Anegon F. 2010. A new approach to the metric
of journals’ scientific prestige: The SJR
indicator. Journal of Informetrics, 4(3): 379-
391. https://doi.org/10.1016/.j01.2010.03.002

GuD.,, LiJ, Li X. & Liang C. 2017. Visualizing the
knowledge structure and evolution of big data
research in healthcare informatics. International
Journal of Medical Informatics, 98: 22-32.
https://doi.org/10.1016/j.ijmedinf.2016.11.006

Hazelkorn E. Coates H. & McCormick A.C. 2018.
Research Handbook on Quality, Performance
and Accountability in Higher Education,

Edward Elgar Publishing: Cheltenham, United
Kingdom, p. 616.
https://doi.org/10.4337/9781785369759

Hirsch J.E. 2005. An index to quantify an
individual’s  scientific  research  output.
Proceedings of the National Academy of
Sciences of the United States of America, 102
(46): 16569, doi:10.1073/pnas. 0507655102.
https://doi.org/10.1073/pnas

Ivanovi¢c D. & Ho Y.S. 2014. Independent
publications from Serbia in the Science Citation
Index Expanded: a bibliometric analysis.
Scientometrics, 101(1): 603-622.
https://doi.org/10.1007/s11192-014-1396-2

Khosrow-Pour D.B.A.M. 2017. Encyclopedia of
Information Science and Technology, Fourth
Edition, IGI Global: Hershey, Pennsylvania, p.
8104.https://doi.org/10.4018/978-1-5225-
2255-3

Kularatne M. G., Pascoe S., Wilson C. & Robinson
T. 2019. Efficiency of culture-based fisheries
production in village irrigation systems of Sri
Lanka. Aquaculture Economics &
Management, 23(1): 65-85. https://doi.org
/10.1080/13657305.2018.1497104

Liang Z., Luo X., Gong F., Bao H., Qian H., Jia Z.
& Li G. 2015. Worldwide Research
Productivity in the Field of Arthroscopy: A
Bibliometric ~ Analysis. Arthroscopy: The
Journal of Arthroscopic & Related Surgery,
31(8): 1452-1457.
https://doi.org/10.1016/j.arthro.2015.03.009

Liao H., Tang M., Luo L., Li C., Chiclana F. & Zeng
X.J. 2018. A Bibliometric Analysis and
Visualization of Medical Big Data Research.
Sustainablity  10(1) 166.  https://doi.org/
10.3390/su10010166

Lotka A.J. 1926. The frequency distribution of
scientific  productivity. Journal of the
Washington Academy of Science, 16, 317-323

Luo X., Liang Z., Gong F., Bao H., Huang L. & Jia
Z.2015. Worldwide productivity in the field of
foot and ankle research from 2009-2013: a
bibliometric analysis of highly cited journals.
Journal of Foot and Ankle Research, 8(1): 12.
https://doi.org/10.1186/s13047-015-0070-0

Meo S.A., Al Masri A.A., Usmani A.M., Memon
AN. & Zaidi S.Z. 2013. Impact of GDP,
Spending on R&D, Number of Universities and
Scientific Journals on Research Publications
among Asian Countries. PloS one, 8(6):



16
Tharindu Bandara

€66449.
https://doi.org/10.1371/journal.pone.0066449.

Peterson E.W.F. 2017. The Role of Population in
Economic Growth. SAGE Open, 7(4).
2158244017736094.
https://doi.org/10.1177/2158244017736094

R Development Core Team 2017. A language and
environment for statistical computing. Vienna,
Austria: R Foundation for Statistical
Computing.

RStudio Team 2020. RStudio: Integrated
Development Environment for R. Boston, MA.

Swar B. & Khan G.F. 2014. Mapping ICT
knowledge infrastructure in South Asia.
Scientometrics, 99(1): 117-137.
https://doi.org/10.1007/s11192-013-1099-0.

Tayyab S. Boyce A.N. 2013. Impact factor versus
Q1 class of journals in world university
rankings, Current Science, 104(4).417-419

Van Eck N.J. & Waltman L. 2010. Software survey:
VOSviewer, a computer program for
bibliometric mapping. Scientometrics, 84(2):
523-538.https://doi.org/10.1007/s11192-009-
0146-3

Wang J. & Shapira P. 2015. Is There a Relationship
between Research Sponsorship and Publication
Impact? An  Analysis of  Funding
Acknowledgments in Nanotechnology Papers.
PloS one, 10Q2): e0117727.
https://doi.org/10.1371/journal.pone.0117727



