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Research dynamics in Indian fisheries and
aquaculture: a scientometric analysis

Nirmal Singh, Surjya Narayan Datta* and Tarvinder Singh Handa

The study was carried out to map out the dynamics of scientific output in fisheries and aquaculture
in India during the decade 2007-2016, applying scientometric tools. The publication pattern, most
productive journals and author have been identified and statistical analysis of citations to publica-
tions has been executed. The data was retrieved from ‘Scopus’ database for phrases such as ‘fishe-
ries’, ‘fishery’ and ‘aquaculture’ as main operators. The search results were filtered for journal
articles, English language and for the period 1 January 2007—-31 December 2016. The authorship,
geographical and keyword landscapes were visualized using free to use visualization software. The
study revealed that the number of articles on fisheries and aquaculture have more than doubled
from 2007 to 2016. The results indicated a significant correlation between number of citations and
number of years from which the article has been published. The United States emerged to be the top
most collaborator of India to work in this field followed by South Korea, United Kingdom, Japan
and Germany. The network visualization is expected to be useful to the scientific community in ana-
lysing the research trends in subject under study and further strengthening the research activities.
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THE world’s population is expected to rise to more than 9
billion by 2050 eliciting 70% increase in global demand
for food, feed and fibre. Moreover, rapid changes are
expected in the life style and consumption patterns due to
growing urbanization resulting in the decline in shares of
grains and pulses and huge increase in the consumption
of vegetables, fruits, meat, dairy and fish!. This formida-
ble challenge will give rise to alarming situations particu-
larly in developing countries where people still suffer
from poverty and hunger’. In such a scenario, fisheries
and aquaculture are expected to play a vivacious role in
providing nutritional security to the food basket”.

Fish is an important part of the human diet and pro-
vides about 20% of animal protein intake, globally*. On
one hand, it serves as a healthy food for the affluent
world owing to its oil rich in polyunsaturated fatty acids
(PUFAs) and on the other hand, fish is a health food
owing to its proteins, oils, vitamins and minerals and
other benefits associated with the consumption of small
indigenous fishes by the people in the other extreme of
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the nutrition scale’. Fisheries and aquaculture contribute
significantly to food security and livelihoods. Fish pro-
vides essential nutrition for nearly 3 billion people and at
least 50% of animal protein and minerals to 400 million
people from the poorest countries. Over 500 million
people in developing countries depend, directly or indi-
rectly, on fisheries and aquaculture for their livelihoods.
Aquaculture is the world’s fastest growing food produc-
tion system, growing at the rate of 7% annually and fish
products are among the most widely traded food, with
more than 37% (by volume) of world production traded
internationally.

In India too fisheries sector occupies an important
place in the socio-economic development of the country.
It has been recognized as a major income and employ-
ment generator as it stimulates growth of a number of
subsidiary industries, and is a source of cheap and nutri-
tious food besides being a foreign exchange earner. Most
importantly, it is the source of livelihood for a large sec-
tion of economically backward population of the country.
The fisheries’ resources of the country comprise both
marine (exclusive economic zone (EEZ) of 2.02 million
sq. km, a continental shelf area of 530,000 sq. km and a
coast line of 8118 km) and inland (45,000 km of rivers,
3.0 m ha of reservoirs). The export of 1.05 million tonnes
fish and fish products worth Rs 3344.2 million constitut-
ing 10% of total exports of the country and 20% of the
agricultural exports, make it the largest agricultural
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sub-sector’. Constituting about 6.3% of the global fish
production, the sector contributes to 1.1% of the GDP and
5.15% of the agricultural GDP. The total fish production
of 10.07 million metric tonnes presently has nearly 65%
contribution from the inland sector and nearly the same
from culture fisheries. Paradigm shifts in terms of
increasing contributions from inland sector and further
from aquaculture are significant over the years. With high
growth rates, the different facets of marine fisheries,
coastal aquaculture, inland fisheries, freshwater aquacul-
ture, cold water fisheries influence the food, health,
economy, exports, employment and tourism of the coun-
try. India is the third largest producer of fisheries and
second of aquaculture with 50 different types of fish and
shellfish products being exported to 75 countries around
the globe, and this sector provides employment to nearly
14 million people’. Fisheries have been recognized as
dominant income and employment generators especially
for a large section of economically underprivileged popu-
lation of the nation’. However, assessment of fishery
resources and their potential in terms of fish production,
operations and landing and berthing facilities for fishing
vessels, improving welfare of the fishermen, etc. are some
of the challenges faced by this agricultural sub-sector.

Sustained research efforts are crucial for the growth
and development of fisheries and aquaculture and the
availability of literature on the subject is essential for fur-
ther research and scientific developments to confront new
challenges and issues. Hence, a quantitative assessment
of the literary output on fisheries and aquaculture can
provide an understanding of the research trends in the
subject. Bibliometric analysis allows mapping and gene-
rating knowledge management indicators in information
communication systems providing an outline of the lite-
rary outcomes in a given subject®. In science and technol-
ogy domain, the term ‘scientometrics’ is used more
preferably. Bibliometric/scientometric studies provide an
outline of the literary outcome in a given subject over a
selected period and are also useful to academic institu-
tions for collecting and organizing information resources
of their interest.

The scientometric study in Indian fisheries and aqua-
culture sector with respect to chronological growth, cita-
tion pattern of the articles, international collaboration and
subject visualization has not been carried out yet and thus
this study can be of paramount significance in this sector.

Review of status of research and development in
the subject

Several studies have been conducted to examine the
pattern of scientific literature on various subjects includ-
ing neuroscience, zika virus, diarrhoea, malaria, climate
change, etc. A comprehensive study analysing the Indian
literary output on fisheries and aquaculture still needs to
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be conducted. However, in some of the other countries,
sincere efforts have been made on the scientometric anal-
ysis of literature in fisheries and aquaculture like, Dias
et al.’ did an analysis on net cages in order to determine
the environmental issues, using Thomson Reuters data-
base (ISI Web of Knowledge), with ‘cage culture’ and
‘net cage’ as keywords; Sylvain'® conducted a bibliome-
tric analysis to reveal the key features of Canadian re-
search in aquaculture. The relevance of bibliometric
aspects for science policy-making was also emphasized;
Santos and Vianna'' performed a scientometric analysis
for 12 species of Cynoscion from the Western Atlantic to
explore the evolution of knowledge and the topics cov-
ered between 1945 and 2015; Aksnes and Browman'?
studied the bibliometric indicators to characterize recent
research activity in fisheries science with the objective of
garnering insights into the execution of such increased
efforts; Natale ef al."> examined the literature on aquacul-
ture published between 2000 and 2011 using bibliometric
and computational semantics. The results revealed that
the broad themes of research on aquaculture were related
to genetics and reproduction, growth and physiology,
farming systems and environment, nutrition and water
quality and health. ‘Aquaculture’, ‘Aquaculture Res-
earch’ and the Journal of World Aquaculture Society
were found to be the major sources of articles. Alves and
Minte-Vera' conducted a broad and comprehensive
analysis of the approaches and limitations of Brazilian
fresh water fisheries research studies through sciento-
metric analysis. The findings revealed that after 2008, the
creation of Ministry of Fisheries and Aquaculture, which
indicated the fallacy of disregarding scientific know-
ledge, could be permeating decision making agencies.

At the national level, few attempts have been made to
assess the scientific productivity on fisheries and aqua-
culture literature published in specific journals including
the European Journal of Phycology" and Aquaculture'.
Jayashree and Arunachalam'’ and Arunachalam and
Jayashree'® conducted scientometric studies on fish
research in India and comparison of fish science research
of China and India respectively. These studies were con-
ducted nearly two decades back and since that the re-
search dynamics have changed profoundly in almost
every subject. Hence, an exhaustive study covering scien-
tific literature published in recent years is the need of the
hour. Rana and Agarwal'® conducted a study to examine
the authorship and collaborative research patterns in
Indian wildlife and fisheries based on the data collected
from ‘Wildlife Review and Fish Review’ published be-
tween 1980 and 1989. Similarly, an investigation was
made on the authorship pattern in Aquaculture Journals,
based on the data collected from Aquatic Sciences and
Fisheries Abstracts for the period 1991-2001 (ref. 20).
However, this study was limited to assess the authorship
pattern and collaboration only. In another bibliometric
study of research productivity on fish and fishing

383



GENERAL ARTICLES

industry in India®', again only a few aspects of literature
were examined. The authorship and international collabo-
rations remained out of the scope of this study. Another
study explored the scientometric aspects of 1373 articles
indexed in Web of Science database published during
2011-2016 (ref. 22). The number of articles included in
this study represented only a fraction of articles published
in mainstream journals. This also excluded articles on
aquaculture.

An exhaustive attempt to analyse the various sciento-
metric aspects of literature on fisheries and aquaculture
of India is still needed. No attempt has been made for
network visualization of literary outcome of the country
in this sector.

Objectives of the study

The main objectives of the study are: (1) To analyse the
chronological growth and citation pattern of scientific
productivity in fisheries and aquaculture research in India
during 2007-2016. (2) To visualize the research collabo-
ration at international level. (3) To visualize the subject
maps and authorship collaboration networks.

Materials and methods

The study was conducted at Guru Angad Dev Veterinary
and Animal Sciences University (GADVASU), Ludhiana,
India. Data was accessed from ‘Scopus’ database during
July 2017 to accomplish the objectives of the study. An
advanced search was conducted in the database using the
phrases ‘fishery’, ‘fisheries’ and ‘aquaculture’. The Boo-
lean operator ‘OR’ was applied to get exhaustive results
represented by either of these phrases. The search was fil-
tered for occurrence of phrase terms in the title, abstract
and keywords of articles. The results were further filtered
for English language, journal articles for the period 1
January 2007-31 December 2016 and the country India.
The string search retrieved 11,012 results. The data was
downloaded. After deleting 13 irrelevant records, 10,999
articles were found relevant for analysis. Data analysis
was performed on these 10,999 relevant results using fre-
quencies and mean values. The publishing trends of
articles on the subject under study, citations to publica-
tions, most productive journals and authors were illu-
strated. The geographical collaboration (international),
subject terms and authorship collaboration visualization
maps were developed using visualization software.

Results and discussion

The various facets of scientific output on fisheries and
aquaculture including its growth, authorship collabora-
tion, publication pattern, international collaboration, etc.
are analysed and discussed in the following sections.
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Chronological growth

Year-wise productivity of articles is represented in Table 1.
The results revealed that the number of articles on fishe-
ries and aquaculture have more than doubled from 2007
to 2016. During 2007 there were 614 articles on the sub-
ject, which increased almost continuously (except for the
year 2015) to reach the figure of 1456 during 2016. This
shows that the research efforts in fisheries and aquacul-
ture are steadily increasing over the years during the last
decade.

Citation pattern of the articles

The citations to an article are accepted as one of its quali-
ty indicators. Articles are expected to get more citations
over the period. The citation trend of articles in a chrono-
logical order is tabulated in Table 2. It is evident from
Table 2 that the articles published during 2016 have least
number of citations and articles published during 2010
earned highest number of citations. Except this, the total
number of citations for articles for each year decreased
continuously from 2007 to 2016. Likewise, the average
number of citations to articles also decreased (except year
2012), earning 15.87 citations during 2007 to 1.17 cita-
tions during 2016.

Table 1. Year-wise productivity of articles in
fisheries and aquaculture sector during 2007-2016

Year No. of articles Percentage

2007 614 5.58

2008 630 5.73

2009 842 7.66

2010 955 8.68

2011 1060 9.64

2012 1286 11.69

2013 1316 11.96

2014 1452 13.20

2015 1388 12.62

2016 1456 13.24

Table 2. Citation pattern of articles
Average citation

Year Citation Articles per article
2007 9749 614 15.88
2008 9346 630 14.83
2009 8937 842 10.61
2010 12,511 955 13.10
2011 8730 1060 8.23
2012 7618 1286 5.92
2013 7159 1316 5.43
2014 5791 1452 3.99
2015 3469 1388 2.50
2016 1704 1456 1.18
Total 75,014 10,999 6.82
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Figure 1.

The correlation coefficient was calculated to statisti-
cally examine the relation between number of citations
and age of the articles. The results revealed a significant
correlation at 0.01 level (r =—-0.207), between the number
of citations and number of years from which the articles
are published, making it obvious that the number of cita-
tions to an article are likely to increase over years.

International collaboration

The geographical location of authors represents the
contribution of countries towards literature on the sub-
ject. Authors from 130 countries contributed to articles
on fisheries and aquaculture in collaboration with authors
from India. The network visualization of 68 countries
which contributed five or more articles in collaboration
with India is given in Figure 1. The VOSviewer assigns
the nodes in a network to clusters by default. A cluster
contains nodes that are closely related to each other and
each node in a network fall under one cluster only*. The
collaboration visualization map comprises nodes and
links. The links between two countries reveal that the
researchers from these nations have co-authored at least
five papers on fisheries and aquaculture. The thickness of
links represents the frequency of co-authorship collabora-
tion between nations and size of the nodes reveals the
strength of collaboration with India in terms of number of
articles.

The international collaboration on fisheries and aqua-
culture is visualized based on the cluster method using
VOS viewer. Each cluster is labelled with a circle in a
different colour and tagged with cluster number. Based
on the cluster approach provided by VOSviewer, the geo-
graphical visualization comprised of six clusters based on
the close proximity of the countries.

The United States emerged as the top most collaborator
of India to work on fisheries and aquaculture followed by
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International collaboration map.

South Korea, United Kingdom, Japan and Germany.
Countries like Australia, China, Malaysia, Canada and
France are also among the top 10 collaborators of India.
The clusters of countries based on their close proximity
of collaboration are listed below:

Cluster 1: Argentina, Belgium, Brazil, Cameroon,
Canada, Chile, Colombia, Czech Republic, Denmark,
Ecuador, France, Greece, Hong Kong, Iran, Israel, Italy,
Madagascar, Mexico, New Zealand, Panama, Portugal,
Puerto Rico, Russian Federation, Slovakia, South Africa,
Spain, Sri Lanka, Sweden, Switzerland, Turkey, United
Arab Emirates.

Cluster 2: Bangladesh, Cambodia, China, Hungary,
Indonesia, Laos, Malaysia, Nepal, Pakistan, Philippines,
Singapore, Tanzania, Thailand, United States, Viet Nam.

Cluster 3: Egypt, Ethiopia, Finland, Germany, India,
Kenya, Kuwait, Oman, Poland, Saudi Arabia, South
Korea.

Cluster 4: Australia, Austria, Fiji, Ghana, Ireland,
Mozambique, the Netherlands, Norway, United Kingdom.

Cluster 5: Japan, Nigeria.

Cluster 6: Taiwan.

Subject visualization

The subject visualization was illustrated on the basis of
author keywords. The visualization map based on 133
author keywords (out of total 23,046) having more than
30 occurrences in articles, is illustrated in Figure 2.
Based on the cluster approach of VOSviewer, the eight
clusters given below, were developed according to the
close proximity of author keywords:

Cluster 1: Abundance, Arabian Sea, bacteria, Bay of
Bengal, biodiversity, chlorophyll, climate change,
conservation, cyanobacteria, distribution, diversity, estu-
ary, cutrophication, Gulf of Mannar, heavy metals,
India, mangrove, mangroves, nutrients, phylogeny,
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Figure 2. Subject visualization.

physico-chemical parameters, phytoplankton, plankton,
pollution, principal component analysis, seasonal varia-
tion, sediments, taxonomy, water quality, zooplankton.

Cluster 2: Antibacterial, antibacterial activity, antimi-
crobial activity, antioxidant, antioxidant activity, aqua-
culture, biodiesel, biomarker, biomass, Channa striatus,
characterization, cytotoxicity, fatty acid, fatty acids, fer-
mentation, genotoxicity, hematology, lipid, microalgae,
probiotic, protein, proximate composition, response sur-
face methodology, Scylla serrate, sds-page, seaweed,
sem.

Cluster 3: aeromonas, hydrophila, carp, Catla catla,
Cirrhinus mrigala, cortisol, Cyprinus carpio, disease
resistance, gene expression, growth performance, immune
response, immunity, immunostimulant, Indian major
carps, innate immunity, Labeo rohita, lysozyme, Macro-
brachium rosenbergii, probiotics, rohu, stress.

Cluster 4: Adsorption, antioxidants, bioaccumulation,
cadmium, Channa punctatus, chitosan, copper, fish, gill,
haematology, heavy metal, Heteropneustes fossilis, his-
tology, histopathology, lipid peroxidation, liver, oreoch-
romis mossambicus, oxidative stress, toxicity.

Cluster 5: Buffalo, catfish, cattle, Clarias batrachus,
elisa, biodiversity, goat, ovary, pcr, polymorphism,
prevalence, rapd, sheep.

Cluster 6: Antibiotic resistance, biofilm, Fennero-
penaeus indicus, Penaeus monodon, ph, salinity, shrimp,
temperature, Vibrio harveyi, Vibrio parahaemolyticus,
white spot syndrome virus, wssv.

Cluster 7: Fecundity, fishery, growth, Lates calcarifer,
length-weight relations, mortality, spawning, survival.

Cluster 8: Harvesting, hopf bifurcation, biodiversity.
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A careful observation of visualization map revealed that
the subjects of oceanography/hydrobiology, fish micro-
biology and health, fish nutrition, fish haematology, carcass
composition, fish growth, immunity and immune-stimu-
lants, aquatic environment health and biodiversity and inte-
grated system have been of major interest among
researchers/scientists working on fisheries and aquaculture.
Research has also been conducted on some of the major
food fish including Indian major carps (Catla catla, Cirr-
hinus mrigala, Labeo rohita); Lates calcarifer, Channa
punctatus and catfish species like Clarias batrachus. Be-
sides this farming of fresh water prawn Macrobrachium
rosenbergii and shrimp Fenneropenaeus indicus, Penaeus
monodon also gained attention of the researchers. Some
aspects of disease diagnosis and causative agents like
Vibrio harveyi, Vibrio parahaemolyticus, white spot syn-
drome virus were under top priority among the researchers.

Authorship collaboration network

A total of 20,236 authors contributed to 10,999 articles.
An author visualization map of 209 authors with contri-
butions to more than 20 articles is given in Figure 3. R.
Kumar, S. Kumar, A. Kumar, W. S. Lakra and A. K. Pal
emerged to be the most productive authors having contri-
buted to more than 100 articles each. Since authors
represent respective institutions, an attempt was made to
analyse the instuitional collaborations based on author-
ship collaborations.

The intra- and inter-institutional collaboration net-
works based on authorship collaboration clusters illu-
strated in Figure 3 are given below:
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Figure 3. Authorship collaborations.

Cluster 1: It represents the collaborations between au-
thors from Utkal University, Bhubaneswar; KIIT Univer-
sity, Bhubaneswar; Jadavpur University, Kolkata; Indian
Institute of Technology, Kharagpur; Ultra-tech, Environ-
mental Consultancy and Laboratory, Pune; Central Inland
Fisheries Research Institute, Barrackpore, Kolkata; West
Bengal University of Animal and Fishery Sciences, Kol-
kata; Central Glass and Ceramic Research Institute, Kol-
kata; University of Calcutta, Kolkata; Network for Fish
Quality Management and Sustainable Fishing, Ernaku-
lam, India; National Research Centre on Yak, Arunachal
Pradesh; Central Salt and Marine Chemicals Research In-
stitute, Bhavnagar; Central Institute of Freshwater Aqua-
culture, Kausalyaganga, Bhubaneswar; Indian Institute of
Water Management, Bhubaneswar; Institute of Agricul-
ture, Sriniketan, West Bengal; Central Agricultural
University Lembucherra, Tripura, Indian Veterinary Re-
search Institute, Izatnagar; Indian Statistical Institute,
Kolkata; Uttarbanga Krishi Viswavidyalaya, Majhian,
West Bengal; University of Burdwan, Burdwan, West
Bengal.

Cluster 2: This cluster shows authors’ collaboration
from the Directorate of Coldwater Fisheries Research,
Bhimtal; Central Institute of Freshwater Aquaculture,
Bhubaneswar; National Bureau of Fish Genetic
Resources, Lucknow; Central Institute of Fisheries Edu-
cation, Mumbai and West Bengal; University of Animal
and Fishery Sciences, Kolkata.

Cluster 3: Cluster 3 shows the collaborative efforts
from the Central Institute of Fisheries Education, Mum-
bai; Central Inland Fisheries Research Institute, Barrack-
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pore, Kolkata; Directorate of Coldwater Fisheries Re-
search, Bhimtal; Central Institute of Fisheries Technolo-
gy, Cochin; Ghent University, Belgium; West Bengal
University of Animal and Fishery Sciences, Kolkata;
University of Delhi, Delhi; Indian Institute of Agricul-
tural Biotechnology, Ranchi; University of Kashmir,
Srinagar.

Cluster 4: It represents authorship collaboration of the
Annamalai University, Tamil Nadu; Zoological Survey of
India, Kolkata; University of Burdwan, Golapbag Burd-
wan, West Bengal; National Research Centre on Mithun,
Jharnapani, Nagaland; Indian Veterinary Research Insti-
tute, Izatnagar; Central Marine Fisheries Research Insti-
tute, Kochi, Kerala; St. Xavier’s College (Autonomous),
Palayamkottai; Nitte University, Mangalore; Kerala Uni-
versity of Fisheries and Ocean Studies, Kochi, Kerala;
Central Institute of Fisheries Education, Mumbai; Bhara-
thiar University, Coimbatore, Tamil Nadu; Anna Univer-
sity Campus, Chennai, Tamil Nadu; Bharathidasan
University, Tiruchirappalli, Tamil Nadu.

Cluster 5: This shows the collaborative trend among
authors from the National Bureau of Fish Genetic
Resources, Lucknow; Veer Kunwar Singh University,
Bihar; Wildlife Institute of India, Dehradun, Uttarakhand;
Central Institute of Fisheries Education, Versova, Mum-
bai; National Institute for Interdisciplinary Science and
Technology, Trivandrum; North East Institute of Science
and Technology, Jorhat; Academy of Scientific and Inno-
vative Research, New Delhi; Central Agricultural Univer-
sity, Lembucherra, Tripura; National Dairy Research
Institute, Karnal; Indian Institute of Petroleum, Dehradun,
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Uttarakhand; Govind Ballabh Pant University of Agricul-
ture and Technology, Pantnagar; University of Delhi,
Delhi and Alagappa University, Tamil Nadu.

Cluster 6: Cluster 6 depicts the collaborative efforts
among the Central Marine Fisheries Research Institute,
Kochi, Kerala; Assam Agriculture University, Assam;
Assam University, Silchar, Assam; National Bureau of
Fish Genetic Resources, Lucknow; Banaras Hindu Univer-
sity, Varanasi; Indian Institute of Toxicology Research,
Lucknow and Annamalai University, Tamil Nadu.

Cluster 7: It represents collaboration among the Cen-
tral Marine Fisheries Research Institute, Kochi, Kerala;
National Institute of Food Technology Entrepreneurship
and Management, Kundli, Haryana; Indian Institute of
Engineering Science and Technology, Shibpur, West
Bengal and Pondicherry University, Puducherry.

Cluster 8: It shows the collaborative trends among
authors from the Central Institute of Brackishwater
Aquaculture, Chennai; Aligarh Muslim University, Ali-
garh, Uttar Pradesh; National Institute of Abiotic Stress
Management, Malegaon; Madras Research Centre of
Central Marine Fisheries Research Institute, Chennai;
Central Institute of Freshwater Aquaculture, Kausalya-
ganga, Orissa.

Cluster 9: This cluster is based on the intra- or inter-
departmental collaboration among authors from the
Central Institute of Fisheries Education, Versova, Mumbai.

Cluster 10: 1t is based on the collaboration among the
SRM University, Kattankulathur, Chennai; Tamil Univer-
sity, Thanjavur, Tamil Nadu; Pachaiyappa’s College for
Men, Kanchipuram, Tamil Nadu; Jeju National Universi-
ty, South Korea; Thanthai Hans Roever College, Peram-
balur; Central Drug Research Institute, Lucknow.

Cluster 11: This cluster is drawn on the basis of colla-
borations among authors from the Cochin University of
Science and Technology, Kochi, Kerala; Directorate of
Coldwater Fisheries Research, Champawat; Seoul Na-
tional University, South Korea; Central Institute of
Freshwater Aquaculture, Kausalyaganga, Odisha; Periyar
Maniammai University, Thanjavur, Tamil Nadu.

Cluster 12: Cluster 12 depicts the joint efforts of the
National Institute of Biotic Stress Management, Baronda,
Raipur; ICAR Research Complex for Goa, Old Goa; Cen-
tral Salt and Marine Chemicals Research Institute, Bhav-
nagar, Gujarat; Academy of Scientific and Innovative
Research, New Delhi; Indian Veterinary Research Insti-
tute, Izatnagar and Maharashtra Animal Science and
Fishery University, Nagpur.

Cluster 13: 1t represents collaborations between
authors from various departments of the Abdul Hakeem
College, Melvisharam, Tamil Nadu, India.

Cluster 14: This cluster is based on the authorship
trends among the National Taiwan Ocean University,
Taiwan; University of Calcutta, Calcutta and Indira
Gandhi Centre for Atomic Research, Kalpakkam, Tamil
Nadu.
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Cluster 15: The last cluster represents collaborations
between authors from the Manonmaniam Sundaranar
University, Tamil Nadu and the Sathyabama University,
Jeppiaar Nagar, Chennai, Tamil Nadu.

Conclusion

Our study represented a snapshot on the scientific litera-
ture in fisheries and aquaculture published in journals
indexed in Scopus database. It included quantitative
assessment of various scientometric aspects of literary
outcome on the subject. The results of the study brought
forward that scientific literature on fisheries and aquacul-
ture has almost continuously grown over the last decade.
The authorship trends revealed the prevalence of high
degree of research collaboration among scientists/
researchers working on this subject. India being the
second and third largest producer of fisheries and aqua-
culture respectively, enjoyed research collaboration with
countries from different parts of the world primarily led
by the United States. Topics like oceanography/
hydrobiology, fish microbiology and health, fish haema-
tology and carcass composition, fish growth, immunity
and immune-stimulants, aquatic environment health and
biodiversity and integrated system were the hot topics
explored by researchers/scientists at both national and
international level collaborations. The network visualiza-
tion is expected to be useful to the scientific community
in analysing the research trends in subject under study
and further strengthening the research collaborations.
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