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We used bibliometric indicators to characterize recent (2010-2013) research activity in fisheries science with the objective of garnering insights
into how this increased effort has been directed. Specifically, we provide an overview of the primary literature on fisheries research, including which
countries are the largest contributors (USA, China, Japan, Australia, Canada, and Norway), and an assessment of the citation impact of the research
conducted by different countries. The countries with the highest impact were the UK, Norway, Germany, France, Canada, and Italy. We further
assessed the research topics that are most commonly studied and attempt to understand what drives that. During the past three decades, research
appears to have shifted from afocus on species-related questions to processes. An analysis of how publication output is distributed at the level of fish
species indicates that a small number of species (e.g. Atlantic salmon, rainbow trout, and Atlantic cod) account for a disproportionate volume of the
total research effort. Interestingly, publication output is not correlated with the commercial importance of a species. Although fisheries manage-
ment is purportedly based upon scientific research, our analysis reveals that hardly any research at all is conducted on several of the (commercially)

most important species, at least as measured by articles appearing in international scientific journals.
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Introduction

Total global research output has increased significantly during the
past 20—30 years (National Science Board, 2014), including in fish-
eries science and aquaculture (Mather et al., 2008; Natale et al.,
2012). This has been driven by, among other things, the need for
better science to inform fisheries management, particularly in the
context of the ecosystem approach, and to the growing importance
and prevalence of aquaculture on an ever-increasing number of
species (Link, 2010; Natale et al., 2012; FAO, 2012).

We used bibliometric indicators to characterize recent (2010—
2013) research activity in fisheries science with the objective of gar-
nering insights into how this increased effort has been directed.
Although a bibliometric analysis of fisheries science was reported
by Jari¢ et al. (2012), the analysis reported here expands upon that
study by defining fisheries science more broadly, including a
much larger number of journals, analysing more species, and
reporting on a longer time series. Specifically, we provide an over-
view of the primary literature on fisheries research, including
which countries are the largest contributors, and an assessment of
the impact of the research conducted by different countries. We

further assess the research topics that are most commonly studied
and attempt to understand what drives that. An analysis of how pub-
lication output is distributed at the level of fish species is also pre-
sented, including an attempt to correlate publication output with
the commercial importance of a species.

Methods

General approach

The methodological foundation for a bibliometric study such as this
is that new knowledge—the principal objective of basic and applied
research—is disseminated to the research community mainly
through primary publications in scholarly journals; today, predom-
inantly English language journals (see below). Publications can,
therefore, be used as indirect measures of knowledge production
(van Raan, 2004). This means that indicators of the volume of re-
search on a particular species, for example, can be obtained by
using data on scientific publications. Although admittedly imper-
fect, this approach has been applied in a large number of studies
analogous to this one—some examples from fisheries and related
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fields are: Neff and Corley (2009), Jari¢ et al. (2012), Jari¢ and
Gessner (2012), Natale et al. (2012), and Jari¢ et al. (2015).

The Web of Science® (WOS) database produced by Thomson
Reuters was used as the source of data for assessing research
output in fisheries. This is the most commonly used database for
bibliometric studies, covering >12 000 scientific, and scholarly
journals. Although its coverage is incomplete, this database includes
all major scientific journals within the sciences, medicine, and
technology and is generally regarded as providing a satisfactory re-
presentation of international mainstream scientific research (Moed,
2005). The WOS database has been used as the basis for analogous
bibliometric studies in fisheries and related sciences (Neff and
Corley, 2009; Nikolic et al., 2011; Jari¢ et al., 2012, 2015; Jari¢ and
Gessner, 2012; Natale et al., 2012).

Non-English language journals are heavily underrepresented in
WOS (van Leeuwen et al., 2001). Therefore, it could be argued
that research output from countries that would be expected to
produce a significant volume of research in fisheries science (e.g.
Russia, Spain, Latin American countries, etc.) will be underrepre-
sented in an analysis based only of data from the WOS. However,
recent evidence suggests that the underrepresentation of non-
English-speaking countries in the WOS is much less than it has
been historically. That appears to have been driven mainly by the
addition of a large number of important regional and non-English
language journals (e.g. that publish articles with bibliographic
information in English but text in another language) to the WOS
database, and because of the strong pressure on researchers to
publish in English (Wagner and Wong, 2012; Lépez-Navarro et al.,
2015). A related issue is disciplinary differences in the WOS’s cover-
age. Biology is very well covered by the WOS (Moed, 2005), and
this is also true of fisheries science—all the major journals in this
field are in the WOS database. However, a significant volume of fish-
eries research is produced by national institutes, and they often
publish internal reports for their governments in their country’s
language. The percentage of these reports that eventually make
their way into the primary literature, and how that might vary na-
tionally, is very difficult to assess as are its effect on the interpreta-
tions of a bibliometric analysis such as the one that we present
here. Nonetheless, research results published in the “grey” literature
and in non-WOS-indexed journals are not available to a global sci-
entific audience and would, therefore, generally have limited inter-
national impact.

Research effort in fisheries science

The analysis that underlies the overview of global fisheries science
presented here is based on aggregated WOS statistics acquired
from the Centre for Science and Technology Studies at the
University of Leiden for the period 1991-2013. Only regular arti-
cles, letters, and reviews were included (i.e. short contributions
such as editorials, corrections, book-reviews, and meeting abstracts
were not included).

“Fisheries” is a separate category in the WOS. The classification
system used involves journal-based field definitions, meaning that
all articles in a given journal are assigned to the journal’s field.
The fisheries category in the WOS is defined as, “Fisheries covers
resources concerning numerous aspects of fisheries science, tech-
nology and industry, including fish pathology, fish physiology and
biochemistry, fish diseases and aquaculture” (http://ip-science.
thomsonreuters.com/mjl/scope/scope_scie/). Thus, the category
includes fisheries science as well as research relating to aquaculture
and fish diseases. At the same time, there is a separate WOS category
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for “marine and freshwater biology”, in which journals with a
broader marine biology focus are generally indexed, although
some journals are found in both categories. The WOS category
“fisheries” include 69 journals. These are the core journals within
the field, but articles within fisheries published outside these core
journals (e.g. in general ecology journals) are not included. Thus,
the total volume of fisheries publications is underestimated in our
analysis. This latter constraint is a general limitation of all journal-
based field delimitations applied in bibliometric analyses (Aksnes
etal., 2000).

To assess the publication output for individual countries, all arti-
cles were classified according to the nationality of all authors
affiliated with the article (i.e. the country of their institutional
addresses). Many papers are multi-authored, with an international
list of authors. In such cases, all countries were fully credited for the
article, i.e. with no fractional attribution of credit. The sum of all
countries’ publication numbers was used as the denominator to cal-
culate any one country’s relative contributions to fisheries science.
The main indicators of research output at the country level are the
number of publications in the WOS “fisheries” category and the
relative citation index (see below) of those articles.

The WOS database also includes information on how many
times the articles have been referred to or cited in the subsequent sci-
entific literature. The number of citations can be seen as an indirect
measure of the scientific impact of the results reported in the article
(Moed, 2005). In absolute counts, the countries with the largest
number of articles would, of course, also receive the highest
number of citations simply because these countries have more
papers that can be cited. It is, however, common to use a
size-independent measure to assess whether a country’s articles
have been highly or poorly cited. One such indicator is the relative
citation index. This index, which is calculated yearly, shows
whether a country’s scientific publications have been cited above
or below the world average (a score >1.00 means that the country
is above the world average). To calculate this indicator, the
average citation count of a country’s articles in fisheries science is
divided by the world average for all articles within fisheries
science. Publications co-authored by scientists in more than one
country will appear in the calculations of several countries. Since
such publications are generally cited more often than articles for
which all the authors are from one country, many countries will
have a citation index that is higher than the world average.

Research effort on selected species

We analysed the research output for selected individual fish species
(see below). Publication searches were conducted in the WOS data-
base in January 2013 (i.e. publication data for 2013 were not yet
available), however, unlike the overall analysis, the species-specific
assessment was not limited to journals within the WOS fisheries
category; publications in all journals, regardless of field affiliation,
were included. There is no straightforward and widely accepted
method to identify the volume of research on a particular species.
Here, we assumed that if a particular species is mentioned in
either the title or the abstract of an article, then that article is
focused on that species. Applying this approach, we searched the
titles and abstracts of all the publications in the entire WOS
database. We used the English and Latin species names, including
spelling variants, as search terms. Some species have several differ-
ent common names: although we used the most common one, this
is a potential source of error that would manifest as an under-
representation in the searches.
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The bibliographic details of the publications identified were
downloaded and further analysed using software developed for
this kind of analysis (Leydesdorff, 1989). This software transforms
the bibliographic data of each article into a format permitting quan-
titative bibliometric analyses.

The number of different species of fish on which research has
been conducted is enormous, and therefore we limited the analysis
to species with the greatest commercial importance. Although the
volume of research on any given species or topic is determined by
a large number of factors other than commercial importance, it is
reasonable to hypothesize that there is a relationship between the
commercial value of a species and the amount of research conducted
on it. Commercial importance was decided based upon catch produc-
tion drawn from the Food and Agriculture Organization of the United
Nations’ (FAO) statistics. The FAO database contains capture produc-
tion statistics (in tonnes) by country, fishing area, and species
(Garibaldi, 2012). The 2010 statistics, published in 2012, were used
(FAO, 2012; Garibaldi, 2012). We focused on the species with the
largest capture production. We recognize that capture production in
tonnes does not always equate directly with commercial economic
value. However, far less data are available on the commercial value
of landings, and therefore we used capture production as our proxy
for the importance of the fishery. Although farming production was
not included, we also analysed three species of major importance
in aquaculture: Atlantic Salmon (Salmo salar), Rainbow trout
(Oncorhynchus mykiss), and Nile tilapia (Oreochromis niloticus).

Research effort in fisheries science over time

Although the main focus of the study was to characterize the contem-
porary publication output in fisheries science, we also assessed changes
over time using a snapshot approach. To accomplish this, searches for
publications (which followed the same methods as described in
Research effort in fisheries science) were conducted over discrete
periods within a 20-year span: 1991-1992, 2001-2002, and 2008—
2012. We assumed that this approach would be sufficient to identifying
overall trends/changes, although any particular brief temporal burst in
publication volume (if any) would not have been identified.

The calculation of relative article proportions at the country
level, and citation indicators, differs slightly from the analysis
described above for fisheries science overall because the data were
in different formats. In the analyses of relative proportions, each
country was assigned their respective fraction of articles (see e.g.
Moed, 2005). For example, if an article had one author address
from France and one from Germany, each country received a
value of 0.5. Obviously, not every participant makes the same con-
tribution to a study, but at the aggregated level over long time frames
and thousands of articles such differences tend to normalize. Thus,
the publication measures are taken to reflect the contribution of in-
dividual countries to international research. Here, we calculated the
citation indicator at the article level and each article is compared
with the average article in the respective area of research and year.
On this basis, an overall index is calculated (for a further description
and assessment of this method, see Waltman and van Eck, 2013). We
calculated citation indices for each article separately and this is the
basis for the average normalized citation score (Lundberg, 2007).

To detect whether the frequency of the words most commonly
appearing in the titles of articles has changed during the past three
decades, principal component analysis (PCA) was applied on
word counts for all fisheries articles appearing in the years 1993,
2003, and 2013. The word dataset was first distilled by retaining
only the words that were listed a minimum of 15 times in all
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3 years. Words that were present in both singular and plural form,
and nouns and adjectives (e.g. “Australia” and “Australian”, or
“coast” and “coastal”) were considered as one word.

Results and discussion

Research effort in fisheries science

Global production of publications in fisheries research has increased
significantly during the past few decades. For example, 4750 articles
were published in 2013, compared with 2000 in 1991. In relative
terms, the publication volume has risen by 136% during the
period; this is higher than the growth in the total global research
output (all fields), which was 108% (Figure 1). This reflects an
overall increase in global research activity, in which an increasing
number of scientists are involved (OECD, 2014). An increased
focus on aquaculture species such as Atlantic salmon (Salmo
salar), Rainbow trout (Oncorhynchus mykiss), and Nile tilapia
(Oreochromis niloticus), coupled with the rapid expansion of aqua-
culture in general, has contributed significantly to the growth of
publication output in fisheries science (see below). The analysis
also reveals that the increase has been strongest for countries in
the Asian region, both in absolute and relative terms. It should be
noted that the coverage of the WOS database—in terms of the
number of journals indexed—has grown during the period ana-
lysed; that is, the database covers a larger part of the research litera-
ture today than it did in the past. At least part of the observed
increase is due to this expanded coverage.

The number of publication in fisheries science for two recent
3-year periods—2008—2010 and 2011-2013—were compiled
(Figure 2). As in most other research fields, the USA is the largest
contributor (National Science Board, 2014), with a proportion of
18.3% of the world total during the most recent period. China has
shown a remarkable overall growth in research output during the
last decade (Aksnes et al., 2014); this growth is also evident in fish-
eries science. From 2011 to 2013, China was the second largest fish-
eries research nation, accounting for 8.4% of the global total,
compared with the fifth largest during the previous period
(Figure 2). Japan, Australia, and Canada follow, with 5.4-6.0% of
the global production. Non-Western countries show the strongest
relative growth between these two periods: Iran, India, China, and
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Figure 1. Absolute number of articles within fisheries science (world
total = solid black line through the grey-filled circular points) from
1991 to 2013 and relative increase (%) (1991 is normalized to 100 =
solid black line). The relative increase in the number of publications in
the entire Web of Science database (all fields) is included as a reference
(= solid grey line).
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Figure 2. The absolute number of articles in fisheries science, and the
proportion of world production, for the 20 countries with the highest
publication volume (during the period 2011-2013) for 2008 -2010
and 2011-2013. The proportion of the world production was
calculated using the total publication output of all countries as the
denominator.

Chile have all increased their publication output by >50%. On the
other hand, publication output declined for seven countries (most
notably, Japan and France). In terms of the total publication
output (all fields), the relative growth during the two periods has
also been strongest for non-Western countries (e.g. China, 53%,
Iran, 68%, Malaysia, 95%, Saudi-Arabia, 186%). However, the con-
founding reality of the expansion in database coverage—which was
partly composed of journals from non-Western countries—must
also be kept in mind. For example, the Indian Journal of Fisheries
was added to the WOS database in 2009 and the Iranian Journal of
Fisheries Sciences in 2007—as a result of this, and other additions,
the relative numbers of articles coming from these countries that
appear in the WOS database has increased substantially.

The number of citations (i.e. how many times a paper has been
referred to or cited in the subsequent scientific literature) is a
common indicator of the scientific impact of the research reported
inanarticle. It is generally accepted that frequently cited papers have
been more useful or important than publications that are hardly
cited at all. The same reasoning can be used for aggregated levels
of articles: the more citations that they accrue, the greater their influ-
ence. Citation rates vary significantly between countries, with the
largest research nations in terms of publication output not necessarily
being the most highly cited (Figure 3). Generally, Western countries
perform much better than countries from other parts of the world
(National Science Board, 2014). The extent to which a country is
engaged in international collaboration influences its citation rates.
Generally, publications that are coauthored by scientists from many
countries are cited more often than articles for which all the authors
are from the same country (Jaric et al., 2012).

Two countries stand out with citation indices that are >50%
above the world average—the UK and Norway (Figure 3)—indicating
that the fisheries research conducted by these nations has a dispro-
portionate impact. Then follows Germany, France, and Canada
with citation indices ~1.4. The largest nation in terms of research
output, the USA, has an index of 1.10. Publications from Iran,
Turkey, and Japan typically have lower scientific impact when mea-
sured by citations (citation indices of 0.52—0.59). The latter is likely
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Figure 3. The relative citation index in fisheries science for selected
countries (those with the largest output in terms of number of articles).
The analysis is based on publication output for the period 2008 —2012
and accumulated citations to these publications through 2013. A
relative citation index > 1.00 means that a country’s publications have
been cited above the world average, and vice versa.

related to the relatively low global profile of research from these
countries, particularly when published in regional journals that
often have only abstracts in English. For example, the journals
Nippon Suisan Gakkaishi (Bulletin of the Japanese Society of Scientific
Fisheries), Turkish Journal of Fisheries and Aquatic Science, and
Iranian Journal of Fisheries Sciences are among the least cited journals
in the WOS category. The articles appearing in Nippon Suisan
Gakkaishi are sometimes published in Japanese (more so in former
times than now) and, therefore, are not easily accessible to the world-
wide scientific community. Similar negative “language effects” for cit-
ation rates have been reported for journals published in German and
French (van Raan et al., 2011).

Research effort on selected species
We focused on the species (fish, crustaceans, molluscs, etc.) with the
largest capture production in 2010, according to FAO data, and also
included Atlantic salmon and Rainbow trout (Figure 4, and see
Supplementary Table S1 for a more complete overview). Anchoveta
(Peruvian anchovy, Engraulis ringens) has by far the highest capture
production (>4 million tonnes). Interestingly, there appears to be
relativelylittle research on this species (Figure 4), which is used mainly
for the production of fishmeal: only 24 articles on the species were
identified during the period 2010—2012. Next follows Alaska Pollock
(Theragra chalcogramma), Skipjack tuna (Katsuwonus pelamis), and
Atlantic herring (Clupea harengus), with capture production between
2 and 3 million tonnes. Of these species, Atlantic herring has the
highest number of articles: 175 during the 3-year period. Only 31 arti-
cles concern Skipjack tuna. The aquaculture production of Atlantic
salmon and Rainbow trout amounts to 2.2 and 0.7 million tonnes, re-
spectively. The research efforts on these species, measured in number of
articles (2540 and 1780, respectively), far exceed those of other species.
At least part of this pattern may relate to the relative ease of studying a
species widely available in culture vs. the relative difficulty of studying
species that are not cultured in the laboratory. In addition, more re-
search funds may be available for studying these species.

The rank order in terms of scientific article production is very
different from the one based upon capture production (Figure 4,
Supplementary Table S1): the highest number of articles by far are
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Figure 4. Capture production by species and the number of articles
during the period 2010-2012. The species presented are those with
capture production of 700 000 tonnes or more in 2010, excluding
aquaculture. Nonetheless, Atlantic salmon (Salmo salar) and Rainbow
trout (Oncorhynchus mykiss) are also presented because of the very
large number of articles on these farmed species.
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Figure 5. Relationship between the number of articles published
during 2010-2012 and capture production in 2010. Each point
corresponds to the data for a single species (Cf. data in Supplementary
Table S1).

on Atlantic salmon and Rainbow trout, as well as another species
with significant aquaculture production, Nile tilapia (Oreochromis
niloticus, 695 articles, not show in Figure 4). These findings are con-
sistent with Jaric et al. (2012), who reported that the most frequently
studied group of species was the Salmonidae. Next follow Atlantic
cod (Gadus morhua, 669 articles), European pilchard (Sardina pil-
chardus, 401 articles), and Giant tiger prawn (Penaeus monodon,
also an aquaculture species, 312 articles). Surprisingly, for many
of the commercially important species, thereishardlyany research atall,
atleast as measured by articles in scientific journals (11 species with <5
articles each). As a result, there is no correlation (R*> = 0.01) between
capture production and number of articles (Figure 5). Jaric et al.
(2012) argued that the most commercially important species were
the most studied. However, the basis for such a general conclusion is
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Figure 6. Capture production in 2010 of fish, crustaceans, molluscs,
etc. (excluding aquaculture), by country and the number of articles
during the period 2010-2012. The countries displayed are those with
capture production of 2 million tonnes or more in 2010. The number of
articles refers to articles about the species included in Supplementary
data, Table S1 (those with capture production of 150 000 tonnes or
more in 2010).

unclear and is not supported by the observation that there is significant
research on several commercially important species (particularly in-
tensively farmed ones) but not on others.

Fisheries management is purportedly based upon scientific re-
search. Our findings cast doubt about the extent to which thisis gen-
erally the case. However, the management of exploited stocks is still
based primarily on stock assessments. Since much of the research
conducted in support of such assessments is not published in the
primary literature, it is not included in the preceding analysis.

To provide more insight into the distribution of research effort in
fisheries science between nations, we analysed (by country) the pro-
files of a selection of species that are important either in terms of
volume of capture production (again, excluding aquaculture) or
number of articles (Supplementary Table S2). As expected, the
country profiles reflect, to a large degree, the geographical distribu-
tion of the species. For example, the major contributor to research
on Atlantic cod (Gadus morhua) is Norway, USA to research on
Alaska Pollock (Theragra chalcogramma), USA and Japan to the re-
search on Sockeye salmon (Oncorhynchus nerka), and Thailand and
India to research on Giant tiger prawn (Penaeus monodon). The
national profiles also reflect that there is little research on species
that are mainly fished by less developed countries although these
may be important for the global food supply. Most of the global
fishery research effort is carried out by developed countries and con-
cerns species fished by those countries. Further, there is little co-
variation between the volume of capture production at the national
level and scientific research in terms of published articles (Figure 6).
China has by far the largest capture production, with >15 million
tonnes landed (although there are concerns about the reliability if
these statistics, Watson and Pauly, 2001; Pauly et al., 2014) but
only a moderate scientific production of 325 articles during
2010-2012. However, several of the highest producing fishery coun-
tries have hardly any research at all, at least as reflected in journal
articles, for example, Indonesia, Peru, Myanmar, and Viet Nam
(Figure 6). Of course, these are developing countries with small re-
search systems both generally and in terms of fishery research.
Nevertheless, it is clear that there may be research activity in these
countries that are not captured by the bibliometric indicators that
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we report. For example, Peru has a large marine research institute
that regularly publishes reports concerning fisheries science, but
most of this material appears to be published in Spanish and/or
as grey literature, neither of which are captured by our analysis.
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Research on some species tends to be much more cited than that
on other species (Figure 7). For example, the citation indices are
high for publications about Sockeye salmon (1.39) and Atlantic
cod (1.22), while those on Nile tilapia, Giant tiger prawn, and
European pilchard are significantly lower (0.64—0.88). Although
the reasons for this are difficult to assess, the former species are of

B . S e e B | 0 relevance to developed nations with a long history of research in
44l ® Numberofarticles |- 3000 fisheries and aquaculture while the latter are mainly of relevance

o L 2700 to developing countries (see below). Further, as discussed above,

812 e - 250 there are significant national variations in citation indices that con-
£ s ] found the by-species interpretations. Specifically, the Western
.§ . I woc.;g; European and North American countries generally have citation
3 - | 1500 g indices that are significantly higher than the world average, while
2 £ those from other countries are belowaverage (Figure 3). The citation
';i e 3z indices for articles on individual species (Figure 7) at least partly
= [ reflect this. It should be noted that the number of articles underlying
600 this analysis is small for some of the species and, in such cases, the

- 300 citation index is vulnerable to the presence or absence of a small

Figure 7. The relative citation index by species based on publications
during 2008 -2011 and accumulated citations to these publications
through 2012. Only species with >60 articles during this period are
presented. A relative citation index > 1.00 means that a country’s
publications have been cited above the world average, and vice versa.

number of highly cited articles.

Severalissues should be considered when interpreting these data.
For example, the commercial value of the capture production varies
significantly across species and is not strongly related to tonnage
captured. Commercial value might be a more relevant driver for re-
search effort than capture production measured in tonnes.
Nonetheless, the list includes many high-value species on which
there has been very little research. The large research focus on aqua-
culture species may reflect their high commercial value and increas-
ing importance in human food consumption (see FAO, 2012, p. 26).
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Figure 8. Usage frequency of words appearing in fisheries articles published in 1993, 2003, and 2013. The usage frequency is represented by the
factorial scores (row scores on the second principal component, PC2) of each word calculated by PCA. The correlation between the years (column
scores) and PC2 was 0.71,0.001, and —0.71 for 1993, 2003, and 2013, respectively. Therefore, 1993 was characterized by words with positive scores
while 2013 was characterized by words with negative scores. Words with lower scores appeared mainly during the intermediate period (2003).
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There are surely many other reasons why some species are heavily
researched while others are not. A large knowledge base is already
available for species such as Atlantic cod for which there is a very
long historical tradition of research, while less is known about
species for which there has been little research in the past. As a
result, species such as Atlantic cod have become model organisms
for studying various more general biological and ecological ques-
tions. In addition, there is large annual variability in the landings
of some of the species, for example, Anchoveta, while stocks of
other species have collapsed. It is possible that a significant research
effort is applied to species that formerly had very large landings but
which were overfished and then collapsed. Under that scenario,
there is suddenly a lot of research on them, but little or no landings.
The reverse is also possible—when landings fall to low levels,
research support disappears.

Research effort in fisheries science over time

The relative increase in research output on individual species is
highly variable (Supplementary Table S3). Among the species
with the largest research volume in terms of publication output,
Nile tilapia stands out with a particularly strong growth. In 1991—
1992, 64 articles could be identified for this species compared
with 4491in2011-2012. This growth probably reflects the increasing
importance of this species in aquaculture. Atlantic cod also shows a
large increase, from 121 articles in 1991-1992 to 455 articles in
2011-2012. This is likely due to the collapse of the cod fishery in
Canada in the early 1990s. The growth in output has been weaker
for the next ranked species on the list, European pilchard, Giant
tiger prawn, and Saithe (Pollock, Pollachius virens).

As science evolves, activity on some research questions expands
while that on others contracts. Neff and Corley (2009) proposed
that the frequency of words appearing in articles could provide
insights into the development of a scientific field and changes in re-
search priorities. The frequency of words most commonly appear-
ing in the titles of articles about fisheries has changed during the
past three decades (Figure 8). The highest word counts were 259
in 1993 (“fish”), 379 in 2003 (“growth”), and 532 in 2013 (“fish”).
After PCA, all 3 years had similar negative scores on the first princi-
pal component (PC), while they were more scattered along the
second PC. Correlations between year and PC2 were 0.71, 0.001,
and —0.71 for 1993, 2003, and 2013, respectively. Words with posi-
tive scores on PC1 (i.e. that had a low word count = 149 words)
were removed from Figure 8 to ease visualization of the words
that contributed most to the analysis. The general trend from
1993 to 2013 is that there was a decrease in the use of species
names and an increase in words descriptive of more general pro-
cesses and concepts (Figure 8). Interestingly, the number of times
that the word "first" (as in, “...for the first time”...) appeared
was 2 in 1993, 29 in 2003, and 79 in 2013. Since it is doubtful that
the number of “firsts” (entirely new discoveries) has actually
increased by a factor of 40 in 20 years, we propose that this increase
reflects the intense pressure on researchers to promote the import-
ance of their work.

This overview of worldwide research effort in fisheries science
was intended to assess how the field has changed during the past
20 years, and to identify current trends and priorities. In some
cases, the outcome was counterintuitive (e.g. seemingly low level
of effort on economically important species), demonstrating how
a bibliometric analysis such as this one can inform the scientific
community, funding agencies, and policy-makers.

D. W. Aksnes and H. I. Browman

Supplementary data
Supplementary material is available at the ICESJMS online version
of the manuscript.

Acknowledgements

We thank Emory Anderson, Geir Ottersen, and Kostas Stergiou for
comments on earlier drafts of the manuscript and Caroline Durif for
help with the figures and the word frequency analysis.

Funding

HIB’s contribution to this article was supported by Project no.
83741 (“Scientific Publishing and Editing”) from the Institute of
Marine Research, Norway.

References

Aksnes, D. W., Olsen, T. B., and Seglen, P. O. 2000. Validation of biblio-
metric indicators in the field of microbiology. A Norwegian case
study. Scientometrics, 49: 7-22.

Aksnes, D. W., van Leeuwen, T. N., and Sivertsen, G. 2014. The effect of
booming countries on changes in the relative specialization index
(RSI) on country level. Scientometrics, 101: 1391-1401.

FAO. 2012. The State of World Fisheries and Aquaculture. FAO Fisheries
and Aquaculture Department, Food and Agriculture Organization
of the United Nations, Rome. 223 pp.

Garibaldi, L. 2012. The FAO global capture production database: a six-
decade effort to catch the trend. Marine Policy, 36: 760—768.

Jari¢, 1., and Gessner, J. 2012. Analysis of publications on sturgeon re-
search between 1996 and 2010. Scientometrics, 90: 715-735.

Jaric, L., Knezevi¢-Jarid, J., and Gessner, J. 2015. Global effort allocation
in marine mammal research indicates geographical, taxonomic and
extinction risk-related biases. Mammal Review, 45: 54—62.

Jari¢, 1., Knezevi¢-Jari¢, J., and Lenhardt, M. 2012. Trends in fisheries
science from 2000 to 2009: a bibliometric study. Reviews in
Fisheries Science, 20: 70—79.

Leydesdorff, L. 1989. Words and co-words as indicators of intellectual
organizations. Research Policy, 18: 209-223.

Link, J. S. 2010. Ecosystem-Based Fisheries Management: Confronting
Tradeoffs. Cambridge University Press, Cambridge, UK.

Lopez-Navarro, 1., Moreno, A. L., Quintanilla, M. A., and Rey-Rocha, J.
2015. Why do I publish research articles in English instead of my own
language? Differences in Spanish researchers’ motivations across sci-
entific domains. Scientometrics, 103: 939-976.

Lundberg, J. 2007. Lifting the crown — citation z-score. Journal of
Informetrics, 1: 145—154.

Mather, M. E., Parrish, D. L.,and Dettmers, J. M. 2008. Mapping the chan-
ging landscape of fish-related journals: setting a course for successful
communication of scientific information. Fisheries, 33: 444—453.

Moed, H. F. 2005. Citation Analysis in Research Evaluation. Springer,
Dordrecht.

Natale, F., Fiore, G., and Hotherr, J. 2012. Mapping the research on
aquaculture. A bibliometric analysis of aquaculture literature.
Scientometrics, 90: 983-999.

National Science Board. 2014. Science and Engineering Indicators 2014.
National Science Foundation, Arlington, VA.

Neff, M. W,, and Corley, E. A. 2009. 35 years and 160,000 articles: a
bibliometric exploration of the evolution of ecology.
Scientometrics, 80: 657—682.

Nikolic, N., Bagliniere, J-L., Rigaud, C., Gardes, C., Masquilier, M. L.,
and Taverny, C. 2011. Bibliometric analysis of diadromous fish re-
search from 1970s to 2010: a case study of seven species.
Scientometrics, 88: 920-947.

OECD. 2014. Main Science and Technology Indicators. Volume 2013 /2.
OECD Publishing, Paris.

Pauly, D., Belhabib, D., Blomeyer, R., Chueng, W. W. W. L,
Cisneros-Montemayor, A. M., Copeland, D., Harper, S., et al.

9T0Z ‘TT |Udy uo 158Nn6 Aq /B1o'seulnopioyxo sw sty :dny wouy papeojumoq


http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsv248/-/DC1
http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsv248/-/DC1
http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsv248/-/DC1
http://icesjms.oxfordjournals.org/

An overview of global research effort in fisheries science

2014. China’s distant-water fisheries in the 21st century. Fish and
Fisheries, 15: 474—488.

van Leeuwen, T. N., Moed, H. F,, Tijssen, R. J. W., Visser, M. S., and van
Raan, A. F.J.2001. Language biases in the coverage of the science cit-
ation index and its consequences for international comparisons of
national research performance. Scientometrics, 51: 335—-346.

van Raan, A. F.].2004. Measuring science. Capita selecta of current main
issues. In Handbook of Quantitative Science and Technology
Research. The Use of Publication and Patent Statistics in Studies
of S&T Systems, pp. 19-50. Ed. by H. F. Moed, W. Glinzel, and
U. Schmoch Kluwer, Dordrecht.

1011

van Raan, A. F.J., van Leeuwen, T. N., and Visser, M. S. 2011. Severe lan-
guage effect in university rankings: particularly Germany and France
are wronged in citation-based rankings. Scientometrics, 88:
495-498.

Wagner, C. S., and Wong, S. K. 2012. Unseen science? Representation of
BRIC:s in global science. Scientometrics, 90: 1001-1013.

Waltman, L., and van Eck, N. J. 2013. Source normalized indicators of
citation impact: an overview of different approaches and an empir-
ical comparison. Scientometrics, 96: 699—716.

Watson, R., and Pauly, D. 2001. Systematic distortions in world fisheries
catch trends. Nature, 414: 534—536.

9T0Z ‘TT |Udy uo 158Nn6 Aq /B1o'seulnopioyxo sw sty :dny wouy papeojumoq


http://icesjms.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


